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 mobility is important for nanoscale FETs

computing T:  high VDS   3.  Scattering Theory of the MOSFET.....
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   3.  Scattering Theory of the MOSFET.....
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•  scattering  theory provides  a clear picture of MOSFETs
   at the scaling limit:

-source velocity is limited by thermal injection

-velocity saturation occurs  at  the source

-the scattering  that  matters occurs near  the  source

-”mobility” is relevant  to nanoscale MOSFETs
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a numerical study   4.  Design Issues for 10nm  MOSFETs.....

Taichi Su, J.P.Denton, G.W.Neudeck, IEEE International SOI Conf, Oct. 2000, pp. 110-111

D.J. Frank, et al.
EDL, 19, 385, 1998tox= 1 nm

tSi= 3 nm
µ = 300

L=9 nm

intrinsic device:
nanoMOS
   -BTE -ballistic
   -NEGF
   -DD/ET

extrinsic S/D
ρ = 2 x 10-8

work function
selected  to meet 
off-current spec.

nm3.7=Λ

10 nm

70 nm

Si substrate

BOX

n+ Si n+ Sii- Si

2 x 10 20
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a numerical study   4.  Design Issues for 10nm  MOSFETs.....

1431.12410iNcm×

22 /σx
SDeN − S1 LT

2x10 20 cm-3 LG=9 nm

S D

For a specified maximum doping,
doping  gradient, and Ioff:

examine Ion, S, DIBL vs. LT.

g
dx

d N
≡ =

log10

2
 at 1 dec
 point

nm/dec

σ = =2 2 6410g elog . nm

Ni = × −1 12 1014. cm 3
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a numerical study   4.  Design Issues for 10nm  MOSFETs.....

Choose LT  to give the highest ION together with  acceptable S and DIBL

ION vs. LT, at Ioff ~ 10uA/um DIBL, S vs. LT

LT=20nm is the optimized value! (Gate Work Function is 4.18eV.)
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a numerical study   4.  Design Issues for 10nm  MOSFETs.....

          Value    ITRS
Ion(µA/µm)   960      1500

Ioff(µA/µm)               9           10

DIBL(mV/V)         111      -----

S(mV/dec)               87         75

RSD (Ω-µm)            200        80

VDD/Ion                   417       267

 τ  (ps)                0.16       0.15
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series resistance   4.  Design Issues for 10nm  MOSFETs.....

R R RSD C ext= +( )2

R
AC
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C

≈ =ρ
25Ω

Rext ≈ +25 50Ω Ω
(tip)
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parameter variation   4.  Design Issues for 10nm  MOSFETs.....

TSi = ±3 0 3nm nm.
LG = ±9 0 9nm nm.

4 5 25. /< <I A moff µ µ

920 1006< <I A mon µ µ/

40 205< <I Ion off
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what limits the on-current?   4.  Design Issues for 10nm  MOSFETs.....

1)  Qi(0):
fundamental limits:

source exhaustion:   
 insulator field

practical limit:

2)  <υ(0)>:
bandstructure, EF  limit:

practical limit: (scattering)

3)  Result:

I W QD i= ( ) ( )0 0υ

Q qi ≈ × −4 1013 2cm

Q q N ti D Si≈ × ( )−6 1013 2cm

C V Veff DD T−( ) Q qi ≈ × −0 8 1013 2. cm

υ ( ) . /0 1 8 107≈ × cm s

υ ( ) . /0 1 1 107≈ × cm s

Q qi ≈ × −0 5 1013 2. cmC V V I Reff DD T D S− −( )

I on q A mD ( ) . .= ×( ) ×( ) =0 5 10 1 2 10 96013 7 µ µ


