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Enhanced performance of near-infrared
photodetectors based on InGaAs nanowires
enabled by a two-step growth method†
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Because of the tunable bandgap, high carrier mobility and strong interaction with light, ternary III–V

nanowires (NWs) have been demonstrated with tremendous potential for advanced electronics and

optoelectronics. However, their further performance enhancement and practical implementation are still

a challenge in the presence of kinked morphology and surface coating of the nanowires. Here, we

report the development of high-performance near-infrared photodetectors based on high-quality

InGaAs nanowires enabled by the two-step chemical vapor deposition method. Importantly, the

optimized In0.51Ga0.49As NW devices exhibit excellent photodetector performance at room temperature,

with a responsivity of 7300 A W�1, a specific detectivity of 4.2 � 1010 Jones and an external quantum

efficiency of 5.84 � 106% under 1550 nm irradiation. The rise and decay time constants are as efficient

as 480 ms and 810 ms, respectively, constituting a record high performance among all arsenide-based

nanowire photodetectors. Large-scale NW parallel-arrayed devices are also fabricated to illustrate their

promising potential for next-generation ultrafast high-responsivity near-infrared photodetectors.

Introduction

In the past decade, due to the large surface-to-volume ratio,
high carrier mobility, tunable light absorption and considerable
subwavelength size effect at room temperature, one-dimensional
semiconducting nanowires (NWs) have drawn great attention
as intriguing materials for high-performance photodetectors.1–5

As compared to those of the bulk or thin-film material based
counterparts, these NW photodetectors are demonstrated with
excellent optoelectronic characteristics with ultrahigh optical
gain, controllable spectrum sensitivity, large photoresponse band-
width and substantial light-to-current conversion efficiency.5–8

Particularly, ternary III–V semiconductor NWs offer a tunable
composition and tailorable bandgap, making them superior as

active photosensing elements for broadband photodetectors.9–12

Even though there has been a lot of work focused on exploring
NW-based photodetectors in recent years,13–22 most of the
reported NW detectors are restricted in the visible or ultraviolet
spectral regions with limited work conducted in the infrared (IR)
regime. To date, most of the investigated NW IR photodetectors
are dominated by the InAsP and other arsenide-based NW
materials.23,24 For example, indium gallium arsenide (InxGa1�xAs)
NWs have always been utilized in the community owning to their
variable band gap, ranging from the near-IR to the IR region
(0.34–1.42 eV).25–27 In addition, the properties of high electron
mobility and small leakage current also enable these InxGa1�xAs
NWs being widely used for other optoelectronic devices in near-IR
emission lasers, photovoltaics, and field-effect transistors.28,29

However, the device performance of InGaAs NW IR photodetec-
tors is still far from satisfactory for practical utilization, leaving
much room for improvement and comprehensive investigation.30

Based on our previous work, we have successfully fabricated
highly-crystalline, high-mobility and highly-dense InxGa1�xAs
NWs using a novel two-step chemical vapor deposition (CVD)
method.31,32 In this work, we further utilize these high-quality
InxGa1�xAs NWs for high-performance photodetectors in the
IR optical communication region (1550 nm). As compared with
the typical single-step growth, the InxGa1�xAs NWs enabled
by the two-step CVD growth are observed with the reduced
kinked morphology and minimized surface coating issue, while
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maintaining the good crystallinity and uniform distribution of
constituents within the NW body. For the optimized In0.51Ga0.49As
NWs, when they are configured into individual NW devices, they
deliver an excellent photodetector performance at room tempera-
ture, with a responsivity of 7300 A W�1, a specific detectivity of
4.2 � 1010 Jones, an external quantum efficiency (EQE) of 5.84 �
106% and a response time of 480 ms under IR illumination
(1550 nm) at a bias voltage of 0.5 V. This efficient response in
the hundreds of microsecond range is rather competitive among
all NW IR photodetectors reported in the literature. Moreover,
these NWs can as well be fabricated into NW parallel array-based
devices, demonstrating their technological potential as candidate
materials for next-generation, ultrafast and efficient room-
temperature photodetectors.

