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Abstract

OxidationbyUVandOzoneprocess，nitridationbyN2plasmaprocessandcombinationof
tllese(oxi-nitridation)areappliedonGaAsandInA1Aswafertoinvestigatethenmthininsulating
filmThesearecharacterizedbydifferentexperimentalmeanssuchasroughnessbyatomicfbrce
microscope（AFM)，crosssectionalimagebytransmissionelectronmicroscope（TEM)，
compositionalanalysisbyX-rayphotoelectronspectroscopy(XPS),photO1uminescence,electrical
characteristicsetc・ObtamedresultsareappliedmfieldeffecttransistorslⅣａｎｄｏｚｏｎｅｏｘｉｄａｔｉｏｎｏｎ

ＧａＡｓｆｂｍｌｓｎｍthinoxidelayerwithsurfacestatedensity・Thetllicknessofoxidelayeris
proportionaltosquarerootofprocessｔｉｍｅ､Longtimeoxidationrealizestheatomicflatinterface
ThemaincompositionoftheoxidelayerisGa203andAs203・NitlidationonbareGaAsdeteliorates

thesurface/interfacequality・Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ,nitridationonoxidizedwafershowsthegood
perfbnnancethanthenitridatedandoxidatedsample・NitridationonoxidizedwaferimproveSthe
mterfacequality・XPSdataindicatesthatnitrogenplasmaincorporatesthenitrogenatoｍｓａｎｄ
ｒｅｍｏｖｅｓｏｕｔｔｈｅａｒｓｅｎｉｃａｔｏｍｓffomtheoxidelayer・NitridationchangestheGa203/As203
compositiontoGaONlayer・Crosssectionalimageindicatesthatthecrystaldisorderisdisappeared
bynitridationonoxidizedwafer・Nitridationonoxidizedwaferincreasesthephotoluminescence
intensity・Itimpliesthatnitridationreducestllenon-radiativerecombmationcentersintheinterface

region､NitridationdecreasestheleakagecuITentandimpliestllereductionｏｎｓｕｒｆａｃｅｄamage､The
frequencymdependentcapacitance-voltagecharacteristicsareobservedmoxi-nitridesampleUsmg
theGaON1ayerasgateinsulator,GaAsMISFEThasbeendemonstratedwithgoodperfbnnance・
HysteresisloopisnotobservedintheMISFETdevices､Themaximumobtainedtranscondutanceis
lｌＯｍＳ/ｍｍ

ＢｙｔｈｅｓｉｍｉｌａｒｐｒｏｃｅｓｓｔｏｔｌｌａｔｏｎＧａＡｓ，nitridation，oxidationandoxi-nitridationeffecton

InA1AsareappliedNitlidatiｏｎｏｎｂａｒｅａｎｄＯｘｉｄｉｚｅｄｌｎＡ１Ａｓｗａｆｅｒ厚aduallyanddrastically
decreasestllephotoluminescenceintensityltmdicatesthedeteliorationofSurface/interfaceqUality・
Ontheotllerhand,oxidationonlnA1Ashasrecovelyeffectbyincreasingthephotoluminescence
intensityJnAlAs/InGaAs-MOSHEMThasbeendemonstratedwithtransconductanceof200mS/ｍｍ

ｉｎｅ血ancementmodeoperation・DuetonotperfectrecoverythehysteresisloopisobservedmDC
curve．

