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amount of the fixed charges in the gate. Therefore the 
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Mobility in CeO2/La2O3 gate stack 
MOSFET is larger than in single La2O3
layer MOSFET。

RSR limited electron mobility simulation result

0

0.5

1

1.5

2

2.5

0 0.2 0.4 0.6 0.8 1 1.2
Inversion charge density (1013cm-2)

R
S

R
-li

m
it

ed
 m

ob
ili

ty
 (1

05 c
m

2 V
-1
s-1

)

Delta=0.3nm
Delta=0.4nm
Delta=0.5nm

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

0 0.2 0.4 0.6 0.8 1 1.2
Inversion charge density (1013cm-2)

R
S

R
-li

m
it

ed
 m

ob
ili

ty
 (1

05 c
m

2 V
-1
s-1

)

L=2nm
L=3nm
L=4nm

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 0.2 0.4 0.6 0.8 1 1.2
Inversion charge density (1013cm-2)

R
S

R
-li

m
it
e
d 

m
o
bi

lit
y 

(1
05 c

m
2 V

-1
s-1

)

Tox=3nm
Tox=4nm
Tox=5nm

10

100

1000

0 0.2 0.4 0.6 0.8 1 1.2
Inversion charge density (1013cm-2)

E
ff

ec
ti

ve
 e

le
c
tr

o
n 

M
o
bi

lit
y 

(c
m

2 V
-1
s-1

)

Universal curve

Effective mobility(Expo)

T=35K, L=4nm, Tox=3nmT=35K, L=4nm, Tox=3nm T=35K, Δ=0.5nm, Tox=3nmT=35K, Δ=0.5nm, Tox=3nm

T=35K, L=3nm, Δ=0.5nmT=35K, L=3nm, Δ=0.5nm T=300K, L=4nm, Δ=0.2nmT=300K, L=4nm, Δ=0.2nm

Scattering potential

Experimental  result for RCS 
limited mobility

Experimental and analytic result

10

100

1000

10000

0 0.2 0.4 0.6 0.8 1 1.2
Effective electric field(MV/cm)

R
C

S
 li

m
ti

ed
 m

ob
ili

ty
(c

m
2 V

-1
s-1

)

Experimental value
Analytic(Nfix=4E12)
Analytic(Nfix=6E13)

RCR limited electron mobility simulation and experimental result

Nfix=4E13/cm2

EOT

169

205

peak meff

(cm2/V.s)

81.6

70.8

SS
(mV/dec)

-0.41
Without

CeOx

-0.12
With Ce
capping

Vth

(V)

169

205

peak meff

(cm2/V.s)

81.6

70.8

SS
(mV/dec)

-0.41
Without

CeOx

-0.12
With Ce
capping

Vth

(V)

Effect of Ce capping 

Mobility in CeO2/La2O3 gate stack 
MOSFET is larger than in single La2O3
layer MOSFET。

Scattering potential

Experimental  result for RCS 
limited mobility

Experimental and analytic result

10

100

1000

10000

0 0.2 0.4 0.6 0.8 1 1.2
Effective electric field(MV/cm)

R
C

S
 li

m
ti

ed
 m

ob
ili

ty
(c

m
2 V

-1
s-1

)

Experimental value
Analytic(Nfix=4E12)
Analytic(Nfix=6E13)

RCR limited electron mobility simulation and experimental result

Nfix=4E13/cm2

EOT

Nfix=4E13/cm2Nfix=4E13/cm2

EOT

169

205

peak meff

(cm2/V.s)

81.6

70.8

SS
(mV/dec)

-0.41
Without

CeOx

-0.12
With Ce
capping

Vth

(V)

169

205

peak meff

(cm2/V.s)

81.6

70.8

SS
(mV/dec)

-0.41
Without

CeOx

-0.12
With Ce
capping

Vth

(V)

Effect of Ce capping 

Mobility in CeO2/La2O3 gate stack 
MOSFET is larger than in single La2O3
layer MOSFET。

第一回複合創造領域シンポジウム

Remote Coulomb and roughness scatterings in 
gate oxide scaling

Tokyo Tech. FRC1, Tokyo Tech. IGSSE2 ○M.Maimaitirexiati1, K. Kakushima2, 
P.Ahmet1, K.Tsutsui2, A. Nishiyama2, N. Sugii2, K. Natori1,  H. Iwai1

Background Purpose

Model Experiment

Metal gate

La2O3

Substrate

Tox

L

∆(r)

Metal gate

La2O3

Substrate

Tox

L

∆(r) La2O3

Substrate

Tox

L

∆(r)

RSR scattering model：

Scattering from 
Roughness at the gate 
/high-k interface, and 
at the high-k/silicate 
interface

DefinitionDefinition

Roughness ∆, roughness 
correlation length L, 
roughness distribution R

LrerR /22)( −∆=

●

< Relaxation time >

Carrier mobility

● Calculation method

Scattering potential

Parameters

Roughness ∆, roughness 
correlation length L, 
roughness distribution R

LrerR /22)( −∆=

●

< Relaxation time >

Carrier mobility

● Calculation method

Scattering potential

Parameters

RCS scattering model：

Scattering from fixed 
charges at the 
gate/high-k interface, 
and at the high-k/ 
silicate interface

DefinitionDefinition

La2O3

La-sil
Si+ + +

-- - -
La2O3

La-sil
Si++ ++ ++

-- --- --- - --

La2O3/Si interface 
supposed as an ideal 
smooth surface。

The RCS, and RSR limited mobility can be solved 
by Schrödinger equation and Self-consistent 
Poisson equation.
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