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DoctoraMissertationabstract

WorkflmctiondependenceofSchottkybarrierheightandlealKagemechanisminthinfilm

capacitorsusingPerovslKitedielectrics

Abstract

Theleakagemechanismofmetal-insulator-mctal(ＭＩＭ)thinfilmcapacitorusingPerovskite

dielectricsandbottomnoblemetalelectrodeshasbecninvestigatedTheleakagebehavior

througlltheinterfaceatthetopelectrode/STOfilmsdependsonthesurfaceoftｈｅＳＴＯｆｉｌｍｓ、

Ontheotherh、d,theleakagecurentthroughtheinterfaceattheSTO/bottomelectrodesshows

typicalinterface-1imitedleakagebehavioLThemicrostmcturesofbottomclectrodesarealtered

bycrystallmcorientation,under-1ayerlmddepositiontemperature､Thismicrostmcturevariation

leadｓｔｏａｃｈａｎｇｅａｂout０．１６eVontheworkfUnctionofmctalelectrodesmeasuredbyPESA・A

plotofSchottkybarrierheightsasafUnctionofworkfilnctionshowsagoodlinearrelationship、

ItsuggcststhathighworkfimctionofthemetalelcctrodeiseffectiveinincreasingSchottky

barrierheiglltsinthedielectric/、etalinterface,1cadingeffectivereductionoftheleakagccurent

inMIMcapacitors・Thetunedmicrostmctureofanelectrodeappearstobeanessentialfactorin

theperfOnnanceofexcellentMIMthinfilmcapacitors．

１.Introduction

Thesilicon-basedmetal-oxide-semiconductordeviccsfOrthedevicescalingfO11owing

Moore,slawarebeingreachedinthefimdamentallimits,andthusdcmandfOrrcplacingsilicon

dioxideisdrivingstronginterestinhighdielectricconstantmaterials(highＫ).ThehighK

materialshavcbeenwidelyinvestigatedforanalternativegateoxideandacapacitor,However，

thelargcleakagecurrentproblemisstillregardedasgreatobstacleintheseapplications・

LeakagecⅢentbehaviorisoneofthemajorfactorstodetenninethereliability,anditisknown

thattheMIMcapacitorisreasonablestructure・Especially,muchattentionhasbeenpaidtoMIM

capacitorwhichconsistsofPerovskite-typedielectricsandnoblemctalelcctrode・Ｉｎｓｐｉｔｃｏｆ
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thcseeffbrts,1eakageproblcmremamsunsolved・Itisknownthattheleakagecurrentisnotonly

govcmcdbythebulkferro-ordiclcctricfilms(bulk-1imited)butalsobytheSchottkyjunction

betweenfilmsandmetalelectrodes(interface-limited)Herelwishtopointouttheimportantof

barrierfOmationtoreduceleakagecurrcntefficientlysothatthemetalelectrodewithhigllwork

fimctionwillbegreathelpinreducingthelcakagecurrentBasedonthisidea，Ihavebeen

fOcusedontheinterfacephenomena,andinvestigatedtheeffectofe血ancedworkfimctionon

theSchottkybarrierfOnnationofMIMcapacitorusingSrTiO3(STO)dielectricsandnoblc

metalelectrode,Ihaveobtainedaninterestingresultandwishtoreportitherein．

2.Ｆｉｌｍｐ肥parationandcharacterization

ThefilmswerepreparedbyPIDmethod､ThePIDteclmiqueiswidelyusedfOrcither

variousmetalfilmsoroxidecompoundssuchaslligh-temperaturcsuperconductors，

ferroclectrics,multiferroics,andelectro-optics,ＴｈｅoneofthcmostadvantagesfeaturesofPID

techniqueistheabilitytoreproducethetargetcompositionwithrelativeeaseunderthe

appropriateconditions、ItisanefficientmethodtoproducethelayerbylayergrowthfOrthin

filmsinthcatomicrangc､TheX-raydiffraction(XRD）wasuscdfOrcrystallincstructurc

analysis,andatonlicfOrcemicrospectroscopy(AFM)wasusedfOrmicrostructurcobservationof

filmsurface・TheworMmctionwasmeasuredbyphotoelectronspectroscopyintheair(PESA）

basedonanelcctroncountingmecllanismbyanopencounter．

3.ConsiderationofleaM巴emechanismandworMimction

TheconsideratiOnofleakagemechanismsecmstobeworthwhilesubjectinorderto

investigatehowtocontroltheleakagecurrent・TheavailableleakagemechanismsarefOllowing：