１.Introduclion

lnfield-effecttypesemiconductordevices，metal-oxide-semiconductor（MOS）ormetal‐
insulator-semiconductor(MIS)junctionisbetterthanthemetal-semiconductor(Schottky)junction
tosuppressthegateleakagecurrentwhichisdesirablefbrultrahighspeeddeviceoperation・
However,MISjunctionisnotwellestablishedmcompoundsemiconductordevicesduetolａｃｋｏｆ
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highqualitynmthininsulatingfnmwithreducedsurfacestatedensity,Therearesomanyinsulator-
semiＣＯnductorinterfacerelatedproblemssuchashigmsurfacestatedensity,crystaldisolder,surface
defectsetc・WhichleadslargeleakagecunPent・Recentlymanyresearchershaveinvestigatedthe
insulatingfilmsuchasSi3N4,ＳｉＯ２,Ａ１203,Ｇａ２０３ｅｔｃ､andreportedontheMOSFETortheMISFET
withgoodperfbnnance､Ｍ．Ｐ､Houngetal[1]reportedaliquid-phasedepositionmethodofSiO2to
fbrmagoodSiO2/GaAsjunction,whichwasachievedbycontrollingcompositionofliquidM・A
Khanetal[2]。emonstratedtheA1GaN/GaNmetal-oxide-semiconductorheterostructurefieldeffbct

transistorsonSiCsubstratewhereSiO2isusedasthegateoxidelayerfbrmedbydepositionmetllod
N・Maedaetal[3]reportedhigdlperfbnnanceofA1GaN/GaNheterostructurefieldeffecttransistors

withA1203/Si3N4gatemsulator・Theobtainedtransconductanceiｓ１６８ｍＳ/m、.Ｐ・ｎＹｅｅｔａｌ[4］
demonstratedGaAsMOSFETwhereA1203isusedasgatemsulator・TheirMOSdiodeshowstlle
comparablelowleakagecurrentthantheSchottkydiode.Ｍ､Passlacketal[5]realizedexcellent
capacitance-voltagecharacteristicsofmetal/Ga203/n-GaAsjunction・FRenetal[6]demonstrated
enhancementmodep-a､dn-channelGaAsMOSFETwitllGa203(Gd203)asthegateinsulator・JK
Yangetal[7]reportedtheGd203/GaAsintelfacewithreducedsurfacestatedensityanditexhibits
tlleimprovedelectlicalcharacteristics・TI1eseinsulatingfilmsarefblmedbydepositionmethods・
Veryfeweffbrtshavebeehreportedinconversionmethodbymeansofconversionofsemiconductor
surfacetoinsulator､ＳＷａｄａｅｔａｌ［8]reportedimprovedcapacitance‐voltagecharacteristicsm
nitrogen‐oxygen‐argonplasmatreatedsamplewithposttllennalannealing・MLosurdoetal[9］
demonstratedthatthephotoluminescenceintensityisincreasedinremoteN2-H2(amixtureof97％
N2and3％H2)plasmatreatedSamplethantheuntreatedsample.Ｒ・Nakamuraetal[10]reportedthe
goodperfbrmanceofplasmaoxidationonGaAssurface､Ｔhecapacitance‐voltagecharactelistics
showthesmallfiPequencydependantwithouthysteresisloopThemaincompositiｏｎｏｆｔｌｌｅｏｘｉｄｅ
ｆｉｌｍｉｓＡｓ２０３ａｎｄＧａ２０３．ButthesearenotsufficienttorealizethereliableMISstructurefbr
commercialproducts・Moreinvestigationisessentialtoestablishthecompoundsemiconductor
MOS/MISdevicesascommercialproducts・HerelinvestigatedtheinsulatingＨ１ｍｗｈｉｃｈｂｅｍｇ
ｆｂｒｍｅｄｂｙｍｅａｎｓｏｆｃｏｎversionofsemiconductorsurfacetoinsulatorbyoxidation,nitlidationand
oxi-nitridationｏｎＧａＡｓａｎｄｌｎＡ１Ａｓ・RespectableresultsweresuccessfilllyappliedtoGaAs
MISFETsandlnA1As/ＩｎＧａＡｓＭＯＳＨＥＭＴｓ．

