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ABSTRACT In this work, single-crystalline p-type Cd;P,
nanowires (NWs) were synthesized on a (d sheet via a facile
chemical vapor deposition method. Then field-effect tran-
sistors and high-performance photodetectors were fabri-
cated based on these NWs. It was found that hole mobility
of a pristine Cd;P, NW is around 2.94 cm? V' s~ ',

Meanwhile, high responsivity and photoconductive gain
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were observed on these devices across a broad spectral

range covering UV—visible to NIR with high stability and
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reproducibility. Furthermore, hybrid organic—inorganic n-type phenyl-C61-butyric acid methyl ester (PCBM) and p-type Cd;P, NW heterojunction

photodetectors were also fabricated, exhibiting much improved photocurrent and photoconductive gain, as compared to the device made of pristine CdsP,

NWs. Intriguingly, the flexible hybrid photodetectors have been fabricated on plastic substrates and characterized under various bending conditions,

demonstrating their excellent flexibility and robustness. The high performance and flexibility of the hybrid photodetectors are promising for further

applications requiring large-area, high-sensitivity, and high-speed photodetectors with broad-spectrum photoresponse.
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ne-dimensional (1D) semiconduct-
Oing NWs have attracted much at-

tention in the past decades due to
their high aspect ratio, large surface-to-
volume ratio, and surface with dangling
bonds that can be modified and functiona-
lized. These properties triggered enormous
interest to utilize them as building blocks for
novel nanoscale devices, e.g. field-effect tran-
sistors (FETs), chemical/biosensors, lithium-
jon batteries, solar cells, and photodetectors.' '
Recently, 1D semiconducting NW-based FET
photodetectors have been proved highly
responsive to broadband light from ultraviolet—
visible to near-infrared,?>~?* which makes
them potentially applicable for optical
communication, optical interconnects, and
high-resolution image sensing techni-
ques.?>~?® Typically, narrow band gap
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materials are responsive to broad-spectrum
light. In fact, cadmium phosphide (CdsP,),
as an important lI-V group compound
semiconductor, has a small band gap of
0.55 eV, thus is a potential material that
can respond to light with wavelengths up
to 2.2 um. Despite the extensive research
on the growth and optical properties of
CdsP, nanostructures with different mor-
phologies,?® 3¢ studies on CdsP, NWs syn-
thesis and its applications in electronic and
optoelectronic devices, especially UV—
visible—NIR photodetectors, have rarely
been reported.

In this work, synthesis of single-crystalline
CdsP, NWs on Cd foil via a facile chemical
vapor deposition (CVD) method is reported.
High-performance p-type single CdsP, NW
devices were fabricated as photodetectors
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Figure 1. (a) SEM image, (b) TEM image, and (c) HRTEM images of as-synthesized CdsP, NWs. Inset shows a single CdsP, NW.
(d) I4s versus V4 curves measured at room temperature with gate voltages from —10to 10 Vata step of 4 V. (e) Corresponding

lys versus Vg curves of the device at Vg, = 10 V.

for the first time, followed by systematic investigation
of their optoelectronic properties. Furthermore, by
utilizing n-type phenyl-C61-butyric acid methyl ester
(PCBM) and p-type CdsP, NWs as the components, the
hybrid PCBM:single CdsP, NW photodetectors were
successfully fabricated on a rigid SiO,/Si substrate and
a flexible PET substrate, respectively, demonstrating
largely improved photocurrent and photoconductive
gain. These results indicate that the hybrid PCBM:CdsP,
NW photodetectors are highly promising candidates
for further applications requiring large-area, high-
sensitivity, and high-speed photodetectors with broad-
spectrum photoresponse.

