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Neutronrenectometlyisadevelopmgmethodandisappliedibrtheinvestigationofthesulfacedistributionofvarious

materialsmcludmgpolymersandmetals, Inthepresentstudy,weinvestigatedthesurfacedistributionofmetaloxide

ibmledinlO~4Torroxygen, Thesamplewasevaporatedoniloat-glassorSiwafersubstratesbyvacuumevaporation.
Smcethesamplewasfablicatedby20timesrepetitionofevaporationandoxidization,oxidizedmetaldistributes

peIiodically. Intheneutronrenectivitycurve,Braggpeaksowingtothepenodicityoftheoxidizedmetalareobviously
fbund.AnalyzingtherenectivitycurvegivesusthedistributionofUleoxidizedmetal.
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§.1. Introduction

It is reported that neutron renectivityofaNi/ri

multilayerrisesifweintroduceoxygenintothevacuum

cllamber during evaporation of neutronmultilayer

mirrors. ')'2) Thismightbebecausetheoxidesuppresses
intelfaceroughnessormixingofmaterials throughthe
intelface. Inthepresentsmdy,weintendtoinvestigatethe

metaloxideatinterfacesbyneutronreflectometly.

WechooseTiasatargetmaterialsincel)Tiisacommon

materialusedfbrmultilayerneutronmirrors,and2)Tican

beoxidizedinvelylowO2pressure.3)
Sulfacetitaniumoxidehasbeeninvestigatedbyseveral

researchers.3~6) Thev: however. didYIo{ iliThexhowever、 did not invTheyi however, did not investigate

oxidationinverylowpressure(～10~5Tbrr)fbrashorttime
(severalmnutes),whichoccursduringevaporationprocess

ofmultilayermirrors. Inaddition, theydidnottakeinto

accounttheoxidedistribution,i.e.,theyassumedthatthe

sulfacematerialwas perfectly oxidized todefinite

thicknessandwasperfectlyun-oxidizedbeneaththeoxide

layer.

Inthepresent research､hedistributionoftheoxide

fbnnedatinterfacesinmultilayersisestimatedvianeutron

renectivityanditisshownthatoWgenpenetratesdeeply.
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Fig. 1.Schematicviewoftheoxidizedlayersdistributed
periodicallyinthesample.

30

０
０

２
１

（
く
）
の
の
①
亡
茎
旦
逼
Ｎ
○
Ｐ

§､2. SamplepreParatiOnandexpe面mentaldetaiIs
ThesampleisfabricatedonaSiwaferwithavacuum

eVaPOratiOn SyStem.2) The sequenceof the sample

fabricationis: 1)evaporateTifbrl60Ainlessthanl×10-6
Tbrrpressure;2)leavethesamplefbrl20sec.;3)introduce

O2uptothepressureoflX10~4Tbrrandleavethesamplein
theoxygenenvironmentfbr600sec.;4)evacuateO2tillless

thanlx10-6Tbrrfbrnextevaporation.Thissequencewas
repeatedtwentytimes.

In the sample, oxidized layers are periodically
distributed,asshowninFig.l. Theoxidizedlayerscause
Braggreflectionsintheneutronrenectivity,whichenables
toestimatetlledistributionoftheoxidizedtitanium.

It isshownintheiigurethatadsorbedoxygenisnot
saturatedin600sec. However,wechoosethisoxidation

timeinordertoestimateoxidizedTiduringmultilayer
evaporation.

TheneutronreflectivitywasmeasuredalE-3portof
ResearchReactorlnstituteofKyotoUniversily.2)
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Fig.2.TheestimatedthicknessofoxidizedTi layerestimated
fromtheindicationofquartzcrystalthicknessmonitor.

Theamountofabsorbedoxygenisestimatedthroughthe
increaseindiUated,afierevaporation,bythequartzclystal
thicknessmonitor. AtypicalexampleisshowninFig.2.

§.3.Resultsanddiscussions

Themeasuredneutronrenectivityofthesampleisshown
inFi9.3. Inthefigure, thebrokenandthesolidlines

representtheresultcalculatedusingtheopticalpotentials
shownasthebrokenandthesolidlinesinFi9.4,
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respectively. Inthecalculationfbrthebrokenline, it is

assumedthatUtaniumisper-oxidizedfbrthicknessofl2A
Thecalculationreproduceswell thefirstBraggpeakbut
notthesecondone.

Inthecalculationfbrthesolidline,60%ofthetitanium

isoxidizedinthe22A-thickoxidelayer; tlletllicknessof
Uleintennediatelayerbetweentheoxideandthetitanium

layeris38ATheseparametersarechosentoreproducethe
expenmental result.This result indicates that oxygen

･

penetratesintothetitaniumlayerfbrmorethan60A,and
thatthesurfacetitaniumisnotfilllvoxidized.

Inthepresentanalysis, theopticalpotentialfbrTi-oxide
isassumedtobesvmmetncal, sincewhenweassume

asymmetricopticalpotential,foftheexpelimentaland
thecalculateddatainCreased.

Thismethodisnotsuitablefbrtheestimationofsurface

oxidedistributionontheoutmostsurfaCelayer, sincethe
laVerisnotoxidizedunifbnnlV. HowevelXthismethodis

ご

suitablefbrinterfaceoxidelayerinamultilayersincel)
fabricationofthesampleissimilartothatofmultilayers;2)
surfaceoxidecausedbyatmosphereis ineHectivefbrthe
estimationofinternaloxidelaVersasthelatterisestimated

throughtheBraggpeaks.

Thesamemeasurementsareplannedfbrothermaterials

(Ni,Si,Ge,Fe,etc.)commonlyusedfbrmultilayerneutron
mlrrors．
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Fig.3.Theneutronreflectivityoftitaniumoxidesample.The
solidandbrokenlines indiCateCalculatedreneCtivitVwith

”

opticalpotential showninFi9.4.
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§.4.Conclusions

WeestimatedistributionoftitaniumoxidP,whichis

fbrmedat theinterfacesofamultilayer,bytheneutron
renectometly.Thesampleisfabricatedbytherepetitionof
evaporation-oxidizationcycle, simulatingthemultilayer

evaporaUonprocess. In thiswayl titaniumoxide is
penodicallydistributedwitllinthesample,anditcauses
Braggrenectionofneutrons.Distributionofthetitanium

oxidewithinoneoxidelayercanbeestimatedfromthe

Braggreflectionpeaks. InthepreSentstudy,evaporation

thicknessfbrasinglecycleisl57AandoxygenPressure
and time fbr oxidization is lO~4 Tbrr and600sec.,
respectively.Resultantoxidedistributioninanoxidelayer
istrapezoidal,andplateauconcentrationofoxideis60%;

the叩eautllicknessis22A;andtheobliquesidethickness
is38A.ThisresultindicatestllatoxygCnatomspenetration
intothetitamumismorethan60Aandthatneutron
reflectometlyisvelyenectivefbrinvestigationoftheoxide
diStributiOn.

oxidelayer Ti layer oxidelayer

Fig.4. Schematicrepresentationofopticalpotcntialsusedin
thecalculationofFig.3.Thebrokenandsolidlinesrepresent
squarewellanddefbrmedtrapezoidalpotential.
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