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Bi･substituted_yttriumillDngal.net.Y3-xBixFe50L2(Bl:YIG.x=1,1.5),別mswel･eprepalledonGd3Ga5012(111)

subStrateShymetall01.巨anicdecompositionOAOD)metllOdtouseasMOindicatoll五lmS.Those丘lmshadthe

in-planemagnetlCanlSOhlOpyandPal.adayl･Otationaslal･EeaSthatoftheslnglecrystalanddonotshowpl･0minent

magneticdomainヨーruCture,WhichisoftenobSel･Vedinsinglecrystalunegarnet五1m9grownbyliquidphaseepitaxy

method.DISappeal･anCeOmagneticdomainStruCtul･ecanbeattributedtoagl･anularBtruCtul.ewithagrainSi2:eOf

～50nminBl:YIGthln丘lm 8.Thecharaetel･isticsal･eSuitableforMOIndicatorBlmstoviSllalizea日tl･aymagnehc

丘eldStllayedh･oma叩eCitnen.Ⅰnthispaper,MOimaginEDfNb丘lmSwithg1100VePatternsisdemonstrated.
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1.1ntrodlletion

Magnetic imaglng teChnique utillZlng

magnetol0ptical (MO) effect llaS been attl･aCting

attentioI18becauseithascDmPrehenBiveadvantagesof

afastmeasurement,allighresolution,awiderangeof

operatingtempellature,aquantitativeevaluation of

magnetic且uxeB,etC.,COtnParedwithrecentlydeveloped

magnetic mlCrOSCOPeS Such as a mag.Tletic fol.Ce

tnicrosLCDPe.aSQUIDmiC110SCOPeeec_I).Bisubstituted

rare･earthil･Ongarnet丘1mshavebeenusedasanMO

Indicatormm thatmakesmagneticfluxdistribution

visiblet〕yutilizinE･it8hugeFalladayrotationinthe

visibletoinfrared range. In addition toa high

genSitivityofapproximately1Oe,toobtainahigll

resolutionthatishユghenoughtobewithntheoptical

hnitinMOimaEing,highqualitygal･netthin丘1mBWith

athicknessaSthinas1Llm arerequil･ed,日incethe

magnetic nu又 generated by the samples rapidly

diminisheswithdlStanCCfromthegamples2).Moreover,

thezig宅ag-Shaped magneticdomain structureoften

observedinSinglecrystauinegarnet丘hBISaproblem

whichshouldbeBOIved,becau畠eltdisturbstheMO

observation,aBdiscu86edlatel･.

BiSub白titutedgarnetAlmshavet】eenpl･eparedby

severaltechniques,such aSaliqllidphaseepitaxy

(LPE)3).anRFmaEnetrOn叩uttering4)andathel･mal

decomposition method64),eec. In thoseteClmique,
MOD methodsare advantaEeOuBnotOnly forthe

homogeneity oftllethin 別m,thecontl･Ouabilityof

composition.andtheformationoveralargeallen,but

alsoforthegoodproductivity,sinceMODsDlutionshave

goodstabihtyformorethanseveralyear89). Inthis

paper,wereportonBi･su･bstituteyttrium irongarnet

thin丘1m8forMOindicatoll丘lmSwitllOutZigzag-shaped

magneticdomainsbyametalorganicdecomposition
(MOD)method.

150

2.Experiments

2.1MOI)procefIS

MODuquidsusedinthlSexperiment,Whichare

consisting ofsolutions made 色･om Bi,Y and Fe

carboxylateswith desh･ed.chemicalcompositionsfor

Y31YBiJTe6012(Bl:YIG,x=1.0and1.5),weremadeby
Kojundo Chemical Laboratory IJtd. The total

concentrationofcarboxylatesinthoseMOD solutions
was丘Xedat3%.ItshouldbenotedthattheseMOD

solutionsarestableandprecipitationorotherchanges

havenotbeenohseⅣedOvertwoyears.

