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ABSTRACT: Organic/inorganic hybrid devices are promising candidates for high-
performance, low-cost optoelectronic devices, by virtue of their unique properties.
Polycrystalline/amorphous organic films are widely used in hybrid devices, because
defects in the films hamper the improvement of device performance. Here, we report
the construction of 2,4-bis[4-(N,N-dimethylamino)phenyl]squaraine (SQ) nanowire
(NW)/crystalline Si (c-Si) p−n heterojunctions. Thanks to the high crystal quality of
the SQ NWs, the heterojunctions exhibit excellent diode characteristics in darkness. It
is significant that the heterojunctions have been found to be capable of detecting
broadband light with wavelengths spanning from ultraviolet (UV) light, to visible (Vis)
light, to near-infrared (NIR) light, because of the complementary spectrum absorption
of SQ NWs with Si. The junction is demonstrated to play a core role in enhancing the
device performance, in terms of ultrahigh sensitivity, excellent stability, and fast
response. The photovoltaic characteristics of the heterojunctions are further
investigated, revealing a power conversion efficiency (PCE) of up to 1.17%. This
result also proves the potential of the device as self-powered photodetectors operating at zero external bias voltage. This work
presents an important advance in constructing single-crystal organic nanostructure/inorganic heterojunctions and will enable
future exploration of their applications in broadband photodetectors and solar cells.
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■ INTRODUCTION

Photodetectors are a type of optoelectronic device for sensing
light; they have found broad applications in consumer
electronics, industrial security, space exploration, and the
military.1 It would be of great interest to make those
photodetectors broadband for innovative applications. For
example, broadband photodetectors could be loaded in a
spectrometric analyzer so that one photodetector can detect
light over a spectrum, from ultraviolet (UV), to visible (Vis), to
infrared (IR). Crystalline silicon (c-Si) remains the dominant
material for photodetector applications, such as charge-coupled
devices (CCDs),2,3 because of its high electronic mobility,
which endows the devices with high sensitivity. However, its
inherent properties, such as no absorption in the UV−IR band
and low absorption coefficient in the Vis regime, make it
incapable for use in broadband photodetectors. Notably, one-
dimensional (1D) single-crystal organic nanostructures have
attracted increasing interest, because of their tunable optical
and electronic properties via molecular design. Their successful
applications in photodetectors,4−8 field-effect transistors
(FETs),9,10 and photovoltaics11 makes them ideal building
blocks for the next generation of high-performance electronic
and optoelectronic devices. Among them, photodetectors based
on small-molecule organic nanostructures have drawn particular

attention, because of their much broader response spectra,
compared to their inorganic counterparts, as well as their
significantly higher sensitivity than that of their bulk and film
materials.6 They would find important applications in
imaging,12 optical communication,13,14 and memory stor-
age.15−17 However, the improvement of the device performance
is still hindered by the intrinsic low charge carrier density and
low efficient carrier separation in organic materials.4−7,18

Organic/inorganic hybrid devices provide an ideal oppor-
tunity to combine the unique properties of both organic and
inorganic materials. To date, many groups have reported the
construction of organic/inorganic hybrid heterojunctions,19−22

and demonstrated the improved device performances benefited
from the utilization of the hybrid heterojunctions. Inorganic
materials can produce large charge densities in device channels,
because of their high electronic mobilities, while the existence
of organic/inorganic heterojunction can effectively broaden the
response spectrum range and facilitate the charge transport/
separation as well, thus leading to enhanced performance.23−26

However, most previously reported organic/inorganic hetero-
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junctions usually involve the use of organic thin films, because
of their easy accessibility by solution or evaporation process,
which are not ideal charge-transport media, given their low
mobility and greater number of structural defects, and, thus,
inferior electronic performance.9 Considering the combined
merits of c-Si and single-crystal organic nanostructures, it is
expected that their hybrid photodetectors would exhibit
desirable device performance.
Herein, for the first time, we demonstrate the construction of

single-crystal organic nanostructure/inorganic heterojunctions
consisting of 2,4-bis[4-(N,N-dimethylamino)phenyl]squaraine
(SQ) NWs and crystalline Si (c-Si). Significantly, the
heterojunctions exhibited great promise as high-sensitivity
broadband photodetectors, with spectrum response ranging
from UV light, to Vis light, to near-infrared (NIR) light. The
pronounced photovoltaic behavior of the heterojunctions was
also observed, which made them excellent candidates for self-
powered photodetectors. This work demonstrated the great
potential of the single-crystal organic nanostructure/inorganic
p−n heterojunctions in high-performance optoelectronic
devices.