2.Oxidation,NitridationandOxi-nitridationoｆＧａＡｓ

ＴｈｅＧａＡｓｗａｆｅｒｓｕｓｅｄｈｅｒｅａｒｅｎ(1.7-3×1017ｃｍ~3,0.41ｍ)/semi-insulatingsubstrateand
n(2×1018cm~3,1UmWsubstrateepitaxialones・Fivegroups(A,Ｂ,Ｃ,DandE)ofwaferswereused
fbrthisexpenment・TheconditionsofallwafersareshoｗｎｉｎＴａble-IandlLAllwafbrswere
cleanedbyacetoneandetchedbybufferedhydrofluoricacidtoremovethenativeoxideCandD
groupwaferswereoxｉｄｉｚｅｄｂｙＵＶ＆ozoneprocessatroomtemperaturefbr8hrslheconcentration
ofozonegａｓｉｓ５０００ｐｐｍ・ｎｌｅｎＡ,Ｂ,CandDgroupwaferswerenitlidatedbyN2plasmaatroom
temperature､RFpowerfbrtheplasmais250/280Ｗ・TheflowrateoftheN2gasislOsccm､ＡａｎｄＣ
厚oupwaferswereusedfbrcompositionalanalysisbyX-rayphotoelectronspectroscopy(XPS)and
photolummescenceanalysis・ＮｉａｎｄＡｕＧｅａｒｅｅｖａｐｏｒａｔｅｄｏｎＢａｎｄＤｇro叩wafersfbrfabricating
SchottkyanｄＭＩＳｄｉoderespectively､EgroupwaferswereseparatelyoxidizedbysameproceSsat
3000Cfbrdifferentperiodandusedfbrthicknessandrougllnessanalysis．

Table-INitridated/Oxi-nitridatedsamples Table-IIOxidatedsamples

Ｅ１

１０

Ｇ

Characterization

nlepropertiesofmsulatingfilmandinterfacequalityaremvestigatedbydifferentexpenmental
●

meanssuChasroughnessbyatomicfbrcemicroscope(AFM),compositionalanalysisbyX-ray
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photoelectronspectroscopy(XPS),crosssectionalanalysisbytransmissionelectronmicroscope
(TEM),photoluminescence,andelectricalcharacteristicsetc．

Thicknessandroughness(AFM）

E-gro叩waferswereoxidizedbyUV＆ozoneprocess､Partiallyremovmgtheoxidelayerby
bufferedhydrofluoricacid,thethicknessofoxidefilmismeasuredbyanatomicfbrcemicroscope
(AFM).FigUrelshowstllethicknessofoxidelayerwithrespecttoprocesstimenlethicknessof
oxidefilmisnearlyproportionaltothesquarerootofprocesstimeTheroughnessofoxidesurface
andinterface(afterremovingtheoxidelayerbybufferedhydrofluoricacid)weremeasuredbyAFM・
TherougdniessvsprocesstimeisplottcdinFigユTheroughnessofUhebalesurfaceis０．４nmH1e
roughnessoftheoxidizedsurfacesisincreasedtoO・gnmafterlOhroxidation・Ontheotherhand，
interfaceroughnessisdecreasedtｏＯ１５ｎｍａｆｔｅｒｌＯｈｒｏｘｉｄａｔｉｏｎ、Itindicatesthatlongtime
oxidationfbnnstheatomicflatinterfacebecausethespacingbetweentlleGaandAslayerisO14nm．
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CrosssectiOnaliInage(TEM）

Thecrosssectionofmetal-oxide-semiconductor(MOS)structurewasmeasuredbytransmission
electronnncroscOpe(TEM).Figure3showsthecrosssectionalimageof2hroxidizedsampleThe
thicｋｎｅｓｓｏｆｏｘｉｄｅｌａｙｅｒｉｓ２~４nmthickamolphoustype・Thethicknessisnotunifbnnoverthe
surface・TheclystaldisorderandinterfaceroughnessisfbundininterfaceregionOntheotherhand
8hrnitlidationafter8hroxidationfbnnapproximately8nmthickinsulatmgｆｉｌｍ・Thecrosssection
ofMISjunctionisshowninFi9.4.ThethicknessisunifbnnovertheSurface・Theinterfaceisnearly
atomicflatduetolongtimeoxidation､Thecrystaldisorderishardlyfbundintheinterfacelayer．

