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In this work, we report a novel and feasible strategy for practical application of one-dimensional

ultrasensitive phototransistors made of tungsten-doped VO, single nanowires. The photoconductive

response of the single nanowire device was investigated under different visible light excitations (405

nm, 532 nm, and 660 nm). The phototransistor device exhibited ultrafast photoresponse, high

responsivity, broad multispectral response, and rapid saturation characteristic curve. These promising

results help to promote the applications of this material in nano-scaled optoelectronic devices such as

efficient multispectral phototransistors and optical switches.

Introduction

Photoconductions in nanowires have attracted lots of attention
due to their unique properties that contribute to the high
photosensitivity of such nanostructures.™® Firstly, the large
surface to volume ratio and the existence of surface trap states
in nanowires could greatly prolong the photocarrier life time. In
addition, the reduced size of the active working region in
nanowire device shortens the carrier transit time. Indeed, the
concurrence of the long life time and short transit time of
photocarriers will facilitate substantial photoconductive gain.”®
These promising properties result in the applications of the
semiconductor nanowires as photodetectros, photovoltaics,
optical switches, and optical interconnects.®*®* Among these
applications, phototransistor is an attractive device as it is one
of the basic building blocks for nano-optoelectronic circuits. In
the last decade, extensive research effort has been devoted to
such device due to its significantly lower noise and higher
sensitivity than those of other counterparts.’* ** However,
reported phototransistors faced the challenges of slow response
rate’®® or excessively high working voltage (> 10 V),
restraining the performance of the optoelectronic devices.
Furthermore, the saturation of the output current is not easy to
achieve, which would confine the rectification application of
the transistors. *® 2 Among the metal oxide nanowires,
vanadium dioxide (VO,) nanowires have attracted great
attention.?® 24 Research interests on this nanostructure focus on
its metal-insulator transition and related properties.>>?’
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However, little attention has been paid to the optoelectronic
applications of VO, due to its low photoresponse at room
temperature, whilst its low n-type electrical conductivity always
inhibits its practical application implementation as well.
Impurity doping is one of the most commonly employed
techniques to modify the electrical properties of a material.
Recently, the substitutional doping of both the vanadium and
oxygen sublattices have been extensively explored to
appreciably reduce the phase transition temperature.?® %
Substituting the vanadium with tungsten is particularly
attractive and results in a depression in the phase transition in
vanadium oxide.®® 3 Most recently, W-doped VO, 1D
nanostructure was synthesized and its phase transition property
was shown to be influenced by the combination of doping and
finite size.®? However, the study of optoelectronic property and
corresponding application of such W-doped VO, nanostructures
are still absent up to date. In this work, we present a
comprehensive study on the optoelectronic property of W-
doped VO, nanowires. The work begins with the solution
synthesis of tungsten doped VO, nanowires by a facile
hydrothermal approach. Upon the substitution of vanadium
with tungsten, the electron donor levels become extremely
shallow, facilitating supersensitive phototransistive process and
yielding an ultrafast photocurrent response along with a broad
multispectral response. In addition, saturation of the light
intensity gated output current could be easily achieved within
the bias of 1.5 V. We analyzed the charge transport under laser
irradiation with different wavelength and a series of light
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intensity. We found that the device could be controlled readily.
These results demonstrate the great potential of tungsten doped
VO, nanowires in nano-scaled optoelectronic applications.

Experimental Section

The synthesis of tungsten-doped VO, nanowires employed a
simple and template-free hydrothermal method.*® Briefly, 0.5 g
of V,05 powder was dispersed in 40 mL of deionized water (p
= 18.2 MQ cm™) under vigorous stirring. Subsequently, 0.6 g
of H,C,0, (oxalic acid) mixed with 0.03 g of H,WQO, (tungstic
acid) was slowly added into this dispersion. After stirring for 3
hours to yield a bright orange suspension, the resulting mixture
was transferred into a 50 mL Teflon container and then sealed
in an autoclave using a high-pressure Parr acid digestion bomb.
The autoclave was kept in an oven and the system temperature
was ramped to 250 °C and dwelled for 72 hours. After cooling
to room temperature, dark blue precipitates were collected. The
product was washed with acetone solution and deionized water
several times, and then dried in a vacuum condition at 70 °C for
overnight.

