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Summary

Quantitativeevaluationofmagneto-OptlCaJparametersis

necessaryinordertoapplyscanningnear-Re上doptical

microscopeESNOM)technologytothestudyolmagnetism

onthemesoscopicscaJe Forthispurpose.quantLlative

knowledgeorpoLarlZationtransmlSSionpropertiesthrough

allOPIJCalFibreprobeisrequired.Welhereloredetermined

theStokesp.lrameterSOrthebenトtypeOPttCa=ibreprobe

thatisusedasacantileverrbra(omlCrOrCemlCrOSCOPe

operationinourSNOMsystem.Asaresult.1【islbundthat

thedegreeorpolarlZationlSmaintaLnedLnthelightelllltted

h'omtheprobe.althoughtheprobeactsasLfllwereawave

plateAThisanlSOtrOPICPOLari2:alLOnStateortheligh(emitted

from theprobewascompensatedbrbyusirlgaBerek

compensatorplacedinfrontortheRbrecoup)er.

Inlroduclion

RecentprogressJnmagneticandmagneto-oplicaL(MO)

recordingtechnologytorea一izeultrahlghdens)(ystorage

hasrequireddevelopmen(oHheobservat10nandevaluatlOn

technologiesormagnetlSmOnthemesoscoE)1Cscale.Forthis

purpose.variousdllferenttechnlqueShavebeendeveloped:

theLDren【2electronmicroscope(Chaprnanelnl,1995):

thespln-POLarisedscanningelectronmlCrOSCOpe(Koike&

Hayakawa.1984):themagneticforcemJCrOSCOpe (Rugar

eLoL..1990):the spln-POJarised scanning tunneLLing
rrLicroscope:andthescanningnear-Geldopt)catmicroscope

(SNOMHBet2:igeLL77..1992a.b).

llhasbeenanticIPa【edthatMO-SNOMwillbeapowerful

tooLnotonlyforMOimaglng.butalsoTorquantitative

investigationolmagnetLCPropertiesonthesub-wavelength

scale.Tn previouspapersthisgroupreportedanMO

imaginetechniqueusingaSNOM empLoyingabent-type

ccrTSPn(knceL｡TIshlb.lShlTel+N1-12川姑7112lax+n J三川H74il:
仙 il:bashi毎cctuilLae.lP

主74

optlCaLfibreprobeopera(edasanatomicForcemlCrOSCOPe

(AどM)CantileverandsucceededlntheMOlmagingor

Bi:D【G(MitsuokaeLnJ.1998:NakajimaeLn1..1998)and

Pt/CoHshlbashIL･fnI,.1998)uslngthecrossedpolarISer
techniqueand thepolarlZation modulation technlque.

respectivelyltlSexpectedthaHhepolariZallOnmodu一ation

techniquewinbecapableorobtainingquantttaliveMO

parameters_ForlhISPurpose.One requlreSan Ldeal

polari.Lationproperlyro√alighttransmittedfrom the

apertureoHheprobe.MostprevlOuSWOrkswhlChemployed

stralghthbreprobesandLa【eralshearForcefeedbacksystem

paidattenl10nOnlyto【heextlnClionratiool(heemltled

lightrroLn(heprobe.as(hlsparame(erprovidessulBcient

inrormat10nROTthepurposeorlmaglng.However.JnOrder

toob【aLnquanEltallVeMOparameters.accuratepolariza-

t10ntranSmlSSionpropertleSOrtheopticaHSbreprobeare

requJred.whlCh)nturnwillprovideinrormaliontoachJeVe

anexactcompensalIOrt.ThisISespecia一lynecessaryinour

system.becausepolarizalLOnPropertiesexperierlCedistur-

bancecausedbybothtapenngandbending.

rnthLSPaperWereportOnthepolari2ationproperttesor

thebent-typeRbreprobesusingtheStokesparametersthat

provideananalytlCaldescrlPtionolthepolarizationstates.

InCludlngParameterS等uChasthedegreeorpolarIZationand

theoptlCalrelardat10n

Experimental

TheStokesparameterwasmeasured【oinvestigatethe

polariZatLOnPropertiesortheRbreprobeforourSNOM

sys(em.OurSNOM ro√MO Lmaglng LSbased on a

commerciallyavallabLeAFM uni((modelSPT3700.Seiko
hstruments).Thedetallshavebeendescribedelsewhere

(ChlbaL･LL7L1995).TheslngLemodeopticaLRbres.whose
coreandcladdlngare 3･land 125pm lndiameter.

respectively.arepuHedlobrm the【IPandthenbentby

irTadiatlOnWithaC()ilaserThebendangleisabout80 0

15It19tlrhcRoy.Nl.Vlrr○汀OPIciLLStXl亡Iy



Flg.).AschernallCdlagramOrLhesysLcmrormeasuringthe

StokesparameterS･andthepoJntis0Smmawaylro

mtheapexolthetip･Bycoatingthesideorthetapered

probewith100-150nmthickaluminlumRInlanape

rtureisfabricatedattheapexortheprobeAnaperture

sizeor三=80nmwasobtained.Figure1showsaschematicdi

agram orameasuringsystemTortheStokesparameters.Lightfro

manArionlaserwitha

wavelengthor488nmismodulatedbyanacoust0-0pticmodu

lator(AOMlloachLeVethelock-illdetectionandcoupted into

theend oran oplical Rbreprobe.Thepolarizationproperty
orthellghtemLttedfromlheaperturewasmeasuredLna

