
Influence of the cross-sectional shapes for Si 
Nanowire FETs

S. Sato1, K. Kakushima2, P.Ahmet1,  
K. Ohmori3, K. Natori1, K. Yamada3, and H. Iwai1

Tokyo Tech. FRC1, Tokyo Tech. IGSSE2, University of Tsukuba3 

Introduction
DrainDrain

SourceSource

GateGate

NanowireNanowire BOXBOX

DrainDrain

SourceSource

GateGate

NanowireNanowire BOXBOX

DrainDrain

SourceSource

GateGate

NanowireNanowire BOXBOX

DrainDrain

SourceSource

GateGate

NanowireNanowire BOXBOX

Source Drain

Gate

Source Drain

Gate
Gate

Source

Gate

SourcePlanar FET

Multi Gate FET

Nanowire FET

Source Drain

Gate

UTB SOI FET 

Influences of Corner Angles

15.6 nm

10 nm10 nm(a)

(b)

(c)(c)

13.0 nm

(d)

(e)

24.4 nm

<100><100>

20 nm
(f)

10 nm10 nm

10 nm10 nm

10 nm10 nm

10 nm10 nm

=133 o

=121 o

=78 o

=100 o

<100><100>

<100><100> <100><100>

<100><100>

<100><100>

8 nm

10 nm

25.4 nm

18.0 nm

12
.3

 n
m

11
.6

 n
m

19
.6

n
m

14.8 nm

11.6 nm

3
5.

3
 n

m

24.0 nm

=112 o

=86 o

0E+0

1E-20

2E-20

3E-20

60 80 100 120 140 16060 80 100 120 140 160
Corner Angle (deg.)

0

 h

h=12 nm

h

h=8 nm

pFET (simulation)

nFET (simulation)

pFET (experimental)

nFET (experimental)

pFET (simulation)

nFET (simulation)

pFET (experimental)

nFET (experimental)

(b)

0

100

200

300

400

60 80 100 120 140 16060 80 100 120 140 160
Corner Angle (deg.)

400

300

200

100

E
ff

ec
ti

ve
 C

a
rr

ie
r 

M
o

b
ili

ty
a

t 
N

s
=

7
x1

0
12

cm
-2

 (c
m

2
/V

s)

0
296 K

pFET

nFET
(a)

0

100

200

300

400

60 80 100 120 140 16060 80 100 120 140 160
Corner Angle (deg.)

400

300

200

100

E
ff

ec
ti

ve
 C

a
rr

ie
r 

M
o

b
ili

ty
a

t 
N

s
=

7
x1

0
12

cm
-2

 (c
m

2
/V

s)

0
296 K

pFET

nFET
(a)

1

2

3

In
ve

rs
io

n
 C

h
a

rg
e

D
en

si
ty

 (
C

/c
m

2 )
at

 |V
g
-V

th
|=

1.
0

 V

Inversion charge density

Effective carrier mobility

Corner angle (deg.) 100 121 133

larger smaller

nFET & pFET

78

Inversion charge density

Effective carrier mobility

Corner angle (deg.) 100 121 133

larger smaller

nFET & pFET

78

SiNW nFET with Rectangular cross-sections
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Device Fabrication
Fin structure formation 
with SiN HM

Sacrificial oxidation 
(in dry oxygen, 1000oC for 1hour)

SiN and sacrificial oxide removal

Gate oxide (3 nm) and poly‐Si (75 nm) depo.

Gate pattering
Spacer formation & I/I (Phosphorus)
Activation annealing
Ni SALICIDE process

SiN

SOI

covered with sacrificial oxide

protected by SiN layer SiNW narrowed 
by sacox

covered by gate oxide and poly‐Si
spacergate electrode
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[h] G. Bidal, VLSI 2009, p. 240

SiNW FET

Planer FET
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Conclusions

 Low Ioff can be achieved with the nanowire structure.
 A concern of silicon nanowire FET is on-current.

hNW
wNW

Gate electrode

hNW
wNW

Gate electrode

hNW
wNW

Gate electrode

Normalization method

Successfully fabricated 
with conventional CMOS 

fabrication facilities 
because of semi gate-

around structure.

Optimized point of the effective carrier mobility exists near 100o of 
the corner angle.

As the corner angle decreased, inversion charge density increased.

Rectangular cross-section is the most suitable for enhancement of 
the electrical characteristics of SiNW FETs.

Effects of the upper corners 
are superior to those of the 
lower corners. 

Effective carrier mobility of 
SiNW FETs with acute angle 
degraded severely.

Decrease of lower corner angle 
lead to mobility degradation. But 
not  so severe due to semi gate-
around structure.

XTEM images

High inversion carrier density 
regions near corners

Normalized on-current

Separation of the on-current to the corner 
component and flat-surface component

Ther corner component occupied about 
60 % to the total on-currnet

Benchmark

SiNW FETs with rectangular 
cross-section are suitable for 
enhancement of the on-current.
Corner of the rectangular cross-
sections played important roles for 
enhancement of on-current.
Guidelines for design of cross-
sectional shapes of the SiNW FETs 
are proposed.
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