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Abstract

FC-Sialloysys[cmwasinvcs[igatcdonlhcmagnclo-rcsistancc(ＭＲ)cllbctsina[cmpcralurcrangcbctwccn77K-RTandinhighhc1dsupto
30TThesampleswerepreparedbysputteringFe(200,ｍ)on"Si(100)surfaceandvariouslyannealedupto6-FeSi2areobtainedTheMReffects

werefOundsmaUlessthanseveral96,negativeatRTandpositiveatT＝77KfbrFe-richsamples､Forasampleatthestoichiometricp-Fe-Si2on
"Siasa腓njunction,wefOundapositiveMRaslargeas309ＭＲＴｉｎＢ＝30TThephysicalmechanismofthelargeMRistentativelygivenby
thecarrierfreeze-outeffectinbetweentheP､．

X2ywo尅唖β-FeSi2;陵njunction;LaTgcmagncto-resistancc;Magncto-tTansis[or;Highficlds

１．Introduction ther，theMRphenomenaweremvestigatediｎａｈｉｇｈｍａｇ－
ｎｅｌｉｃｌｉｅＩｄｒａｎｇｃｕｐto30Tatroomlempcralure（RT）ｏｒ

Ｔ＝７７Kbyusingpulsedmagne[iclieldswithlongpu1sedhalf
wiｄｔｈｓｏｆａｂｏｕｔ２０ｍｓ，Forthispurpose，weconstructcda

pulsedhighmagneticlieldgeneratorusingacondenserbankof
l7mFandthyristersfOｒａｎａｖａｉｌａｂｌｅｃｕｌＴｅｎｔｓｗｉｔｃｈｏｆ６０ｋＡ

ｍａｘｌｍｕｍ、ThepreparedsampleswereexaminedbyX-ray
diffiPaction（XRD）andscanningelectronnncroscopc（SEM）
andwereassignedthepropertyofthesubstrateandtransport
propemes．

Nowadays，SiliconiswidelyusedfOrelectronicdevices

becauseofthestablecovalentbondingandthehighpurity

substrateisobtainable・Further,ｔｈｅｌａｒｇｅａｍｏｕｎｔｏｆＳｉｅｘｉｔｓ

ｉｎｅａｒｔｈandshowsnopollutionHowever，Siexhibitssome

demeritoflowmobiｌｉｔｙｏｆｌ３５０ｃｍ２Ⅳs,whicharcnotavail‐
ableｆｏｒthehighspeedopticalandcommunicationdevices・

Forthesepurposcs,ＧａＡｓｉｓｗｉｄｅｌｙｕｓｅｄｂｅｃａｕｓｅｏｆｔｈｅｈｉgh

mobUityas8500cm2ⅣｓｉｎｓｔｅａｄｏｆＳｉ､However,ａｓｉｔｉｓｗｅｌｌ
ｋｎｏｗｎｔｈａｔＧａＡｓｓｈｏｗｓｅｘtremelystrongpoison・IntheselO

years,weareeagertosearchsomesemiconductorswithhigh

mobilityandwithoutpollution，Inthisstudy，ｗｅfirstreport

magneto-resistance(ＭＲ)inthel尹njunctioncomposedof6‐
FeSi2onSi(100）substrate,inwhichthematerialarecom‐

pletelysafefbrtheenvironments・Here，theMReffectsare

ofgreatinterestｆｏｒ、cwelectronicdcvicesorasphysics,We

investigatedontheMReffectsfOrvariouslypreparcｄｓａｍ‐

plesofB-FeSi2aUoysystemobtainedbysputteringFeon
Si(100)Surface・TY1esampleswereannealedatdifferentcon‐

ditionsofannealingdurationsandatvanoustemperamres，
toobtaindifferentsampleofx(O＜ｘ＜1）inFexSil-xinclud‐

ingthestoichiometricp-FeSi2on〃Si(100）substrateFur-

2．Experiments

2.】．Ｓα'?zpに/wpamrio"３

ThesampleswerefabricatedonaSi(100）substratebya
radiofiBequency(RF)sputteringdeviceasshowninFigLThe
RFsputtenngsystemwascomposedofFetargetof6mmDand
l50nⅡnlengthwithapurityof5N(99.999％)setatthecenterof

