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Bismuth-substitutedyttriumirongarnet（Ｂｉ:ＹＩＧ）nlmsweredepositedongadolinium

爵Ｉ鰯瓢;::瀦鯛藤:'蝿牒鐙Hj::;5,:i1f::『鵲H騰鰯…
singlephaseabovethesubstratetemperatureof490oC,andthefilmcompositiondoesnot

deviatelargeIyfiromthetargetcompositionanditisalmostconstantinthe
temperaturerangebetween490ａｎｄ５８０ｏＣ､Thesaturationmagnetizationofthelilmisl500

Gatroomtemperature,FaradayrotationangleOFatawavelengthof830nmatroom

temperatｕｒｅｉｓ－Ｏ３×104゜/c、．

Rare-earthirongamet（ＲＩＧ）H1msareofgreatinter‐

estindeviceapplicationssuchasmagneto-opticalmemory

deviceandwaveguideopticalisolator,becauseofitstrans‐

parencyinnear-infirarCdrcgionandexccllentmagneto-op‐

ticalpropertiessuchasanomalouslylargeFaradayrota‐
tionangleintheregionfiPomvisibletonearinfi｢are｡、

EspeciaUyinyttriumirongarnet(ＹＩＧ),Faradayrotation

angle8Fatawavelｅｎｇｔｈｏｆ６３３ｎｍａｔ２９５Ｋｉｓ＋835.／
cｍ・ｌＡｎｉｎｃｒｅａｓｅｉｎｔｈｅａｍｏｕｎｔｏｆＢｉｓｕｂstitutedfbrY

makesFaradayrotationanglechangelinearlyatarateof

－２．１×104./cｍ(lBiatom/fu.)，wherefu・represents
fbrmulaunit.’InM1yBi-subDtitutedirongarnet
[Bi3FesO1z:(BIG)],OFofgrBaterthan-62×104./cm
canbeexpectedMoreover,theincorporatedBiionsdonot

reducethetranspa応ncyofthelilm・Therefbre,Bi-substi‐

tutedYIG（Ｂｉ:ＹＩＧ）filmsattractsagreatattentionfmm

theviewpointsofbothmateria1sscienceandapplications、

Foruseinmagneto-opticalmemorydevices,thelilmsare

requiredtohavemagneticanisotropyperpendiculartothe
lilmplane・Inmanycases，filmshavebeenepitaxiallyde‐
positedon（111）pIaneofparamagneticgametsubstrate
because〈111〉axisofthesefbrromagneticgametmatelials
istheaxisofeasymagnetization,Conventionally,Ｂｉ:YIG
lilmshavebeenpreparedbyliquidphaseepitaxy（ＬＰE),２
reactiveionbeamsputtering（ＲIBS),3'4andIfmagnetron
sputtering､5'６Thesemethods，however，havesomedisad‐
vantagessuchastheproblemsofimpurityadmixture,low
depositionrate，andlargefluctuationincomposition，Te‐
spectively，

Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，ithasbeenindicatedthatIaser

ablationhasgreatadvantagesinpreparingmultielement
oxidethinfilmssuchassuperconductingthinlilmsand
fbrroelectricthinfilms､7-9Themostpromisingchamcteris‐
ticsofthispreparationmethodarcthefbllowing:（１）Even
materialswithahighmelting-pointcanbeeaSilydeposited
ifthematerialsstronglyabsorbthelaserlight.（２）Depo‐
sitioninhighoxygenpressurcispossiblebecauseofthe
absenceofenergysourccsinthesystem.（３）Thereislittle

dilYerenceintheco、positionbetweenthetargetmaterial
andthedepositedfilm・Ｓｏｆａｒ，ourgrouphaspreparcd
Ba-Y-Cu-OsuperconductingthinlilmsIo,l1andlead-zir‐
conate-titanate（PZT）fbrroelectricthinlilmslz,I3withthe