Results and discussion

Here, the InxGa1�xAs NWs were synthesized using a catalytic
solid-source CVD method reported by our group previously.31,32

Both single-step and two-step growth methods were utilized to
compare and explore optoelectronic properties for these two
kinds of InxGa1�xAs NWs obtained, respectively. In brief, the
two-step approach has an additional nucleation step at a higher
temperature before the regular growth step during the conven-
tional single-step CVD growth. As shown in the scanning
electron microscopy (SEM) image in Fig. 1a, this two-step
method can significantly reduce the kinked morphology, defect
density, as well as surface coating around NWs as compared
with the ones obtained by the single-step method (ESI† Fig. S1).
The two-step grown InxGa1�xAs NWs are typically found to have
a length exceeding 10 mm and an average diameter of 30 nm

uniformly along the length of the NWs. In order to further
characterize the NWs grown by this two-step technique, high-
resolution TEM (HRTEM) was utilized to study the structural
properties of these NWs. As depicted in Fig. 1b and c,
a spherical catalytic seed is observed at the tip of a typical
NW, which confirms the VLS growth mechanism. The corres-
ponding FFT pattern further illustrates its single crystalline
zinc blende (ZB) structure and its preferential growth orienta-
tion in the h311i direction with no significant amount of
stacking faults or twin-plane polytypic defects in the samples.

The spacings between the adjacent lattice planes are found
to be 0.29 and 0.18 nm for {200} and {311} planes, respectively,
which are in good agreement with the results found before in
the previous study.32 Also, NW stoichiometry can be assessed
using the energy-dispersive X-ray spectroscopic (EDS) spectrum
as given in Fig. 1d. All of these indicate the good crystallinity of
NWs grown using this two-step technique. Moreover, to assess
the NW composition-dependent properties, InxGa1�xAs NWs
with different chemical stoichiometries of In and Ga have also
been synthesized by mixing InAs and GaAs powders in various
ratios as the precursor source. The chemical composition of
the obtained NWs could then be evaluated by using EDS
measurement, where they are found to be In0.22Ga0.78As,
In0.34Ga0.66As, and In0.43Ga0.57As (Fig. S2, ESI†). By carefully
adjusting the growth parameters, such as nucleation tempera-
ture, growth temperature, and growth time, the as-grown NWs
can have the desirable morphology in all composition ranges.
To shed light onto the photodetection properties of the
as-grown nanowires, field-effect transistor (FET) based photo-
detectors were fabricated by using Ni (B50 nm) source/drain
(S/D) metal contacts in a common back-gated configuration
(50 nm thermal oxide as the gate dielectric and heavily B-doped

Fig. 1 Morphology, crystal structure and elemental analysis of the two-step grown In0.51Ga0.49As NWs. (a) Scanning electron microscopy image; (b and c)
transmission electron microscopy image (inset of b shows the tip image; inset of c gives the Fast Fourier Transform pattern of the NW body, showing a zinc
blende structure with the h311i growth direction); and (d) energy dispersive X-ray spectroscopy spectrum.
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Si substrate as the gate) as shown in the illustrative device
schematic in the Fig. 2a inset. The electrical performance of a
representative FET, consisting of an individual two-step grown
In0.51Ga0.49As NW as the channel material with the diameter of
d B24 nm (NW diameter B26 nm with a B2 nm native oxide
shell) and a channel length of L B 2.64 mm, is shown in the
ESI† Fig. S3. The obtained n-type semiconducting behaviors
(i.e. output and transfer characteristics) of the NW devices were
consistent with previous work.31,32 Furthermore, the cost-effective
and efficient IR photodetection at room temperature is still a
technological challenge due to the lack of appropriate active
photosensing materials. Impressively, the fabricated InxGa1�xAs
NW photodetectors here have been proved with the efficient
photoconductive characteristics towards the short-wave IR regime
(i.e. optical communication region at 1550 nm). Fig. 2a displays
the corresponding current–voltage (I–V) characteristics measured
under various power intensities (i.e. 0.58, 1.42, 2.65 mW mm�2) of
1550 nm light irradiation, respectively, under a gate bias, Vgs, of
�1 V. The linear I–V relationship demonstrates the ohmic-like
contact behavior of the photodetector device, which favors the
photogenerated carrier collection even facing a risk of the oxida-
tion of Ni at the interface when using Ni as the electrodes. In this
way, the Ni oxidation effect could be neglected here, where Ni
metals are widely employed in many other NW devices.21,22,31–33

