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Single-Crystalline p-Type Zn;As, Nanowires for Field-Effect
Transistors and Visible-Light Photodetectors on Rigid and

Flexible Substrates

Gui Chen, Zhe Liu, Bo Liang, Gang Yu, Zhong Xie, Hongtao Huang, Bin Liu,
Xianfu Wang, Di Chen, Ming-Qiang Zhu,* and Guozhen Shen*

Zn;As; is an important p-type semiconductor with the merit of high effec-
tive mobility. The synthesis of single-crystalline Zn;As; nanowires (NWs) via
a simple chemical vapor deposition method is reported. High-performance
single Zn;As, NW field-effect transistors (FETs) on rigid SiO,/Si substrates
and visible-light photodetectors on rigid and flexible substrates are fabricated
and studied. As-fabricated single-NW FETs exhibit typical p-type transistor
characteristics with the features of high mobility (305.5 cm?V~'s™") and a
high I/l ratio (10°). Single-NW photodetectors on SiO,/Si substrate show
good sensitivity to visible light. Using the contact printing process, large-
scale ordered Zn;As, NW arrays are successfully assembled on SiO,/Si sub-
strate to prepare NW thin-film transistors and photodetectors. The NW-array
photodetectors on rigid SiO,/Si substrate and flexible PET substrate exhibit
enhanced optoelectronic performance compared with the single-NW devices.
The results reveal that the p-type Zn;As, NWs have important applications in

future electronic and optoelectronic devices.

1. Introduction

As an important class of nanometer-scale building blocks,
semiconductor nanowires (NWs), especially those developed as
bottom-up methods, have substantial potential for novel func-
tional nanodevice applications, including field-effect transistors
(FETs), waveguides, photodetectors, light-emitting diodes, sen-
sors, lithium batteries, solar cells, etc.'"1%] Moreover, compared
with conventional devices based on thin-film or bulk materials,
devices on one-dimensional (1D) nanostructures have much
better performance because of their large surface-to-volume
ratios and rationally designed surfaces.'®!] Complementary
logic gates and circuits involve both n- and p-channel FETs and
have key characteristics of low static power dissipation and high
compact integration. However, due to the lack of high quality
bottom-up-grown p-type semiconductor NWs, progress in the
study of NW complementary logic gates and circuits is quite
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limited. Thus, it is highly desirable to syn-
thesize p-type semiconductor NWs.

Zinc arsenide (Zn;As;) is an impor-
tant p-type semiconductor among II-V
group compounds with high electronic
mobility, low electron effective mass, and
small direct band-gaps of ca. 1.0 eV. It
has attracted increasing interest due to its
potential applications in long-wavelength
optoelectronic devices, solar cells, and
spintronics.'®1°) However, so far only one
work has been done on the synthesis and
characterizations of Zn;As, submicro-/
nanostructure with hyperbranched mor-
phology,?” and, to the best of our knowl-
edge, no prior studies involving electronic
or optoelectronic devices based on Zn;As,
NWs have been conducted.

In this work, we report the synthesis of
single-crystalline Zn;As, NWs via a simple
chemical vapor deposition (CVD) method
with Au nanoparticles as catalyst. High-performance p-channel
single-NW FETs with high mobility of 305.5 cm? V! s7! and
photodetectors with high sensitivity were fabricated. Further-
more, highly aligned Zn;As, NW arrays were assembled via a
simple contact printing process, which were used to fabricate
NW thin-film transistors on SiO,/Si substrate and photodetec-
tors on rigid and flexible substrates. The results show that the
as-fabricated Zn;As, NWs have substantial potential for future
electronic and optoelectronic nanodevice applications.