RESULTS AND DISCUSSION

Synthesis and Structural Analysis. Figure 1a shows the
typical scanning electron microscopy (SEM) image of
the as-grown CdsP, NWs. The Cd foil was found
densely covered with a large number of CdsP, NWs
with lengths of several tens to hundreds of micro-
meters and diameters in the range 50—250 nm. The
composition of the CdsP, NWs was detected by
energy-dispersive spectrum (EDS) measurements,
and the corresponding spectrum is shown in

Figure S1. It suggests that the NW is composed of
Cd and P elements with an atomic ratio close to 3:2,
and no other impurity elements are identified within
the detection limit of EDS, which evidences the
formation of pure CdsP, product. Figure 1b shows
the transmission electron microscopy (TEM) image of
a single CdsP, NW with a diameter of 50 nm. The
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high-resolution TEM (HRTEM) image taken from
the CdsP, NW in Figure 1b is shown in Figure 1c,
which demonstrates its single-crystalline nature. The
two sets of lattice fringes along and perpendicular
to the longitudinal axis of the NW are 0.87 and
0.71 nm, respectively, corresponding to the (010)
and (101) planes of tetragonal structure of CdsP,,3*
indicating the growth direction is parallel to the
(010) plane.

Electronic Transport and Photoresponse Properties of a Single
Cd;P, NW. In order to study the electronic transport
properties of the Cds;P, NWs, FETs based on a single
CdsP, NW were fabricated on 500 nm SiO, coated
Si substrate. Figure 1d displays the source—drain
current (ly4s) versus source—drain voltage (Vys) curves
measured at different gate voltages (V4s) from
—10 V to +10 V. From these curves, it can be seen
that the conductance of the device progressively
decreases with increased Vg, revealing the typical
p-type semiconductor behavior. The source—
drain currents (/ys) versus gate voltage (V) curve
at a given Vg4, = 10 V was also measured, and the
result is depicted in Figure 1e, which also shows
decreased Iy when increasing Vg, with a clear turn-
ing off at around —24 V (V1 = —24 V). In fact, the
on—off ratio was found to be about ~10%. Mean-
while, the transconductance (g,,) can be deduced
from the linear regime of the Iy—Vgys curve via
the equation

g = dlgs/dVgs (1)
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Figure 2. Photoresponse properties of the single CdsP, NW photodetector on a rigid SiO,/Si substrate. (a) Schematic
illustration of a single NW photodetector. (b) /—V curves of the device measured at room temperature in the dark and under
illumination with green light (520 nm) of different intensities. The inset is a SEM image of the device. (c) Photocurrent versus
light intensity plot at a bias of 2 V, with a power law dependence of | ~ P®7¢, (d) Photoconductive gain versus light intensity
obtained at a bias of 2 V. (e) Photocurrent versus time plot of the single NW photodetector under illumination with green light
(520 nm) at a bias of 2, 4, and 8 V. The light intensity was 2.52 mW/cm?. (f) Photocurrent rise of the device at different bias voltages.

which is calculated to be 76.8 nAV ™", The field-effect
hole mobility u,, thus can be calculated from the
equation

Un = Gml?/(VasC) )

where L (3.92 um) is the NW length in the electrode
channels and G is the capacitance of the back gate,
which can be estimated from the equation

Ci = 2megesl /In(2h /1) 3)

where h (500 nm) is the thickness of the dielectric
SiO, layer, r (120 nm) is the NW radius, &, is the
vacuum dielectric constant (¢ = 8.85 x 10~ '2 F/m),
and & is the relative dielectric constant of SiO, (g5 =
3.9). Eventually, the capacitance C; and field-effect
hole mobility u, can be calculated as 4.0 x 107 '° F
and 2.94 cm? V™' s, respectively.
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With a narrow direct band gap of 0.55 eV, the CdsP,
NWs can in principle respond to ultraviolet, visible, and
near-infrared light. In our work, photoresponses of the
CdsP, NW FETs were characterized systematically.
Figure 2a is the schematic illustration of a single
CdsP, NW photodetector for photoresponse measure-
ments under light illumination. A typical SEM image of
the device is shown in the inset of Figure 2b. As shown,
two Cr/Au (10 nm/100 nm) electrodes were deposited
on both ends of the NWs, and the uncovered part of
the NW was exposed to the irradiated light. The
diameter of the CdsP, NWs and gap between two
adjacent electrodes were about 240 nm and 8 um,
respectively. A monochromatic light was vertically
shone on the device, and the corresponding photo-
response characteristics was recorded. The current—
voltage (I—V) curves of the device have been measured
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in the dark and under illumination with 520 nm light at
different power intensities from 0.34 to 2.52 mW/cm?,
as shown in Figure 2b. It can be observed that, at the
same voltage, the light current increases gradually with
the increased light intensities. A high current of
~51.6 nA was recorded at an applied voltage of 2 V
when the device was illuminated with 520 nm visible
light at a power intensity of 2.52 mW/cm?, while the
dark current was only ~11.9 nA, the light current
demonstrating the ultimately high sensitivity of the
individual CdsP, NW photodetector.