■ EXPERIMENTAL DETAILS
The stepwise process for the construction of the SQ NW/c-Si p−n
heterojunction is shown in Figure S3 in the Supporting Information. A
SiO2 (300 nm)/n-Si (resistivity of <0.02 Ω cm) substrate was used.
Photolithography, followed by wet etching with a buffered oxide etch
(BOE) solution at room temperature, was performed to define SiO2

insulating pads (250 μm × 250 μm) on the Si substrate. Then, 50 nm
Au electrodes with a smaller size (200 μm × 200 μm), which served as
the ohmic contacts to the SQ NWs, were fabricated on the SiO2 pads
by additional photolithography and lift-off processes. In a typical drop-
casting experiment, SQ was first dissolved in dichloromethane
(CH2Cl2) with a concentration of 0.05 mM. After that, 100 μL of
SQ solution was drop-cast onto the n-type Si substrate under ambient
air at room temperature (298 K). The solution would totally be
evaporated within 1 min. The self-assembly of SQ molecules along the
“π−π stacking” direction during the solution evaporation led to the
formation of SQ NWs. The self-assembly of SQ molecules along the
“π−π stacking” direction led to the formation of SQ NWs. By carefully
controlling the growth conditions, such as the solution concentration
and the amount of the solution applied on the device substrate, a
portion of NWs would cross over both the exposed Si substrate and
the Au electrodes, forming the heterojunctions through contact with
the Si substrate. Also, the density of the SQ NWs was carefully
controlled to ensure that a majority of the devices had only 1−2 SQ
NWs on them. During measurements, we first inspected the devices
using an optical microscope and then selected the devices with just
one NW for further measurements.
Morphologies of the SQ NWs were investigated using scanning

electron microscopy (SEM) (FEI, Model Quanta 200 FEG). The UV-
vis absorption spectra were measured with an UV-vis spectropho-
tometer (Perkin−Elmer, Model Lambda 750). Electrical measure-
ments on the devices were conducted with a semiconductor
characterization system (Keithley, Model 4200). Monochromatic
light in the UV-visible range was obtained by filtering the white
light from a high-power xenon lamp with optical filters, and a power
meter was used to determine the light intensity. Laser diodes with
wavelengths of 808 and 980 nm were also used as the NIR light
sources. To measure the photovoltaic characteristics, a solar simulator
(Newport, Model 91160) equipped with a 300 W xenon lamp and an
air mass (AM) 1.5 filter was used to generate simulated AM 1.5G solar
irradiation (100 mW/cm2).

■ RESULTS AND DISCUSSION
SQ is a typical organic dye with a very high extinction
coefficient, which finds wide applications in diverse fields, such
as photodetectors, sensors, solar cells, and so on.9,27 It is known
that both ground and excited states of SQ are intramolecular
donor−acceptor−donor charge-transfer (D−A−D CT) states.4

This type of molecule can easily aggregate and grow into 1D
nanostructures in a “π−π stacking” arrangement directed by the
strong intermolecular interactions between the acceptor (A)
and the donor (D) groups under appropriate conditions.28,29

Figure 1a shows the SEM image of SQ NWs obtained by a

simple drop-casting method. Typically, the SQ NWs have a
uniform width of 500−600 nm, a thickness of ∼40 nm, and a
length of ∼150 μm. To assess the electrical characteristics of
the SQ NWs, back-gate FETs based on individual SQ NW were
constructed, revealing a hole mobility of 0.12 cm2/(V s) for the
NW (see Figure S1 in the Supporting Information).
Furthermore, SQ NW/c-Si p−n heterojunctions were fabricated
by simply dropping the SQ solution onto the n-type Si
substrate with a predefined electrode and insulator layer
(details for the fabrication procedure can be found in Figure S2