After the synthesis, a single W-doped VO, nanowire was
transferred to a silicon substrate coated with a 200 nm thick
SisN, dielectric layer for device fabrication and subsequent

Nanoscale

electronic characterization. A UV laser lithography system
(Heidelberg Instruments pPG101) was used to fabricate the
device. The device fabrication was completed by thermal
evaporation of 20 nm cobalt and 280 nm gold as the source-
drain electrodes.

The single nanowire phototransistor characterization was
carried out by irradiating the nanowire with a laser beam bigger
than the size of the nanowire in a high vacuum chamber. For
the carrier life time determination, a focused laser beam from a
diode laser in conjunction with a modified optical microscope
was employed. The focused laser beam system was a home-
built scanning photocurrent microscopy (SPCM) unit. SPCM is
an ideal technique for probing various physical properties from
one dimensional nanostructures, such as local band bending,
barrier heights, electrical field distribution, and carrier diffusion
lengths.?**° Our SPCM set-up, involves irradiating a focused
laser spot (< 1um) on a selected position of a planar device
while recording the photocurrent as a function of the focused
laser spot, i.e., local photo-carrier injection position. The
measurements were carried out by utilizing Keithley 6430
sourcemeter under a constant bias. A heating stage (Linkam
Scientific Instruments, TMS 94) was employed for the thermal
cycling experiments.
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Figure 1. (a) SEM image of the as-synthesized nanowires. (b) XRD spectrum of the nanowires indicates the stable monoclinic polymorph. (c) Raman spectrum of the
nanowires. (d) Low-magnification TEM image of a single nanowire. Inserts show the SAED and HRTEM of the nanowire.
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Results and Discussions

The morphology of the as-synthesized products was
characterized by scanning electron microscopy (SEM). A
typical SEM image of the nanowires is shown in Figure 1la. The
nanowires exhibit rectangular cross-sections with smooth and
well faceted surfaces. The typical size of the cross-section of
the as-synthesized nanowires is in the range of 300-800 nm and
the length is in the range of 5-30 um. The XRD patterns
recorded from the nanowires drop-casted on a Si substrate is
shown in Figure 1b. The peaks obtained can be indexed to the
stable monoclinic VO, (M1) polymorph. We do not see any
signals for the formation of metastable VO, (B) polymorph due
to the high temperature environment during the synthesis.*? As
compared with undoped VO,, the interplanar spacing increases
after substitutional W incorporation. This is consistent with the
larger atomic radius of the dopant W®" ion®® and the possible
existence of M2 phase.** Further structural characterization of
the nanowires was carried out by micro-Raman spectroscopy.
Figure 1c depicts room temperature Raman spectrum of W
doped VO, nanowires. The space group for M1 and M2 lattices
are C3,, and C;, , respectively.*? Therefore, the M1 phase is
characterized by 18 Raman-active modes, with 9A; and 9B,
modes, by group theory.*® The M2 phase also has 18 Raman
active modes with slightly different distributions, with 10A, and
8B, modes, due to the pronounced differences in local
symmetry.** The Raman spectrum in Figure 1c is consistent
with previously reported Raman studies and group theory
predictions,**™*’ despite of the small shifts of the 607 and 189
cm™ Ay modes to 620 and 196 cm™, respectively. The shift is
probably due to the tungsten doping® or the existence of the
M2 phase resulting from the incorporation of the substitutional
W dopant.** Transmission electron microscopy (TEM) was
employed to investigate the crystalline lattice of the W doped
VO, nanowires. Figure 1d illustrates the low-magnification
TEM image of a single nanowire, the corresponding selected
area electron diffraction (SAED) and high-resolution TEM
(HRTEM) images. The fringe spacings between adjacent lattice
planes are measured to be 2.433 A and 2.427 A, corresponding
to the (020) and (211) interplanar distance, respectively.

Figure 2a illustrates schematically the architecture of the
fabricated single nanowire phototransistor device and the
corresponding SEM image of the device with two finger
electrodes shown in the inset of Figure 2b. The separation
between two electrodes is 15 pum. The energy-dispersive
spectroscopy (EDX) was carried out on randomly selected spots
along the nanowire, and the representative spectrum is shown in
Figure 2b. The tungsten peak is clearly demonstrated, which
indicates the W atoms have been doped into VO, successfully.
We denote the W-doped VO, nanowire as W,V,0,, where x
denotes the atomic ratio of W as the fraction of the substituted
vanadium sublattice. As revealed by the EDX spectrum, the
utilized VO, nanowire is doped with about 0.42 at% W. Since
metal-insulator transition is a notable feature of VO,,* %% we
measured the temperature dependent electrical resistance from