Figure 2c depicts the dependence of the photo-
current on light intensities at a bias voltage of 2 V. Note
that here the photocurrent is defined as the increment
of the current caused by light illumination, namely, the
difference between light current and dark current. The
relationship can be fitted by the power law | ~ P°7¢,
where | is the photocurrent and P is the incident light
power intensity. Meanwhile, the photoconductive gain,
which is defined as the number of charges collected by
electrodes due to excitation by one photon, is also a
key factor to reflect the sensitivity of photodetectors,
and it can be expressed as G = (I/P)(hv/e),>” where v is
the frequency of the incident photon and e is the
elemental electronic charge. The photoconductive
gain versus light intensity of the CdsP, NW has been
obtained at a bias voltage of 2 V and is plotted in
Figure 2d. It can be seen that the highest photocon-
ductive gain is 5029 for an intensity of 0.34 mW/cm?,
while higher intensity light leads to lower gain. This
interesting behavior can be explained as follows. In
general, it is known that surface band bending and
space charge region in a NW can lead to high photo-
conductive gain.** However, the number of photo-
generated carriers is increased when the device is
irradiated under monochromatic visible light with in-
creased power intensity. This can lead to flattening of
the band bending, a weakened electron—hole pair
separation capability, and a lower photoconductive
gain. In addition, at high photon flux, carrier bimole-
cular recombination is also possible, which can con-
tribute to shortening of carrier lifetime as well.****
Nevertheless, the above result has shown that the
Cd3P, NW photodetector can achieve high sensitivity
and performance for a low-intensity optical signal. This
is a particularly attractive attribute for low-power
optoelectronic applications. Figure 2e displays the
photocurrent transient measurement by periodically
turning on and off 520 nm light with a power intensity
of 2.52 mW/cm? at different applied voltages (2, 4, and
8 V). It can be seen that at the identical light intensity
the saturated photocurrent increases when the ap-
plied voltage is elevated. Meanwhile, under the same
applied voltage, the photocurrent increases rapidly
and reaches steady state at the “ON” state upon light
illumination and then decreases quickly to the “OFF”
state after the light is turned off, suggesting the
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Figure 3. Spectral photoresponse of a single Cds;P, NW
device at different wavelengths from 300 to 1300 nm. The
inset is the wavelength dependence of the photocurrent
measured at a bias of 5 V.