Figure 1. (a) SEM image of the SQ NW grown by drop-casting the
SQ solution on a smooth silicon substrate; the inset shows the
molecule structure of SQ. (b) Schematic representation of the crystal
structure of the SQ NW. (c) SEM image and (d) schematic illustration
of the SQ NW/c-Si heterojunction device. (e) Rectification character-
istics of the SQ NW/c-Si p−n heterojunction measured in darkness;
the inset shows the semilogarithmic plot of current versus bias voltage
of the heterojunction, and the ideality factors (n) are deduced by
fitting the curve with straight lines in the low-voltage and high-voltage
regions, respectively. (f) Absorption spectra of the Si substrate, SQ
NWs on Si substrate, and SQ NWs on quartz substrate, respectively;
the SQ NWs show complementary spectrum absorption with Si,
leading to the broadband absorption of the SQ NWs/Si combined
system from ultraviolet (UV) light, to visible (Vis) light, to near-
infrared (NIR) light.
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in the Supporting Information). This method allows the one-
step NWs growth and device fabrication. Figure 1c displays the
SEM image of a typical device with a single SQ NW crossing
over the n-type Si substrate. One side of SQ NW contacts with
c-Si directly, the other side lies on the SiO2 layer with
predefined Au electrode, as shown in the scheme of the
heterojunction (Figure 1d). We note that a thin natural oxide
layer (2−5 nm) may exist between the n-type Si substrate and
the SQ NW, because of oxidation of the Si substrate in air.
However, it is expected that the thin oxide layer will not have
significant influence on the device performance, since it can
allow the transportation of carriers via a tunneling effect. In
addition, the growth of SQ NWs in our experiment was
conducted at once after the BOE etching of the SiO2/Si
substrate, so that the natural oxide layer should not be too
thick. The following electrical measurements also prove that the
influence of the natural oxide layer on the device characteristics
is negligible. Figure 1e shows the typical current−voltage (I−V)
characteristics of the SQ NW/c-Si heterojunction measured in
darkness, revealing an excellent rectification behavior of the
heterojunction with a rectification ratio (RR) up to 104 within
±3 V, and a low turn-on voltage of +1.2 V. It is noteworthy that
the obtained RR value of ∼104 has largely surpassed most
reports on organic/inorganic p−n heterojunctions, such as
CdS−polypyrrole (PPY) (RR = 13),25 ZnO−poly(3-hexylth-
iophene) (P3HT) (RR = 5),30 and CdS−polyaniline hybrid
nanowire (RR = 35).24 This is attributed to the high crystal
quality of SQ NW, as well as the use of c-Si; less defects exist at
the junction interface, so the leakage current is effectively
suppressed in the reverse bias direction, leading to the
improvement of RR. For an ideal diode, the rectification
curve can be expressed using the following equation:5
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where I0 is the reverse saturation current, n the ideality factor, q
the electronic charge, k the Bolzmann’s constant, and T the
absolute temperature. Based on the above equation, the ideality
factor n can be deduced to be 1.03 in the low-bias zone (0−
0.06 V) (see the inset in Figure 1e), which is in good agreement
with the theoretical value (n = 1). In the higher-bias zone
(0.07−0.2 V), however, the ideality factor increases to 3.4. This
value is somewhat larger than the theoretical value at this
regime (n = 2.0), implying the existence of impurities and
defects at the organic NW/Si interface, which possibly formed
during the solution growth process.31

Figure 1f depicts the absorption spectrum of the SQ NWs
grown on Si substrate, along with the absorption spectra of the
bare n-type Si substrate and the SQ NWs grown on a quartz
substrate for comparison. Since the absorption of single SQ
NW is too weak to detect, we increased the density of SQ NWs
on the substrate with ∼50% NW coverage by adding the
amount of SQ solution applied on the substrate to obtain a
stronger signal (see Figure S3 in the Supporting Information).
It is seen that the bare Si substrate has strong light absorption
in the spectrum range of 600−1000 nm, while the SQ NWs (on
quartz substrate) reveal relatively stronger absorption in the
short wavelength direction in the range from UV to Vis. After
growth of a layer of SQ NWs on the Si substrate, the combined
system exhibits a broad spectral absorption ranging from UV to
NIR with a high absorption coefficient. The unique optical
properties of the formed p−n heterojunction make it a

promising candidate for the applications in broadband
photodetectors and solar cells.
Photodetection in the UV regime has drawn extensive

attention, because of its wide applications in industry,
instruments, and our daily life. UV light is typically divided
into three spectral regimes: UV-C (for wavelengths between
280 nm and 200 nm), UV-B (for wavelengths between 320 nm
and 280 nm), and UV-A (for wavelengths between 400 nm and
320 nm). Applications of Si in UV regime are normally
hampered by the low light absorption (high reflectivity).
Moreover, the small light transmission depth (<200 nm) for Si
in the UV regime will induce strong surface recombination,
leading to the degradation of device performance.32 Figure 2a