Reprintedf｢omAppl・Phys・Lett.，Vol、59,Ｎ０．２，ｐｐ､237～239

excellentpropertiesusinglaserablationConsideringthese
fbatures，Ｂｉ:ＹＩＧｆｉｌｍ，whichisamultielementoxidefbr‐

romagneticthinliIm，isexpectedtobesuccessMlypre‐

paredbyIaserablation

lnthisletter,wereporttheresultsoftheStructuraland

fbrromagneticpropertiesofBi:ＹＩＧｌｉｌｍｓｐ正paredbylaser

ablationusingthcArFcxcimerlaser・

DetailsoftheequipmentfbrthepreparationofBi:ＹＩＧ

Ｉｉｌｍｓａｒｅａｌｍｏｓｔｔｈｅｓａｍｅｄｅｓｃｒｉbedinapreviousletter・I2
ThesubstrateisheatedupbyfbcusingtheMraredray
emittedfromthelampexteriortothevacuumchamber・

Thelilmdepositionwascarｒｉｅｄｏｕｔｂｙｔｈｅａｂｌａｔｉｏｎｏｆａ

Ｂｉ:YIGceramictargetinthevacuumchamberwithan

oxygengaspressureof27-133PausinganArFexcimer

Iaser(ShibuyaSQLZ240J93nmwavelength,１０nspulse

width,SHzrepetitionrate).Theceramictargetisapellet

ofBi,､ＳＹＩ,5Fe50,2.1,ordertoablateaIwaysthefreshtar‐
getsurface,thetargetwascontinuouslymovedduringthe

filmdepositionA（111）planeofgadoIiniumgalIiumgar‐
net[GdJGa501z：（ＧＧＧ)］wasusedasasubstrate・The
distancenomthetargettothesubstrateisabout30mm

Thesubstratetemperature,measuredbythermocoupleon
thesubstratesurfaceandradiationthermometer,ｗａｓｃｏｎ‐

trolledbetween200and580。Ｃ・Thelaserenergyfbrthe

ablationwaｓ７０ｍＪ/shot,whichcorrespondsroughlytoa
laserfluenceof3､５Ｊ/cm2shot、Aftertheablation，ｆｉｌｍs
werecooledtoroomtemperaturein３ｈ.X-raydiHraction

(ＸＲＤ）measurementswerecarriedoutusingCuXato
investigatethelilmstructure、Thelilmcompositionwas
measuredbyinductivelycoupledplasmaspectroscopy
(ICP)．Filmmorphologywasinspectedusingscanning
electronmicroscopy(SEM).ThemeasurementofFaraday
rotationanglewascarriedoutatawavelengthof830nm
Thefbrromagneticresonance（ＦＭＲ）measuremcntwas

carriedoutatafrequencyoｆ９４７２ＧＨｚｕｓｉｎｇＶａｒｉａｎ
Ｅ－１０９Ｘとbandspectrometer・Thesemeasurementswere

carriedoutatroomtemperature・

TypicallilmthicknessisaboutO5解mandthefilm
depositionrateisintherangeofO7-1.3Ａ/sattheprep‐
arationconditionsmentionedabovｅＴhedepositionmteis
aboutIivetimeｓｌａｒｇｅｒｔｈａｎｔｈａｔｆｂｒｔｈｅＲＩＢＳｌ４ａｎdthe
sameasthatfbrtherfmagnetronsputtering5

(1991）



Thepresentresultsmentionedabovearereasonably
explainedintelmsofthefbllowingmodeLlSomeoftheＮ
ａndOatomsincorporatedina-Si:Hbecomefburfbld-co‐

ordinatedNオandthreefbld-c・ordinatedOj+，respec‐
tively,actingasadonor・Accordingtoourmodel,ｌａｐｈｏ‐
toexcitedelectroniscapturedatNオorOjhresultingin

箪潔.潟;暁鞠跳鯛風;鵬蝋:（
theneighboringsite.〕Ｔｈｉｓａｐｐｅａｒｓｔｏｂｅｔｈｅｏｒｉｇｉｎｏｆｔｈｅ
ｌight-inducedESRsignals・Theincreasein7bduetotheN
orOinCorporationｓｈｏｗｎｉｎＦｉｇ４ｉｓａｔｔｒｉｂｕｔｅｄｔｏａｔｒａｐ‐
pingofphotoexcitedelectronsbyWorOjtjFigures2
and3indicatethattheNincorporationincrEasｅｓｂｏｔｈｏｄ
ａｎｄ７ｂｍｏｒｅｐｒｏｍｉｎｅｎtlythantheOincorporationHow‐
ever，theincreaseinolゴbytheNincorporationisfar
smallerthanthatbythePorAsincorporation5Through
thepresentstudyitisｆｂｕｎｄｔｈａｔＣａｔｏｍｓｄｏｎｏｔｈａｖｅａ
ｐｒｏminentelTbctinmovingtheFermilevel・

