
----

Inc.LaboratoriesBell MemorandumTechnicalforSheetCover
_____________________________________________________________________________________________________

publicationfornotisandInc.LaboratoriesBellofemployeesofusetheforishereincontainedinformationThe_____________________________________________________________________________________________________

Title: MOSFETssiliconinshiftthresholdinducedfieldMagnetic

Keywords:Other theoryPercolation
Localization

effectHallQuantum

Date: 198227,September

TM: 82-11152-50
82-52111-37

ExtensionLocationAuthor(s)
21041C-304MHKazarinovF.Rudolf
66142C-144MHLuryiSerge

Case:Charging 11138-101
11144-121

Case:Filing 38788-1
20103-5

ABSTRACT

andKaplitby1968inobservedMOSFETssiliconinvoltagethresholdofshiftingfieldMagnetic
theofanalysisourinpreviouslyusedtheorylocalizationnewaofbasistheonexplainedisZemel

fieldmagneticStrongtemperatures.lowateffectHallquantized H linearlyvoltagethresholdtheshifts
with H slopethewithvoltageshighertowards dVT ⁄dH α= d ⁄ε where, =α 1⁄ structurefinetheis137

andconstant d and ε agreesThisfilm.oxidetheofpermittivitytheandthicknesstherespectively,are,
10%.thanbettertoslopemeasuredexperimentallythewith

_____________________________________________________________________________________________________

Text:Pages 6 Other: 0 Total: 6

Figures:No. 0 Tables:No. 0 Refs.:No. 0

_____________________________________________________________________________________________________
LISTDISTRIBUTIONFORSIDEREVERSESEE(3-76)E-1932-U



----

Bell
Laboratories, Inc

subject: MOSFETssiliconinshiftthresholdinducedfieldMagnetic
11144-12111138-101CaseCharge

20103-538788-1CaseFile

date: 198227,September

from: KazarinovF.Rudolf
11152MH

x21041C-304

LuryiSerge
52111MH

x66142C-144

82-11152-50TM
82-52111-37

regardedbemaysensesomeinwhich[1]paperinterestinganpublishedZemelandKaplit1968In

considerableattractedthat[2-7],experiments(QHE)effectHallquantumrecenttheofprecursoraas

-oxide-metalaofcapacitancegatethestudied[1]ZemelandKaplit[8-17].attentiontheoretical

wasgaselectron2-dimensionalwhichinstructure(MOSFET)transistor-effect-field-semiconductor

theatinduced { 100} ofsurface p temperaturesatsilicon,-type T = fieldsmagneticstrongandK1.3 H

voltagegatetheVaryingTesla).15to(up VG densitychargeelectronaveragethechanging(i.e., σ in

fixedaatlayer)inversionthe H capacitancetheprobingand, C smallawith ac theykHz,100atsignal

highAtlevels.Landauwithassociatedcapacitancetheofbehavioroscillatoryanobserved VG > with,0

thecalled(nownotchesobservedZemelandKaplitinversion,stronginbeingstructureMOSthe

integeranwhensituationthetocorrespondingcapacitance,gate-to-channelvanishingnearlyofplateaus)

numberlevelLandautheidentifiedpositivelyHavingfilled.completelywaslevelsLandauofnumber

splittingspinandlevelLandaufirsttheinsplittingsvalleytheandspintheresolvedtheynotch,eachfor

[18]).seesplittingstheseoforiginthediscussingtheoriesofreviewa(forlevelLandausecondthein

aofobservationtheiris[1]ZemelandKaplitofresultintriguingmosttheview,ofpointourFrom

seefield,magneticappliedthebyinducedMOSFET,theirofvoltagethresholdtheinshiftsignificant

For1.Fig. H ratetheatfieldmagneticthewithlinearlyincreasesvoltagethresholdtheTesla4above

dVT ⁄dH = bewillAs1.ref.ingivenwaseffectdramaticthisofexplanationreasonableNomV/T.143
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2-ainoccurswhichtransitioninsulator-metalpeculiarabyaboutbroughtisitbelow,shown

phaseThispotential.electrostaticrandomaandfieldsmagneticstrongingaselectrondimensional

lowatQHEthewithconnectionin[17]usbydiscussedbeenhasnaturepercolationoftransition

temperatures.

typicalThefield.magneticofabsencetheincapacitanceMOSFETthediscussbrieflyfirstusLet

line.solidtheby2Fig.inshownisvoltagegatetheon[19]capacitancedifferentialtheofdependence

lowAt VG theandoxidetheofthicknessescombinedthebydeterminediscapacitancethis

highAtpermittivities.respectivethebyweightedregiondepletionsemiconductor VG layerinversionan

theintofieldelectrictheofpenetrationfurtherscreenswhichinterface,silicon/oxidetheatappears