Based on the I–V characteristics, the excellent photoresponse
behavior of the device can be observed with various incident
intensities as the output current increases accordingly when the
illumination intensity increases. To further figure out the device
characteristics of these NW detectors, the relationship between
the photocurrent, Iph, (defined as the current difference between

the illuminated state and the dark state) and the intensity of light
is assessed and compiled in Fig. 2b. The dependence can be fitted
by the following sublinear relationship:

Iph = AFa (1)

where A and a are the fitting parameters and F is the light
intensity. After the fitting process, the value of a is estimated
to be 0.65, revealing the sublinear relationship between photo-
current and light intensity, which is often observed in metal-
oxide-based photoconductors because of the complex processes
of electron–hole generation, trapping and recombination in the
semiconductors.34,35 On the other hand, the photoresponsivity,
R, is another important parameter to assess the photodetector
performance, which can be expressed as:

R ¼ Iph

FS
(2)

where S is the active area of the photodetector. According to
eqn (1) and (2), R should be proportional to Fa�1, which is
shown in Fig. 2b. In this case, at a low incident intensity of
0.1 mW mm�2 and a source-drain bias, Vds, of 0.5 V, the value
of R is calculated to be 7300 A W�1. Based on these depen-
dences, several other key performance parameters, such as
external quantum efficiency (EQE) and specific detectivity (D*)
of the NW device can also be assessed. In general, these
parameters can be defined as:

EQE ¼ R
hc

el
(3)

D� ¼ R
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
S=2eIdark

p
(4)

Fig. 2 Photodetection properties of a typical In0.51Ga0.49As NW (1550 nm laser) grown using the two-step method. (a) Current–voltage curves under the
illumination intensity of 0.58, 1.42 and 2.65 mW mm�2, respectively. The inset shows the SEM image of the photodetector with the scale bar of 1 mm;
(b) photocurrent and responsivity as a function of the incident illumination intensity. (c) Photoresponse of the NW photodetector under the illumination
intensity of 2.65 mW mm�2. The chopped frequency is 0.1 Hz. (d) A high-resolution transient photoresponse of the device to illustrate the rise time and
decay time constants. In the panel b to d, the source-drain bias is 0.5 V. The gate bias is �1 V for all measurements.
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where h is Planck’s constant, l is the illumination wavelength,
e is the electronic charge, c is the velocity of light and Idark is the
dark current. Accordingly, the values of EQE and D* can be
determined to be 5.84 � 106% and 4.2 � 1010 Jones. Such
results show the excellent sensitivity of our devices for IR
photodetection. These measured performance parameters are
already comparable to those of the state-of-the-art arsenide-
based III–V NW photodetectors as listed in Table 1.