2. Results and Discussion
2.1. Synthesis and Structural Analysis

Figure 1a shows a schematic illustration of the crystal structure
model of tetragonal Zn;As, with a space group of P42/nmc.
In the figure, the red and yellow spheres represent Zn and As
atoms, respectively. Figure 1b displays the XRD pattern of the
as-prepared product. All diffraction peaks in this pattern can be
properly indexed to Zn;As, with a tetragonal-structure, in good
agreement with the standard date file (JCPDS No.65-2855).
No peaks from other impurities were detected, suggesting the
formation of high purity Zn;As, product. Figures 1c and d
show SEM images of the as-synthesized product under different

wileyonlinelibrary.com 2681

dadvd T1TInd


http://doi.wiley.com/10.1002/adfm.201202739

(-
[T}
s
a
-l
wd
=
[

2682 wileyonlinelibrary.com

www.afm-journal.de

Intensity(a.u.)

—~
O
~

Makies

www.MaterialsViews.com

(202)
(224)

Vg

@24

Figure 1. a) Crystal structure, b) XRD pattern, c,d) SEM images, e,f) TEM images, and, g) HRTEM images of the as-synthesized Zn;As, NWs. The

inset in (c) shows the corresponding EDS spectrum.

magnifications. It is clearly seen that the gray-black product
consists of large-scale nanowires, which compactly cover the
substrate and possess diameters in the range of 100 to 240 nm
and lengths of tens to hundreds of micrometers, indicating
very high aspect ratios. The compositions of the NWs were
measured by EDS and the corresponding spectrum is depicted
in Figure 1c, inset. It shows peaks of Zn and As with an atomic
ratio close to Znj;As,, indicating that the as-synthesized product
is pure Zn;As,, in good agreement with the XRD result. The
peak of Si originates from the Si substrate. Figures le,f show
the TEM images of the Zn;As, NWs, where the NWs have
diameter of about 100 to 240 nm, consistent with the SEM
results. A high-resolution TEM (HRTEM) image, shown in
Figure 1g, reveals two sets of lattice fringes with interplane
spacings of 0.21 and 0.34 nm, corresponding to the (224) and

© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

(202) planes of tetragonal Zn;As, phase. Our results reveal that
the as-prepared Zn;As, NWs are single crystals with preferred
growth directions parallel to the (101) plane.

2.2. Single-NW FETs and Photodetectors

To study the electric transport properties of the as-prepared
Zn3As, NWs, single-NW FETs were fabricated by deposition
of as-synthesized NWs on 500 nm SiO,-coated Si substrate.
Figure 2a is a schematic illustration of the single-NW device; the
corresponding SEM image is shown in the inset. The channel
width of the device was 50 um. Figure 2b shows the drain
current (Ipg) versus source—drain voltage (Vps) curve measured
at various gate voltages (V) ranging from -10 to 10 V, with
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Figure 2. a) Schematic illustration of a single-NW FET. b) Ips—Vps, and, ¢,d) Ips—Vgs curves of the single Zn;As, NW FET. The inset in (a) is an SEM

image of the single Zn;As, NW FET.

a step-size of 5 V. The current was observed to increase with
decreased gate voltage when Vpg remained unchanged, sug-
gesting a typical p-type semiconductor behavior of the Zn;As,
NWs. Figure 2c shows the Ips—Vis curves of the single-NW
device. From the curves, it can be seen that, for a given Vpg, Ipg
decreases with increased Vg, which also demonstrates a typical
p-type semiconductor characteristics. To get the information
about the on—off current and other related information of the
device, the Ips—Vis curve at Vpg =8 V was plotted on linear and
log scales, shown in Figure 2d. From the curve, we can see that
the on—off ratio is about 1.9 x 10° and the threshold voltage (Vr)
is about —16.6 V. The transconductance (g,,) of the device can
be calculated from the following Equation (1):

gm = dIps/dVss (1)

Thus, the transconductance is calculated to be 380.2 nS. The
electron mobility (i) of the single Zn;As, NW device can be
calculated from the data in Figure 2 according to the following

Equations (2):12!

te = gmL?/(VbsCy) )

Where 1, is the mobility, Lis the NW channel length (63.64 pm),
and C; is the NW capacitance, which can be calculated from
Equation 3:

C; = 2meges L/ In(2h/r) (3)
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Where, h is the thickness of the dielectric SiO, layer (500 nm),
r is the NW radius (112 nm), & is the relative dielectric con-
stant of SiO, (& = 3.9), and ¢, is the vacuum dielectric constant
(8.85 x 10712 F m™). From the data shown in Figure 2d, the
capacitance C; and effective mobility u. can be estimated to be
6.3 x 1075 F and 305.5 cm? V157, respectively.

