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Therehavebeenmanystudiesoftheelectronlocali2:ationinthe2-dimensic,nal

electronsystem inSiMOS-FEYunderhighmagneticfields. Wehave investigatedthe

Shubnikov-deHaaseffectappearingincfxxbyemploylngtwonew experimentalmeans:

measurementsinpulsedhighmagneticfieldsupto 37Tanda.C.measurementsinthe

frequencyrangeuptO 50MHZ:･ Somenew aspectsofthelocalizationareobservedin

thesenew experimentalconditionswhichhavenotbeenattempted inpreviousWOrk･S.

Thesamplesusedin theexperimentwerecircularones (Corbi'nodisk)fabricated

on the (loo)surfaceonp-typesubstrates. Measurementsofoxc forthed･C･anda･C･

biascurrentaccrossthesource-drainelectrodes. Znthea.C.measurements,the

realpartofocx wasmeasuredusing aphasesensitivedetector･ Formeasuringthe

Shubnikov-deHaaseffectinpulsedmagneticfield. thegatevoltagewassweptatthe

topofthepulsed fieldsWithinatimewherethefieldscouldberegardedasconstant.

A superconductingmagnetWasalso employedfpramoreprecisemeasurementbelow 15T.

Fig.1showsatypicalexample oftheexperimentalrecordingsoftheShubnikov-

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

tion/aremarkablefeaturewasobservedforthepeakassociatedwiththelowest

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

fieldwasincreased.however,thispeakgrew up,whereastheheightofotherpeakミi

shovedsmallerfielddependence. Themagneticfielddependenceofthe (0十+)peak

Canbeaccounted forbyconsideringtheincreaseofthedensityofstatesin the

LandaulevelWith increasingmagneticfieldasinthefollowing.

Fig.2Showsthemagneticfielddependencesof

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

numberofimmobileelectronshim estimated from the

gatevoltageWidthwhereocx=Oon theleftsidesof

the (0十十)peak. Thefigurealso shows the totalnum-

berofelect∫onswhichcanbeaccomodatedinthe (0十+)

level'nt=eH/hc･ Ztcanbeseenthatbothhim and

OXX increaseWithincreasin9 field. The linerepre-

se1-tingntCrossesWith thatofhim atH≡4･2T,

fromwhere (oxx)peakbeginstobenon-zero･ Thisfact

canbeinterpretedintermsofthemobilityedge

model'l) Thepresentresultalso indicatesthe loca1-

i2:ed state8areformedonly in theelectronsideof

the (0十+)level.

The a･C･Conductivity wasmeasuredinbothpulse(守
fieldsandasteady fieldof 15T.2)Fig.3showsthe
Shubnikov-deHaasoscillation at15T forvarious
frequencies･ Asisseen in thefigureleachpeakof
theoscillationismore andmoresharpenedlaSHin-
creased･ NaLmely,thenon-conductingregionsare
widened,and theconductivity 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 isdecreased relative to thepeakvalue. =n anotherwords,the increase

ofthe frequency looksequivalent to thedecreaseofthe temperature. Thisstriking

featurecanbe seenmore Clearly inFig.4 andFig.5Which show the frequency

dependencesof the conductivity atthe tailpartofaShubnikov-deHaaspeak and the

numberof immobileelectronsestimated from thegatevoltagewidthofthenon-

conducting region. As is shown inFig.4, the conductivity in the tailpartsvaries

obeying the Drude-type frequency dependence,o cE1/(i+WC2で2). Fig.6 showsthe

heightofeachpeakata.C.and 20MIIzasa functionofthe squareoftemperature.

The temperaturedependenceof (0cc)peak isT2-like athigh temperature region･ How-

ever･ (O,'x)peak for (0ト ) and (0ト ) decreaseswithdecreasing temperature at lower

temperature,indicating that theconductivity

around thepeak hasalso some localized character. 0･3

Considering that the conductivity inusual

hoppln9 COnductions increaseswith increasing fre-

quency,the presentexperimentalresult isquite

surpri2iing because the frequency dependence is

〕ustOpposite. The amplitudeof the source-drain

biasvoltage isadjusted to take the samevalue

forall the frequencies. Fig.7 Showsthenumber

ofimmobileelectronshim at 2MHzasa function

of the source-drain biasvolta9e･ niれ StartstO

decrease abruptly atabout2V/cm. Themeasure一

meれtWasdone atmuch lowerEsd than 2V/cm.

Therefore. theobserved frequency dependencewas

notcausedby any effectofthe source-drain

field. Thecharacteristicrelaxation time T

(-10-6-10~8S)in theobserved frequencydepend-

ence ismanyordersofmagnitude larger than the

relaxation time the carrierscattering. 工t is

difficult to elucidate such a long relaxation

(
p
a
N
ニ?
∈
L
O
u

)̂
l
t̂
!
73nP
u
OU

0.1

1 2
Frequency(MHz)

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

time. The reasonoftheobserved striking phenom･･

enon isnot clearatpresent. 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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explained by some characteristic length

overwhich elect∫onsmove during a

period of the a･C･biasvoltage aS COm･-

pared with the localization length.

Further theoretical and experimental

investigations areworth trying to clar-

ify themechanism of the remarkable fre-

quency effectsmentioned above.
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