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Abstract—In order to manufacture short gap single Si nanowire
(NW) field effect transistor (FET) by imprinting and transferring
method, we introduce the method using Al2O3 sacrificial layer. The
diameters of cylindrical Si NW addressed between Au electrodes by
dielectrophoretic (DEP) alignment method are controlled to 106, 128,
and 148 nm. After imprinting and transfer process, cylindrical Si NW
is embedded in PVP adhesive and dielectric layer. By curing
transferred cylindrical Si NW and Au electrodes on PVP-coated p++ Si
substrate with 200nm-thick SiO2, 3μm gap Si NW FET fabrication
was completed. As the diameter of embedded Si NW increases, the
mobility of FET increases from 80.51 to 121.24 cm2/V·s and the
threshold voltage moves from –7.17 to –2.44 V because the ratio of
surface to volume gets reduced.

Keywords—Al2O3 Sacrificial transfer layer, cylindrical silicon
nanowires, Dielectrophorestic alignment, Field effect transistor.

I. INTRODUCTION

NE dimensional Si nanostructures including nanowire
(NW), nanotube and nanobelt have been studied widely as

a building block for semiconductor device in nanocale such as
field effect transistors (FETs) [1], photosensors [2], solar cell
[3], biosensors [4], light-emitting diodes [5], and so on due to
their own physics or chemistry. In order to manufacture various
nano-devices, researchers are supposed to solve fundamental
and economic limitation of conventional fabrication process.
Imprinting and transferring method have been researched and
receiving much interest as one of the most popular technologies
over the past decade because it has the advantages in high
throughput, low cost and convenient fabrication. As one of the
candidates for transfer media, Polydimethylsiloxane (PDMS) is
widely used and researched in printing electronic field because
it is soft and elastic so that devices on PDMS can be transferred
onto aimed position by conformal contact. However, PDMS
has a flaw that it absorbs organic solvent and swells up when it
is exposed by organic solution. Photolithography, one of the
representative methods to define electrodes, includes
development and stripping process, which are using organic
solvent such as acetone and methanol. It is hard to define
electrodes on PDMS by photolithography because photo resist
(PR) pattern or defined electrodes would be damaged or peeled
off while PDMS are absorbing developer and stripper and
swelling up.
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Here, we applied Al2O3 film for sacrificial transfer layer
replacing PDMS block. Al2O3 with high dielectric constant is
not damaged by alcohol used in dielectrophoretic (DEP)
alignment process, one of methods to link NWs on electrodes,
and is useful to form electric field between electrodes.
Furthermore, the electrical properties such as mobility and
threshold voltage change of fabricated FET by controlling the
degree of embedded cylindrical Si NW into PVP of adhesive
layer at the imprinting and transferring step were measured.

II.EXPERIMENTAL

In general, the method for the direct imprinting and
fabrication of cylindrical Si NW FET by using Al2O3 as a
sacrificial transfer layer consists of four processes. The first is
preparation of Si NWs and transfer block, which is synthesis of
p-type cylindrical Si NWs using diameter-controllable metal
catalyst-assisted etching (MCE) method and dispersion these Si
NWs in 99.9% ethanol. After then Al2O3 was deposited on
flexible Polyimide (PI) substrate and short gap of Au electrodes
were defined on Al2O3 layer by photolithography method. The
second is alignment of single Si NW by DEP which allows Si
NW to be addressed between defined Au electrodes on Al2O3
layer. The third and the last steps are preparation of PVP
adhesive layer and imprinting for manufacturing transistor.
PVP was spin-coated on commercial Si substrate with a 300
nm-thick SiO2 and softly baked at 110°C for 10min. The
fabrication of cylindrical Si NW FET was completed as Si NW
and Au electrodes on Al2O3 were imprinted and transferred
onto softly baked PVP layer. The flow sequence of entire
process is depicted in Fig. 1. Si NWs were formed through
diameter controllable MCE method using a p-type Si (100).
This synthesis process of the Si NWs has been reported in our
previous work [6]. The different process from previous method
is that Au was additionally deposited on Ag layer/Si wafer by
e-beam evaporator to enhance the adhesion between alloy
nanoparticle which acts as catalyst and Si substrate instead
using Ag layer alone. In order to modulate the diameters of
cylindrical Si NWs, the thickness of evaporated Ag layer is
controlled to 6 nm, 7 nm and 8 nm and 5 nm in the thickness of
Au layer was individually deposited on Ag layer. The following
processes from annealing process were conducted through
same sequence to previous work. And the synthesized
cylindrical Si NWs were dispersed in the solution of dilute
hydrazine and 99.9% ethanol solution.
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Fig. 1 The process flow sequence to imprinting a
circular Si NWs FET using Al2O3 layer as a sacrif
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PR pattern. By stripping process Au electrod
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of 50 sccm, working pressure of 20 pa, and op
min.