With a direct band gap of ca. 1 eV, in principle Zn;As, can
detect all visible and ultraviolet light. To investigate the photo-
current properties of the p-type Zn;As, NWs, single-NW photo-
detectors were fabricated; a schematic illustration of the devices
is depicted in Figure 3a. Ni/Au electrodes with ca. 10 pm sepa-
ration were introduced into the device. Figure 3b gives the typ-
ical photocurrent versus voltage (I-V) plots of the single Zn;As,
NW-based photodetector in the dark and under illumination
with light of different wavelengths at a fixed light intensity of
2.52 mW cm™2. Linear and symmetrical features of the plots
indicate the good ohmic contact between the electrodes and the
NW. Compared with the dark current, the current increased
obviously when the device was illuminated with white light, and
monochromatic green or blue light, indicating good response
to light illumination. Furthermore, for an identical voltage, the
photocurrent decreases with decreased light wavelength, as
can be seen in the figure. This indicates that the resistance of
the NW decreased distinctly because of the fact that there are
excess electron-hole pairs excited by the illuminating light or
the contaminant desorption under irradiation condition. The
result may be related to enhanced absorption of high-energy
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Figure 3. a) Schematic illustration of single NW-based photodetector. b) I-V curves of a single Zn;As, NW photodetector illuminated by lights with
different wavelengths; the inset is an SEM image of the device. ¢,d) Dynamic current-time curves of the device, with periodic on/off states, at lights

with different wavelength.

photos which lie in or near the surface of the materials.?? The
dynamic current response of the photodetector to different light
illuminations is illustrated in Figure 3c. The photocurrent peri-
odically increased and decreased upon the light-on and light-off
conditions at a 2 V bias voltage, respectively, indicating good
response and stability of the device. The current on/off ratios
of the device upon red, green, and blue light illumination were
measured to be around 3, 2.75, and 2.25, respectively. The rela-
tively low on/off ratio can be ascribed to the single conduction
channel, which can be easily influenced by the randomness of
the NW. The photoresponse times, as deduced from the curves
shown in Figure 3d, are about 0.36 s for white light illumi-
nation, 0.34 s for green, and 0.56 s for blue, indicating a fast
response to illumination. As one of the key factors for detection
performance, the relatively faster response time can naturally
broaden the scope of the device applications. Furthermore, by
improving the quality of the active materials and optimizing the
geometry configuration of the device, the response time can be
further shortened to be suitable for real applications.

2.3. Aligned NW-Array FETs and Photodetectors on Rigid Substrate

Large-scale ordered NW arrays are critical to the realization
of integrated nanodevices and many approaches to control

© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

assembly of NWs have been developed.?*3% Compared with
other methods, the contact printing process is a more direct,
facile, economic, and effective way to assemble large-scale
ordered nanowire arrays on various substrates.}1-*%] We also
demonstrate here the successful assembly of aligned Zn;As,
NW arrays by using the contact printing process and their
device applications as high-performance NW thin-film transis-
tors (TFTs) and photodetectors on both SiO,/Si wafer and flex-
ible PET substrate. Figure 4 shows a schematic illustration of
the contact printing process for the assembly of aligned Zn;As,
NW arrays. In a typical process, the grown substrate, consisting
of a high density of randomly distributed NWs (shown in the
upper left oval in Figure 4), was held facing downward to con-
tact on a SiO,/Si wafer or PET substrate (receiver substrate).
After directional sliding was carried out on top of the receiver
substrate, the nanowires can be eventually detached from the
grown substrate and attached to the surface of the receiver
substrate, resulting in the direct transfer of aligned nanowires
to the receiver substrate, as shown in the lower left oval in
Figure 4. Following the NW printing, the aligned Zn;As, NW
arrays were used to fabricate TFTs and photodetectors by a
conventional photolithography, thermal evaporation, and lift-
off process, similar to that used for the single-NW devices. Ni/
Au with thicknesses of 10/100 nm were used as the source and
drain electrodes, respectively.