Scllottkyemission，Ohmiccontact，Fowler-Nordheimtunneling，PooleFrenkelemission，ａｎｄ

Space-cllargc-limitedcurrent・Likewise，tlleworkfimctionisalsoessentialfactors・Thework

fmctionisfimdalnentalphysicalquantitylanditisknownthattheworkflmctionisdepcndson

thcmaterialtypes,However,theworkfUnctionisstronglyaffectedbysurfaceconditionbecausc
theworkfUnctiｏｎｃａｎｂｅｕｎｉｆｉｃｄａｓｓｕｍｎａｒｉｚｅｏｆｓｕｒfacetcnn△ｆａｎｄｂｕｌｋｔｅｎｎ②Bas

fO11owing：

必－Ａ9,＋必 (1)

ItindicatesthewoIkflmctioncanbecontrolledbysurfacemodification,anditwillbeusefill

fOrSchottkybarricrfOmation．

４LeaMgemeclnanismintlninfilmcapacitorusin＝PeIDvsMtedielectrics

ThedielectricconstantsfOramorphousSTOfilmdepositedbelow300oCareaｒｏｕｎｄＺＯａｓ

ｓｈｏｗｎｉｎＦｉｇ・LIntheI-Vcharacterization，thecurrentdirectionisdefinedfromthetop

electrodc(positivc)tothebottomelectrode(negative)asshowninFig､２.Thcleakagecurrent

throughtheintｅｒｆａｃｅａｔｔｈｅＳＴＯ／bottomelectrodeshowstypicalinterfacc-1imitedleakage

behavioLTheinterface-1imitedleakagebehavioriｓａｌｓｏｄｅｔｅｃｔｅｄｏｎｔｈｅｃｏｎｔａｃｔｏｆｔｏｐ
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electrodc/STOfilmspreparedat300･Ｃａｎｄ５５０゜CWhereastheSTOfilmshasveryrougll

surfaceatthedepositiontemperａｔｕｒｅｏｆ４５０ｏＣｗｈｉｃｈｉｓａｂｏｕｔｈａlfWaytemperaturefrom

amorphoustocrystallizedphase､Thisroughsurfaceoriginatedfrommcta-stablephaseofSTO

filmsleadstobulk-1imitedleakagebehavioronthecontactoftopelectrodc/STOfilmslnthc

leakagebehaviorofMIMcapacitorsusingSTOfilms,thCinterfacephenomenaarepredominant

colnponenttocontroltheleakagecurrent．
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FigureLThedielectricconstantofSTOfilmsat

variousdepositiontemperature

Figure2・Theleakagecurrentdensityasa

fimctionofelectricfieldofSTOfilms

5.EffectofmicmstmctueofbottOmelectrOdesontlneworkfmction

５.O
TheworkfUnctionofthe（111)-orientedPt

electrodeisapproximately493eVwhereastheへ

wmMmciionoftho(100)cri．nMＭ…do書４，
is478eVThisdifferenceofworkfUnction二

g

dcpcndingonthecrystalorientationcanbc昌
＝

cxplainedtheelectrondensitydistributionon芒４８
－

－

themetalsurfaceduetosmoothingeffect､ｎｌｅ夢

ｗｏｒｋfUnctionofPt/Rubilayerelectrode４７
0３６９１２１５

increasesfrom475to490eVaccordingtothe
Rootme肌sqHre,RRMs(､、）

thicknessofthePttoplayerdecrcases、Ｔｈｃ
Ｆｉｇｕｒｅ３・TheworkfUnctionasafilnctionofroughness

workfimctionofRutoplayerelectrodcsalso
onthemetalsurface・Insetshowstllesmoothingeffect

incrcasesfrom487to４．９７ｅＶａｃcordingtothe

under-1ayerJtsupportstheassumptionthattheworkfimctionisrelatedwithmicrostmctureon

thesurfacc・TheworkfimctionsareplottcdagainstroughnessofsurfaceasshowninFig.３．It

showsthestronglinearrelationshipagainstroughnessofelectrodesJnotherwords，thework

fimctiondecreasesatelectrodeswithroughsurface・Itcanbeexplainedbysmoothingeffect

whichisatendencytosmoothoutthesurfaceasshownintheprcviouschapter6Thesmoothing

effectlcadstheelectronflowfromthehillstothevalleysandfOrmsthcpositivepotentialbarrier