At the same time, it is also important to evaluate the
capability of InxGa1�xAs NW photodetectors to follow a fast
varying optical signal; therefore, time-resolved photocurrent
measurements were conducted by periodically modulating the
illumination cycle of the near-IR laser of 1550 nm. Explicitly,
Fig. 2c depicts the photocurrent trace of the device under a light
intensity of 2.65 mW mm�2 with a chopping frequency of
0.1 Hz at Vds = 0.5 V and Vgs = �1 V. It is obvious that the
efficient on–off switching behavior indicates the outstanding
reproducibility and stability of the NW device. The device
on- and off-state currents for each cycle shown here vary within
450 � 90 and 30 � 20 nA, respectively, within the noise level,
which suggests the stable optical reversibility over the mea-
sured time interval. The possible origins of the observed
fluctuations could be caused by the absorption/desorption of
surface molecules. The photocurrent values reveal that no
pumping or priming effects need to be considered for the
explored time scale. Furthermore, a digital oscilloscope was
connected to the measurement system in order to monitor and
capture the fast-varying photocurrent signals,39,40 which helped
to accurately evaluate the rise and decay time constants of the
device. Fig. 2d shows the high-resolution time-dependent
photocurrent response of the device at a chopping frequency
of 300 Hz. Evidently, a rise time of 480 ms and a decay time of
810 ms were obtained. Typically, we consider the time it takes
for the net photocurrent to increase from 10% to 90% (or
decrease from 90% to 10%) as the rise time (or decay time).
This efficient response in the hundreds of microsecond range
represents one of the fastest responses among all of the
arsenide-based NW IR photodetectors reported in the literature
(Table 1). The relatively fast response speed indicates the fast
generation and recombination process of electron–hole pairs
that occurred in the NWs when under illumination, which
could be attributed to the excellent NW crystal quality and
fewer surface states in contrast to those nanowires grown by
the single-step method. As compared to the conventional

single-step CVD that contains only one regular growth step,
the two-step approach has an additional nucleation step at a
higher temperature before the regular growth step. Regarding
the InxGa1�xAs NW system, this two-step method can signifi-
cantly reduce the kinked morphology, defect density, and
surface coating around NWs in contrast to the ones obtained
by the single-step method (ESI† Fig. S1). As shown in the ESI†
Fig. S4a, the time-resolved photocurrent measurement was also
performed for the device with the In0.51Ga0.49As NW channel
grown by the single-step method under a light intensity of
2.65 mW mm�2 and a chopping frequency of 0.04 Hz. The
photocurrent is observed to have a larger fluctuation and lower
value than those of the device with the two-step grown NW.
Notably, the photoresponse speeds are found to have the rise
and decay time constants of 160 ms and 230 ms, respectively
(ESI† Fig. S4b), being much slower as compared to the ones of
the two-step grown NW. As a result, it is witnessed that the two-
step grown InxGa1�xAs NWs possess much better optoelectro-
nic properties than those of single-step grown NWs due to the
superior NW crystal quality and fewer surface states.

As one of the ternary alloy NWs, the InxGa1�xAs NWs have
been proven to yield a uniform stoichiometric system that
can be synthesized using the facile growth method here.31,32

Hence, the bandgap of the NWs can be manipulated by simply
adjusting their chemical stoichiometry. In this case, it is
important to investigate the relationship between the composi-
tion of InxGa1 � xAs NW channels and the IR photodetector
performance. As presented in Fig. 3, Table 2 and Fig. S5 (ESI,†),
it is clear that the IR photoresponse of the NW devices would
enhance substantially when the In concentration of the NW
channel increases accordingly. This enhancement is mostly
attributed to the reduced bandgap as well as the improved
absorption coefficient under 1550 nm irradiation, where the
corresponding bandgap changes have been clearly illustrated in
the previous work.32 Also, according to the definition of current
density for an n-type semiconductor,

Iph ¼ nqmES (5)

where n is the electron density, m is the electron mobility, E is
the applied electric field and S is the cross-sectional area of a
NW.41,42 This way, as the In concentration of the NW increases,
the electron mobility would show the nearly monatomic
increase from Ga-rich devices (averaging B320 cm2 V�1 s�1)
to In-rich devices (averaging B2700 cm2 V�1 s�1);32 therefore,

Table 1 Comparison of performance metrics of single As-based nanowire IR photodetectors reported in the literature

Materials
Incident
wavelength (nm)

Responsivity
(AW�1)

Operating
temperature Dark current/bias voltage EQE (%)

Response
speed Ref.