Adv. Funct. Mater. 2013, 23, 2681-2690
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Figure 4. Schematic illustration of the contact printing process for Zn;As,
nanowire arrays.

TFTs based on the printed aligned Zn;As, NW arrays were
fabricated to investigate their electronic transport properties.
Figure 5a shows a schematic illustration of the printed Zn;As,
NW FET device, where aligned NWs were bridged with the
source and drain electrodes and the back silicon as the gate
electrode. Figure 5b shows the Ips—Vpg curves at varied gate
voltage ranging from —10 to 10 V with a step-size of 5 V. It is
clearly shown that the device built on aligned Zn;As, NW
arrays showed quite similar behavior to the single NW device.
Decreased gate voltage led to an decrease in conductivity, fur-
ther indicating a typical p-type nature of the Zn;As, NWs.
Figure 4c shows the Ipg—Vig curves of the corresponding
printed Zn;As, NW TFTs at various drain—source voltages from
-10 to 10 V with a step-size of 5 V. From the curves, for fixed
source—drain voltages, the current decreased with increased
gate voltage, further confirming the p-type semiconductor
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characteristics. The results are consistent with those for the
single-NW FETs. Figure 5d shows the dynamic Ips—Vgg curves
at fixed Vpg = 10 V on linear and logarithmic scales. The on/
off ratio of the device exceeds 10* and the threshold voltage (V)
reaches —11.22 V. The enhanced properties of aligned NW array-
based TFTs indicate the feasibility of device miniaturization, inte-
gration, and functionalization by means of printing technology.
To investigate the photocurrent properties of the printed
aligned NW arrays, photodetectors on SiO,/Si substrates were
fabricated. The inset in Figure 6a shows a schematic illustration
of the photodetector based on a NW array, which was printed
by the contact printing method. Parallel NWs crossing the elec-
trodes without friction make an ideal conducting channel for
charge transportation. Figure 6a shows the photocurrent versus
voltage (I-V) curve of the device based on the printed Zn;As,
NW arrays in the dark and under illumination with white
light of various intensities. The voltage was swept from -2 to
2 V. The distance between the two adjacent electrodes (Ni/Au
electrodes) was 10 pm. All measurements were made at room
temperature. Obviously, at identical voltage the photocurrent
increases with increased light intensity. Under the light inten-
sity of 2.52 mW cm™2, the photocurrent reaches about 3 HA at
a bias of 2 V. Figure 6b shows the photocurrent versus light
intensity curves measured at a voltage of 2 V. The dependence
relation is often expressed by a power law, I = AP? >l where Iis
the photocurrent, A is a proportionality constant, P is the light
intensity, and b is an empirical value. The photocurrent versus
light intensity was fitted with the power law as I = 1.18 P%6L,
Figure 6¢ depicts the photocurrent versus time plot of the
printed Zn;As, NW arrays photodetector on SiO,/Si substrate
under illumination with lights of various wavelengths. The
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Figure 5. a) Schematic illustration of a printed NW-array FET. b) Ips—Vps, and ¢,d) Ips—Vgs curves of printed ZnsAs, NW-array FETs. The inset in (d) is

an SEM image of a printed Zn;As, NW-array FET.
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Figure 6. a) Photocurrent versus voltage plot of printed Zn;As, NW arrays photodetector on SiO,/Si substrate in the dark and under illumination with
white light of varying intensities; the inset is a schematic illustration of the photodetector based on a NW array. b) Photocurrent versus light intensity
plot at a bias of 2 V. ¢) Photocurrent versus time plot of printed Zn;As, NW-array photodetector on SiO,/Si substrate under illumination with light of
various wavelengths. The light intensity is kept constant at 2.52 mW cm™2. d) Photocurrent rise of the device at a bias of 2 V.

