
Influence Of Ballistic Effects In Influence Of Ballistic Effects In 
UltraUltra--Small Small MOSFETsMOSFETs

F-91405 ORSAY cedex FRANCE

J. SAINT MARTIN, V. AUBRY-FORTUNA, A. BOURNEL, P. DOLLFUS, 
S. GALDIN, C. CHASSAT

stmartin@ief.u-psud.fr

INSTITUT D'ÉLECTRONIQUE FONDAMENTALE
IEF, UMR CNRS 8622, Université Paris Sud, 

Centre scientifique d'Orsay - Bât. 220 



ContentsContents

Introduction

Channel length and ballistic transport

Bias dependence on ballisticity

Ballisticity and long-channel effective mobility



ContentsContents

Introduction

Channel length and ballistic transport

Bias dependence on ballisticity

Ballisticity and long-channel effective mobility



Transport in Transport in decananodecanano MOSFETMOSFET
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Studied devicesStudied devices
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From quasiFrom quasi--stationary to quasistationary to quasi--ballisticballistic
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Ballisticity and channel lengthBallisticity and channel length
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Ballisticity and currentBallisticity and current
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BBeffeff(B(Bintint) in ) in undopedundoped channelschannels

Strong impact of Bint on Beff for Bint < 20 %

Beff(Bint): quasi linear correlation for Bint > 20%  

0

20

40

60

80

100

0 20 40 60 80 100Ef
fe

ct
iv

e 
ba

lli
st

ic
ity

 B
ef

f (
%

)

Intrinsic ballisticity Bint (%)

100 50 35 25 20 15
Channel length Lch (nm)

Decreasing impact of Bint on Beff



ContentsContents

Introduction

Channel length and ballistic transport

Bias dependence on ballisticity

Ballisticity and long-channel effective mobility



BBintint as a function of Vas a function of VDS DS for different Vfor different VGSGS
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‘‘StaSta--balbal’’ and and ‘‘balbal--stasta’’ architectures architectures 
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BBintint (V(VDSDS): ): ‘‘stasta--balbal’’ vs. vs. ‘‘balbal--stasta’’
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Higher phonon scattering rate > driving field
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Studied strained SGMOSStudied strained SGMOS

LG = 25 nm
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IIonon(B(Bintint) vs. ) vs. IIonon((µµeffeff))
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ConclusionsConclusions

Connections between Bint and:

• channel length 

• strain

• bias

High quasi ballistic influence for Bint < ≈ 20 %

Bint more relevant than µeff to account for Ion

Role of MOS architecture (cf. paper)
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