depicts the typical I−V curves of SQ NW/c-Si p−n
heterojunction measured in darkness and under 0.66 mW/
cm2 light illumination with different UV excitation wavelengths
of 254 nm (UV-C) and 302 nm (UV-B), respectively. Notably,
the device exhibits pronounced response to the UV lights in the
reverse-bias region. The photosensitivity (defined as (Ilight −
Idark)/Idark) is as high as 430% for the device under the 254 and
302 nm light illumination at a bias voltage of −3 V. However,
the photocurrent is nearly negligible in the forward bias region,
up to +3 V. In order to assess the stability and reproducibility of
the device, the UV lights were turned on/off manually (Figure
2b). It is seen that the device can follow the light change well,
with a reasonable response time of ∼16 s for the rise/decay
edges. The bias direction-dependent photoresponse is
associated with the characteristics of the p−n junction; the
built-in field (Vbi) in the reverse-bias region is much higher than
that in the forward-bias region, and the space charge region is
also wider (see Figures 2c and 2d). As a result, the
photogenerated electron−hole pairs can be rapidly separated
and collected by the electrodes in the reverse-bias region,

Figure 2. (a) I−V curves of SQ NW/c-Si heterojunction measured in
darkness and under light irradiation of 254 and 302 nm lights,
respectively; the inset shows the I−V curves of the reverse-bias region.
(b) Time responses of the device to the pulsed incident light; the bias
voltage was fixed at −3 V. Energy band diagrams of SQ NW/c-Si
heterojunction in the (c) forward-bias region and (d) reverse-bias
region. LOMO and HOMO represent the lowest unoccupied
molecular orbital and the highest occupied molecular orbital,
respectively. Ec and Ev are conduction band and valence band,
respectively. E indicates the electric field in the heterojunction, and Vbi
is the built-in electric field of the p−n heterojunction.
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leading to higher response speed and sensitivity. Also, the dark
current is effectively suppressed in the reverse-bias direction,
because of the existence of the junction barrier, which also
contributes to the high photosensitivity. To further understand
the significance of the p−n junction, we make a comparison
between the p−n junction-type and ohmic-type photodetectors.
The ohmic-type photodetectors were fabricated by drop-casting
the SQ solution on the SiO2/Si substrate with predefined Au
electrode pairs (see Figure S4 in the Supporting Information).
Under the same UV light illumination, however, the ohmic-type
device exhibits much weaker photoresponse, with a small
photosensitivity of ∼25%, in sharp contrast to that of the p−n
junction-type device. In addition, the response speed of the
ohmic-type device is obviously slower than that of the p−n
junction-type device (see Figure S4b in the Supporting
Information); the device can hardly reach the stable state,
even after switching on/off the light for several tens of seconds,
and the photocurrent tends to decrease as the operating time
increases. The above results unambiguously prove the
important role of the junction in enhancing the device
performance. Based on the absorption spectra, we can also
get the conclusion that the UV light response of the
heterojunction should mainly come from the absorption of
SQ NW in this regime.
To further evaluate the performance of the heterojunction-

based photodetector from the UV-A regime, to the Vis regime,
to the NIR regime, lights with four typical wavelengths of 365,
475, 650, and 808 nm were adopted as excitation sources, as

shown in Figure 3. The I−V curves were measured under
different excitation wavelengths (Figures 3a−d); meanwhile,
the light intensities were tuned to investigate the intensity-
dependent effect. It is found that the device exhibits a
pronounced photoresponse on the selected wavelengths with
excellent light-controlled characteristics at the reverse-bias
direction. It is seen that the photocurrent rises up with the
increase of the light intensity, revealing an approximately linear
relationship (Figure 3i). The photosensitivities are deduced to
be as high as 97 900%, 76 900%, 85 900%, and 68 000% for the
365, 475, 650, and 808 nm light, respectively, under the light
intensity of 6 mW/cm2. It is noteworthy that, because of the
high photosensitivity, the p−n heterojunction device is capable
of detecting light with intensity as low as 0.27 mW/cm2, at
which the photosensitivity remains as high as 7700%. We did
not try a lower light intensity, because of the limitation of the
light source. This characteristic is important for low-light
detection and, therefore, demonstrates the great potential of
developing low-light photodetectors based on the organic/
inorganic heterojunctions. Figures 3e−h depict the time-
resolved photoresponse of the device to the different excitation
wavelengths at a fixed bias voltage of −3 V. It shows that the
time response of the device illuminated with pulsed light is fast,
highly stable, and reproducible. The p−n heterojunction device
under the different excitation wavelengths of 365, 475, 650, and
808 nm exhibits an almost-identical rise time (tr) of ∼0.6 s at
the rise edges, while a relatively slower fall time (tf) is observed
at the decay edges. Therefore, it is believed that traps and other

