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ABSTRACT: In this article, we fabricated a sensitive near-
infrared (NIR) light detector by directly coating a layer of Cs-
doped FAPbI3 perovskite film onto vertical Si nanowire
(SiNW) array. The as-assembled SiNW array/perovskite
core−shell heterojunction exhibits a typical rectifying
characteristic in darkness and distinct photoresponse charac-
teristics under light illumination. Owning to the remarkable
photovoltaic effect, the heterojunction can work as a self-
driven NIR detector without an exterior energy supply.
Further photoresponse investigation reveals that the photo-
detector is sensitive in a wide wavelength range with
maximum sensitivity at ∼850 nm. The responsivity (R) and
specific detectivity (D*) are estimated to be 14.86 mA W−1 and 2.04 × 1010 Jones at 0 V bias, respectively, which can be
improved to 844.33 mA W−1 and 3.2 × 1011 Jones at a bias voltage of −0.9 V. In addition, the present device also possesses
distinct advantages of a large Ilight/Idark ratio exceeding 104, swift response rate with rise/decay times of 4/8 μs, and relatively
good ambient stability. According to our numerical simulation based on finite element method, the superior device performance
is associated with strong light-trapping effect in such unique core−shell heterojunction array.
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■ INTRODUCTION

High-performance infrared photodetectors have demonstrated
wide applications in various areas such as missile guidance,
military surveillance, night vision, medical diagnostics, remote
temperature sensing, and so on.1−3 The current near-infrared
(NIR) light detection market is mainly dominated by the
products based on bulk-crystalline Si, whose response
wavelength is below 1100 nm, and the devices made from
Ge/Si hybrid heterostructure or III−V semiconductor
compounds (e.g., InGaAs and related heterojunction) which
usually operate at a wavelength spectrum beyond 1100 nm.4,5

Being CMOS-compatible and holding mature processing
technologies, a variety of Si photodetectors with different
device geometries, including p−n (or p−i−n) photodiodes,
Schottky junction photodiodes, and metal−semiconductor−
metal (M−S−M) detectors have been realized to date.6

Among these photonic devices, p−n (or p−i−n) and Schottky
junction diodes that are characterized by strong built-in electric
field facilitating fast separation and transport of photocarriers7

have attracted considerable attention for the low energy
consumption and high-frequency optical-sensing applications.
However, the assembly of Si p−n (or p−i−n) junctions

typically requires high-temperature ion diffusion or costly
implantation processes,8 whereas light shadowing or metal ion
diffusion issues usually exist in the Si Schottky junctions.9

Inevitably, the complex fabrication processes and the expensive
equipment, as well as the obvious drawbacks, lead to high cost
of the photodetectors and deterioration in device performance.
In contrast, heterojunction photodetectors composed of Si and
other emerging semiconductors usually hold remarkable
features such as ease of processing, low cost, complementary
material properties, as well as good device performance, and
have thus been of particular interest.10−13

Compared with the bulk and thin-film counterparts, vertical
Si nanowire (SiNW) array affords great advantages for
optoelectronic applications because this structure provides
combined merits of suppressed light reflection, increased
interfacial area, and prolonged photocarrier lifetime originating
from large surface-to-volume ratio and shortened carrier transit
time.14,15 By this token, SiNW array has been regarded as an
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ideal building block for assembly of high-performance
photodetectors.16−20 For example, by simply drop-casting the
graphene oxide onto the surface of free-standing SiNW array,
followed by heat-treatment, a broadband photodetector based
on SiNW array/reduced GO heterojunction has been
reported.21 Such a heterojunction is sensitive to infrared,
visible, and even terahertz wave radiations. Our group has also
developed a photovoltaic-type detector, which was composed
of carbon quantum dots (QDs) coated on vertical SiNW
array.22 The as-assembled core−shell heterojunction photo-
detector has achieved a high responsivity of 353 mA W−1 at a
bias of 0 V and is capable of following rapid optical signals with
a fast response speed of 20 μs.
Inspired by the above achievements, we herein report a

sensitive NIR photodetector by coating a vertical SiNW array
with a layer of Cs-doped FAPbI3 film, which displays good air
stability than undoped FAPbI3. The good stability, along with
the intriguing optical and electrical characteristics (e.g., suitable
band gap, wideband light absorption, etc.), makes Cs-doped
FAPbI3 an ideal material for various optoelectronic devices
application.23−26 It is observed that the as-fabricated
heterojunction shows an apparent rectifying characteristic in
darkness, and a strong photovoltaic behavior when shined by
light illumination enables the device to sense illumination
without an external energy supply. Our further optoelectronic
characterization finds that the heterojunction displays good
sensitivity to 850 nm NIR light with the maximum Ilight/Idark
ratio of 1.23 × 104, responsivity of 14.86 mA W−1, and specific
detectivity of 2.04 × 1010 Jones, respectively, at 0 V bias. By
applying an operation bias of −0.9 V, both parameters could be
improved to 844.33 mA W−1 and 3.20 × 1011 Jones,
respectively. Furthermore, the heterojunction photodetector
displays a rapid rise/decay time of 4/8 μs, allowing the device
to track rapidly varying photonic signal with a high frequency
of 50 kHz. The observed good performance could be ascribed

to the excellent optical property, namely the strong light-
trapping effect, in the core−shell heterojunction geometry,
according to further theoretical calculation. In addition, the
photoresponse properties are almost invariant after 3 weeks
storage at air condition, suggesting good ambient stability. The
relatively good device performance, together with the simple
fabrication process, renders this heterojunction photodetector
potentially useful for future high-performance NIR photo-
detection.

