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Introduction

Purpose

Device fabrication

Results

Summary

1. Si/SiGe superlattice
selective epitaxy

2. Hard mask SiN deposition
3. Anisotropic etching

of Si/SiGe layers
4. Isotropic etching of SiGe
5. Gate stack deposition
6. Gate patterning
7. Implantation 
8. Nitride spacers
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Tech. node:
Gate length:

CMOS scaling

Nanowire FETs
 Good SCEs immunity
 High current density

per layout surface
(Vertically-stacking 

NWs)
 High mobility?

(Low-channel doping)
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To understand transport properties in vertically-stacked
Silicon Nanowire Transistors (SNWTs)

Gate

Source
Drain

PMOS NMOS
10-1

10-3

10-5

10-7

10-9

10-11

10-13

10-15

VDS= -1V

VDS= -50mV

VDS= 1V

VDS= 50mV

-2 -1 0 1 2
VG [V]

I D
S

[A
/

m
]

PMOS NMOS
10-1

10-3

10-5

10-7

10-9

10-11

10-13

10-15

VDS= -1V

VDS= -50mV

VDS= 1V

VDS= 50mV

-2 -1 0 1 2
VG [V]

I D
S

[A
/

m
]

Leff=32nmLeff=42nm

6332DIBL [mV/V]

~6x103~2x105ION/IOFF

4.7 
mA/m

7.2 
mA/m

ION by top-
view

540 
A/m

840 
A/mION by cir.

7364SS [mV/dec]

11VDD [V]

1.71.7EOT [nm]

4232Leff [nm]

15 nm x 15 nmNW 
dimensions

2 square NWs
+ 1 Tri-gate

NW cross-
section

PMOSNMOS

6332DIBL [mV/V]

~6x103~2x105ION/IOFF

4.7 
mA/m

7.2 
mA/m

ION by top-
view

540 
A/m

840 
A/mION by cir.

7364SS [mV/dec]

11VDD [V]

1.71.7EOT [nm]

4232Leff [nm]

15 nm x 15 nmNW 
dimensions

2 square NWs
+ 1 Tri-gate

NW cross-
section

PMOSNMOS

1.6

1.4

1.2

1.0

0 300
Temperature [K]

N
o

rm
al

iz
e

d
 

lim

100 200

0.8

1.6

1.4

1.2

1.0

0 300
Temperature [K]

N
o

rm
al

iz
e

d
 

lim

100 200

0.8

NINV=1013cm-2

sat
FDSOI

Leff = 32 nm
Leff = 92 nm
Leff = 242 nm

Leff = 32 nm
Leff = 92 nm
Leff = 242 nm

NMOS

inj

Excellent electrostatic control
High on-current density
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Device performance

Transport mechanisms
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Strong scattering events are still occurring.

E
le

ct
ro

n
µ

ef
f
[c

m
2 /

V
s

]

Ninv [x1013 cm-2]

300

0 0.2 0.4 0.6 0.8 1

(100) univ.
350

250

200

150

100

50

0

30nm
20nm
15nm
10nm

5nm in dia.

FDSOI

160
140

120
100
80

60

40
20

0

(100) univ.

Ninv [x1013 cm-2]
0 0.2 0.4 0.6 0.8 1

H
o

le
µ

ef
f
[c

m
2 /

V
s

]

30nm
20nm
15nm
10nm

5nm in dia.

30nm

20nm

15nm

10nm

5nm in dia.

HNW=15nm   2nm+-HNW=15nm   2nm+-

Carrier mobility

Both electron and hole meff have 
the same degradation tendency 
with decreasing WNW.
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Electron eff is strongly limited by sr.
Hole eff is limited by both sr and ph.
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Remote Coulomb
Scattering ?
Interface charges ? Surface-

roughness
scattering
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1. Size effects

2. Shape effects

3. Si0.8Ge0.2 NWs

H2 anneal can improve surface 
roughness, while coulomb scattering 
increases.

We have experimentally investigated the carrier transport limiting factors in vertically-stacked SNWTs.
High ION currents with excellent electrostatic control have been achieved.
sr decreases with WNW for both elec and hole.
Additional surface treatments are needed to cure the damaged Si surface.
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