RFcoilof50mmD・Afterevacuatingthesputtenngsystemin
thebackgroundvacuumleveloflO-4Pa､Argaswasin位oduced
inthechamberupto8Pa､TheincidentpowertotheRFcoilwaｓ
２００Ｗａｔ］３．５６ＭＨｚａｎｄｔｈｅｒｅｆ１ｅｃｔｅｄｐｏｗｅｒｗａｓｍｉｎｉｍｉｚｅｄ
ｔｏ５Ｗｂｙｕｓｉｎｇａｎｉｍｐｅｄａｎｃｅｍａtchingbox､Further,theFe
targetwasbiasedatanegauveｖｏｌｔａｇｅｏｆＬ２ｋＶｏｆｄ.c・tothe
ground,locating50mnapartfTomtheSisubstratc､Thencutral
Femolecularbeamwasobtainedwiththeseconditionsinthe
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Fig.３．Schcma[icpic[urcofpulscdhighficldgcncratorcouplcdwithcryogcnic
system．
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2.2.Ｐ"IsedAighmag"eric此Jdge"emror

Pulsedmagnetictieldsweregeneratedbyalaminated
solenoidcoilwithLiq,N2imnersion,andthecoilculTentswere

generatedbydischargingacondenserbankoｆｌ７ｍＦ,2.5ｋＶ

(40kJ).Thecoilcurrenton/offwereperfOrmedbyalargethyris-
tersarrayavailableupto60kA､ThemagneticcoilsoflOmHtyp、
ｗｉｔｈｌＯｎⅡ、のBohrwcremadeofconventionalsoftcupperwire
ofl､5-2.0ⅡⅡｎのcoveredbya3mmthicklaminationofKevlar

thread(Tbrayco.）toprevcntswellingofthecoilbyLorentz
fOrCe・Fig.３ｓｈｏｗstheschematicpictureoftheexpenmentalset-
upofthepulsedhighheldgeneTatorwiththecryogenicfreezen
ThehaliLwidthoflhegeneratedpulsedficldwasabout20ms、

ThcincreasingrateandthehalfLwidthoftheappliedmagneuc
Iieldswereab]ｅ[ochangebychoosingthecoilswi[ｈｄｉfferent
copperwirediametersandwithwindingmrns．

Fig.１．RFdepositionsystem．

plasma､ThesputtenngwaspelfOnnedfOr30minupto200nm
depositionatasubstratetemperatureofaboutlOOoCandwith

thezerosubstratebiasagainsttheground［1,2lThesamples
wercvariouslyannealedinatemperaturerangeof400-900oC
fOradurationrangel-2h

Fig2(a)showstheXRDspectraobservedfOrsampleswith
differentannealingtemperamresat600,800and900oCfbrlh

Asseeninthisfigure,asampleannealedat900oC,showsseveral

largepeaksof6-FeSi20nthecontrary,thesampleannealedat
600oCshowsｐｅａｋｓｏｆａｌｍｏｓｔｍｅｔａｌＦｅ、Inbetweenthetwo

annealingtemperatures,weobtainseveralpeaksfOrFeandthe
multiplexofFex-Sil-xcrystals・TheXRDspectrafOrasample
annealeｄａｔ８５０ｏＣ,２hshowlimitedcrystalpeaksofl3-FeSi2
asshowninFig2(b)．

2.3．ＭＲｏｂＳｅｎﾉmio"ｓ

T11eMReffectswereobservedfbrsampleswithaconstant
cuITentsuppliercomposedofabatteryofVB＝９Ｖｗｉｔｈａｓｃｎｅｓ
ｒｅｓｉｓｔｏｒｏｆ２０ｋＱｉｎｃａｓesofthesampleresistanceslessthａｎ
ｌｋＱ・TY1esamplecurrent,inthiscase,ｗａｓabout０．５ｍＡｂｙ
ｗｈｉｃｈｔｈｅｔｅｍｐｅｒａｍｒｅｏｆｔｈｅｓａｍplewasahostpreserved
constant、ＴｈeMReffectswerecalculatedbysubtractingthe
twosampledropvoltagessuppliedbyVE＝９ＶａｎｄＶＢ＝Oto

