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Introduction
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 Immunity against the short channel effect is necessary as 
the gate length shrinks.

 Effective electrostatic control of 1‐D like narrow channel 
with the gate all‐around structure.

 Low Ioff can be achieved with the nanowire structure.
 A concern of silicon nanowire FET is on‐current.
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Comparison of channel cross‐sectional shapes

Cross-sectional 
shape

~2.2~7.4~8.2~1.3RSD (k)
834105110731361On-Current w/o RSD (A/m)

7808618931277On-Current (A/m)

27 x 1620 x 1212 x 2112 x 19Size (hNW x wNW) (nm)

Cross-sectional 
shape
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834105110731361On-Current w/o RSD (A/m)

7808618931277On-Current (A/m)

27 x 1620 x 1212 x 2112 x 19Size (hNW x wNW) (nm)

SiNW nFET with rectangular cross‐section had the largest 
normalized on‐current.
Analysis of on‐current of SiNW FET with rectangular 
cross‐section is necessary.

*normalized by peripheral length of silicon nanowire channel      ** Lg～190 nm
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Purpose of this study

Characterization of SiNW FET with rectangular 
cross‐sections focusing the on‐current.

Analysis of on‐current of SiNW FET with 
rectangular cross‐sections.
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Fabrication flow based on bulk CMOS process
Starting wafer: Silicon‐on‐insulator (SOI layer 28 nm; BOX layer 50 nm)

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

source drain
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TEM and SEM images of SiNW FET with 
rectangular cross‐sections
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Typical transfer and output characteristics 
of SiNW FETs
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on‐current

High on‐current per wire was obtained for nFETs.
Good off characteristics were achieved.
(DIBL:62 mV/V and SS:70 mV/dec. for nFETs)
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Normalize on‐current of SiNW nFETs
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As the wNW increases on‐current per wire also increased.
Larger normalized on‐current (ION) was obtained with smaller 
wNW.
Much larger ION of the SiNW nFETs than those of planar SOI 
nFETs on the same wafer.

Tox: 3 nm
Vg-Vth=1V
Vd=1V

Tox: 3 nm
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Structural advantage of SiNW nFETs with 
rectangular cross‐sections
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As the channel width wNW decreased, normalized on‐current 
increased because of the structural advantage of SiNW FET.
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Inversion carrier distribution across SiNW 
channel using TCAD
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Higher inversion 
charge density near 
corners of SiNW 
channel because of 
higher electric field.

The peak inversion 
carrier density of 
corner is more than 
twice as that of the
center of the SiNW 
channel.

Similar structure to cross‐section A

Inversion carrier electric field

Vg-Vth
=1.0 V

Vg-Vth
=1.0 V

*uniform oxide thickness
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How to separate on‐current of corner 
component and flat‐surface

BOX Layer

wider wNW
smaller
wNW

Corner
component

Flat surface
component

BOX Layer

wider wNW
smaller
wNW

Corner
component

Flat surface
component

Assumed that on‐current was composed of  corner component and 
flat‐surface component.
On‐current of flat‐surface was calculated with difference of on‐
current per wire of the SiNW FET with larger wNW and smaller wNW.
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Icorner is almost consistent with different wNW.
As the wNW decrease Icorner becomes dominant.
As the Lg decrease, the ratio of corner component decreased.
 suggests different carrier transports.

On‐current of corner component and flat‐
surface component
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Transconductance at high drain voltage 
for evaluation of vsat
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Normalized Gm, max at high drain voltage of narrower 
SiNW nFETs were higher.
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Saturation velocity of SiNW FET
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vsat of SiNW FET was larger than vsat
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This result suggests high vsat around 
the corners of rectangular cross‐
sections.
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Conclusions
On‐Current of SiNW FET with rectangular cross‐section was 
divided to the corner component and flat‐surface 
component.

As the channel width decrease, the corner component 
increased up to 60 % with the channel width (wNW) of 19 
nm.

Saturation carrier velocity of SiNW nFET with the narrowest 
channel was the largest.

The corner plays an important role for carrier transport of 
SiNW nFET with rectangular cross‐sections.
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