GaAs 400–1200 — RT — — — 36
InAs 632–1470 5.3 � 103 RT B1 nA/2 V — — 20
InAsP 700–3500 5417 RT 0.2 mA/0.5 V 3.95 � 105 — 23
InGaAs 1100–2000 6.5 � 103 RT 144 nA/0.5 V 5.04 � 105 280 ms 30
GaAsSb 1100–1660 2.37 77 K-RT o100 nA/0.1 V — — 24
GaAsSb 1150–1550 1.7 � 103 RT — 1.62 � 105 60 ms 37
GaSb/GaInSb 780–2250 1 � 103 RT — 8.5 � 104 2 ms 15
InGaAs 1550 5.75 77 K — — — 38
InGaAs 1550 7.3 � 103 RT 900 nA/0.5 V 5.84 � 106 480 ms This work
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the photocurrent is anticipated to increase for the increasing
In concentration (Fig. 3). At the same time, the bandgap energy
of the In0.51Ga0.49As NW can be estimated from the absorption
spectrum by linear extrapolation of the absorption edge to zero
absorbance (ESI† Fig. S6). This absorption onset value is
observed to be very close to 1550 nm, further indicating the
appropriate bandgap energy value of In0.51Ga0.49As NWs for the
optimal photodetection under 1550 nm irradiation. As a result,
the In0.51Ga0.49As NWs are confirmed to be the ideal device
channel material as they give the best photoresponse properties
among all the different NW compositions.

In order to further demonstrate the feasibility of utilizing
these NW photodetectors for the large-scale device integration,
the well-established NW contact printing method33,43,44 has
been employed to fabricate InGaAs NW parallel array devices
in order to evaluate their photoresponse characteristics in
the 1550 nm regime (Fig. 4a inset and ESI† Fig. S7). The
In0.51Ga0.49As NWs grown via the two-step method are chosen
as the effective materials for the utilization of parallel arrayed
devices due to their enhanced photodetection properties dis-
cussed above. Typical I–V characteristics of the fabricated
photodetector under different light intensities (i.e. 0.08, 1.05

Fig. 3 Photodetection properties of the single InxGa1�xAs NW grown by the two-step method with different NW compositions (1550 nm laser).
(a) Current–voltage curves of InxGa1�xAs nanowire devices. (b) Transient response of the single InxGa1�xAs NW photodetector devices. The illumination
intensity is 2.65 mW mm�2 for all the measurements.

Table 2 The photodetection performance of InxGa1�xAs nanowire devices (1550 nm, 2.65 mW mm�2). EQE stands for external quantum efficiency

InGaAs photodetector (1550 nm) Responsivity (AW�1) EQE (%) Detectivity (Jones) Rise time (ms) Decay time (ms)

In0.51Ga0.49As 2084 1.67 � 106 1.2 � 1010 480 810
In0.43Ga0.57As 1248 9.93 � 105 7.2 � 109 490 780
In0.34Ga0.66As 748 5.95 � 105 4.31 � 109 510 850
In0.22Ga0.78As 372 2.91 � 105 2.05 � 109 530 870

Fig. 4 In0.51Ga0.49As NW parallel array devices. (a) Current–voltage curves under the different illumination intensities of 0.08, 1.05 and 2.45 mW mm�2,
respectively. The inset shows the corresponding scanning electron microscopy image of the device. The scale bar is 2 mm; (b) photocurrent
and photoresponsivity of the device as a function of the light intensity; (c) transient curve of the device with the modulated illumination (1550 nm,
2.45 mW mm�2); (d) high-resolution transient curve of the device with the modulated illumination (1550 nm, 2.45 mW mm�2).
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and 2.45 mW mm�2) are illustrated in Fig. 4a. It is obvious that
there is a linear relationship of the I–V curves exhibited from
the device, suggesting the ohmic contact property for the
efficient photogenerated carrier collection. On the other
hand, the output current increases with increasing intensity
accordingly. As depicted in Fig. 4b, the values of R and D* are
found to be about 4200 A W�1 and 1.6 � 109 Jones, respectively,
at a low incident light intensity of 0.08 mW mm�2 with the Vds

of 0.5 V. As compared with the single NW photodetector, these
R and D* values indicate a slight reduction in the photodetector
performance probably because of the improper alignment of
the NW arrays, NW-to-NW variation and breakage of NWs
within the device channel. In any case, the time-resolved
photoresponse of the NW parallel array device still gives the
reproducible switching on–off behavior. More importantly,
the ultrafast rise and decay time constants with the value of
580 and 710 ms, respectively, are observed for these NW parallel
array devices. All these findings suggest that once the NW
parallel array density and alignment are further optimized,
together with the channel length scaling, the device performance
of InGaAs NW parallel array photodetectors can be substantially
improved in the future.