ＣＭ(lMc【I〔,ﾑハ

(ﾛﾋﾊ､

Fig.３Crosssectionalimageof
MOSdiode(2hroxidation）

Fig4CrosssectionofMISdiode

(8hroxidation＋8hrnitridation）

Photoluminescence

ThespectralshapeandmtensityofphotoluminescenceofA-andC-groupsamplesaremeasured
usmgArlaserexcitationltisnotedthatphotoluminescenceintensityiscloselyrelatedwitlltlle
surface/interfacestatedensityThephotoluminescencespectraandnolmalizedphotoluminescence
nensitywithrespectivetonitridationtimeareshowninFi9.5(a）ａｎｄFig.５(b）respectively．
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NitridationonbareGaAssurfacedecreasethephotoluminescencemtensityaltlloughlhrnitridated
sampleshowssmallincreasedintensity・ItimpliesthatnitlidationonbareGaAsincreasestlle
nonradiativerecombinationcentersmthemtelfaceregionOntheotherhand,nitridationonoxidized
GaAswafermcreasesthephotoluminescencemtensityupto2hrthensligltlydecreaseSbylongtime
oxidation・Itimpliestllatnitridationafteroxidationdecleasesnon-radiativerecombinationcenters
andimprovetheinterfacequalityThisresultwellcoincideswithtlleCrosssectionalTEMimageof
oxi-nitlidatedwafer．
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Current-voltagecharacteristics

ＩfabricatedtheMISdiodeusingB-印Cup(nitndation)andD-group(oxi-nitridation)wafersmle
specificationoftllewafersaren(1.8×1017cm~3,0.75Ⅱ､)/semi-insulatmgGaAsandn(L9x10l7cm-3,
0.7Ⅱ､)/semi-insulatingGaAsfbrnitridatedandoxi-nitlidatedsamplesrespectivelyNitlidatedand
oxi-nitridatedlayerswereselectivelyremovedbybufferedhydrofluoricacidfbrohmiccontactThen
NiandAuGewereevaporatedonwafersurfacefbrMISandohmiccontactrespectively・The
culrent-voltagecharactelisticsofthesesampｌｅｓａｒｅｓｈｏｗｎｉｎｔｈｅＦｉｇ６ａｎｄＦｉ9.7respectively、
NitndationonbareGaAssurfaceincreasesthereverseleakagecuxrent3～Sorderofmagnimde､It
impliesthatnitlidationonbareGaAsstronglydamagethewafersurface・Ontheotherhand
nitlidationonoxidizedsamplehasgoodinfluence・Nitlidationdecreasestheleakagecurrentuntil4
hrthenincreaseswitｈｌongernitlidation・ItindicatetllatoptimalnitridationonoxidizedGaAs
decreasesthesurfaceandintelfacestatedensity．
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Voltage(V）

Fig7Current-voltagecurveof
oxi-nitridatedwafer

Voltage(V）

Fig.６Currentvoltagecharactelistics
ofnitridatedwafer

Capacitance-voltagecharacteristics

ＴｈｅｎitlidationeffectOncapacitance‐voltagecharactelisticsatl，１０，１００，１０００kHzaxe
investigatedBasicallyl/C2-VrelationisapplicableincaseofSchottkydiodetomeasurethebanpier
heightHowever,whenthicknessofinsulatmgfilmisnegligiblecomparedtothicknessofdepletion
layer,thisrelationcanalsobeappliedinMISdiode､NitridationonbareGaAs(B-groUpwafers）
makesthecapacitance-voltagecurvesstronglydependentonfiPequencyandveryweaklydependent
onvoltage・Itimpliesthatnitridationincreasestllesurface/mterfacestatedensity・Ｔｈｅｌ/C2-V
charactelisticsofoxidizedandoxi-nitlidate。(D-group)samplesareshowninFig､８(a)ａｎｄ８(b）
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respectively・TY1ereversebiascurvesarealmostffequencyindependentmlebanierheightofMIS
diodemeasuredfroml/C2-VcurveisplottedinFig・QThebarrierheightofO､5eVisobservedin
only8hroxidizedsampleanditincreasestoL1eVby4hrnitridation・NitridationonoxidizedGaAs
wafershasgoodinnuenceandincreasestheSchottkybarrierheight・Itindicatesthatnitlidationon
oxidizedwafercreatestlleinsulatingfllmwithreducedsurface/interfacepositivechargedensity．
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Fig.８(b)1/C2-Vcurve(8hr
oxidation＆4hrnitridation）