light intensity is kept constant at 2.52 mW cm™2 and the bias
voltage is 2 V. From the curve, we can see that the device exhib-
ited greatly enhanced photoresponse to light illumination, with
current on/off ratios of 2.5, 2, and 1.9 for white, green, and blue
light exposure, respectively. The current increased rapidly with
illuminated light and then quickly dropped to its initial state
once the light was turned off. Furthermore, compared with the
single-NW device, the device on aligned NW arrays has a much
higher dark current, photocurrent, and faster photoresponse
rate, as measured at identical bias (2 V) and light intensity
(2.52 mW cm™2). For a well-ordered NW photodetector, NWs
located in two electrodes can be regarded to position side-by-
side, without touching each other. Thus, the parallel NW arrays
based photodetector can be deemed to be made up of multiple
single-NW devices in series connection. Each single-NW device
can work simultaneously and independently. Compared with
the single-NW photodetector, the parallel-NW device has a
much larger effective surface area, resulting in a much higher
photocurrent. Meanwhile, the larger contact area of the mul-
tiple NWs to the electrodes in the aligned NW photodetector
gave rise to the much smaller NW resistance and lower contact
resistance when exposed to incident light, as well as the more-
conducting channel for photo-induced carriers. Thus, the pho-
todetectors on aligned NW arrays exhibited much higher dark
current when compared with the single-NW devices.*® The
faster photoresponse rate can be explained by the enhanced car-
rier recombination.l?%) Due to the large surface area of printed
Zns;As, NW arrays, many dangling bonds were fixed on the

© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

surface and acted as centers to recombine the charge carriers,
resulting in a faster photoresponse rate. Figure 6d describes the
photocurrent time of the device at a bias of 2 V at 2.52 mW cm™2.
It can be seen that the rise times upon red, green, and blue
light illumination are about 0.11, 0.13, and 0.27 s, respectively.
Such fast and stable photoresponse time demonstrates that the
device based on printed Zn;As, NW arrays should be suited for
application in optoelectronic switches and photodetectors.

2.4. Aligned NW-Array Photodetectors on Flexible Substrate

The parallel NW array-based photodetectors not only gain much
higher on-state current, but also guarantee the device against
random NW breakage, thus making the photodetector mechan-
ically robust to some degree. This method may also find poten-
tial application in the next generation of flexible and portable
nanodevices. In order to investigate the flexible photodetector
based on Zn3As, NW arrays, devices were fabricated on PET
substrate using the contact printing method and conventional
lithography. Figure 7a shows a schematic illustration of the
device based on a NW array. The inset in Figure 7a is a digital
image of the as-fabricated flexible photodetector, demonstrating
its excellent flexibility.

Time-dependent photocurrent curves of the flexible device
at a white light intensity of 2.52 mW cm™ are illustrated in
Figure 7b. Different bias voltages (2, 4, or 8 V) are applied to
study the influence of bias voltage on photocurrent. Form the

Adv. Funct. Mater. 2013, 23, 2681-2690
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Figure 7. a) Schematic illustration of aligned NW arrays based photodetector on PET substrate; the inset is a digital image of the device. b) Photocur-

rent versus time plot of printed Zn;As, NW-array device on PET substrate

using white light at an intensity of 2.52 mW cm™2 at bias of 2, 4, and 8 V.

c) Photocurrent versus time plot of printed Zn;As, NW-array device at different intensities at the same bias of 8 V. d) Photocurrent versus light intensity
plot at a bias of 8 V. e,f) Photocurrent rise and decay of the device at a bias of 8 V at 2.52 mW cm2.

curve, it can be seen that, at a bias of 8 V, the dark current
was 1.20 UA and when the flexible device was illuminated, the
photocurrent increased to 7.4 HA. At a bias of 2 V, the dark
current was 1.13 @A and when the device was illuminated with
white light (2.52 mW cm™), the photocurrent reached 2.38 pA.
The photocurrent increases with the increased light intensity.
The device also shows a good stability and reproducibility. In
comparison to the printed Zn;As, NW arrays device on rigid
Si0,/Si substrate, the photocurrent of flexible device measured