TheBeSOlutiDnBWereSpin-coatedonthegadolinium

galliumgal･net,Gd3Ga5012,(111)subStrateSina2step

process:500rpmfor58and3000rpmfor30S,fouowed

bydTyinEat150DCfor2I60凪inuSi】柑 ahot-plate.In

ordertod.ecomposeorganicmaterialsandtoobtain

amorphousoxidefilms,sampleswereplle･annealedat

450oCfor15mュn.Tlle日eprOCeSSeB,i.e.spin-coating.

drying,andPIE-annealing,wererepeatedt80btain

designedthicktleSS.ThethicknessOf且Lm8Obtainedin

thepresentstudywas200-BODnm. Finally,the
precurS01.6lmswereaJlnealed.forcryBtalhzatiorlina
furnaceat500-8000C for1-3houll. Au I,hermal
treatmentswereperformedinair.Detailofg.arnet且1皿日

byMODmethodhavebeendescribedinRef.9.

2.2MOmea畠urement

ValuesofFaradayrotationwet.eevaluatedbyMO

miCllOSCOpeusingapolarizationmodulationtechniquelO),

whileMOimageE日hownirkthispapel.Weremeasured

with a conventional croBBed polar12:ed techniqlユC.

Halogenlamp wa8uBed aaahght日DurCe,and a

wavelength of 500 nm Wa3 日elected using an
intellference丘1ter.

MO imagesofsupercondllCting Nb 丘1mswlth

groovepattel･nSWeremea8ul･edbytheMOmicroscope
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usingtheBi:YIG且lmdil･eCtlyputonthe日ampleplaced

inacryostatcombinedwithanelech･0-magnet.The

Bi:ⅥG 五lm withBicompositionof_Y=1.0anda
thiclmessof800nLnWasusediTlthismeasurement.Pt

min･orlayel･Wltha亡hiclmessof100nmwasdeposited

onthegallnet五lmbyamagnetll0nSputtel･ingmethodin

ordertoobtainhighreflectivityandtDavoidscattering

oftheli巨.htd.uet8thepattellnfabl･icatedonthesample.

TheNbsamplegOfO.9mm×0.9mminSlZewithgl･00Ve

patternswithawidthof2Ltm,apitchof4LLm anda

depth of 0.3 - 0.4 LLm Were Prepared by

photolithographyandchemicaletchlngteehniquell).

3.Result8andI)iscuSSion

3.1MOpropertiesOfgarnetfilms

FigureIshowsFat.adayllotationSpectrumOfa400

nm-thickBi:YIGthin丘lmwith.Y=1.0prepal･edona
GGG(ill)su.bBtl.ate. Thisspectrum waS皿eaBured

withamagnetic丘eldof1.7T.Thespectralfeatul･ein

Fig.1islngoodagreementWitllthosereportedfol.Single

crystals12)

Figul･e2血owsamagnehc丘elddepeTldenceof

FalladayrotationofBi:YIG filmSwithmirrorlayel.

measuredbyMOmicroscope3)fl･OmSubfltl･ateSidewlth

alightwlthawavelengthof500nm,Itshowsthatthe
丘lm hasaneasy･axisDfmag】1etizationinplaneand

i.eaChesaBatullationvalueatthemagnetic丘eldof-1
hoefol･hot,hcasesof.Y=1.0and1.5,Thesat.uration
valuesofFal･aday rotation depend80n anrLealing

temperaturefol･thecrystauizationinMODprocess,and

thosefoilX=1.5arelal.巨erthanthoseforx=1.0,as

8110Wn inFig.3. NomagTteticdomainshIChlTeSWere

observedintheMOimages,insplteOEthefactthattheBi:YrG

tilrnsareofgoodcrystallinequalitywithwelt-definedl1111

OrientationandanappTeCiablcFaradayrotation,Weconsidered

比atabsenceofmagneticdomainstruchlreintheobservedMO

imagesisduetosizeofthemagneticdornaiT)SWhichissmaHer

thanoptlCalresolution.Wetllereforemeasuredthesurface

morphologyusingaTIatomicforcemicrosc叩e(AどM).As

ShownintheAFMimageOFFig.4,tlleBi:YIGthinfilmhasa

graJluhrlikestnJCturCWithagrainSizcor-50nmaswe

cxpected･AJthotlEhthesizeormagneticdomain】1aSnotbeen

elucidatedbymagneticforcemicroscopy,､vesupposethatil

mig】-ibeasstmllasulegrainsize,less山antheoptical

resolution ofourmicroscope. Thispr叩ery may be

nonmagneticmaterialsin也egrainboundaryformedduringthe

MODprocess.However,inordertofindthereasonandcontrol

theproperty,RJJtherstudyisrequired.