rar一ReldreglOnWlthoutsamplesmOrdertoobtainthepolar121

al10nerlectorthefibreprobeseparateLy.avoidinganyintera

Ct10nbetweentheapertureandsamplesAs showninFig 1.ahalf

-wave(i/2)plate.aquarter-wave(A/4)plateandananatyser

areinsertedintheoptlCalpathtodeterminetheStokesp

arameters.Furthermore.1nordertocompensatelbrtheanJ

SOtrOplCPOlarlZationstateorthebeamemittedh-omthep

robe.theBerekcompensatorisplacedlnFrontOrthefibrec

oupLer.TheStokesparametersaregivenby Su-Jx

+ty (1)S1-I.-ty (2)S--2tty

-Sり (3)S1-2tq"-So (4)whereLx･L叩 and
I),arein(ensitiesmeasuredw.thananaJyseratanglesor0

(Iaxl≦),45oand900(yaxis).respecLIVe)yLandlqq )s
thelntens)Lymeasuredwllhaquarterwaveplate.Therefore.S日

.SトSZandSlrepresenttheintenslliesortheI)ghl.the

polarisedtightalongthexaxis･thepolarisedlightat450andthe

circularlypolarisedlighLrespectiveJy･Thed

egreeorpolarization.L3isgivenbyp-

(S子+S三十sZ)■′2/so (5)AnMOdiscusi

ngaPl(()･ボnmI/Co(0･3nm)multi)averwith athicknessorlS

nm itsarecording一ayerwasの IりtJtJThでRt).rNEM.rro丸nT･.L･).qk･Cly J'･''nMlI,I.VI''nY叩け ltJJ 171-1T7 01-Tlぐ∧Lr川Rl三PR(

)眺 rL)AM̂ (1ヽETO-OPTl(ー∧LIM̂ CINt'.375employedTorthem
easurement,UsingamagneticlReldmOduLa(ionmethodm

arkswererecordedwithaLengthorlOmm andawldthor1mm.

MOspectraorthePL/Comultilayerwererecordedusin

ganMOspectrome(er:fromLhesespec(raFaradayro
LatlOnandFaradayeHiptLCityat48Hnmweredetermlne

dtobeO･74oand()470.respeC(ively.ResuJtsanddis

cussionFLgure2showstheStokesparameters,normalizedwlt

hS()andthedegreeorpolarization.versustherotatlO

nangleorthepolarlSerfor(a)tdea=lnearlypolarlSedll

ght(b日lghtemlttedfrom theapertureorabentoptlCaIGbr

ewithouttaperingand(C)thatfromabent

opticalRbreprobe,TnthecaseorideaLLlnearlypola
risedlight.SlandS2VaryaSaSmecurvew】ththerot

aL)onangleandSllSZeroatallangLes,asshown

)∩Flg.2(a).InbothFig.2(b)and(C).inaddlt10ntOS)
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thedetectedsLgnalscorrespondlotheFar<ldayelHPtLCJLy

andFi)radayroLat1011.respectively.iranidealpolarLXatlOn

propertylsmaintaineddurlngtransmissionthroughthe

Fibreprobe.TheFaradaye‖LPticityandFaradayrolal)onare
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3 40 1 2 3 4β (一ad)Fig

.2.TheStokesparameters.normaHZedw)LhS‖andthedegreeolpoJa
rlZatJOn,VersustherotaL10nangJeorthepolarlscrTor(a)ld

ca=LnearlyprarlSedllght.(b日ightcmllledfromthearkrLurcortheben

tOpt-calfibreand(C)thatfromthebentopllCa=油reprobe.

0 1 2 3 4β (Fad)

F

ig.3.TheStokesparaTTlelersortheberttopLICalhbreprobecompensatedbrb
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DjstanceFTIS.5.LlneSCanSOramarkrecordedonaPt/CoMO

dlSC(a)and(b)correspondLoど)g.4(a)and(b).rcspeclivelyAr
eso)uLionor･¥150mmw

asobtained.692/I(0).respecnvely.ThlSresultLSCOnSist

en【withtherotat10rlanglesor77FandeFmeasuredby
conventionalFaradayspectroscopy.WeareconvincedthaHh

eeva一uationorthesevaluesln MO imaglngWillbea

chieved.andi_nvestlga(tonsareCOntinuing･

ConclusionsTheStokesparametersweremeasuredinord

ertounder-standthepolarizationpropertiesorabent-type

optical6breprobe.rtwasroundthattheprobeactsaStrLt

WereaWaveplate.andthedegreeorpolarizationtsmain

tainedalteremissionrrOm theprobe.Theretardat)Onin
ducedbytheprobewasmeasuredbytheSLokesparamete

rSlandwas0 19卵 ThcAor･lAtJcru Opka[S∝-ely JL''Jr'''･l･･IW'… S叫り 194 171-177 ()pTTLt,＼LFl【lREI,ROtlEド()AM′lL;Nt:TO･りPTIClu.l

M′

＼tHN(:377compensated forby usingtheBerekcom

pensaLor.AnexampLeoraquantitativeanalystswouldbe

toapplythepoJarjZaLionmodula(ion techniquetoa
SNOM･Weareconvincedthatthismethodcontributesto

thestudyormagnetismaHhesub-wavelengthscaLearidltSapp

lICations･Ackn
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