excellent stability and reproducibility of the device.
Specifically, the rise time at various applied voltages is
shown in Figure 2f and estimated to be 0.1, 0.09, and
0.11 s, respectively. Furthermore, the responsivity (R;)
of the device has been calculated. As one of the
important figures-of-merit of a photodetector, R; can
be defined as R; = I/PS,*®3° where [ is the photocurrent,
Pis the incident lightintensity, and S is the NW effective
illuminated area. For the single Cds;P, NW device
shown in Figure 2, | = 40.2 nA under 2 V bias, and S =
1.23 um?. Based on these values, the R; of the photo-
detector irradiated by 520 nm light at 2.52 mW/cm? is
1296.9 A/W at a bias voltage of 2 V. Furthermore, the
spectral photoresponse of the single Cd3;P, NW device
has been achieved, as shown in the inset of Figure 3
(and Figure S2a), which covers the wavelength range
from 300 to 1300 nm. As a result, the responsivity
spectrum has been obtained, as shown in Figure 3. It
clearly shows that the responsivity of this device
ranges from 1.4 x 10% to 5.9 x 10* A-W ™' with the
aforementioned wavelength range, showing a broad-
band photodetection characteristic. Note that the
responsivity spectrum differs from the photocurrent
spectrum, due to the wavelength-dependent intensity
of the incident light, as shown in Figure S2b. It is known
that noise equivalent power (NEP) is also one of the key
figures-of-merit of a photodetector, which actually
reflects the lowest optical power that a photodetector
can respond to when the signal-to-noise ratio is 1.
Typically, NEP = (7'2/R)(W),>® where 2'/? is the noise
current root-mean-square (RMS) and R is the respon-
sivity. According to the time-domain photocurrent
measurement shown Figure S3 for 500 nm wave-
length, the calculated RMS noise current is around
339 pA. Meanwhile, responsivity can be obtained from
Figure 3 as 2682 A/W. Therefore, the NEP of the device
for 500 nm wavelength can be estimated as 1.3 x
107" W (~0.13 pW). However, in practice, NEP is
measured with the bandwidth (BW) of a photodetecor,
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Figure 4. Photoresponse of a PCBM:CdsP, NW hybrid photodetector on a rigid SiO,/Si substrate. The hybrid device was
characterized at the same condition that was used for a pristine Cd;P, NW photodetector. (a) Schematic illustration of the
hybrid photodetector. (b) /I—V curves of the hybrid photodetector measured at room temperature in the dark and under
illumination with green light (520 nm) of different intensities. (c) Photocurrent versus light intensity plot at a bias of 2 V. The
corresponding function is I ~ P°*'. (d) Photoconductive gain versus light intensity plot at a bias of 2 V. Inset shows the band
diagram of this hybrid photodetector. (e) Photocurrent versus time plot of the device under illumination with green light
(520 nm) at a bias of 2, 4, and 8 V. (f) Single light on/off cycle transient response of the device at a bias of 2 V with a light

intensity of 2.52 mW/cm?,

namely, NEP* = NEP x (BW)™"/2°¢ Since the BW of a
photodetector can be calculated from the transient
response, BW = 2.2/(2xty), where 74 = 3.2 s from
Figure 2f is the decay time.>® Therefore, BW = 0.11 Hz
and NEP%,0,m = 3.9 x 107> W/(H2)""? or 0.39 pW/(Hz)"?,
which is comparable to the commercial Si photo-
detector (Newoport, model 918D-UV-OD3R) with an
NEP of 045 pW/(Hz)"”2. However, photodetectors
made of wide band gap materials, such as GaAs
(Newoport, model 818-BB-45), InP,** and GaN,>> can
have NEPs as low as 0.02—0.06 pW/(Hz)""?, due to much
lower band-to-band noise.>®

PCBM:Cd3;P, NW Photodetectors on a Rigid Silicon Substrate.
Recently, organic—inorganic hybrid photodetectors
have drawn considerable attention due to the fact that
they can combine the merits of an organic semicon-
ductor, such as large-scale production process, with
low cost, easily tunable functionality, and exceptional
mechanical flexibility, and those of the inorganic
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material, including superior intrinsic carrier mobility
and broad-spectrum absorption capability. Therefore,
hybridizing organic and inorganic materials may lead
to high-performance devices with versatile functions
and excellent flexibility.*' In our work, in order to
fabricate the hybrid organic/inorganic device, the
CdsP, NWs in the same photodetector shown in
Figure 2 were directly coated with a layer of PCBM.
The schematic illustration of the hybrid device is shown
in Figure 4a. Figure 4b shows the |-V characteristics of
this hybrid photodetector under irradiation of various
power intensities. It can be conspicuously seen that the
device current increases gradually as the light intensity
increases. Figure 4c is the photocurrent versus light
intensity plotted at a bias voltage of 2 V, and the
corresponding power law fitting is / ~ P*4". Meanwhile,
the photoconductive gain versus light intensity in
Figure 4d was measured at a bias of 2 V. Similar to
Figure 2d, the photoconductive gain decreases as the
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Figure 5. Photoresponse of PCBM:Cd3P2 NW photodetectors on a flexible PET substrate. (a) Schematic illustration of the
hybrid photodetector. (b) IV curves of the hybrid device in the dark and under 520 nm light irradiation with various power
intensities. Inset shows the SEM image of the device. (c) Photocurrent versus light intensity curves of the device at an
excitation wavelength of 520 nm and bias voltage of 2 V. The solid line shows a fitting of the power law | ~ P*%, (d) Single
on/off cycle transient response of the device under illumination with green light (520 nm) at a bias of 2, 4, and 8 V, respectively.
The light power intensity was 2.52 mW/cm? for the above measurements.