Nearonly.thicknessoxidethebydeterminediscapacitancedifferentialthecasethisInsemiconductor.

densitychargechargesurfacethethresholdtheaboveand σ [20]bygivenislayerinversionthein

∝σ [exp β (VG −4πσd ⁄ε where,)] d and ε andpermittivity,andthicknessoxidetherespectively,are,

=β e ⁄kTn with n percapacitancechanneltogateThefactor.idealityconstant)(approximatelyanbeing

darea,unit σ⁄dVG bygiventhusis,

dVG

dσ_____ =
4πd

ε____

1 +
4πde σ
εkTn_______

1__________ (1)

(inversionstrongIn σ >> εkTn ⁄4πde dobviously,has,one) σ⁄dVG ε⁄= 4πd .

thatnoteweFirstly,different.quiteisfieldsmagneticstronginthresholdcapacitanceofnatureThe

isthresholdtheTherefore,limit.inversionstrongtheinalreadyisMOSFETthewhenoccursit

Aslayer.inversiontheofconductivitythewithratherbuteffectscreeningawithnotassociated

theingaselectron2-dimensionalthefieldsmagneticstrongandtemperatureslowat[17],indiscussed

occupationhavelevelsLandauthewherepatchesinbreakschargefixedaoffluctuationsofpresence

theandoxidetheinbothischargefixedfluctuatingthestructureMOSthe(In1.and0numbers

becanitPictorially,level.LandaulowesttheofoccupationConsiderlayer.)semiconductordepleted

regions,remainingtheandblack,inpaintedareregionsfilledwhichinmap,bi-coloredaasrepresented

theof50%thanlessconstitutesregionsblackofareatheIfwhite.inpaintedareelectrons,ofempty
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drainandsourcethefromdisconnectedlakesdisjointrepresentregionsthesethenlayer,inversion

high-frequencythetorespondnotdoeslayerinversionthesituationthisIncontacts. ac theonsignal

frequencyhighwell-knownthetoanalogousisThisgate. CV nowithcapacitorsMOSofcharacteristics

thetocorrespondsherecut-offfrequencythethatexcept[19],contactssource/drain RC ofdelay

blacktotalthewhenhand,othertheOncurrent.generationaofthatthanratherconductionhopping

thethroughdischargedandchargedrapidlybecanandconnectedgloballyisitthen50%,overisarea

problemcoloring)(randomcontinuum2-dimensionalaforthresholdpercolationThesource.

[21].colorsbothbycoverageequaltocorresponds

chargeofdensityaveragethewhenoccurstransitiontheThus σ aexceedslayerinversionthein

valuecritical σcr σ= 0 ⁄ where,2 σ0 level,Landauoneinareaunitperstatesofdensitytheis

σ0 =
hc

e 2H____ . (2)

voltagethresholdThe VT =V (σcr follows:asfieldmagneticthebyshiftedtherefore,is,)

dH

dVT____ =
dσ
dV___

dH

dσcr_____ =
h_c
e 2
___

ε
d__ =

137 ε
d_____ (3)

ofvaluequotedThe d A2900approximatelywas[1]in ˚ dgivesThis. VT ⁄dH = goodinmV/T158

ofmodelourtosupportlendsagreementThismV/T.143valueexperimentalthewithagreement

lowveryatexperimentsQHEofexplanationfor[17]usedfieldsmagneticstronginlocalizationelectron

temperatures.

doeslocalizationthewhichbelowfieldmagneticcriticalaexistmusttheretemperaturefiniteaAt

whenevenoccurnot σ < σ0 ⁄ inversionMOSFETtheinplacetakesevidently,localization,nosince2,

atlayer H = and0 σ samplesin[1],ofdatathetoAccordinginversion.strongtocorresponding

at1,Fig.fromevidentAsTesla.2aboutwasfieldcriticaltheK1.3atstudied "low" fieldsmagnetic

ofindependentbecomesthresholdthe H regionthisIn. VT effect.screeningusualthebydeterminedis

detail.moreinquestionthisstudytointerestingbeshouldIt
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CAPTIONSFIGURE

1).ref.ofdatathe(fromfieldmagneticappliedtheversusvoltageThreshold1.Fig.

sourcewithMOSFETaofcharacteristiccapacitance-voltagehigh-frequencyTypical2.Fig.

at1ref.fromcharacteristictheshownalsosubstrate;thetoconnected H = (brokenT10

line).






