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The SOI MOSFET: 
from Single Gate

to Multigate

Jean-Pierre Colinge
Silicon Research Group

Tyndall National Institute, Cork, Ireland
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Electrostatic Integrity in A: bulk, B: fully depleted SOI, and C: double-gate MOSFETs
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Electrostatic Integrity: references
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Nanowire MOSFET

%High-performance fully depleted silicon nanowire (diameter /spl les/ 5 nm) gate-all-around CMOS devices%,
Singh, N.; Agarwal, A.; Bera, L.K.; Liow, T.Y.; Yang, R.; Rustagi, S.C.; Tung, C.H.; Kumar, R.; Lo, G.Q.; 
Balasubramanian, N.; Kwong, D.-L., IEEE Electron Device Letters, Vol. 27, no. 5, pp. 383- 386, 2006
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Natural Length: references
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Nanowires Hold Promise for Future CMOS

David Lammers, News Editor -- Semiconductor International, 10/8/2007

A roadmap from Japan's technical community sees sil icon 
nanowires extending the reach of multi-gate devices.

Multiple nanowires in multi-gate devices could incre ase the 
drive current of future CMOS devices.
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3D Simulation: Quantum

Section: 5 nm x 5 nm, VG>VTH

23



EUROSOI 2008 – Short Course January 23, 2008, Cork, Ireland

31EUROSOI Tutorial
Cork, 23 January 2008

0 1 2 3 4 5 6

x 10
21

-0.76

-0.74

-0.72

-0.7

-0.68

-0.66

-0.64

-0.62

-0.6

1D
3D

0 0.5 1 1.5 2 2.5 3 3.5 4

x 10
21

-0.76

-0.74

-0.72

-0.7

-0.68

-0.66

-0.64

-0.62

-0.6

1D
3D

c

Density of sates vs. energy above Eco for a 1D system (A) and a 2D system (B)

1D/2D Density of States

32EUROSOI Tutorial
Cork, 23 January 2008

0 1 2 3 4 5

x 10
20

-0.56

-0.5598

-0.5596

-0.5594

-0.5592

-0.559

-0.5588

-0.5586

-0.5584

-0.5582

-0.558

E
ne

rg
y 

ab
ov

e 
E

co
  (

eV
)

Density of states  (cm-3 eV-1)

150 " eV

Silicon

Fin

Polysilicon Gate

Buried Oxide

20 nm

tsi

W

0 0.1 0.2 0.3
0

0.5

1

1.5

2

2.5

3

3.5

4
x 10

-7

C
ur

re
nt

  (
A

)

Gate Voltage (V)

D
T=5K, V

S
=50mV

D
T=150K, V

S
=0.2mV

T=28K, V
DS

=0.2mV

T=8K, V
DS

=0.2mV

T=4.4K, V
DS

=0.2mV

(x 0.004)

Quantum effect: Inter-subband scattering

At low temperature

24



EUROSOI 2008 – Short Course January 23, 2008, Cork, Ireland

33EUROSOI Tutorial
Cork, 23 January 2008

56.5 nm

11.1 nm

1.7 nm

5.7 nm

4.2 nm

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
-5

0

5

10

15

20
x 10

-8

V
DS

=0.1mV
V

DS
=0.2mV

V
DS

=0.4mV
V

DS
=0.5mV

V
DS

=1.0mV
V

DS
=5.0mV

Gate voltage (V)

D
ra

in
 c

on
du

ct
an

ce
 (

S
)

0 2 4 6 8 10

x 10
20

-0.775

-0.77

-0.765

-0.76

-0.755

-0.75

1 meV

5 meV

Density of states (cm-3 eV-1)

E
ne

rg
y 

ab
ov

e 
E

C
o 

 (
eV

)

At room temperature !

Quantum effect: Inter-subband scattering

34EUROSOI Tutorial
Cork, 23 January 2008

CONTENT:

•The SOI MOSFET: From Single Gate to 
Multigate

•Multigate MOSFET Technology

•BSIM-CMG: A Compact Model for Multi-
Gate Transistors

•Physics of the Multigate MOS System

•Mobility in Multigate MOSFETs

•Radiation Effects in Advanced Single- and 
Multi-Gate SOI MOSFETs

•Multi-Gate MOSFET Circuit Design. 
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