Simultaneously, the photogain, G, of a photoconductor can
be estimated as the number of charge carriers passing between
the electrodes for each photon absorbed per second, where the
phenomenon can be described with the following relationship:

G = t/tr (6)

where t is the lifetime of photo-generated free carriers and tr is
the transit time of carriers between two electrodes. Since there
is always a high density of surface states that existed on the
NW surface due to the large surface-to-volume ratio and
unpassivated surface, the Fermi energy level of the NW can
be pinned at the surface forming a depletion layer. This layer
would result in the more effective separation of photogenerated
electrons and holes, and yield the longer lifetime of free
carriers.45 On the other hand, the transit time of InGaAs NWs
is found to be short owing to their high electron mobility. For
both reasons, the photoconductors made from InGaAs NWs
can obtain a high gain value here. As responsivity can also be
expressed with the relationship of G in the following:

R = e (Zl/hc)�G (7)

where Z is the quantum efficiency and the lifetime of photo-
generated free carriers, t, can be estimated from eqn (6) and (7).
This way, it can be rewritten as t = R (hc/Zl) (1/e) tr. Specifically,
considering a bias of 0.5 V, a channel length, L, of 3 mm and a
carrier mobility of 1000 cm2 V�1 s�1 in the current investigation,
the carrier transit time can be approximately calculated as
tr = L2/mVds = 2 � 10�10 s. Therefore, the photogenerated free
carrier lifetime, t, can be assessed as 1.2 ms by combining
eqn (6) and (7) at the wavelength of 1550 nm. In general, the
response time, t0, is determined mainly by the lifetime of
photogenerated free carriers, and can be expressed using the
equation t0 = (1 + pt/p)t, where pt and p are the trapped carrier
density and photogenerated free carrier density, respectively.

Therefore, based on the above calculated value of t, the
theoretical value of t0 can be estimated to be ~1.2 ms, which
is contradictory to our experimentally determined response
time (~500 ms). This is because the t value is obtained by
assuming that the quantum efficiency is 1 without any traps
of photogenerated carriers. However, the quantum efficiency is
known as the fraction of the incident optical power that
contributes to the electron–hole pair generation; this value is
usually far smaller than 1 due to the reflectance of light,
insufficient absorption of light resulting from the finite thick-
ness of NWs and anisotropic absorption of light arising from
the one-dimensional geometry, etc. In addition, there are often
many carrier traps for NWs obtained from their large surface-
to-volume ratio and unpassivated NW surface. As a result, the
response time on the order of hundreds of microseconds here
would be in a reasonable range from the estimation above.