light intensity increases due to the same reason stated
before. It is worth noting that at the light intensity of
0.34 mW/cm? the photoconductive gain of the hybrid
device is close to 10000, which is about twice that of
the pristine CdsP, NW photodetector (Ricq3pz = 5029).
This fact clearly shows the advantage of the hybrid
CdsP,/PCBM structure. The time domain measurement
of the hybrid photodetector was also conducted by
periodically turning a 520 nm light on and off at
different applied voltage (2, 4, and 8 V), as shown in
Figure 4e. Compared with the pure CdsP, NW photo-
detector on the SiO,/Si substrate (shown in Figure 2),
the hybrid device has both higher dark current and
photocurrent. The higher dark current may originate
from the lower contact resistance, which is caused by
the larger contact area of the hybrid device with the
electrodes.”* Meanwhile, it was also found that PCBM
made a marginal contribution to the dark current,
which will be further discussed later. Figure 4f shows
the more detailed transient photocurrent of this hybrid
device, which shows that the rise and decay time are
around 0.1 and 2.4 s, respectively.

The above results indicate that the hybrid device on
a rigid SiO,/Si substrate has an excellent stability, repro-
ducibility, and fast detection time. More importantly, it
shows much improved photocurrent and photocon-
ductive gain. This fact can be rationalized as follows.
It is known that, due to the high surface-to-volume
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ratio of NWs, surface trapping would drastically influ-
ence the carrier transport and photoconduction prop-
erties. For a p-type NW device, upon illumination with a
photon energy above the band gap of CdsP,, electron—
hole pairs are generated and electrons can be readily
trapped at the NW surface, leaving unpaired holes
behind. This process not only results in an increase of
the hole concentration and the increase of the photo-
conductivity but also suppresses electron—hole pair
recombination due to the spatial separation of them.**
Particularly for the PCBM:CdsP, hybrid device, due to
the fact that CdsP, has a relatively low electron affinity
of 4.0 eV,”" while PCBM has a LUMO level at around
4.3 eV,*? the possible band alignment can be schemati-
cally plotted as the inset of Figure 4d. In this scenario,
the photoexcited electrons can be readily transferred
to PCBM, leaving holes in the CdsP, nanowire for
photoconduction. This unique configuration further
improves the efficiency of spatial separation of electron—
hole pairs, leading to a higher photocurrent and
prolonged photocarrier lifetime. In fact, long photo-
carrier lifetime has been identified as the origin of high
photoconductive gain previously.** This can also ex-
plain the higher photoconductive gain of the hybrid
PCBM:CdsP, nanowire photodetector than that of the
pristine CdsP, nanowire photodetector. On the other
hand, as the photoconductivity of pure PCBM may
affect the device performance, photoresponse
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characteristics of the device made from pure PCBM are
also studied and shown in Figure S4 in the Supporting
Information. Notably, the dark current (about 0.5 nA) in
the pure PCBM device at an applied voltage of 2 V is
much lower than that of a single CdsP, NW (about
11.9 nA) and hybrid device (about 14 nA) at the same
condition. The result is in agreement with a previous
hybrid device based on a PsHT:PCBM blend.*® Mean-
while, for the pristine PCBM device, the photocurrent of
520 nm light illumination was relatively low and about
3.9 nA, which is much lower than the photocurrent of a
single NW device (51.6 nA, shown in Figure 3e) and the
hybrid device (65.5 nA, shown in Figure 4e). This can be
explained by much lower carrier mobility in PCBM
(021 cm?/(V s)) as compared with that in CdsP, NWs.
These results imply that the performance enhancement
of the hybrid device is primarily contributed by forma-
tion of the junction interface and the favorable alignment
of the conduction band to prolong the carrier lifetime.

