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Therehavebeenmanystudiesoftheelectronlocali2:ationinthe2-dimensic,nal

electronsysteminSiMOS-FEYunderhighmagneticfields. Wehaveinvestigatedthe

Shubnikov-deHaaseffectappearingincfxxbyemploylngtwonewexperimentalmeans:

measurementsinpulsedhighmagneticfieldsupto37Tanda.C.measurementsinthe

frequencyrangeuptO50MHZ:･ Somenewaspectsofthelocalizationareobservedin

thesenewexperimentalconditionswhichhavenotbeenattemptedinpreviousWOrk･S.

Thesamplesusedintheexperimentwerecircularones (Corbi'nodisk)fabricated

onthe (loo)surfaceonp-typesubstrates. Measurementsofoxcforthed･C･anda･C･

biascurrentaccrossthesource-drainelectrodes. Znthea.C.measurements,the

realpartofocxwasmeasuredusingaphasesensitivedetector･ Formeasuringthe

Shubnikov-deHaaseffectinpulsedmagneticfield.thegatevoltagewassweptatthe

topofthepulsedfieldsWithinatimewherethefieldscouldberegardedasconstant.

AsuperconductingmagnetWasalsoemployedfpramoreprecisemeasurementbelow15T.

Fig.1showsatypicalexample oftheexperimentalrecordingsoftheShubnikov-

deHaasoscillationatvariousfieldstrength. Asthemagneticfieldwasincreased.
thegatevoltageWidthforthenon-conductingregion (oxx王0)increased. Inaddi-

tion/aremarkablefeaturewasobservedforthepeakassociatedwiththelowest

Landaulevel (01+). AtH=6T,thelowestpeak (01+)wasindiscerniblysmall. Asthe

fieldwasincreased.however,thispeakgrewup,whereastheheightofotherpeakミi

shovedsmallerfielddependence. Themagneticfielddependenceofthe (0十+)peak

Canbeaccountedforbyconsideringtheincreaseofthedensityofstatesinthe

LandaulevelWithincreasingmagneticfieldasinthefollowing.

Fig.2Showsthemagneticfielddependencesof

theheightofthe (0十+)peak′(om )peak･andthe

numberofimmobileelectronshimestimatedfrom the

gatevoltageWidthwhereocx=Oontheleftsidesof

the (0十十)peak. Thefigurealsoshowsthetotalnum-

berofelect∫onswhichcanbeaccomodatedinthe (0十+)

level'nt=eH/hc･ Ztcanbeseenthatbothhimand

OXXincreaseWithincreasin9field. Thelinerepre-

se1-tingntCrossesWiththatofhimatH≡4･2T,

fromwhere (oxx)peakbeginstobenon-zero･ Thisfact

canbeinterpretedintermsofthemobilityedge

model'l) Thepresentresultalsoindicatestheloca1-

i2:edstate8areformedonlyintheelectronsideof

the (0十+)level.

Thea･C･Conductivity wasmeasuredinbothpulse(守
fieldsandasteadyfieldof 15T.2)Fig.3showsthe
Shubnikov-deHaasoscillation at15Tforvarious
frequencies･ Asisseen in thefigureleachpeakof
theoscillationismoreandmoresharpenedlaSHin-
creased･ NaLmely,thenon-conductingregionsare
widened,andtheconductivity at thetailpartsof
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Fl名･1･Conductlvlty Oxx a8 a
functionofgatevoltage Vg forsampleBL5.
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Flg･2･ (oxx)peakfor(0十+)level,nlmand Flg･3･ Shubnikov-deHaasoSClllatlonatvarious
ntasafunctionofmagneticfield. frequenclesforsampleBL5.

eachpeak isdecreasedrelative to thepeakvalue. =nanotherwords,theincrease

ofthefrequency looksequivalent to thedecreaseofthetemperature. Thisstriking

featurecanbeseenmoreClearly inFig.4 andFig.5Which show the frequency

dependencesoftheconductivityatthe tailpartofaShubnikov-deHaaspeakand the

numberofimmobileelectronsestimated from thegatevoltagewidthofthenon-

conductingregion. AsisshowninFig.4, theconductivity in thetailpartsvaries

obeying theDrude-type frequencydependence,o cE1/(i+WC2で2). Fig.6showsthe

heightofeachpeakata.C.and 20MIIzasa functionofthesquareoftemperature.

Thetemperaturedependenceof (0cc)peakisT2-likeathightemperatureregion･ How-

ever･(O,'x)peak for (0ト ) and (0ト )decreaseswithdecreasing temperatureatlower

temperature,indicating that theconductivity

around thepeakhasalso somelocalizedcharacter. 0･3

Considering that theconductivity inusual

hoppln9 COnductionsincreaseswithincreasing fre-

quency,thepresentexperimentalresultisquite

surpri2iingbecausethe frequencydependenceis

〕ustOpposite. Theamplitudeofthesource-drain

biasvoltageisadjusted totakethesamevalue

forallthe frequencies. Fig.7Showsthenumber

ofimmobileelectronshim at2MHzasafunction

ofthesource-drainbiasvolta9e･ niれ StartstO

decreaseabruptlyatabout2V/cm. Themeasure一

meれtWasdoneatmuchlowerEsdthan 2V/cm.

Therefore. theobserved frequencydependencewas

notcausedby anyeffectofthesource-drain

field. ThecharacteristicrelaxationtimeT

(-10-6-10~8S)intheobserved frequencydepend-

enceismanyordersofmagnitudelarger than the

relaxationtimethecarrierscattering. 工tis

difficulttoelucidatesuchalongrelaxation
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Flg･4･ TheconduCtlvltyofthetall
partsofthe(01-)peakrelativetothe
T)eakvalueasafunctionoffrequency･
Thesolidandthebrokencurvesrepresent
theDrude-typefrequencydependencefor
sampleSN9.

time. Thereasonoftheobserved strikingphenom･･

enonisnotclearatpresent. 工tmightbe
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Fig･5･ Thefrequencydependenceof
thenumberofimmobileelectronsat
varlousgapsforsaTnpleSN9.
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Flg･7･ Numberoflmnoblleelectronsvs･Esd･
Solndicatesthegapbetween(0ト)and(01+),
Lobeとveen(0+-)and(1十十).
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explainedby some characteristic length

overwhich elect∫onsmoveduring a

periodofthe a･C･biasvoltage aSCOm･-

paredwith the localization length.

Further theoreticaland experimental

investigationsareworth trying to clar-

ify themechanism ofthe remarkable fre-

quency effectsmentionedabove.
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