eliminatetheinducednoisecausedbypulsedhighfields・The
temporalresponsesofthesignalswererecordedbyanAnalogue
todigitalconverter(ADC)ofl6bitswiththcsamplingrateof
8lLMndwererecordeduptol20ms(15kwords)．
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WeperfbrmedobservationsofMReffectsfOrvariouslyannealedsamplesas
showninFi9.4intheambienttemperaturesof77Kandroomtemperamre(Ｒｒ)，
respectivelyinpulsedficldsuptｏ３０Ｔ・Ｆｏｒｓａｍｐｌｃｓｗｉ[hananncalingtcmpcra-
tureof400cCtheMReffectsexpressedbyresistanceratioof(R(B)－尺(O))/R(O）
werenegauveatroomtemperamre(RT),positiveatT＝77Ｋ,respecUvelywith
smallMReffectslｅｓｓｔｈａｎｓｅｖｅｒａｌ９６ｅｖｅｎｉｎＢ＝３０ＴＯｎｔｈｅｏｔｈｅｒｈａｎｄｓ，
MReffectsfbrasamplewithanannealingtemperatureof800oC（1ｈ),were
positiveatRTandnegativeatT＝７７Ｋ,respectively､Further,thesewerefbund
pronouncedaslargeas３０％ｉｎ３０ＴｆＯｒａｓａｍｐｌｅｗｉｔｈｔｈｅａｎｎｅａｌｍｇａｔ８５０ｏＣ，
２ｈ．Theresistivityoftheproperlyannealedsamplesincreasedwithambienｔ

(b） Z0

spectraobtainedfbrdifferenUyannealedsamplesat(a)Ｔ＝600,
Ｃ１ｈ,respectivelyand(b)thatatT＝850°Ｃ,Ｚｈ．
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4．Discussioms1.03

1.02

1.0］

１．００

Thediscussionsmustbeon(1)thecharacterizationsofsam‐

pｌｅｓａｎｄｏｎ（２）thephysicalmechanismofMRfbrsamples
anncaledathighertemperamresthan800oCItisapparentthat
theXRDspectrafOrasampleannealedａｔａｂｏｖｅ８００ｏＣｄｉｄ

ｎｏｔｓｈｏｗｍｅｔａｌＦｅanymore､Theimportantnamreofthesam‐

plemustbethecrystalstrucmresofl3-FeSi2andtheinterlayer
withSi(100)surfaceTheXRDspcctraaroundat20＝50-60．

showedseveralcandidatesfOrcrystalfbnnationsofl3-FeSi2・
TherefOre,theannealedsamplesmustbeumfOnnalongtheplain
direction・However,thecrystallinestrucmrealongthethickness
directionwasnotinvestigatedinthisexpenment､Especially,the
amountsofexccssFeorSiinthe6-FeSi2asafUnctionofthe

distancefOrmtheinterfaccmustbeknownbecauscthetransport
propertiesofasemiconductorjunctiondependontheimpunncs
deviatedfromthestoichiometry・Here,indiscussions,because
ofourtechnoIogicalorscientihcinterests,ｗｅｅｘａｍineonthe

MReffectsinthesampleswithlargeMReffects．
ＩngeneraLtheresistivitychangesofasemiconductorwith

anyshapesarecausedbytheseveralparametersvanaUonssuch

asthecarrierdensity,thecarriermobilityorthematerialshape
inextemallyappliedfields,Foraconventionalsemiconductor

withlowmobilityas50cm2Ⅳsorless,theresistancechangeof
lO96atRTcannotbegivenrisebytheotherparametersthanthe
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Fig.４．MReffectsfbrdifferentlyalmealedsamples,plottedbythesampledrop
voltageｓａｓａｆＵｎｃ[ionofmagneticfic]ds．

temperaulredecreaseas800QatRＴａｎｄｌ８０ｋＱａｔＴ＝７７Ｋ,respectively・Fur-

ther,weperfbnnedtheobservationofV罠JcharacterisUcsofthesamplewiththe

largcMRduringthcmagne[icficldsswcｃｐｕｐｔｏｌ５ＴａｔＲＴａｓｓｈｏｗｎｉｎＦｉ9.5．

NoteherethatthelﾉｰJtraceswererepeatedlydrawnatﾉｰ800Ｈｚ(－５＜Ｖ＜５Ｖ)，

ｗｈｅｒｅ[hcmagnctic6cldchangc(△B)wasaboutO25Tfbr(Bmax＝１５Ｔ)during

thesamplevoltagesweepbetweenOand5Vwithm△Z(＝1/800/4).Aspointed

outbyanarrowmFi9.5,MReffectswereobservedonlymthepositivecur‐

rentsrange,whereasnoMRwasobservedinthereversedvoltagerange､Here，

itmustbenotedhereaboutthecontactstothesample､WeobtainthesamelLI

characteristicswi[hthereversedcontacttothesample,whichensuredtheohmic

natureofthetwoprobeｓｂｙｕｓｉｎｇＡｇｐａｓｔ．
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Fig.５．ＶとJcharacteristicsofthesamplewiththelargestMRwiththeannealmg
conditionof850CC,Ｚｈ．
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Adoptingthismodel,theonsetvaluemightbcsmaUerthanl3T

asobservedinthissmdy・Finally,thenamreoftheinterlayer
betweenthe6-FeSi2andn-SimustbediscｕｓｓｅｄＡｓｓｈｏｗｎ