Fig.8(a)1/C2-Vcurve
（8hroxidation）

3.GaAs-MISFET

Fromtheabovediscussion，itisclearthatnitridationonoxidizedGaAscreatesthenmthin

msulatmgfilmwithgoodinterfaceperfbrmance・Usingtheoxi-nitlideinsulatingｆｉｌｍ，GaAs
MISFETwithgoodperfbrmancearefabricatedThethicknessanddonordensityofepi-layeris
０．３１Lｍａｎｄ３ｘ１０１７ｃｍ~３respectively・ThespecificationandstructureofｔｈｅｆＢＭｃａｔｅｄＧａＡｓ
ＭＩＳＦＥＴｉｓｓｈｏｗｎｉｎFig.10.Afterpretreatmentbyacetoneandhydrofluoricacid,thewaferswere
rinsedbydeionizedwater・ＡｕＧｅ/Niareevaporatedonthewafersurfacetofbrmsourceanddrain

contact・Afterremovingthesuitableepi-1ayerbyrecessetching(H3PO4:H20:H202=4:90:1),the
insulatinglayerisfbrmedmgateareabyoxidationandoxi-nitridation､Alisevaporatedingatearea
fbrgateelectrode

TY1eDCcharacteristicsoftheMOSFET(4hroxidation)andtheMISFETareshowninFigll(a）
andFig.11(b）respectively・ThedraincmTentpmchofTisnotgoodintheMOSFET・Ｔｈｅlow
transconductanceisobservedinthｅｇａｔｅｖｏｌｔａｇｅｏｆ＋lVregion､Ontheotllerhand2hrnitridation
after4hroxidationsample(MISFET)showsmuchbetterPinch-ofTthantheMOSFET．
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DrainVoltage(V）

Fig.１１(a)DCcurveof

MOSFET（Ｌ『11ml）
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Drainvoltage(V）

Fig.１１(b)DCcurveof

MISFET(L9戸1Ｕｍ）

Fig.１０Specificationand
structureofMISFＥＴ

Culrent-voltagecurvesOftheMOSFETandtheMISFETdulingtlledrainvoltageswihg-upand
swing-downareshowninFigl2(a)andFig.12(b)respectively・Largehysteresisloopisobservedm
tlleMOSFET・Ontheotherhand,thereisnohysteresisloopinMISFEＴ・Itimpliesthatnitridation
onoxidizedwaferimprovesthemterfaceqUalitywithreducingthesurface/interfacestatedensity・

ThetranscondUctanceoflumgatelengtllweremeasuredatdrainvoltageof0.5Ｖａｓｓｈｏｗｎｍ
Ｆｉｇｌ３・Withincreaseofnitridationtimeonoxidizedwafbr,thepeakvalueoftransconductanceis
mcreased・nlemaximumtransconductanceof60mS/mmisobservedin4hroxidizedsampleOn
theotherhand,Zhrnitridationon4hroxidizedsampleshowsthetransconductanceofｌｌＯｍＳ/ｍｍａｔ
ｇａｔｅｖｏｌｔａｇｅｏｆＬ１Ｖ・Sonitridationonoxidizedwaferimprovestheinterfacequalityandincreases
thetransconductance．
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4.Oxidation,Nitridation,Oxi-nitridationoflnAlAs

TYleeffectofoxidation,nitlidationandoxi-nitridationonInA1Aswasinvestigatedbythesimilar
waytotllatontheGaAswafers・Theresultswereanalyzedbymeanssuchasphotoluminescence，
roughness,crosssectionalTEMimage,electricalchamctelisticsetc．