Adv. Funct. Mater. 2013, 23, 2681-2690
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at identical bias (2 V) and light intensity (2.52 mW cm™2) has
a much lower dark current and photocurrent. It may be that,
compared with rigid substrate, the flexible substrate results in
worse contact between NWs and substrate. Figure 7c shows
the photocurrent versus time curve of the device at different
intensities at the same bias of 8 V. It is seen that the photo-
current also increases when light intensity is enhanced. The
light intensity dependence of photocurrent measured at a bias
of 8 V is shown in Figure 7d. The dependence relation is often
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expressed by a power law I = AP, Fitting
the measured date in the curve, we obtain
A=4.1,b=0.63 (I =4.1P*%3). The rise time
(0.14 s) and decay time (2.9 s) can be also
deduced from Figure 7e,f.

It is well known that, due to the high sur-
face-to-volume ratio of NWs, trapping at the

surface states has a significant impact on
the transport and photoconduction proper-
ties. O, plays an important role in regulating
the current change of semiconductor nanos-
tructures. In our cases, upon illumination
at the photon energy above the band-gap
of Zn;As,, a large number of electron-hole
pairs are photogenerated [hv — e + h']. 1-
Meanwhile, owing to band-bending, photo-
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bine with oxygen molecules in air [O,(g) + 0
e~ — 0% (ad)]. The unpaired holes are either 0
collected at the anode or recombine with
electrons generated when oxygen molecules
are re-adsorbed and ionized at the NW sur-
faces. The electron-trapping process results
in an increase of the hole concentration and
the depletion of the electrons, leading to the
increase of the NW conductibility and photo-
current in the light. A similar mechanism
was also proposed in previous reports.*’!
By extending the illumination time, namely the photocarrier
lifetime, the photocurrent is further enhanced and photo-
conductive gain becomes much higher, which results in the
saturation of the photocurrent. When the light is turned off,
the holes in the NWs surface recombine with the negatively
charged oxygen ions [h* + 02 (ad) — O,(g)]. The hole concen-
tration decreases and, therefore, the NW conductance dimin-
ishes and current decreases. So the current exhibits a periodic
increase and decrease tend with the light-on and light-off
states at the same bias voltage.

The stable electrical properties of the flexible devices should
be investigated since it is an important parameter for prac-
tical application. In order to accommodate flexible electrical
devices, the electrical properties of the device should remain
unchanged after bending. The device was fixed on two X-Y
mechanical stages, and each end of the device was placed on
one stage. By adjusting the distance between two adjacent
stages, the bending curvature of the flexible photodetector
was controlled. The electrical stability of flexible photodetector
based on printed Zn;As, NW arrays was examined after var-
ious degrees of bending curvature. As shown in Figure 8,
the photocurrent through the flexible device remained nearly
unchanged at a fixed voltage of 2 V at five different states,
which are depicted in the upper inset in Figure 8, revealing
that the photocurrent of the flexible device is hardly influ-
enced by external bending stress. The folding endurance is
also a key parameter for flexible device. The lower left plot in
Figure 8 is the I-V curve of the device without bending, while
the lower right plot illustrates the typical -V curve of flexible
photodetector on bending for several cycles. The device being

bending.

© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

70 140 210 280 350
Time (s)

Figure 8. Current versus voltage plot of printed Zn;As, NW-array photodetectors on PET sub-
strate bent with various curvatures under the same bias voltage. The upper insets are the digital
images of the device in five bending states. The lower left plot shows the I-V curve of flexible
printed Zn3As, NW arrays photodetector without bending. The lower right plot shows the -V
curve of flexible printed Zn;As, NW arrays photodetector after 30, 60, 90, and 120 cycles of

bent from the first state (most left image in the upper inset in
Figure 8) to the fifth state (most right image in the upper inset
in Figure 8) and then being released back to its first state is
seen as one cycle. From the curve, it can be seen clearly that
the conductance of printed Zn;As, NW arrays remains almost
constant even after 30, 60, 90, and 120 cycles of bending.
These results reveal the extreme flexibility and electrical sta-
bility of the flexible device.