ｉｎＦｉｇ６，ｔｈｅｓｕｒｆａｃｅｐｉｃｍｒｅｓｂｙＳＥＭａｎｄＴＥＭｓｈowuni-

fOrmlydistributed6-FeSi2crystaloverthesulfaceThecurrent

mustHows[brough[hecrystalsof6-FeSi2intoSiHowever,no

infOrmationincludedintheSEMandTEMpicmresaboutthe

interlayerbetweenthetwocrystals､Itisnaturaltosupposethe

図adedFeatominⅡnigrationston-Sifrom6-FeSizlayer・Fur-

ther,Featomdefectsin6-FcSi21ayermustbeinsertedalongthe
interface，

ForthefUmresmdy,theoriginofMRandthenatureofthe

interfacemustbeinvestigatcd．

carrierdensityinmagneticfieldapplicationTherefOre,theplau‐

siblephysicalmechanismfOrtheobservedpositiveMRatRT，
mightbecausedbythecarrierdensitydecreasewithincreasing

magneticlieldsForthisoccurrence,theacceptor,asthemajor‐

itycarrier,acuvauonenergymightshiftdcepcrwithincreasing

appliedmagncticlieldMo-calledheeze-outeffectbyYafet[3]・

Inthispaper,wetentativelyadoptthephysicalmodeloffreeze‐

outmcchanism・Adoptedbythismodel,theconductivity(◎)is

controlledinamagneticfield(B)bythecarrierdensityas

･(β)一等…(-ＭMM）（Ｄ
Here，９standsfOrthechargeofthecarner’て，themean

fiPeetime，ｍ*・thecffectivemass，〃０，thedopantdensity，
EA(B)，theactivationenergyofthcimpuntystate，kBthc

BoltzmannconstantandTltheambienttemperamre,respec-

tively・TheactivationenergyEA(B）becomesdependmgon

appliedHeldsfOrh9B/㎡〉ZRy(Ry:Rydbergcncrgyofthc
groundstateofthelocalizedcarrierintheimpuntystate)ａｎｄ

i［increasewi[ｈｉncreasingfields,Thiscriterionisequivalentto

Bm＞２×105(㎡/mo8)ZfOrasemiconductorwiththedielec-
tricconstantof8、UsingtheparametersetfOrp-typecarner

ofm*/ｍ＝0.5-1.0,8＝32-62,weobtainamagneticfieldrange
betweenl3T(､*/ｍ０＝0.5,8＝62）ａｎｄｌ９５Ｔ（㎡/川＝0.5,
8＝62),respectivelyNow,itismostplausibletoconsidcrthe

scgPegationoftheexcessFeatomsinFeSi2orinn-Sibecausc

ofthesamplepreparauonprocess､Theactivationenergyofthis

kindcouldchangemoresensitivelyintheappliedmagneticfield

thanthatｗｉｔｈｓｉｎｇｌｅＦｅａｔｏｍｉｎＦｅＳｉ２ａｎｄ/ｏｒＳｉ，ｄｕｅｔｏｔｈｅ

magnetizationmightbeenhanccdinthese厚egatedFeatoms．

5．Conclusmns

Inthispaper,thelargepositiveMReffectsｏｆ３０９６ａｔＲＴ

ｗｃｒｃｌｂｕｎｄｉｎｈｉｇｈｆｉｅｌｄｓｕｐｔｏ３０Ｔｆｏｒｓａｍｐｌｃｓｐｒｅｐａｒｅｄｂｙ
ＦedepositiononSi(100)surfaceandannealedatabout850oC

fOr2hThephysicalmodelofFreeze-outeffectsistentatively
adoptedfbrexplanations､However,theexactcrystalstructurcs
fOrFedepositiononSi(100)substratemustbeinvestigatedas

afUturesmdy,Themethodpresentedhere,mightbehopefillfOr
anewtypemagneto-transistor，
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