．Ｌ‐

Photolulminescence

Theoxidation，nitridationandoxi-nitridationoflnA1Asaremitiallymvestigatedby
photoluminescence､Afterultrasoniccleanmg,thewaferswereetchedbybufferedhydrofluoricacid
toremovetllenativeoxide､OxidationbyUV＆oZone,、itIidationbyN2plasmaandcombinationof
bothareappliedtofburgroups(A,Ｂ,ＣａｎｄＤ)oflnAlAswafer､Theconditionsofallwafersare

shoｗｎｉｎＴａｂｌｅ－ＩＩＬＡ＆Ｂ－，Ｃ‐andD-groupswafersareusedfbroxidation,nitndationandoxi‐
nitridationprocessrespectively・TY1ephotoluminescencespectraofoxidated，nitlidatedandoxi-
nitridatedsamplesweremeasuredThephotoluminescencespectraandrelativemtensityofoxidized
samples(A-group)ａｒｅｓｈｏｗｎｍＦｉｇｌ４(a)ａｎｄFig.１４(b)respectively､Thewavelengthofthe
spectralpeakofunprocessedwafbrisobserveｄａｔ８１０ｎｍａｎｄｔｈａｔｐｅａｋｍｏｖｅｓｔｏ８００ｎｍｂｙｓｈｏｒｔ
ｔｉｍｅｏｘｉｄａｔｉｏｎｏｆｌｈｒ､Ｗitllincreaseofoxidationthispeaｋｃｏｍｅｂａｃｋｔｏｎｅａｒｔｈｅ８１０ｎｍ・The
mtensityismalkedlyreducedbyashorttimeoxidation(1stexperiment).Withincreaseofoxidation
timetheintensityshowsrecovery・Itmdicatesthatlongtimeoxidationrecoversthesurfacedamage、
InordertocheCkthereproducibilityoftllisresult,IdidsameexpenmentusingB-groupwafers（C‐
groUp)again､The2ndtimedatareproducedthelsttimedatauntil2hrthendecreasestllemtensity．
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０
０
０
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０
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０
０
０

８
７
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４
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２
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Table-IIIConditionsofInA1Assample 一一ＮｏｏＸｌｆＬＤｔｉｏｎ
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－ｐ－２ｈｒｏｘｉｄａｔｂｎ
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-Bhroxldation
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芒
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－
の
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巴
亡
一
・
Ｊ
１

〕０￣７５０８００８５０ 9００

Wavelength(nｍ）

Fig.１４(a)Photoluminescence

spectraofoxidizedwafer

Thenolmalizedphotoluminescenceintensityofnitridated（C-group）andoxi-nitridated（D‐
group）samplewitllrespecttonitridatioｎｔｉｍｅａｒｅｓｈｏｗｎｉｎＦｉｇｌ５ａｎｄＦｉ9.16respectively・
NitlidationonbareandoxidizedlnA1AswafersgraduallyanddrastiCallydecreasesthemtensity・It
indicatetllatnitridationeffectonbareandoxidizedlnA1Asincreasestllesurface/interfacedamage．
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mtensityofoxidizedwafbr

Crosssectionalimage(TEM）

ＣＯnsidelingtherecoveryproperties（photoluminescenceintensity）ofoxidationonInA1As，
moremvestigationonoxidizedsamplewasperfbrmedbytheexperlmentalmeansofcrosssectional
structureofinterface，electricalcharactelisticsetc・TY1ecrosssectionalimageofoxide‐
semiconductorinterfacewasmeasuredbytransmissionelectronmicroscope(TEM)asshowninFig
l7､Verythin4~5nmtllickoxidelayerisfbnnedatlhroxidation､Thetllicknessofoxidelayerisnot
unifbnntypethrougl1thesurface､Ｔｈｅoxide/semiconductorinterfaceisnotｓｍｏｏｔｈTheclystal
disorderandhigjlroughnessisstronglyfbundmthemterfacelayerOneofcrystaldisorderis
mdicatedbyanPowma1k・The4hroxidation(notshownhere)showsimprovedinterfacequalitythan
thelhroxidizedsample．

