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In且uenceofElasticandInelasticPhononScatterlng
ontheDriveCurrentofQuasi-BallisticMOSFETs

HideakiTsuchiya,SeniorMember;IEEE,andShin-ichi｢mkagi,Membel;IEEE

Abstract-1nthispaper,Westudytlleinfhenceofelasticand
inelasticphononscatteringonthedrivecllrreJltOfSiMOSFETs
underquasi･ballistictransport.Inelasticphononemissioninvolv-
Jngenergyre)axationhelpsachieveballisticcurrent,eveninthe
presenceofscattering,ifthechanneHengthisscaleddowntothe
10lnmscale.ThisresultagreeswithNatori'spreviouspredictions.
However,forlongerchanneldevices,inelasticphononemission
degradesthedraincurrentduetospacechargeeffectscaused
bychargeaccumulationWealsodemonstratethatsource-end
potentialengmeerlngtOelectricallyreducethebottleneckbarrier
lengthcanresultinaballisticcurrenteveninlongerchannel
deyices.

IndcxTerms-Backscatterimg,elasticandinelasticscattering,
nanoscaleMOSFETs,quantum-correctedMonteCarlosimula-
tion,quasi-ballistictransport,source-endvelocity.

0

Ⅰ.INTRODUCTION

WINGTOsigni丘Cantadvancesinlithographytechnol-
ogy,thechannelleng也ofSiMOSFETshasbeenscaled

downtothesub-10-nm regime[1】.Becausethefrequency

ofcamierscatterlngisdiminishedinsuchultrashortdevices,

ca汀iertransportbecomesballistic[2ト【5],andadrivecu汀ent

enhancementisexpected[6日71.Inthispaper,westudythein一

auenceofphononscattenngonthedrivecurrentofMOSFETs

underquasi-ballistictransport.Theelectricalcharacteris-

ticsarecomputeduslngaquantum-COrreCtedMonteCarlo
simulation[7ト[9].

First,Westudytherolesofelasticandinelasticphonon

scatteringonthedrivecu汀ent.Inquasi-ballistictransport,

thechannelcurrentisdegradedfromtheidealballisticlimit

duetobackscattenngprocessestowardthesourceelectrode.

AccordingtoNatori[2],[10ト[12],Onlycarriersbackscattered

bytheelasticprocesscanretumto山esourceelectrodebecause

carrierssufferinginelasticemissionprocesses,whichmostly
loseafewmultiplesofthethemalenergykT,nevergetover
thepotentialbarrierbacktothesourceelectrode.Becausethe

inelasticemissionprobabilityisfarlargerthantheelasticand
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Fig.1.Characteristics,ofelas(icandinelasticphononscatteringOnCamier
transport･TheinlelasticphononenergieshLJ'sanddeformationpotentialsD's
arealsoindicated.

inelasticabsorptionprobabilities,inelasticemissionprocesses

mayimprove血eballisticity【11],[12].Thisinterestingphe-

nomenonisimportantforthepractical designofballistic

MOSFETs,sowequantitativelyexaminethispredictionuslng
aquantum-correctedMonteCarlodevicesimulator.Wefind

thatinelasticemissionprocessesdoindeedhelptoachieve

aballisticcu汀ent,eveninthepresenceofscatterlng,ifthe

channellengthisreducedtothe10-nm scale.On血eo山er

hand,forlongerchanneldevices,theinelasticemissionprocess

degradesthedraincu汀entbecause血esource-endbottleneck

ba汀ierisenlargedby血eassociatedchargeaccumulation.In

thelastpartofthispaper,wediscussapossibilityforenhancing

血eballisticitybyelectricallyna汀OWlngthebottleneckba汀ier

inlong-channeldevices.

ⅠⅠ.RoLESOFELASTICANDINELASTIC
PHONONScATTERING

A.QualitativeDescrl'ption

Fig.1showsthecharacteristicsofelasticandinelastic

phononscatteringrelatedtocarriertransport･Carriersarein-

jectedintothechannelwithkineticenergyontheorderof

kT,andtheysufferelasticandinelasticscatteringeventsin
thechannel.Thetotalkineticenergyofacamierisconserved

beforeanda氏erelasticscattering,whereasitissigni丘Cantly

alteredbyinelasticscatteringviaphononabsorptionandemis-

sionprocesses･InFig.1,theinelasticphononenergieshLJ'S
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