Bi:YIGpl.epal･edonGGG(111)SubshlateuStlally

hasaneaSy･aXisofmagnetizationperpendiculartotlle

planebecau8ethemagneticanisotropy duetothe

magneto'crystalhnearusotropywiththeeasyaxi80f

mAEnetizationalong[111】asweuaStOBtreS日eSinduced

bythelatticemi8matCh andthedifferencein the

thermalexpansionratiosbetweenthe817n andtlle

Substrate.InthecageOfoursamples,1tiBCOnSidel.ed
thattheanisotropyduetostTeBSe白i8Smau.because

above･mentionedStressesal･ereleasedbytakingthe

tllreedimensionalgl･OWthmodeoftheBl:YIGthinfiユm,

resultinE･inthegl.anulall-likestructlュre. Thus,the

easyax180fmagnetizationlュesalongln-planedirection

duetoademagnetizlng･丘eld.oftheBi:YIG thin丘1m

despiteitsCryStal anisot110pyalong[111】directlOn.

This15thereasonwhytheBi:YIGthinBlm onGGG

(111)subgtratebytheMODmethodhastheeasyax180f

magnetlZationlnPlanedirection.
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Fig.4 AFMimageOfY2BIFe5012filmswitllthickness
of400nm.
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e【(C)withMODgarnetFig.6 (a)Aschemat

lCdllaWingand(b),(C)MOimagesofNtIBlmwithgrove

patterns,A8izeoftheNbfilm is0.9mmx0.9mm,and.

apitchofgl･OVeWithawidthof4トtm is4Ltm.(b)a

nd(C)WeremeasuredbyusingtheLPEIFrOWnandtheM

OD･ErOWngal･net.lleSPeCtively.Notedthatthesep

roperties,thethickn es且IeBgthan1.LLn,theeasyaXiGO

ftnagnetizationin･planeandtheInvisiblesmallmagneticdomalJlBile.areSu

itablefort,heMOitldica

tor丘1m.3.2MOim且gingofNbfilmMO inag

eBOftheNb mm8with 丘megl･OOVepatternswerem
eaEluredand cDmPal･edwith thosemeasuredwithaLPE

･grownBinglecrystallinegal･net丘lm. The N

b sample wlth gl･OOVe Patterns iscDnSideredtobesuitab

letDChecktheprol】el.tyOftheMOindicator丘lm

sbecausecomplicatedmagnetlC且ux152 diBtlibutionisex

pectedduetoitsgl･00VeStruCtulle.Figure5

(a)showsaschematic血awinEOftheNbSampleandFlgS.

5(b)and5(a)areMOimagesmeasuredwithappliedmagne

tic丘eldindicatedlntho8e8gul.eSatatemPel･atul.eSOf

4awhichissufBcientlylowel.thanthecriticaltemp
eratul･eOftheNbRln,-9K.Figures5(b)and5

(C)show MO imagesmea8ul･edwith theLPE･El･OWnand
theMOD･gTDWnEal･net,respectively.ThicknessOfthe

LPEg110Wngal･netandtheMODgrowngaruetlユSed

inthiseXpenmentis2トtm and800nm,respectlVely.Ⅰnti

leCaseOftheLPEgl･oWngarnetBlm,zigza官Shapedmagn

eticdomainsappealledjustafterthebeginningo

fthenuxpenetrationintotheNb丘lmpersistedevenin
higherappliedmagnetic丘eld,thusltmakesdi丘cultt

ol･eCOgmizeMOsignalsduetostllay丘eldfl･Om

theNb sample,although the magneticsen日itivityofthe

2トLm-thickLPEgarnetisatleasttwotimeshighertllan
thatofthe800nm-thlCkMODgallnet.Ontheotherlla

nd,acomplicatednux 且truCtul･einNbfilm with8trOnE･flu

xespenetratingpelpendiculal･tOtheedgesoftheNb

BlmandweakfhxesalonggroovesiBclearlyobserved,sincenozlgZagdomainap

pea1･edwithany叩Pliedmagn

etic丘eld8.4.ConclusionBi:YIGBlmswi

thx=1.0and.1.5wel.epreparedbytheMOD

method. MO propel･tiesofBi:YIG 丘lmsgrownonGGG(111
)substrate6Wet.elnVeBtigated.,anditwasfound

thattheeasyaxis1iesalongm･planedirectionandnot

naP1etlCdomainBtruCtul.eisobseⅣedinMOimaging,ThesePrOpel･tiesal

･eSuitableaSanMOindicatorfi1m.Acknowled
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