Ｉｎｓｕｍｍａｒｙ,bothOandNimpuritieswerefbundto
increasethedarkconductivitybydecreasingitsactWation
energyina-Si:Hlilms､Furthermore,itwasfbundthatboth

ofthemdelaythephotoresponseCimpurity,however,has
noappreciableeffbctonthem・Theselindingssuggestthat
OandNimpuritiesshifitheFermilevelupwardandfbrm
atrappingstatefbrphotoexcitedelectrons,supportingour
Oj+andWmodeL1

TheauthorsaregratefilltoSFUjiifbrhistechnica】
assistance・ＴｈｉｓｗｏｒｋｗａｓｓｕｐｐｏｒｔｅｄｉｎｐａｒｔｂｙｔｈｅＳｕｎ‐
shinePrqjectoftheMinistryofInternationalTradeand
IndustryofJapan．
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Impu｢ityContentに、-3）

FIG､４.Ｄｅｃａｙｔｉｍｅ７ｂａｓａｌｌｍｃｔｉｏｎｏ｢０，Ｎ,andCcontents．

thoughttoresultfromtheupwardshiftofEF､loFortheN
incorporation，昨increaseswiththeNcontentfirom

ｌＯ－３ｔｏｌＯ－３Ｓ/cｍ，while。‘ｆｉｐｏｍｌＯ－ＩｏｔｏｌＯ－６Ｓ/cｍ・
FortheOincorporation，oymcreaseswiththeOcontent
fi｢ｏｍｌＯ－ｌｏｔｏｌＯ－４Ｓ/cｍ,whileolfincreasesfirom1O-lｏ
ｔｏｌＯ－８Ｓ/cmTherefbre，ｔｈｅｐｈｏtosensitivityop/⑫。e‐
ｃｒｅａｓｅｓｆｒｏｍｌＯ５ｔｏｌＯ３ｆｂｒｔｈｅＮｉｎCorporation,andhom
lO5tolO4fbrtheOincorporation

Theresultsoflight-inducedESRmeasurelnentsat77

Kalsoshowthatthedensityofchargeddanglingbonds
increaseswithanincreaseintheOandNcontents，
whereasthedensityofneutraldanglingbondsremainsun‐

changedTheresultsofthemeasurementofopticalabsorp‐
tionduetodefbctsusingtheconstantphotocurrentmethod
(ＣＰＭ）alsosuggesttheincreaseinthedensityofcharged
danglimgbonds・

Finally，thephotocurrentdecayfiPomtheSteadystate
aftertheswitching-orofthesteadyilluminationwasinves‐

ｔｉｇａｔｅｄＷｅｄｅｌｉｎｅａｄｅｃａｙｔｉｍｅ７ｂａｓａtimewhentbe
photoconductivityOp(/）decaystol/２，wherethesteady
stateopisIixedtoｂｅｌ×１０－６s/cmbychangingthe
illuminationintensity3Figure4showsthedecaytime7Oas
afUnctionoftheimpuritycontent・ItisrevealedthattheN
incorporationdramaticallyincreases7Oby4orders，and
theOincorporationby2orders･Suchadegradationinthe
photoresponseshouldbesuppressedfbrtheapplicationto
q-Si8Hopticalsensordeviceswhichneedarapidresponse
Thedegradationofthephotoresponseshowsafbrmation
ofanewtrapstatebelowtheconductionbandbytheNor
Oincorporation．
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FIG・ＬＸＲＤｓｐｅｃｔｒｕｍｏ「tｈｅＢｉ８ＹＩＧｌｉｌｍｏｎＧＧＧ（１１１）pIanepre‐
paredat囚＝530.Candoxygenpressureo『Ｚ７Ｐａ．