This journal is © The Royal Society of Chemistry 2012
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the single W, V1,0, nanowire device. As shown in Figure 2c,
with increasing temperature, the two-terminal resistance
steadily decreases, presenting classical activated semiconductor
transport property, and switches over to metallic behavior with
temperatures above 50 °C. Upon cooling, the nanowire displays
a reverse jump to the insulating phase at a lower temperature of
27 °C, thus a pronounced hysteresis is exhibited. The phase
transition temperature is significantly lower than the pure VO,
nanowires (67 °C), which is due to the increased free carrier
density with W doping. This result is consistent with the
behavior of W,V,,0, nanobelts reported by Banerjee and co-
workers. 2

Figure 2d shows the typical I-V curves of the nanowire device
in dark condition and under a 532 nm broad laser beam
illumination with the light intensity of 25 mW cm and 50 mwW
cm?, respectively. The voltage was swept from 0 to 4 V and all
the measurements were carried out at room temperature. Due to
the higher work function of the metal electrodes, the metal-
semiconductor junction resulted in the formation of a Schottky
barrier between the nanowire and the Au electrodes.*® The I-V
behavior under illumination of 532 nm laser drastically differs
from the dark I-V behavior. The I-V characteristics under
illumination present an obvious non-linear behavior. The output
current increases sharply from 0 V and subsequently reaches
near saturation at 1.5 V for 25 mW cm illumination (2 V for
50 mW cm case). A change in magnitude of about 50 pA is
observed in this case. The rapid increase and saturation of the
photocurrent suggests the potential of W,V;.,0, nanowire as an
ultrasensitive phototransistor. The dark I-V indicates that the
nanowire was highly resistive, while under laser light
irradiation (laser wavelength = 532 nm, photon energy = 2.33
eV), the conductance of the nanowire increases significantly.
We preliminarily ascribe the dramatic increase to the
photogenerated free carriers rather than the light induced phase
transition since the laser intensity was carefully controlled well
below the phase transition threshold of VO,, which is about 20
kW cm at room temperature.>! Even though the threshold of
laser induced phase transition for W, V,,0, nanowire would be
lower than that of VO,, the power intensity of several tens of
mW cm? is much lower than the expected phase transition
threshold of W,V,.,0, nanowire. To further support this claim,
finite element method (FEM) was employed to simulate the
temperature increase caused by the laser irradiation. The result
indicates that the local temperature increased from room
temperature (298 K) to 304 K at light intensity of 200 mW cm,
as shown in Figure 2e. This value is much lower than the phase
transition temperature.

The output characteristics under the illumination of a series of
intensities of 532 nm laser light are shown in Figure 3a. With
the increase of incident light power intensity, the output current
rises gradually. Evidently, the output current is controlled by
the light power intensity, and the output curves display good
transistor behavior, consisting of a rapidly increasing linear
regime and a fully saturated regime, which is similar to the
output characteristics of a traditional field effect transistor
controlled by gate voltage, except here the light intensity plays

J. Name., 2012, 00, 1-3 | 3



Nanoscale

ARTICLE

Nanoscale

(a)

b
(b) :
? /|
& ‘
..
s |v
o |0
VvV
w ULI—
Ty W
ner g
150.0p 0
~50 mW/cm?
100.0uf
. w25 mW/cm?
50.0pp
; -
0.0 == 3 3 2
VDs (V)

5x10°1(c) ¢

4x10'F

-

w
>
-
o
1

N
>
-
o
T

-

Resistance (<)

-
>
—_
o
L]

o
\

Seroonen

o
L]

0 10 20 30 40 50 60 70 80
Temperature ('C)

Figure 2. (a) Schematic of a single nanowire device and the broad beam laser setup. (b) EDX spectrum of the single nanowire indicates the tungsten doping. Inserts
shows the SEM image of the nanowire device. (c) Metal-insulator transition property demonstration of the W,V;,0, nanowire. (d) I-V curves of the device in dark and
under 532 nm laser illumination at intensities of 25 mW cm™ and 50 mW cm. (e) Simulation result of the temperature distribution on the nanowire device.

the role of voltage gating. The results suggest that the incident
light could be employed to replace the gate voltage, Vgs, as an
and signal magnification in a single nanowire device for future
low-cost, nanoscale photoelectric integration. As described
above, the W,V,,0, nanowire phototransistors are expected to
show the photoresponse to multispectral light. Figure 3b and 3c
show the output characteristics of the nanowire device under
different intensities of 405 nm and 660 nm light irradiation,
respectively. The similar phototransistor behavior is observed
as that under 532 nm light illumination. The output current can
also be well controlled by incident light intensity and saturation