Figl7Crosssectionofoxide/InA1Asinterface
Current-Voltagecharacteristics

ＴｈｅＭＯＳｄｉｏｄｅｗａｓｆａＭｃａｔｅｄｕｓｉｎｇｎ－ＩnA1As/InPwafertoinvestigatetheleakagecurrent・
Afterultrasoniccleamng,thewaferswereoxidizedbyUV＆ozoneprocess・Thedensityoftlle
ozonegasis5000ｐｐｍ・ＴｈｅｆｌｏｗｒａｔｅｏｆｔｈｅＯ２ｇａｓｉｓｌＬｔ/ｍin・Theoxidelayerisselectively
removedbybufferedhydrof1uolicacidfbrohmiccontact・ThenAuGeandNielectrodewerefbnned
onthewafersurfacefbrohmicandMOScontactresPectively・Thecurrent-voltagecharactelistｉｃｓｏｆ
ＭＯＳｄｉｏｄｅａｒｅｓｈｏｗｎｉｎＦｉ９．１８Theleakagecurrentisgraduallydecreasedwitllincreaseof
oxidationtimeTheoxidethicknessvsculTentsuppressionisshowninFigl9．
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Ｂａｓｅｄｕｐｏｎthephotoluminescenceresults，ｔｈｅｈＡ１Ａｓ/InGaAs-MOSHEMTwelcfablicated

using4hrozoneoxidation・ThestructureandtopviewoftheMOSHEMTareshownintheFig20(a）
andFig.20(b)respectively・AfterultrasoniccleaningUlewafers,AuGe/Niwereevaporatedontlle
wafersurfacetofbrmthesourceanddrainelectrode・Theepitaxiallayerwasmesaetchedfbrdevice
isolation・Byphotolithographyprocess，ｔｈｅｇａｔｅｐａｔｔｅｍｗａｓｆｂｒｍｅｄｏｎｔｈｅｗａｆersurfacelYlen

suitableepitaxiallayerwasremovedbyrecessetchinｇｍｔｌｌｅｇａｔｅａｒｅａ・Therecessetchingis
pelfbrmedmthreesteps・Inthefirstrecessetching,then-InGaAsandlnA1Aslayerwereremovedby
H3PO4:Ｈ２０:Ｈ２０２＝４:90:１ａｔｌｏＣ･Ｔｈｅｎ－ＩｎＰ１ａｙｅｒｗａｓｅｔｃｈｅｄｂｙＨＣ１:H3PO4:ＣＨ３ＣＯＯＨ:Ｈ２０＝
1:1:2.5:１atroomtemperature・Thenn-InA1AslayerwaspartiallyorfUllyremovedby
H3PO4:H20:H202＝4:90:１(3Idetchmg)fbrdifferentpeliods・Oxidelayerwasfbrmedintherecessed
gateareaby4hrozoneoxidationatroomtemperature・ThenA1wasevaporatedmthegateareato
fbrmthegateelectrodemlegatelengthsare0.5Ⅱｍ,0.7Ⅱｍ'１Ⅱｍ，1.5umand2umrespectively､The
gatewidthis40ILm(40脚×Zfingers)．

Source Ｄrain

Fig.２０(a)Waferspecificationand
structureｏｆＭＯＳＨＥＭＴ

Fig.２０(b)topviewofMOSHEMT

TheDCcharactelisticof25sec3metchingsampleisshowninFi9.21(a).TY1egatevoltageis
changed丘ｏｍ－３Ｖｔｏ＋2Ｖｉｎ0.5VstepAtzerogatevoltage,largedrainculrentof68mA/mmflows
througllthechannelindicatingthedepletionmodeOperation・Italsosuggeststhatuppern-InA1As
layerstillremainsthickandnotfUllyconvertedintoinsulatinglayer、Themaximum
transconductanceof35mS/mmisobservedatnegativegatevoltageof-2.5Ｖ～－３Ｖ・Thedram
culrentpinch-offisnotgoodduetotheremamedthicknessandsohighdopmgconcentrationinthe
upperlayer・

