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HallResistivityandMagnetoresistanceofaKondoSemimetal

CeNiSninHighMagneticFields
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TheHallresistivityandmagnetoresistanceofsingle-crystallineCeNiSnhavebeenmeasuredin
magneticfieldsuptol5T・Whenthefieldisappliedalongtheeasymagnetizationqaxis,theHall
resistivityatl.5Kchangessignfromnegativetopositiveat5Tandanegativemagnetoresistance
appearsfbrallthecurrentdirections.Bycontrast,alargepositivemagnetoresistanceappears
fbrHﾉcinthetransverseconfigurationsattemperaturesonlybelow5K.Theseresultssuggest
thattheV-shapeddensityofstatesareoverlappedbytheZeemaneffectwhenthefieldHﾉa
exceeds5T.
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"//binthetransverseconfigurations.6,7,10)Thisfacthasled

Inadaaα/. toconjecturethatthegroundstateofCeNiSnisa

compensatedmetalwithequal carrierconcentrations for

electrons andholes, bothofwhichhaveclosedFermi

surfaces.10)

InordertostudyfUrtherthefield-inducedcollapseofthe

pseudogapinCeNiSn,wehavemeasuredthefielddependence

ofHallresistivityPxy(H)andthetemperaturedependenceof
electricalresisUvityPのinfieldsuptol5T.

§1． Introduction

TheKondo-latticecompoundCeNiSnhasreceivedmuch

attennonbecauseanamsolropicenergygapoftheorderoflO

Kopensat theFermi level.1)Fromthemeasurements of

specificheat,1)Hallcoefficient,2)nuclearmagneticresonance3)

andtunnelingspectroscopy,4) ithasbeenrevealedthat the

densityofstateSat theFermlevelstronglydecreasesbelow

IOK.However,ourrecentstudyusinghigh-qualitysingle

crystalshasshownthat thesemconductingincreaseinthe

resistivityis stronglysuppressedforpurercrystals.S-7)In

fact, theresistivityalongtheorthorhombic(zaxisdecreases

downto25IIQcmas thetemperatureisdecreasedto0.4K,

like inametallicKondo-latticecompound.This result

indicatesthatthegroundstateinCeNiSnisnotinsulatingbut

semimetallicwithapseudoenergygap.Atheoryforthe

formationofapseudogapwhichiscIosedalongtheQaxishas

beenproposedbylkedaandMiyake.8)Theyhaveproposed

thatthegapclosingoriginatesinthefactthathybridizationof

aconductionbandwith the crystal-fieldground state

|5/2,"/2>forthe4felectronvanishesatthezoneboundary

alongtheqaxis.

ThepseudogapinCeNiSnisunstableagainsthighmagnedc

fieldwhenitisappliedalongtheaaxis,whichistheeasyaxis

ofmagnetization.I)Specific-heatmeasurementsinmagnetic
fields indicatedthat thedensitVofstatesat theFermlevel

〃

recovers graduallywhenH//fz exceeds6T.1)Aweak

metamagnetic behavior appears around l4T in the

magnetization curveat 1.3K,1) and the longitudinal

magnetoresistance(MR)forH//fzreaches-70%at30T.9)

Theseeffectsofmagneticfieldhavebeenattributedtothe

ZeemansplittingoftheV-shapeddensityofstates.Onthe

otherhand, averylargepositiveMRappearsfbr"//cand

§2.Experimental

SinglecrystalsofCeNiSn#8and#9weregrownbya

Czochralskimethodusingaradio-fifequencyfurnace.The

detailsofcrystalgrowthandofpurificationprocesshave

beendescribedinRefs. 5and6. Intheas-growncrystal#9,

impuritiesofCe2Ni3Sn21ess than0.2%weredetectedby

metallographic examination and electron-probe

microanalysis.The impurity isdecreasedbelow0.1%in

crystal#8bythepurificationusingthetechniqueofsolid-

stateelectrotransport.