4| J. Name., 2012, 00, 1-3

additional terminal to control the output current of the transistor,
indicating an effective approach to achieve current modification
is achieved at higher voltages, indicating the wide application
potential, easy realizability and flexible maneuverability of the
W,V,,0, nanowire phototransistors. Figure 3d shows the
variation of photocurrent (1 =1, — 4, ) measured at the bias
of 4 V with light intensity. The photocurrent versus
illumination light intensity can be described by a power law
dependence in the form of |=AP* %% 5 where | is the
photocurrent, A is a proportionality constant, P is the power
intensity and the exponent « is an empirical value (usually

This journal is © The Royal Society of Chemistry 2012
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Figure 3. Output characteristics curves of the device under (a) 532 nm, (b) 405 nm, and (c) 660 nm light illumination at different intensity. (d) Photocurrent versus
intensity plot at bias of 4 V. (e) Reflection spectrum of as-synthesized nanowires. (f) Photoconductive gain versus intensity plot at bias of 4 V.

smaller than unity), determining the photocurrent response to
light intensity.® 3 As displayed in Figure 3d, the photocurrent
versus light intensity variation at a bias of 4 V is well fitted
with the power law as | ~ P*® when the light intensity is lower
than 100 mW cm™. The high « value indicates the strong
dependence of the photocurrent on light intensity. When there
is a uniform distribution of trap states, the photocurrent
dependence on the incident light intensity would be linear,
consistent with that the photogeneration efficiency of charge
carrier is proportional to the absorbed photon flux.” %® The non-
integer power dependence of the W,V,,0O, nanowire device
could be atttibuted to a complex process of carrier generation,
recombination and trapping along the nanowire.'® However,
further increase the incident power intensity leads to the
photocurrent satuaration at higher light intensity (beyond 100

This journal is © The Royal Society of Chemistry 2012

mW cm?). Bube first demonstrated the saturation of
photocurrent with light intensity in CdS crystals in 1960.%¢ The
occurrence of the saturation was interpreted as resulting from
the saturation of sensitizing energy levels in the crystal. Namely,
the centers with a large cross section for holes and a subsequent
small cross section for electrons were completely occupied by
holes. Additional excited holes generated by further increasing
the light intensity could be captured only at centers with large
cross section for electrons. Thus the saturated photocurrent was
considered to be composed of current arising from long lifetime
electrons with density equal to that of sensitizing band and
short lifetime electrons produced by absorption of photons over
and above those needed to saturate the sensitizing centers.
Mueller and co-workers also observed the similar photocurrent
saturation in graphene photodetectors.” This phenomenon was

J. Name., 2012, 00, 1-3 | 5



Nanoscale

attributed to the screening effect as in conventional photodiodes.

In the case of nanowire, the photocurrent saturation at high
light intensity can be attributed to the carrier-trap saturation
effect.” At high light intensity, the density of available carrier-
traps exist in the nanowire is cumulatively reduced, resulting in
the saturation of the photoresponse. Photoconductivity in
semiconducting metal oxide nanowires (such as ZnO) can be
attributed to the increased charge carrier by exciting the
electrons to the conduction band and the oxygen absorption-
desorption process on the nanowire surface.” %8 %% In W, V.0,
nanowires, the photoconductivity can originate from the
excitation from the mid gap electronic state introduced by W
doping. This mid gap band can be assigned as a donor type
photoionization of tungsten dopant which generates delocalized
charge carriers upon photoexcitation. Figure 3e shows the
reflection spectrum of these nanowires and the spectrum
indicates that the nanowires show absorption ranging from UV
to IR range. Therefore the W, V1,0, nanowire is anticipated to
show photoresponse to multispectral light from UV to NIR.
Light from this band can generate mobile charge carriers
thereby increasing the charge carrier density, leading to the
photocurrent in the nanowires. The other mechanism is oxygen
adsorption-desorption where, when the nanowire is excited with
photons, the oxygen adsorbed on the nanowire surface is
desorbed, releasing the surface bound electrons in the depletion
layer and hence increasing the conductance of the nanowire.
The oxygen adsorption-desorption effect in this experiment can
be considered to be minimal, since we carried out the
characterization in high vacuum.