TheDCcharacteristicsof35sec3IdetchingsampleisshownmtheFig21(b).Thisdata
suggestthattlle叩pern-InA1Aslayerismostlyremovedorconvertedmtooxidelayer・Largedrain
currentisobservedinthepositivegatevoltageof＋1Ｖｔｏ＋2.5Vandmdicatestlleenhancement

modeoperationTY1edraincurrentpinch-ofTisbetterthanthepreⅥousshorttimerecessetchmg
sample・Thesmallgmisobservedinnegativegatevoltageupto＋1Vandmcreasedto200mS/inmm
positivegatevoltageof2V・ＴｈｅｈｙｓｔｅｒｅｓｉｓｃｕｒｖｅｏｆＭＯＳＨＥＭＴｗａｓmeasuredatdrainvoltage
sｗｉｎｇｕｐａｎｄｄｏｗｎａｓｓｈｏｗｎｉｎＦｉ9.22．Duetonotperfectrecoverytllehysteresisloopexistin
MOSHEMT．
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6.Conclusion

00.5１１．５２２．５３

Ｄrainvoltage(V）

Fig.２１(b)ＤＣcurveof
enhancementmodeMOSHEMT

（35sec3metching）

００．５１１．５２２．５３３．５
Drainvoltage(V）

Fig22Hysteresiscurveof
MOSHEMT

ＵＶ＆ozoneoxidationonGaAsfbnnsoxidelayerwitllcrystaldisorder・Nitridationonbare
GaAsstronglydetelioratethesurface､OntheotherhandnitridationonoxidizedGaAsfbnnnmthin
p藝已nitriflC1ayerWithreducedsurfaceinterfacestatesdensityObtainedtransconductan星~丑511i~碇
MISFET(oxi-nitridesample)isllOmS/mｍ・

ＬｏｎｇtimeoxidationonlnA1Asrecoverstllesurfacedefectswithincreasingthe
photoluminescenceintensity・TheMOSHEMTshowsthemaximumtransconductanceof200mS/mm

inenhancementmodeoperation・ＯｎｔｈｅｏｔｈｅｒｈａｎｄｎｉｔＭａｔｉｏｎｏｎｂａｒｅａndoxidizedlnA1As
detelioratestllelnA1Assurface/interfaceqUality．
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学位論文審査結果の要旨

平成１８年１月３１曰に第一回学位論文審査委員会を開催し、提出された学位論文及び関係資料について

検討を行い、同２月２曰の口頭発表、第二回学位論文審査委員会において協議の結果､以下の通り判定した。

金属／絶縁体／半導体（MIS）構造のゲートを有する電界効果トランジスタ（FET）は金属／半導体ゲー

トのトランジスタと比較して様々な利点があるが、化合物半導体では絶縁体／半導体界面が劣化しやすいた

め良好なものが実現されていない。本論文では､紫外線とオゾンによる酸化とプラズマによる窒化を用いて、

GaAsやInA1As表面への酸化・窒化・酸窒化の効果を実験的に調査し、処理条件や組合わせによっては界面

近傍の結晶性の劣化が回復し、電気特性や光電特性が良化することを見出している。また、これを空乏型や

エンハンスメン卜型のGaAsMIS-FETやMIS型InAlAs/InGaAs高電子移動度トランジスタのゲート絶縁膜形

成に適用して、良好且つ安定な特性が実現できることを実証している。更に、微細化によるトランジスタ高
速化の限界を高める手段にもなり得ることを明らかにしている。

本研究の成果はMISゲート化合物半導体トランジスタの実用化に向けた貴重な新技術であり、本論文は
博士（工学）の学位を受けるに値するものと判定する。
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