MeasurementsofPのinmagneticfieldswereperformed

byafbur-probeDCtechniqueatthelnstituteforSolidState

Physics, University ofTokyo. On the other hand,

measurementsofHallvoltageVyweredonebyanACmethod
usinglock-inamplifiersat temperaturesbetween1.5andlO

KTheHallresisdvityPxywasdetermnedbytherelationPxy
=Vyd/ノxwheredis thesamplethicknessandJxis the
electricalcurrent.ThevalueofVvwascalculatedfromtwo

グ

datafbroppositefielddirections,Vj={VI(+H)-Vv(-H)}/2.
づ ご

Magnetic fields up to l5Twere produced by a

superconductingmagnetat theHighFieldLaboratoryfor

SuperconductingMatelialsoflnstimteforMatelialResearch,
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§3．ResultsandDiscussion
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CeNiSn#8 1"a■■弓

!H"c
: 14.5T

ー1

400

Figurel shows thetemperaturedependenceofelectrical

resistivityP(nforthepurifiedcrystalCeNiSn#8alongthe

threeprincipal axes.Thedatadownto4Kareingood

agreementwith that for crystal#5reported inRef. 6.

WhereasPc(T)of#5increasedbelow2K,bothPa(T)and

pcのfor#8continuetodecreasedowntoO.4K, suggesting

betterqualityforcrystal#8.BothPa(T)andPc(T)pass

throughamaximumataroundl4K・Belowthistemperamre,

developmentofantiferromagneticspincorrelationshasbeen

fbund廿omneutronScatteringexperiments.10,11)

AsshowninFig、 2, themaximumissmearedoutwhena

fieldof14.5Tisappliedalongtheaaxis leadingtoalarge

negativeMRforall thecurrentdirections,ThenegativeMR

may originate in two contributions; suppression of

antiferromagneticspinnuctuationsandsuppressionofthe

pseudogapbythemagneticfield・Above5K, suppressionof

antiferromagneticspinnuctuadonsmaybedominant.Atlow

temperatures, however, thedensityofstatesat theFermi

level recoversbytheZeemansplittingofthequasiparticle

band, as suggested by specific-heatand NMR

measurements.1,12)Then, thecarrierconcentrationisalso

increasedtoleadtothenegativeMR,

Forthefieldparallel tothecaxis,apositiveMRappears
belowlOKforノ//qandbelow5KforI//bandノ//c.The

positiveMRismuchlargerforthetransverseconfigurations

("/qandﾉ//b)thanthatforlongitudinalconfiguration(///c).

Withincreasingfielduptol5TatO.45K, theresistivityfbr

I//qreachesalargevalueof770I_LQcmwithoutshowinga

saturatedbehavior.10)Thesefacts indicatethat thepositive

MRisaresultofcyclotronmotionofcarriers.Thestrong

decreaseofcarrierconcentrationsduetothegapformation
mavincrease therelaxation timeofcarriers sothat the
ヴ

cyclotronmotionbecomespossible.7)

TheaboveresultsofMRhavesuggestedthatthedensity

ofstatesattheFermi level isreconstmctedwhenhighfieldis
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Fig. 2. Electrical resistivityvs temperatureforCeNiSnin

fieldsOandl4.5Tappliedalongthedandcaxesfor

electricalcurrentsalongthethreeprincipalaxes.

appliedalongtheqaxis.Thereby, thenatureofthecarI･iers

wouldbelargelyaltered. Inorder tostudythiseffect,we

havemeasuredthefielddependenceofHall resistivityfOr
剛/tJandH//c,TTleHallresistivityinusualsystemsdependson
thedirectionofthefieldbutdoesnotdependonthedirection

ofcurrent as aconsequenceof theOnsager symmetry
principleofthekineticcoefficients.Wehaveexamned

whetherornot thisprincipleisapplicabletothepresent
systemwithstronglyanisotropicproperties.As shownin

Figs.3(a)and3(b),thedataofPxy(H)forH//QandJ//I7atl.5
and4.2Karealmost identical tothosefor"//fzandJ//c.

respectively,provingthesymmetryprincipal toholdinthe

presentsystem. InFigs. 3(c)and3(d), twosetsofdataof

pxy("//c)fbrJ"αand､///bareagainsimlareachother.