■ EXPERIMENTAL SECTION
Materials Synthesis and Characterization. The vertically

aligned SiNW array was prepared by a silver-assisted HF etching
method. In brief, a 1 × 1 cm2 p-type silicon wafer (1−10 Ω cm−1)
with a 300 nm SiO2 insulating layer was used. The SiO2/Si substrate
surface was first protected by spin-coating paraffin film to form an
opening window of 5 × 5 mm2, followed by HF etching to remove
SiO2. Afterward, the substrate was put into a mixed solution
composed of 4.6 M HF and 0.005 M silver nitrate for 1 min, during
which a thin layer of Ag nanoparticles was coated. Then, the substrate
was immediately immersed into an etchant containing 4.6 M HF and
0.44 M H2O2. Afterward, chloroform was used to etch the paraffin
protective layer. Finally, the sample was dipped sequentially into an
aqueous HNO3 and HF solution to remove silver and surface oxide,
respectively, followed by washing with distilled water and drying
under nitrogen stream. The precursor for synthesizing perovskite
material was produced by dissolving 0.461 g of lead iodide (AR, 99%),
0.145 g of FAI (AR, 99.5%), and 0.0389 g of CsI (AR, 99.9%) in a
solution containing dimethyl sulfoxide (>99.9%) and N,N-dimethyl-
formamide (AR, 99.8%) with a volume of 200 and 800 μL,
respectively. The as-mixed solution was treated with ultrasonic for
30 min to facilitate the dissolution of the chemicals. The resultant
precursor was then spin-coated onto a clean glass at 1000 round per
minute (rpm) for 30 s and annealed at 300 K for 15 min to form Cs-
doped FAPbI3 perovskite film.

The SiNW array was characterized by a field-emission scanning
electron microscopy (SEM, SIRION 200 FEG). The chemical
composition was studied using an energy-dispersive X-ray spectros-

Figure 1. (a) Processes schematic for assembly of the SiNW array/perovskite heterojunction photodetector. (b) Cross-sectional and (c) top-view
SEM images of the SiNW array. (d) Numerical distribution of the diameter of the as-etched NWs. (e) SEM image of the SiNW array coated with
perovskite film; the inset corresponds to the top-view SEM image with scale bar of 10 μm. (f) Magnified SEM image of the single SiNW coated
with perovskite, indicating formation of a typical core−shell geometry. (g) Absorption of the SiNW array/Cs-doped FAPbI3 heterostructure and
pure SiNW array.
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copy (Oxford INCA). X-ray diffraction (XRD) analysis was carried
out by an X-ray diffractometer (Rigaku D/max-rB) to study the
microstructure of the perovskite layer. The absorption spectra of the
SiNW array/perovskite heterostructure and pure SiNW array were
collected by a UV−vis spectrometer (PerkinElmer/Lambda 750),
which is equipped with an integrating sphere.
Device Fabrication, Analysis, and Simulation. To assemble

the SiNW array/perovskite heterostructure photodiode, the above
precursor was directly spin-coated onto the substrate with a window
area of SiNW array. The thickness of the perovskite layer was
controlled by changing the spin-coating speed, and speeds of 1000,
1500, and 2000 rpm were used in this work. Afterward, Au (50 nm)
and Ni/Cu (20/30 nm) electrodes were deposited on the perovskite
surface and the rear side of the wafer, respectively, via electron-beam
evaporation. The device analysis was carried out using a semi-
conductor I−V analysis instrument (Keithley Company, 4200-SCS).
Laser diodes (Thorlabs L650P007, LD808-SA60, L850P010, and
L980P200) with wavelengths of 650, 808, 850, and 980 nm were
employed as light sources. The spectral selectivity was characterized
by using a lab-built setup with a xenon lamp (5 mW cm−2) and a
monochromator (Omni-λ300). The response speed was investigated
by a laser diode which is controlled by a signal generator (RIGOL and
DG5252) to produce pulsed signal and an oscilloscope (GWINSTEK
and GDS-1102A-U) to collect the signal data. The incident intensity
was calibrated prior to testing.
The theoretical calculation was performed using a lab-made

program based on the finite element method (FEM). Considering
the periodic structure, the computational domain only comprises a
single unit cell. The plane wave was used to model the incident light
(850 nm) on top of the structures. Periodic boundary conditions were
applied in both x and y direction to replicate the present periodic
geometry. The air is semi-infinite from near to the reality. What is
more, the air permittivity for this study is 1. The optical constants of
Si were obtained from the Sopra S. A. Company.