Experimental
Nanowire growth

InGaAs NWs were synthesized on Si/SiO2 (50 nm-thick ther-
mally grown oxide) wafer pieces in a two-zone furnace using a
chemical vapor deposition method. InAs (99.9999% purity) and
GaAs (99.9999% purity) powders were mixed in a designated
ratio and loaded into a boron nitride crucible in the upstream
of the furnace. The growth substrate, deposited with a 0.5 nm-
thick Au film in the thermal evaporator, was positioned in
the downstream. H2 (99.9995%) was used as the carrier gas
to transport the evaporated source materials to the growth
substrate. The temperature in the downstream was first
elevated to 800 1C and remained at that temperature for
10 min in order to anneal the Au catalyst. For the single-step
growth method, the temperature was then cooled directly to the
growth temperature (B15 min after the annealing stopped).
Then, the upstream zone was started to be heated. When the
source temperature reached the designated value, the growth
began. For the two-step growth method, the substrate tempera-
ture was first cooled to the nucleation temperature (B10 min after
annealing) when the source temperature started to elevate.
When the source temperature reached the designated value, the
nucleation step began. After 11 min, the downstream was stopped
with the heating and started to cool again to a second step growth
temperature (approximately 68 min after the heating stopped).
During the growth, the flow rate of H2 was maintained at 100 sccm
and the corresponding pressure downstream is B1 torr. The
grown nanowires were taken out of the furnace after the system
was cooled naturally to room temperature. To synthesize
InxGa1�xAs NWs with different chemical stoichiometries, InAs
and GaAs source powders in various mixture ratios (1 : 1, 1 : 3, 1 : 9,
and 1 : 14 in wt%) were loaded in a boron nitride crucible. The Au
thin films with the nominal thickness of 0.5 nm were used as the
catalysts for all the NW growth. Considering the different evapora-
tion velocities of source powders, different source and growth
temperatures were used for each mixture ratio. The details are
listed in the ESI† Table S1.
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Device fabrication

After CVD growth, the InGaAs NWs were first harvested by
sonication in the high-purity anhydrous ethanol solution. Then,
the InGaAs NW field-effect-transistors (FETs) were fabricated
based on the global back-gated configuration. To be specific,
the obtained NW suspension was randomly drop-casted onto
the pre-cleaned highly boron doped Si(100) wafer pieces with a
resistivity of 0.001 to 0.005 O cm with a 50 nm thick thermally
grown gate oxide. The sample was then spin-coated with LOR and
AZ5206 photoresist, exposed to ultraviolet light and underwent
development. After delineating the source and drain patterns,
a 50 nm-thick Ni film was thermally deposited as the contact
electrode followed by a lift-off process.

For the NW parallel array devices, the NW arrays were first
printed onto the device substrate as reported elsewhere.44 The
processed substrates were then spin-coated with LOR and
AZ5206 photoresist through the standard lithography steps,
followed by Ni electrode deposition and the lift-off process as
mentioned above.

Material and device characterization

All material characterizations were performed on the NWs
obtained in the 0–1 cm region of the growth substrates so that
a consistent study could be established. Surface morphologies
of the grown NWs were examined using a scanning electron
microscope (SEM, FEI/Philips XL30 ESEM-FEG). High-resolution
transmission electron microscopy (HRTEM) image of the NWs
was observed using a JEOL 2100F transmission electron micro-
scope. The composition of the NWs was determined using an
energy dispersive X-ray spectroscopy (EDS) detector attached to
the JEOL 2100F. During the EDS measurements, around thirty
NWs were randomly chosen as candidates for the EDS point scan
in the NW body. All photodetector measurements were performed
by using a standard probe station with an Agilent 4155C semi-
conductor analyzer (Agilent Technologies, Santa Clara, CA, USA)
coupled with a 1550 nm laser as the light source whose power was
measured by a power meter (PM400, Thorlabs).

Conclusions

In summary, InxGa1�xAs NWs with the controllable stoichio-
metry and excellent crystallinity have been successively fabri-
cated by a two-step chemical vapor deposition (CVD) method.
By configuring them into photodetectors, the photoconducting
property of InGaAs NWs towards IR irradiation can be thor-
oughly studied. It is observed that the two-step CVD grown
InxGa1�xAs NWs possess much better optoelectronic properties
as compared with those of the single-step grown NWs due to
the enhanced NW crystal quality and the fewer surface states.
On the other hand, when the In concentration increases,
the bandgap energy of the NWs can be manipulated for the
enhancing photodetector characteristics. Once the x value is
increased to 0.51, the optimal NW photodetection performance
towards 1550 nm irradiation occurs. Importantly, high-
performance IR photodetectors can be constructed based on

the large-scale NW parallel arrays, which indicates the promising
potential of crystalline InGaAs NW arrays for next-generation
optoelectronics.
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