Various photoconductive parameters such as responsivity,
external quantum  efficiency, photoconductive  gain,
photocurrent rise time and decay time, and stability of the
photocurrent are analyzed to evaluate the performance of a
nanowire device as a phototransistor. The phototransistor’s
responsivity (Re) is defined as the photocurrent per unit power
on the effective area of the phototransistor and can be
calculated by®°

R :Iﬂzw )

res
opt Pinc

Where lyh, is the photocurrent, Py is the light power. Iy, and
lgark are the output current under illumination and in dark,
respectively, S is the effective area of nanowire device, and Pj,.
is power density. It is very attractive that the R, value of the
W, V1,0, nanowire phototransistor could reach as high as (2.15
+0.2) x 10" mAW™ at a light intensity of 50 mW cm? at 4 V
bias. This R value is much higher than that of grapheme (~ 1
mAW™), % MoS, (7.5 mAW™),% and organic (PPEs, 36 mMAW"
17 phototransistors. It is even higher than those of the ZnO
nanowires (1.29 x 10’ mAW™)®8 and recently reported K,MoO;
nanowires (1.75 x 107 mAW™)® phototransistors and
comparable with vertically aligned Si nanowire arrays (~ 108
mAW™)®. The high responsivity of the nanowire device
enables a large on/off ratio, indicating the potential applications
of the nanowire phototransistor in optoelectronic devices such
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Figure 4. (a) Schematic of the SPCM setup, where the focused laser spot is
rastered over the nanowire device. SPCM line scans at different biases under (b)
10 mW cm™ and (c) 30 mW cm” light intensities. The asymmetrical plot is due to
the formation of Schottky contact between the nanowire and the electrode.

as optoisolators, retrosensors,!® % and photoamplifiers. The
related diagram and equivalent circuit of the W,V.,0,
nanowire transistor are illustrated in the inset of Figure 3a,
where R is the intrinsic resistance of W, V,.,0, nanowire.

The photoconductivity enhancement is quantitatively analyzed
by calculating the photoconductive gain, which is a critical
parameter for evaluating the sensitivity of phototransistors. The
photoconductivity gain is defined as the ratio between the
number of collected electrons per unit time and the number of
absorbed photos per unit time, can be expressed for simplicity

aSSZ
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where P is the light power absorbed by the effective working
area, and hv is the energy of an incident photon. Figure 3f
shows the calculated photoconductive gain versus various light
intensities at 4 V bias. Here, the light power absorbed by the
nanowire is lesser than the incident power accordingly. When a
laser light incidents onto the interface of two materials with
different refractive indices (ny, n,), the Fresnel reflection will
occur. When the incident light is perpendicular to the interface,
the transmission rate can be calculated by 4nn,/(n, +n,)* .%*
Taking into account the Fresnel reflection from the nanowire,
the photoconductive gain can be calculated and the gain
decreases with increasing light intensity. Similar as the
increasing photocurrent with light intensity, at lower light
intensity (<100 mW cm™), the relationship between the
photoconductive gain and the light intensity can be described
with an inverse power law with a fractional power dependence
of the gain in W,V,.,O, nanowires (G ~ P™°). At higher light
intensity, the photoconductive gain deviates below this power
law dependence. The decreasing photoconductive gain results
mainly from the carrier trap saturation effect. Under such
saturation condition, the photoconductive gain can also be
derived and expressed for simplicity as’

_ IDhU :(L) 1

CeF T 1+(F/R) @)

where F is the photon absorption rate, F is the absorption rate
when trap saturation occurs, T; is the carrier life time, and T, is
the carrier transit time. The first term on the right-hand side is
the usual description for the photoconductive gain, which is the
ratio of carrier life time to carrier transit time, whilst the second
term describes trap saturation at high excitation intensities. As
displayed in Figure 3f, the extremely long photocarrier life time
accompanied by the short carrier transit time due to the small
dimensionality = of the nanowire device facilitates
photoconductive gain as high as G = 1.8 x 10°. The decrease of
the gain at relatively high light intensities is a manifestation of
trap saturation. In addition to this reason, the onset of carrier
recombination at the high light intensity may also contribute to
the shortening of the carrier life time.” ® To determine the
carrier life time, the SPCM setup was employed to carry out the
line scans rastered over the nanowire device. Figure 4a
schematically illustrates the SPCM setup where a focused
micro-size laser spot is scanned along the W,V;.,0, nanowire.
The photocurrent profiles under different applied bias ranging
from 0 V to 4 V with lower light intensity (10 mW cm™) and
higher light intensity (30 mW cm) irradiation are shown in
Figure 4b and c, respectively. Evidently, the most apparent
difference of the photocurrent profile under bias with different
light intensity is the appearance of higher magnitude around the
center of the nanowire in Figure 4b, whilst the profile is almost
flat in Figure 4c. This observed photocurrent profile under
applied bias is an indication that the carrier life time at low light