Prepared Si NWs (dispersed in hydraz
solution) was linked between Au electrodes b
method. After suspending a dispersion solution
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kHz, amplitude of 10 Vpp, and pulse width
applied [7].
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III. RESULT AND D
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rigid property, it turns to be flexible if the 
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respectively.

Fig. 2 (a) A top view SEM image of Au and Ag a
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formed with 5 nm/7 nm-thick Au/Ag layer and th
magnified SEM image

Fig. 3 (a) A TEM image of a single-crystalline wit
(b) Rough surface of circular Si NW synthesized
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channel width and length of all the devices
Channel lengths were fixed at 3 μm and ch
device were equal to diameters of Si NWs
(I-V) characteristics were measured by u
semiconductor parameter analyzer (mode
contacts to the devices made by using a prob
Cryogenics, model TTP4). The values of capa
dielectric were simulated by Silvaco along to
cylindrical Si NW embedded into PVP laye
property of p-channel transistor with 128 nm i
single Si NW was confirmed by transfer (Ids-V
output (Ids-Vds) curve as shown in Figs. 5 (a),

Fig. 5 (a) Transfer and (b) output characteristics Si 
a diameter of 128 nm

For field effect transistor with 128 nm in th
NW, An on/off ratio of 2.01 x 104 was m
transconductance was measured to be 0.0067 
and a threshold voltage (Vth) of –4.55 V. T
field-effect mobility (μh) was calculated by usi
× Vds) × gm, where L is the gap distance be
(this value is same as the length of Si NW
drain), W is the channel width of the dev
diameter of Si NWs, Cd represents the capacita
of the gate dielectric whose value is 423.5 p
transconductance. The mobility μh was 97
output characteristic was measured And Ids
applied Vg increased and was saturated as th
which means good Ohmic contact between Au
NW and shows the performance of typical p-c
The mobility values were determined to be 8
121.24 cm2/V·s for diameters of 108, 128
respectively. Si NWs synthesized through M
rough surface as shown in Fig. 3 and the d
disturb the flow of carriers in the device. In 
diameter of Si NW is smaller, the ratio of sur
larger and the effect of the surface roughnes
carriers is more dominant, and it caused
mobility. Also, the surface roughness of cy
affected on the threshold voltage. Scattering 
carrier trapping at the interface let the thresho
in negative direction of enhancement mode.
carrier concentration in conduction channel at
and Si NW is reduced by OH- ion when Si N
PVP [11]. Experimental results of device t
were well matched to this theory, and the value
to be –7.17, –4.55, and –2.44 V for diameters

were confirmed.
hannel widths of
. Current-voltage

using an Agilent
el 4145B), with
be station (Desert
acitances for gate
o the diameter of
er. The electrical
in the diameter of
Vg) curve and the
(b).

NW transistor with

he thickness of Si
measured with the

μS at Vds of –1 V
The p-type linear
ing μh= L/(W × Cd
etween electrodes

Ws from source to
vice equal to the
ance per unit area
pF/cm2, and gm is
.84 cm2/Vs. The
increased as the

he Vds increased,
u electrode and Si
channel transistor.
80.51, 97.84, and
8, and 148 nm,

MCE method has
defects on surface

particular, as the
rface to volume is
ss on the flow of

decrease in the
ylindrical Si NW

effect caused by
old voltage shifted
. And the excess
t interface of PVP
NW embedded in
threshold voltage
es were estimated
s of 108, 128, and

148 nm, respectively. Like mobility
gets thicker, the carriers are passe
cylindrical Si NW rather than on t
hardly affected by scattering effect.
voltage tends to move from nega
diameter of Si NW increases.

IV. CONCLUS

By following and modifying
cylindrical Si NWs were synthesize
deposited on PI substrate as sacrifi
electrodes with short gap of 3μm we
by photolithography process. And 
with various diameters of 108, 128, a
between Au electrodes by DEP proc
Si substrate and softly baked in orde
from PVP layer. Au electrodes whi
linked on were attached on PVP adhe
140°C. Fabrication of single cylin
completed by being cured after detac
that Si NW was embedded into PV
transistors showed that the mobility
Si NW got thicker due to the rough 
NW because the ratio of surface to v
defect on rough surface was not influ
NW is larger. In the same way, the in
caused at the interface of PVP and 
threshold voltage was move to 0 V
larger.
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