8０５００５２０５４０５６０５８０６００

SubstrqteTPmperQture（。Ｃ）

Ｃ

ＸＲＤｓｐｅｃｔｒｕｍｏｆｔｈｅＢｉ:ＹＩＧｌｉｌｍｏｎＧＧＧ(１１１）

,planelprepalcdatasubstratetemperatureof530゜Ｃａｎｄａｎ
●

oxygenipressureof27PaisshownｉｎＦｉｇ．１.Onlythepeak
fbrthe(4214)planeoftheBi:YIGfilmisobservedbesides
thepeakfbrthe（444）planeofGGGsubstrate・Fromthis

spectrum,ｉｔｉｓｃｏｎｌｉｒｍｅｄｔｈａｔｔｈｅＨ１ｍｈａｓａｇａｍetsingle
phaseand〈111〉axis,whichistheaxisofeasymagnetiza‐
tion,isperpendiculartothefilmplane・Atoxygenpressure
of27Pa,belowthesubstratetemperatureof５１０°Ｃ,allthe
lilmswerefbundtobeamolphous､Whenoxygengaspres-
sureincreaseｓｔｏｌ３３Ｐａ,however,theIilmiscrystallized
andhasagarnetsinglephaseabove490oC・Thefilllwidth
athalfmaximum（ＦＷＨＭ）ｏｆthe（444）difTmctionfbr

thefilmpreparedatｔｈｅｐｒｅｓｓｕｒｅｏｆｌ３３Ｐａｉｓｓｌｉｇｈｔｌｙ
ｓmallerthanthatfbr27Pa､FromtheseFWHMvalues,we
estimatedthecrystallitesizeofthesefilmstobeaboutlOOO
o

A・

SEMphotographsofthefilmspreparedatthedifYerent
conditionsaresｈｏｗｎｉｎＦｉｇ２、Ｉｎｔｈｅｃａｓｅｏｆｔｈｅｇａｓ
ｐｒｅｓｓｕｒｅｏｆｌ３３Ｐａ,althoughdropletswithsubmicronsize
existonthelilmsurface,thesizeofthegrainintheIilmis

ＦＩＧ、３.SubstratetemperatuTedependenceofthera[iooftheioncontent

inthelilm（ｑ）tothoseinthetaTget（Ｃ７)．Filmswerepreparedat
oxygenpressureofl33Pa．

unifbrmandthefilmsurfaceissmoothincompansonwith
thecaseofthegaspressureof27Pa､Thesmoothnessofthe
filmsurfaceisimportantfbremployingthesefilmsinthe
magneto-opticaldevices・Thesectionalviewsalsoshow

thatthelilmpreparedatthepressureofｌ３３Ｐａｈａｓａ
ｕｎｉｆｂｒｍａｎｄｄｅｎｓｅｓｔｒｕcture・FromtheXRDmeasurement

andthelilmmorphology，ｉｔｃａｎｂｅｓｅｅｎｔｈａｔｔｈｅｏｘｙｇｅｎ
ｐｒｅｓｓｕreofl33PaissuitablefbrpreparinｇＢｉ:YIGlilms・

Ratiosoftheioncontentsinthelilms(ＣＦ)tothosein
atarget（Ｃ７）plottedasafimctionofsubstratetempera‐
tureattheoxygenpreｓｓｕｒｅｏｆｌ３３ＰａａｒｅｓｈｏｗｎｉｎＦｉ9.3．
A1thougharound20％ｏｆｅｘｃｅｓｓＢｉｉｏｎｓｉｓｆｂｕｎｄｉｎｔｈｅ

Ｉｉｌｍ,theIilmcompositionisroughlyconstantinthetem‐
peraturerangebetween490and５８０°Ｃ・

Figure4showsthemagneticfielddependenceofFar‐
adayrotationangleoftheIilmpreparedatasubstrate
temperatureof5１０.Ｃａｎｄｔｈｅｐｒｅｓｓｕｒｅｏｆｌ３３Ｐａ・The

measurementwascarriedoutat830nmwavelength・At
themagncticfieldofabout2kOe,therotationanglebe‐
comesmaximumandhomthismaximumvalueweobtain