Flexible PCBM:Cd;P, NW Photodetectors. Due to the fast
development of portable and flexible electronics, flex-
ible sensors and detectors are in urgent need. In this
work, flexible PCBM:CdsP, NW hybrid devices have
been fabricated on a PET plastic substrate. The sche-
matic illustration of a PCBM:single CdsP, NW hybrid
deviceis shown in Figure 5a. The Cr/Au (10 nm/100 nm)
electrodes are deposited on an individual NW dis-
persed on a flexible PET substrate. Figure 5b plots the
I—V curves of the hybrid device measured in dark and
under illumination with a green light (520 nm) with
various different intensities, respectively. It can be
observed from Figure 5c that the photocurrent in-
creases gradually with light intensity when the same
voltage of 2 V is applied, demonstrating a power law
of | ~ P*5, As shown in Figure 5d, the flexible hybrid
device exhibited reasonable sensitivity and stability to
visible illumination with a current on/off ratio of 4.5,
7.6, and 15.3 for the applied voltage of 2,4,and 8 V. The
trend of these results is in agreement with that of the
hybrid photodetector on a rigid SiO,/Si substrate
(Figure 4) and a pristine CdsP, NW photodetector on
a flexible PET substrate (Figure S5).

In addition, it can be seen from Figure 5d that such a
hybrid photodetector exhibited a dark current of 10.6 nA
and photocurrent of 35 nA at 2 V bias. It is also found
that, compared with the hybrid photodetector on a
rigid substrate (shown in Figure 4e), the flexible hybrid
photodetectors usually have a lower photocurrent,
which may be related to the worse contact between
the material and flexible PET substrate. However, as
shown in Figure 5d and Figures S4 and S5, the photo-
current (35.5 nA) of the flexible hybrid device is usually
higher than that of the pure CdsP, NW photodector
(15.8 nA) on aflexible PET or pure PCBM device (3.5 nA),
which also indicates the enhanced photoresponse
characteristic of the flexible hybrid device. These results
are also in accordance with the previous report of the
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Figure 6. (a) I—V curves of the flexible hybrid devices under
green light illumination before bending and (b) after 20, 40,
60, 80, 100, and 120 cycles of bending. (c) Current of the
flexible hybrid photodetectors bent with various curvatures
under a bias voltage of 2 V. The upper insets are the
corresponding photographs of the device under five bend-
ing conditions.

hybrid organic—inorganic photodetectors.*>**=>° To

further study the broad-spectrum detection property
of the organic—inorganic hybrid photodetectors and
compare with that of the device fabricated on the rigid
substrate, the photoresponse characteristics of both
SiO,/Si and PET devices were studied under three
different wavelengths of light (980, 633, and 350 nm),
which are in the range of NIR—visible—UV and shown
in Figure S6a,c,e for the SiO,/Si device and Figure S6b,d,f
for the PET device. From these data, it can be clearly
observed that both SiO,/Si and flexible PET devices
exhibit a fast, reversible, and stable photoresponse
under the three wavelengths of light by periodically
turning on or off the light illumination at a bias voltage
of 2 V. The two kinds of hybrid photodetectors on SiO,/Si
and flexible PET substrates have a similar photore-
sponse, and both show a good sensitivity to a broad-
spectrum range light.

VOL.8 = NO.1 = 787-796 = 2014 A@@LNM

WL

N

N

"\
N O

WWwWW.acsnano.org

793



In order to investigate the electrical stability of
such a flexible hybrid photodetector, the photo-
response of the device was also measured under
different curvatures, as shown in Figure 6. In this
measurement, the flexible hybrid device was first
fixed onto two X—Y mechanical stages. By adjusting
the distance between two adjacent stages, the bend-
ing curvatures of the device can be controlled.
Figure 6a and b show the /—V curves of the flexible
hybrid devices before and after bending for different
cycles acquired with 520 nm wavelength illumina-
tion at 2.52 mW/cm? intensity. From the curves, it can
be seen that, compared with the conductance of the
flexible hybrid devices without bending (Figure 6a),
the conductance of the device remained almost
constant even after 20, 40, 60, 80, 100, and 120 cycles
of bending, indicating the excellent folding toler-
ance of the flexible PCBM:Cd3P, NW hybrid device. In
addition, the electrical current flow through the
flexible hybrid device was marked at five different
bending conditions, labeled as I, II, 11, 1V, and V in the
upper insets in Figure 6c. It can be observed that the
current nearly kept unchanged at a fixed voltage of
2 V, revealing the fact that the conductance of the
device is hardly influenced by bending stress. This
result demonstrates excellent mechanical flexibility