tothevacuumasshｏｗｎｉｎｓｅｔｉｎＦｉｇ３・Itsuggeststhattheworkfimctioncaｎｂｅｅｎｈａｎｃｅｄｂｙ
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modificationofmicrostructuresuchascrystallineorientationorsurfacerougllness・The

enhancedworkfUnctionbytunedmicrostructureofelcctrodesisexpectedtofOmhighSchottky

barrieronthecontactofbottomelectrodeanddielectrics・Thisrelationshipwillbeinvestigated

atnextchapter．

6.SchottlWbarrierenMncementbytlmedworMmction

ThevariationofSchottkybarrierhcights

ａｓａｆｉｍｃｔｉｏｎｏｆｗｏｒｋｆｉｍｃｔｉｏｎｏｎｔｈｅmetalへ＞１．００
･

elcctrodcsurfaccshowsastronglinear－
出一ダ

ニ

・晋og5relationaInongthesamecrystalorientation
出

ofmetalbothPtandRuelectrodesasｓｈｏｗｎ 凶

・臼０．９０
目

ｉｎＦｉｇ．４．ItsuggeststhattheSchottkycd国
barricrenhancementismightbedominated〉、ｏ･８５塁

一
一

byenlargementofworkfilnctiononｍｅｔａｌｏＳｏＢＯ
の

electrode，hotherwords，theleakage
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electrodesmaybecontro11edbytuningofFigme4TheSchottkybarrierheightsasafUnctionof
theroughnessonthemetalelectrode・ＴｈｅworkfUnctionofthemetalsurface、

tunedmicrostructureofelectrodesappears

tobeanessentialfactorintheperfOmanceofexcellentMIMthinfilmcapacitors．

7.Leaka窪ebel1avioraffbctedbytopandbottominterhce

Figure5showsAFMimagesofRuelectrodesaccordingtothedepositiontemperature・The

amorphousSTOfilmsurfacerelatestothesurfaceofRubottomelectrodeasshownintheinset

ofFig､５.ThissurfacevariationofalnolphouｓＳＴＯｆｉｌｍｓｌｅａｄｓｔotheleakagecurrentvariation

assｈｏｗｎｉｎＦｉｇ６・TheleakagecurrentcurvesaffCctedbybothtopandbottomelectrodes

resembleeacllother､ItindicatesthattheleakagecurrentisalsoaffectedbymorphologyofＳＴＯ
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Figure6,I-VcurvesfbramorphousSTOfilms・Leakage

currentatnegativebiasshowscurrcntoriginatedby
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FigureaAFMimagesfbrRuelectrodesdepositedat

varioustemperature・ＩｎｓｅｔｓｈｏｗｓｔｈｅａｍｏｒｐｈｏｕｓＳＴＯ

ｆｉｌｍｓontheseRuelectrodes



8.ＳｕｍｍａＩｙ

IYleeffectofworkfimctionbymicrostructureofelectrodeontheleakagebehaviorhasbecn

investigatedontheMIMthinfilmcapacitors・ＴｈｅＳＴＯｆｉｌｍｓｄｅｐｏｓｉｔｅｄｏｎｔｈｅＰｔａｎｄRumetal

electrodesshowatypicalmterface-1imitedleakagebehavioronthecontactofSTOfilms/bottom

electrodes、Ｏｎｔｈｅｃｏ､traryltherougllsurfaceoriginatcdfrolnmeta-stablephaseofSTOｆｉｌｍｓ

leadsabulk-1ilnitedleakagebehavioronthecontactoftopelectrode/STOfilms・Theleakage

currentdensitycanbesuppressedbySchottkybarrierheightfOmation、TheSchottkybalTier

canbefOnncdbyenhancementofworkfmctiononthebottomelectrodes・Moreover,thework

fUnctioncanbeincreascdbymodificationofmicrostructuresuchascrystallincorientationor

surfacerouglmess・Inotherwords,theleakagecurrentontheMIMcapacitorcanbecontrolled

bytuningofrougllnessonthemetalelectrode､Thetunedmicrostructureofelectrodesappearsto

beanessentialfactorintheperfOnnanceofexcellentMIMthinfilmcapacitors．
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