Figure 3. I−V curves of the device measured in darkness and under (a) 365 nm (UV light) irradiation, (b) 475 nm (Vis light) irradiation, (c) 650
nm (Vis light) irradiation, and (d) 808 nm (NIR light) irradiation with varied intensities. Time-resolved photoresponse of the device are shown in
(e) 365 nm (UV light) irradiation, (f) 475 nm (Vis light) irradiation, (g) 650 nm (Vis light) irradiation, and (h) 808 nm (NIR light) irradiation with
intensities of 0.66 and 6 mW/cm2. Plots of the (i) photocurrent and (j) fall time (tf), as a function of the light intensity under different excitation
wavelengths (365, 475, 650, and 808 nm in panel (i), 254, 302, 365, 475, 650, and 808 nm in panel (j)). The bias voltage was fixed at −3 V.
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defect states are also involved in this process. Considering the
high crystal quality of c-Si and the ultrafast photoresponse of
commercial Si-based photodetectors (sub-nanosecond), the
traps and defects are unlikely to come from the c-Si but may
mainly exist in the SQ NW or at the junction interface. Under
light illumination, the photogenerated carriers might first fill the
traps and then reached the maximum level after all the traps
were saturated, which induced a delay in reaching the steady
photocurrent.9 After switching off the light, however, the
trapped carriers would gradually release from the traps. The
detrapping process is slower than the filling process, thus
leading to a relatively longer fall time. Figure 3j plots the
relationship of tf versus light intensity under different
wavelengths. It is evident that the tf decreases with increasing
irradiation intensity. For the 365, 475, 650, and 808 nm lights, tf
decreases from ∼20 s at 0.27 mW/cm2 to ∼4 s at 6 mW/cm2.
The reduction of the response time with increasing light
intensity is in good agreement with previous investigations on
inorganic nanostructures and can be interpreted according to
Rose’s model.33 In Rose’s model, it is assumed that traps are
distributed with varying concentrations in the band gap. During
light illumination, the semiconductor is not in a thermal
equilibrium state, and excess electrons and holes are generated.
Consequently, two quasi-Fermi levels are induced: one for
electrons and another for holes. As the light intensity increases,
the quasi-Fermi levels for electrons and holes shift toward the
conduction and valence bands, respectively, and an increasing
number of traps are converted to recombination centers. Thus,
the tf value is reduced significantly. In control experiments, the
photoresponse of the ohmic-type device was also measured in
UV-A light, visible light, and NIR light, as shown in Figure S5
in the Supporting Information. Similar to the investigation on
UV-C and UV-B lights, the photoresponses of the ohmic-type
device in these wavelength regimes are very weak, with poor
stability and reproducibility.
From all the above results, it is clear that the SQ NW/c-Si p−

n heterojunctions can serve as high-performance broadband
photodetectors with detection range spanning from UV-C light,
to UV-B light, to UV-A light, to Vis light, to NIR light. In order
to quantitatively analyze the device performance, two of the
important figures-of-merit parameters of a photodetector, i.e.,
photoresponsivity (Rλ) and photodetectivity (D*), are further
determined, according to the following equations:

=λR
I

PS
light

(2)

* = λD
R

qJ(2 )d
0.5

(3)

where Ilight is the photocurrent, P the incident light intensity, S
the NW’s effective illuminated area, and Jd the dark current
density. S is equal to the contact area between SQ NW and Si
substrate and is estimated to be 22.5 × 10−8 cm2 through the
expression