METHODS

Synthesis and Characterizations of (d;P, NWs. CdsP, NWs were
prepared by a chemical vapor deposition process in a conven-
tional horizontal furnace with a 25 mm inner diameter quartz
tube. InP powder (99.999%, Aldrich) and Cd foil (length 4 cm x
width 1 cm x thickness 0.1 cm, 99.99%) were used as the source.
In a typical process, 0.3 g of InP powder was placed in the center
heating zone of the furnace. A piece of precleaned Cd foil was
then placed at the downstream position ~15 cm away from the
InP powders as the target substrate for NW growth. Prior to
heating, the furnace was first pumped to clean the remaining
air. Then, the system was rapidly heated to 900 °C with a rate of
30 °C/min and maintained at this temperature for 2 h. High-
purity Ar at a constant flow rate of 100 sccm (standard cubic
centimeters per minute) was admitted in as the protecting
medium and carrier gas. After reaction, the furnace was cooled
to room temperature naturally. Then a gray-black wool-like
product was found deposited on the Cd foil. The as-synthesized
product was collected for characterizations by field-emission
scanning electron microscopy (Hitachi S4800) equipped with an
energy-dispersive X-ray spectrometer and transmission elec-
tron microscopy (JEOL JEM-3000F), respectively.

Fabrication of Single (d;P, NW Photodetectors and Hybrid PCBM:Cd;P,
Photodetectors on a Rigid and Flexible Substrate. The as-grown CdsP,
NWs were removed by sonication from the Cd foil and subse-
quently dispersed in 2-propanol, which was then dropped on a
thermally oxidized Si substrate covered with a 500 nm SiO, layer
and flexible PET substrate. The Cr/Au (10/100 nm) electrodes
were patterned on top of the NWs using conventional photo-
lithography, thermal evaporation, and a lift-off process. For the
as-fabricated FETs, the underlying silicon substrate acted as the
back gate. To prepare the hydrid device, PCBM (15 mg) was first
dissolved in 1 mL of chloroform, and then the solution was
dropped on the prepared CdsP, NW devices. For comparison,
photodetectors based on pure PCBM film (0.1 mL) were also
prepared via a similar process.

CHEN ET AL.

and electrical stability of the flexible PCBM:Cd;P,
hybrid device.

CONCLUSIONS

In conclusion, single-crystalline CdsP, NWs were
synthesized via a CVD method to fabricate high-
performance NW photodetectors with broad-spectrum
response ranging from UV to infrared regions. It was
discovered that the as-grown CdsP, NWs exhibited
typical p-type semiconductor behavior with an elec-
tron mobility of 2.94 cm? V~' s~ and a broad-spectrum
detection ranging from UV—visible to NIR (300 to
1300 nm) with high photoconductive gain, responsiv-
ity, stability, and reproducibility. Intriguingly, our in-
vestigation has shown that by coating a layer of PCBM
on the CdsP, NW device to form a hybrid organic/
inorganic device configuration, device performance,
especially photoconductive gain, can be largely im-
proved, due to the more efficient photocarrier separation
and prolonged carrier lifetime. Meanwhile, the hybrid
photodetectors have also been fabricated on plastic
substrates, demonstrating excellent flexibility and good
electrical stability. These results have shown that p-type
CdsP, NWs have a great potential for further applications
in large-area, high-sensitivity, and high-speed photode-
tection with a broad spectral photoresponse.

Electronic Transport and Photoresponse Measurements. The electric
and photoresponse properties of the devices were measured using
a four-probe station connected to a semiconductor characteriza-
tion system (Keithley 4200-SCS). The spectroscopic responses were
recorded by measuring a dc current at different wavelengths, from
300 to 1300, by using a xenon lamp (300 W). The incident power of
the light was measured using an Ophir NOVA power meter. All
measurements were performed in air and at room temperature.
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