3. Conclusions

In summary, high aspect-ratio single-crystalline Zn;As,
nanowires with diameters of 100 to 240 nm and lengths of
several tens of micrometers were successfully synthesized
for the first time via a facile CVD method. Single-NW FETs
were fabricated, exhibiting typical p-type semiconductor char-
acteristics with high electron mobility of 305 cm? V-'s7! and
high on-off current ratio of 10°. Single-NW photodetectors
were also studied with the feature of fast response to light
with different wavelengths. Furthermore, TFTs and photode-
tectors built on aligned Zn;As, NW arrays on rigid SiO,/Si
substrate and flexible PET substrate, produced by the simple
contact printing process, were also fabricated; these showed
comparable performance. Flexible Zn3;As, NW-array photo-
detectors show excellent flexibility and electrical stability. It
is obvious that the Zn;As, nanowires may be excellent can-
didates for next-generation photoconductive materials and
promising building blocks for flexible nano-optoelectronic
devices.
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4. Experimental Section

Synthesis and Characterization of Zns;As, NWs: Single-crystalline p-type
Zn3As, NWs were synthesized by a simple chemical vapor deposition
(CVD) method in a horizontal furnace. In a typical process, a mixture
of InAs and Zn (InAs/Zn 1:1 molar ratio) powders was used as source
material and was placed in a ceramic boat. The boat was put into a
quartz tube with an inner diameter of 25 mm. Silicon wafers coated
with Au nanoparticles (ca. 20 nm), used as the substrate, were placed
downstream to collect the deposited products. The furnace was first
pumped to exclude the remaining air and then heated to 900 °C at a
rate of 30 °C min~'. During the experiment, a high flow of pure Ar of
100 sccm was introduced through the tube. After reacting for 2 h, the
furnace was cooled to room temperature and a gray-black wool-like
product was found deposited on the substrate. The as-prepared product
was characterized by X-ray diffraction (XRD; X'pert Pro, PANalytical B.V.,
Netherlands), field emission scanning electron microscopy (FE-SEM,
Sirion 200) equipped with an energy-dispersive X-ray spectrometer (EDS)
and transmission electron microscopy (TEM; Philips CM 20).

Fabrication of FET and Photodetectors on Rigid and Flexible Substrates:
To fabricate single-nanowire devices, the Zn;As, nanowires were
sonicated in isopropanol and then deposited onto the rigid Si substrate
covered with a 500 nm SiO, layer (see the Supporting Information,
Figure S1). The standard photolithography technique was carried
out, followed by the Cr/Au (10/100 nm) source and drain deposition
on two terminal of a single Zn;As, nanowire. Using the contact
printing process, large-scale ordered NW arrays were obtained on
rigid SiO,/Si substrate and flexible PET substrate (see the Supporting
Information, Figure S2). After the nanowires were dried in the air, NW
devices were fabricated via a conventional photolithographic process,
including UV lithography, thermal evaporation, and lift-off processes.
Ni/Au (10/100 nm) electrodes were deposited as the source and drain
electrodes. For FET devices, the underlying silicon substrate acts as the
back gate.

FET and Photoresponse Measurements: Electric and optoelectronic
measurements of the fabricated devices were carried out with the four-
probe station connecting with a semiconductor characterization system
(Keithley 4200-CSC). The light source was three types of LED light: white,
blue (460-470 nm), and green (520-530 nm) (1 W, standard: YCL-5).
The incident power of the white light was measured by an Ophir NOVA
power meter. All measurements were performed in air and at room
temperature.

Supporting Information

Supporting Information is available from the Wiley Online Library or
from the author. The information includes: SEM images of the single
and substantial amount of disorder Zn;As, NWs on SiO,-coated Si
substrates, and SEM images of the Zn;As, NW arrays on SiO,-coated
Si substrates.
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