This journal is © The Royal Society of Chemistry 2012
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Figure 5. (a) Schematic diagram of time response measurement setup. (b)
Photoresponse characteristics at different wavelength. (c) and (d)
Photoswitching rate test of the device.

intensity is significantly longer than that at higher light
intensity in W,V,.,O, nanowires. Yu and co-workers °©°
attributed this feature of the photocurrent profiles to long
carrier life times in VO, nanobelts with similar SPCM results,
supported with the experimental results and a numerical
simulation of the electrodynamics of free carriers in 1D
nanostructures under steady state local illumination, following
the method described in Ref. ®’. For a given 1D system, local
irradiation usually generates nonequilibrium carriers with lower
densities. If the carriers possessed short life time, the
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photocurrent profile had a flat line shape with no discernible
peak, as shown in Figure 4c. This is because that the
nonequilibrium carriers with short life time would not reach the
electrodes. However, when the carrier life time is long enough,
even weak illumination could generate a high nonequilibrium
carrier densities, since the recombination rate is low enough to
allow a high density of carriers to accumulate in the steady
state.® In this case, the photocurrent profile under bias
develops a broad peak and the peak is located where the real
current switches from being dominated by the electron current
to being dominated by the hole current.®’

The promising phototransistor performance is also supported by
the ultrafast photoresponse of W,V,,O, nanowire to light
illumination, which determines the capability of the device to
follow fast-varying optical signals. The rapid response time was
detected by an oscilloscope (DSO-X 3024A, 200 MHz)
associated with an electronic chopper (SRS SR540). The
experimental setup is schematically illustrated in Figure 5a. In
this setup, the light chopper was employed to turn the laser on
and off while the oscilloscope was utilized to monitor the time
dependence of the output current. The transient response of the
transistor has been investigated under applied bias of 1 V with
different wavelength light of 405 nm, 532 nm, and 660 nm,
respectively. lllumination was switched on and off periodically.
As shown in Figure 5b, the device shows a rapid on/off
switching behavior. Each photoresponse cycle consists of three
distinct stages, a sharp rise, a steady state, and a sharp decay
process to original state with the amplification ratios,
(1o = Vaan) / Ve » ranging from 1667% to 2300% under 87.5
mW cm illumination. The fast photocurrent rise and decay
time was estimated from the photocurrent versus time plots and
shown in Figure 5c and d, respectively. The rise time is defined
as the time needed to reach 90% of the photocurrent from dark
current upon laser irradiation, and the decay time is defined as
the time needed to decay the current value to 10% after
switching of the light. Accordingly, 4.8 ms of the rise and 3.9
ms of the decay times were measured. These rapid frequencies
(0.21 and 0.26 kHz) are much faster than that of the reported
organic (F16CuPc, 50 Hz andand TA-PPE, 100 Hz) and
inorganic (ZnO) phototransistors and photoswithces.*®8 It is
even slightly faster than the recently reported K,MoO; and
TiO,/C core/shell nanowires.®? %8 The 3 dB bandwidth (fsgg) of
the present device can be calculated to be about 0.73 kHz from
the expression of f,,, =0.35/t, .52 This fast response frequency
and wide response range indicate the great potential of W,V
O, nanowires as the building-block in the ultrafast nano-
optoelectronic devices.

Conclusions

In conclusion, a simple, low cost but effective hydrothermal
approach was developed and employed to synthesize high
quality single crystalline W,V,.,0, nanowires with high yield.
Based on these nanowires, single nanowire phototransistors
were fabricated and systematically characterized. The extreme
shallow donor created by the doping of W enables an

8 | J. Name., 2012, 00, 1-3

ultrasensitive and superfast photocurrent response. The
characteristic curves of the device demonstrated that the
saturation of the output current can be achieved within a
voltage window of 1.5 V, and light is able to serve as a control
over the current level, facilitating the applications of this single
nanowire device as a promising phototransistor and
photosensor. Moreover, the high responsivity and broad
multispectral response further show the potential of this
material in the nano-optoelectronic applications for sensing,
imaging and communications.
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