= ×S L D
where L is the length of the contacted part of the NW with the
Si substrate (L= 45 μm), and D is the diameter of the NW (D =
500 nm). Figure 4a illustrates the wavelength-dependent Rλ and
D* of the heterojunction. Significantly, Rλ and D* values of
greater than 1.0 A/W and 6 × 109 Jones, respectively, in the
wavelength range from 254 nm to 980 nm can be deduced,
revealing the excellent device performance of the photo-

detector. In addition, the light response of the device within the
entire wavelength range is rather even with the device
parameters on the same order. (The exceptional response
band at ∼450 nm is in accordance with the absorption peak of
SQ NWs.) The flat photoresponse spectrum is vital to the
broadband photodetector applications. It should be noted that
the device performance of the SQ NW/c-Si p−n heterojunction
is comparable or even superior to the reported broadband
photodetectors fabricated from other inorganic or organic bulk
heterojunctions (see Table 1).34−37 The Rλ value (1.3−9.8 A/
W) has surpassed the most reported values, highlighting the
ultrahigh sensitivity of the SQ NW/c-Si p−n heterojunction.
We note that the D* value ((0.06−0.45) × 1011 Jones) is still
lower than the best reported values ((12−100) × 1011 Jones for
PDDTT/PC60BM). Nevertheless, considering the fact that D*
is determined by the dark current to a large extent, it is
expected that the photodetectivity can be readily improved in
the future by further optimizing the device structure, as well as
improving the junction quality. On the other hand, the
broadband response of the SQ NW/c-Si heterojunction also
makes it a promise candidate for solar cell applications. In this
work, we have conducted a preliminary investigation on the
photovoltaic characteristics of the device under AM 1.5G
illumination at 100 mW/cm2, as shown in Figure 4b. The
device possesses an open-circuit voltage (Voc) of ∼0.4 V, a
short-circuit current (Isc) of ∼1.6 × 10−8 A, and a fill factor
(FF) of 0.25, yielding a power conversion efficiency (η) of
∼1.17%. Notably, this η value is comparable to that of some
reported organic/inorganic hybrid devices.18,21,30,38,39 Figure 4c
also shows the time response of the device measured at zero
external bias voltage. The response of the device to pulsed light
is fast with excellent stability and reproducibly, and the
response time can be deduced below 4 s. Therefore, the device

Figure 4. (a) Wavelength-dependent photoresponsivity and photo-
detectivity of the SQ NW/c-Si p−n heterojunction calculated at a fixed
bias voltage of −3 V, revealing the broadband photoresponse of the
heterojunction. (b) Photovoltaic characteristics of the SQ NW/c-Si
heterojunction measured under AM 1.5G illumination (100 mW/
cm2). (c) Output voltage of the heterojunction, as a function of time,
while the incident light was modulated.
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has great potential to serve as self-powered photodetector
operating at zero bias voltage.
The above results demonstrate the fascinating properties and

tremendous application potential of the organic/inorganic
heterojunctions fabricated from small-molecule organic NWs.
Various potential improvements of the heterojunction design
can be envisioned including the implementation of an ultrathin
passivation layer on Si and the further reduction of defect states
on organic NWs or at the organic/inorganic interface. It is
known that the NW quality could be improved by optimizing
the growth conditions or by post-growth annealing,40 which is
particularly important for the solution-grown organic nano-
structures.41 Also, in this work, a relatively large electrode pad
with size of 200 μm × 200 μm was used, the large RC constant
of the circuit will probably limit the device speed. Therefore, a
smaller device size could be used to further improve the
response speed of the device. This method with characteristics
of one-step crystal growth and device fabrication, versatile
room-temperature and solution process, could be readily
extended to other small-molecule organic nanostructures. It
will open up the opportunities for the construction of a variety
of organic nanostructure/inorganic heterojunctions with
unprecedented performance.

■ CONCLUSIONS

In summary, we fabricated single-crystal SQ NW/c-Si p−n
heterojunctions via a simple drop-casting method. Their
prospective applications in broadband photodetectors and
solar cells were systematically studied. The photodetectors
show ultrahigh sensitivity and broadband spectral response
from the ultraviolet light regime, to the visible light regime, to
the near-infrared light regime, because of the complementary
spectrum absorption of SQ NWs with Si. The junction is vital
to the improvement of device performance; the high built-in
field, along with the effective suppression of dark current, gives
rise to the ultrahigh sensitivity and fast response of the device in
the reverse-bias region. Also, the pronounced photovoltaic
behavior of the heterojunctions makes them promising
candidates for self-powered photodetectors operating at zero
external bias voltage. This new type of single-crystal organic
NW/c-Si p−n heterojunction may have important applications
in high-performance, low-cost broadband photodetectors and
solar cells.
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