OF＝－０．３×104./cmlnthismeasurement,thepolarized
lightreHectedattheinterfaccbetweenthelilmandthe
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-10 ５１ＣFIG､２.SEMphotograpbsofthe61ms.（a）ａｎｄ（b）showthefiImsurfknce
andthesectionalview,respectively,ofthefilmpreparedatn＝530.C
andoxygenpTessureof27Pa.（c）ａｎｄ（。）showthelilmsurfaceandthe

sectionalview,｢espectively,ｏ｢thefilmpreparedatE＝Ｓ１０ｏＣａｎｄｏｘｙ‐
genpressureof133Pa．

ＭＣｇｎｅｔｉＣＦｉｅｌｄ（ｋＯｅ）

FIG、４．AppliedmagneticnelddependenceofFaradayrotationangle，
measureｄａｔａｗａｖｅｌｅｎｇｔｈｏｆ８３０ｎｍａｔｒｏｏｍｔｅｍperatureFilmswere
prCparedat五＝５１０℃andoxygenprCssureofl33Pa．

Kidoh，ＭｏｒｉｍｏｔｑａｎｄＳｈｉｍｉｚｕ



substratewasdetected,sothatthecalculationwascarried

outbyconsideringtwicethefilmthicknessasthelight
path・

Themagnetizationmeasurementrevealedthatthefilm

hastheaxisofeasymagnetizationparalleltothefilm

plane,inspiteofthe〈111〉axisorientationperpendicular
toｔｈｅｌｉｌmplane・Ｔｈｉｓｉｓｅｘｐｌａｉｎｅｄｂｙｔｈｅねctthatthe
anisotropylieldperpendiculartothelilmplaneisovercome
bythedemagnetizinglield（4卸4）inthelilmThesatu‐
rationmagnetization（47ＦＭ）ｉｓａｂｏｕｔｌ５００Ｇ,whichis
similartothatfbrBi:YIGlilmpreparedbyRIBSl4From
themagnetizationandtheferromagneticresonance

(ＦＭＲ）measurements,theanisotropyfieldiscalculatedｔｏ
ｂｅ９８５Ｇｕｎｄｅｒａｎａｓｓｕｍｐｔｉｏｎｏｆｕｎｉaxialisotropy､ＣＯ汗
sideringthesevaluesoftheanisotropyfieldandthedemag‐
netizingfield,itisexpectedthatthefilmswithamagnetic
anisotropypelpendiculartotheIilmplanecanbeobtained
byreducingthesaturationmagnetizationofthefilms・Itis

realizedbysubstitutingparamagneticionssuchasAl〕＋ｏｒ
Ｇａ３＋ｆｂｒＦｅ３＋ｉｎＢｉ:Ｙ1Ｇ.Ｓ

Ｉｎｓｕｍｍａｒｙ,Bi-substituteｄＹＩＧｆｉｌｍｓｗｉｔｈａ（111）

onentationweresuccessM1ygrowno、the（111）planeof
GGGsubstratebylaserablationusingtheArFexcimer
laser・ThefbUowingresuItswereobtained：（１）Thesatu‐
rationmagnetization（4万Ｍ）oftheIilmisaboutl500G
andFaradayrotationangleis-O3×l04ycmatawave‐
lengthof830nm.（２）TheIilmcompositiondoesnotde‐
viatelargelyfi｢omthetargetone,anditisalmostconstant

inthesubstratetemperaturerangeof490-580°Ｃ（３）The
oxygengaspressureinHuencesthecrystallizationtemper‐
ature，Iilmstructure，andmorphology、Arelativelyhigh
oxygengaspressureissuitablefbrpreparingthegamet
films

WewouldliketothankProlbssorM、Kumedaof

KanazawaUniversityfbrhismanyhelpfilldiscussionsand
Dr､TOkudaofElectrotechnicalLaboratoryfbrhelplil1
comments・WewouldalsoliketothankDr・HFUjiwaraof
theTsukubaResearchLaboratory,HitachiMaxellLtdfbr

themeasurementofFaradayrotationangle・Ｗｅｗｏｕｌｄａｌｓｏ
ＩｉｋｅｔｏｔｈａｎｋＨ、YashimafbrhisheIpinourexperiments・
WearegratefilltoShibuyaKogyoCo.，Ltd､fbrsupplying
theArFexcimerlasersystem・Thisworkwaspart1ysup‐
portedbyHBFgrantofHoso-BunkaFOundation，Inc．
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