Theinitial slopeofthePxY(") cueveyields theHall

coefficientRH.ThevaluesfbrH//qand"//cat 1．5Kare-6.9

XlO-2and-11.2×10-2cm3/C, respectively,whichagree
withthosereportedforcrystal#4inRef.7.At 1.5K,Pxy(")
for"//qinitiallydecreasesandpassesthroughamnimumat

2.5T・Afterchangingsignfromnegadvetopositiveat5T,

Pxy(")exhibitsamaximumat llT.Thereisnoanomaly

aroundl4T,whereametamagneticbehaviorwasfoundin

themagnetizationcurve.1)Thevaluesofthefieldsat the

300 ロ 1 口 ロ ロ ｡ ・ ・ ・ ･ I

CeNiSn#8
100

／一・､~
／

200
ノ

（
Ｅ
ｏ
ｑ
ユ
）
Ｑ

10
＄
ず
。

〃

1 10J
ノ
ノ

ノ

100 ＝

ニニニンガ
a

0
I I I

0．1 1 10 100

T(K)

Fig. l． Temperaturedependenceofelectricalresistivityfor
CeNiSncrystal#8.
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mnimumandmaximumagreerespectivelywiththoseofthe
twomaximainthecurveofMRfOrH//fzandJ//cat0.45K.10)

Thedouble-extremestructureinPxy(H)becomesweakwith
increasingtemperature,andpxy(H)at lOKincreaseslinearly

with"uptol5T.RecallingthattheV-shapegapdevelops

onlybelowlOK, thedouble-extremestructuremustbe

relatedtothefieldsuppressionoftheV-shapegap.Whenthe

fieldisappliedalongthecaxis, theV-shapedgapishardly

affectedbecausethemagnedcsusceptibilityfor"//cismuch
smaller thanthat for"//fz. 1)Nevertheless, anonlinear

behavior inPxv(")becomesevidentabove7Tandthe
mnimumat llTmmicsthatobservedat2.5TfbrH//q. Itis

therefore interesting totestwhetherPxy(H//c) becomes
pOsitiveinstillhigherfields.

It isgenerallydifficult toseparatetheobservedHall

coefficientRHforCe-basedcompoundsintothenormalpart

andtheanomalouspartoriginatingfromtheskew-scattering

duetoorbitalmomentumof4felectrons. Inthecaseof

CeNiSn, thetemperaturedependenceofresisUvitybecomes

weakbelow2K,asshowninFig.1, butRHchangesaslnT

(seeFig. 6 inRef. 7). Since theanomalouspart in the

coherent temperatureregionisknowntobeproportional to

thesquareofresisUvity,． ． 、isUvitv.14) itscontributioninCeNiSnwould

bealmostindependentoftemperaturebelow2K.Therefore,

wemayconcludethat thenormalpartdomnatesinthelnT

dependenceofRHinzerofie1d.Accordingly, theunusual

fielddependenceofPxy("//Q) isassumedtorenectthefield
dependenceofthenonnalpart.

ThestronglynonlinearbehaviorinPxv(H//fz)distinguishes

thegroundstateofCeNiSnfromacompensatedmetallic

state, forwhichafield independentHall coefficient is

expectedfromtheusual two-bandmodel. Infact, fora

compensatedmetalCeSn3,Pxyisaquasilinearfilnctionof",
andRHdependsonlyweaklyonthe temperature.15)The

inversionofsighofPxv(H//q)forCeNiSnsuggests that the

ratioofconcentrations for electrons andholes changes

significantlywithincreasingfield.Suchachangeisexpected

tooccurwhentheV-shapeddensityofstateswithasmallflat

regionat theFermlevel areoverlappedbytheZeeman

splitting. Thismodel is consistentwith recentNMR

measurementsinhighmagneticfields,whichhavesuggested

thattheoverlappingtakesplaceabove4T.12)
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WemeasuredtheHallresistivityandelectricalresisUvity

ofhigh-qualitysinglecrystalsofCeNiSninmagneticfields

uptol5T.ForH//",alargenegativeMRappearsbelow40

K.ThisnegativeMRcanbeattributedtotwoeffectsof

magneticfield;oneis thesuppressionofantiferromagnetic

spinfluctuationswhichisdominantbetween40and5Kand

theotheristhesuppressionofthepseudogapwhichbecomes

domnantbelow5K.However, forH//c,apositiveMRwas

observedbelow5Kforthetransverseconfigurations.This

originates incyclotronmotionofcarriersremainingat the

Fermlevel.Ontheotherhand, thefielddependenceofthe

HallresistivityfbrH//fz isstronglynon-nnearattemperatures

below5K.TheinversionofthesignofHall resistivity

around5Tsuggests that theV-shapeddensityofstates

overlapsbytheZeemaneffect.
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Fig.3. HallresistivityofCeNiSnasafunctionofmagnetic

fieldapphedalongtheqandcaxesatvarioustemperatures.
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