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lT-TaS2Witha layered Structurehasbeenrecently investigatedbymanyresearchers

because ithasa strong chargedensitywave (CDW)fully to destroytheoriginalFermi

Surfaceand showsAnderson localiZ:ationatlow temperatures. ThemainorlglnOfthis

localization iscrystallinedefects･ lT-phaseofTqS2is stable above7500C and is

retainedatroom temperaturebyquenching,which introducesthevacanciesinthe

crystal. Furthermore,the constitutionaltantalum isself-intercalated in theVainder

Waalsgap siteduring the crystalgrowth. Thepresentpaperreports theelectrical

andmagneticpropertiesoflT-TaS2Withdifferentintra-and inter-layercrystalline

defe｡t主:3)

(1)Electricalresistivity

Figure 1showsthe temperaturedependenceof

electricalresistivity for twotypicalsamples.
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Fig･iTemperaturedependenceoflT-TaS2(A AC-
samples).

Fig･2ElectricalresistivityoflT-TaS2 in the
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Growth temperaturesare 9500C (A-sample)and 8800C (C-sample),respectively.asshown

in the insertofFig.i. TheA-singlecrystalwasgrown in thehotterpartofthe

quartztubeWherethepowdermaterialswereputout. On theotherhand,theC-

singlecrystalWasgrownatthe lowertemperaturepartwhere theexcess sulphervapor

ishigh inthedensity. Therfore.theA-Sample shouldhavemuchcrystalline(inter-

1ayer)defect comparedwith theC-sample. Theresistivity increaseat low tempera-

turesisdueto thevariablerangehopplngCOnductionofAnderson localization.which

isenhanced fortheA-samplewithamuchdefect.

Futhermore,Fig･2ShowstheelectricalresistivityoflT-TaS2atlowertemperatur-

es,ca.10-0.1X.wherethe temperatureaxisofabscissa istakenasT-i/2. The

logalithmicresistivitydata for lT-TaS2Withdifferentcrystallinedefectsfitwith

a T -i/2dependence.which iSthe Same result forthepreviousdataby Kobayashiand

Muto4) and th e present authors5). On the otherhandlit isnotinagreementwiththe

T-i/3Oneby DiSalvo and Graebner6㌦which issimply expected in thepossiblequasi-

twodimensionalnatureofthelayeredmaterial.

(2)Hallcoefficient

Figure 3showsthe tempera-

turedependenceofHallcoe-

fficientoflT-TaS2･ Ata

nearlycommensurate-cornmen-

surateCDW transitionofTd三 ･

ca.200K,theelectrical

resistivity increase8 from

2x10-3R.cm to 3xl0-2°.Cmwhen

the temperature islowered

and the correspondingcarrier

concentrationdecreases from

4xlO21cm- 3 (a negativeHall

coeHicien t) と0 4xlO19cm-3
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Fig.3TemperaturedependeceofHallcoefficientof

lT-TaS2･

(apositiveone )underasinglecarrierm.del!･7) TheHallc.efficient f.ItheA_

samplewithamuchdefecthasapeakaround 20-40R′whileoonstantfortheC-sample

with lessdefects.

(3)Magnetoresistivity

Largepositiveand negativemagnetoresistancesassociatedwith theAnderson

wasrePOrted 2,5)

localizationinlT-TaS2̂by KobayashiandMuto4)and the present authors ･The
8)

negativemagnetoresistancewasexplainedby FukuyamaandYosida in such away that
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Fig.5Hoppln9processesinthepresence

ofintra-and interstate

correlations.

Fig･4HagnetoresistanceoflT-TaS2(A iC-

samples).

thehighestoccupiedStatehasanupwardlinearZe.emanshifttomaketheenergyヽ ㌔

'differencebetweenthenobilityedgeEcand theFermienergyEFSmallerundermagne-

tic fieldsand tomake thehoppingCOnduction larger. Figure48hovsanoverall

trendofmagnetore9iさtanCe8 fromnegativetopositiveWiththe increaseOftempera-

ture'vhichhaさbeenexplained inthe followingwaybyKamimura,TakemoriandXurobe9.)

Forthelocalizedelectron8Whichmakehoppin9COnduction,theintra-Biteand inter-

sitecorrelation88houldbetakenintoaccount. Forthe formercorrelation.fo'ur

kindsofhoppingprOCeさBe8eXiBtaBBhovninFig.5,whereSO,UOandDOmean8ingly

occupied.unoccupiedanddoublyoccupied8tateS.respectively.andU thecorrelation

energy. A110fthese fourproce88eSCOntributetotheconductivity in theabsence
'tIJ

ofmagnetic field. TheprocessesSO◆SOandDO+UOtrendtobe BupPre88edunderthe

applied field.Therefore,thepositivemagnetoresistanceincreaseswiththeincrease

ofmagneticfieldand 8aturateさaboveacirtain field,whiletheZeemaneffectdealt

byFukuyamaandYosidadecreasesthenagnetoresistance. Themagnetoresisatance is

thenexpe_cted tohaveamaximum atacirtain field,aSshowninFig.4. Atlow enough
ヽ

temperature,theinter-Sitecorrelationplayssucharolethatanantiferromagnetic

couplingbetweentwoSO-state88tOpSthespin flipunderthe fieldand thesuppre-

SsionofSO+SOandDO+UOtransitionsarereleased. Thusthenegativemagnetoresi8-
34



tance takesplacedue to the Zeemaneffectagain.

(4)Magnetic susceptibility

Figure 65hows the tempera.I

turedependenceofmagnetic

SuさCePtibilitie80flT-TaS2

and lで-TaSl.7Seo.3･ The

susceptibility consistsofa

diamagneticpartand apara一

magneticone. Thepara一

magneticcontributionappears

below ca.loo又 andshowsa

Curie like temperaturedepen-

dence,which isnotdue to the

magnetic impuritiesbutdue to

the correlation effectof
lO)

Anderson localized electrollS.
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Fig.6Temperaturedependence ofmagnetic suscepti-

bilitiesofl'T-TaS2 (X=(11･5/(T-2･5)-3･42)x

10-5emu/mole)and lT-TaSl.7Seo.3 (x=(22･7/(T-

0.08)-5.64)x10-5emu/m)le).

Replacing Sulpherby seleniummakesa intra-layer

random potential.which scarcely changes thecarrierconcentrationand enhances the
5)

localization ｡ Namely′adensityofthe paramagneticmomentsofaboutone in 103

Ta atoms istwice larger than theoneoflT-TaS21
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