■ RESULTS AND DISCUSSION

The Si/perovskite core−shell nanoheterojunction NIR photo-
diode was assembled by directly depositing a Cs-doped FAPbI3
layer with higher electron mobility and better air stability onto
the surface of a vertical SiNW array, which was obtained by a
simple Ag-assisted HF etching approach (Figure 1a).27,28

Figure 1b−d shows a number of SEM images of as-prepared
SiNW array, as well as the corresponding statistical distribution
of the NW diameter, from which one can conclude that the
average length and diameter are ∼15 μm and ∼140 nm,
respectively. Further SEM image in Figure 1e reveals that the
surface of the SiNW becomes much rougher after coating with
the perovskite film. By comparing the top-view SEM images of
SiNW array without and with perovskite (Figure 1c and inset
in 1e), we find that the perovskite film is prone to coating on
the surface of NWs rather than filling the space between NWs.
To confirm the geometry of the heterostructure, high-
resolution SEM image of individual nanostructure and the
corresponding elemental mapping images were recorded
(Figures 1f and S1). It is revealed that the SiNW is completely
encapsulated by perovskite layer, forming a typical core−shell
geometry with the perovskite shell thickness of 40−50 nm (the
film thickness at different speeds is shown in Figure S2). As
displayed in Figure S3, XRD pattern of Cs-doped FAPbI3
prepared on the glass wafer was characterized by a series of
representative peaks, which is due to black-phase FAPbI3.

29

Figure 1g plots the absorbance curves of both SiNW array and
the SiNW array/perovskite heterostructure (the absorbance is
derived by the equation A = 1 − T − R, where A, T, and R
denote absorbance, transmittance, and reflection, respectively.
The transmittance and reflection of both sample are shown in
Figure S4). Clearly, both structures show broad optical
absorption in the region from 400 to 1700 nm. The
optimization of absorption spectrum after coating is mainly
because of the guided-mode-induced enhancement. In
addition, the scattering of light can contribute to the
enhancement as well.30

Figure 2a depicts the I−V characteristic of a representative
SiNW/Cs-doped FAPbI3 heterostructures measured in dark-
ness. Apparently, the heterojunction exhibits current-rectifying
characteristics with the ratio of ∼20 at ±1 V. Such a relatively
low value can be attributed to the higher leakage current likely
caused by the large amount of defects that normally exist in the
spin-coated perovskite film.31 Because Ni and Au can form

Figure 2. (a) I−V curves of the SiNW array/Cs-doped FAPbI3 heterojunction in darkness. (b) I−V curves of the photodiode in darkness and under
NIR irradiation of varied wavelengths. (c) Dependence of normalized photocurrent with the different wavelengths. (d) Time-dependent response
of the photodiode under 850 nm NIR light at zero bias. (e) Energy band diagram under NIR light irradiation at 0 V.
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good Ohmic contacts with p-Si and perovskite film,
respectively (Figure S5), the observed nonlinear I−V behavior
should arise from the heterojunction barrier of SiNW/
perovskite contact. Figure 2b compares the I−V characteristics
of the photodiode in darkness and under irradiation with
wavelengths of 650, 808, 850, and 980 nm, respectively, at a
constant light intensity (3.96 mW cm−2). It is found that the
device is sensitive to all illuminations at reverse biases. The
current first increases with the increase of wavelength from 650
to 850 nm and then reduces at relatively longer wavelength,
revealing good selectivity to incident light wavelength. Careful
study of the enlarged curves (inset in Figure 2b) finds weak
photovoltaic behavior upon all illuminations. The strongest
photovoltaic behavior is found at the wavelength of 850 nm,
with an open-circuit voltage (VOC) and short-circuit current
(ISC) of ∼51 mV and ∼370 nA, respectively. Although the
energy-conversion efficiency is relatively low (<1%), the
present device is capable of operating as a zero-powered
photodiode without bias voltage. To unveil the wavelength-
dependent photosensitivity, we further recorded the photo-
current at zero bias as a function of light wavelength. As
observed in Figure 2c, the device exhibits a broadband
photoresponse in the wavelength region of 300−1200 nm.
Besides, the photodetector has a good spectral selectivity as
well, with a relatively sharp response peak located at ∼850 nm.
The variation of photoresponse with wavelength is also in
accordance with the results shown in Figure 2b. Further
photoresponse analysis under switchable 850 nm NIR light
reveals that the heterojunction photodiode could be easily
switched on and off with a large Ilight/Idark ratio approaching
104 at a bias voltage of 0 V (Figure 2d). The rise and fall edges
are very steep, which suggests a good photoresponse rate and
also implies that photogenerated electron−hole pairs can be
rapidly separated and collected in the heterojunction.
The above rectifying characteristics and photoresponse

behavior is understandable from the energy band illustration
shown in Figure 2e. According to Hall effect study, Cs-doped
FAPbI3 is a weak n-type semiconducting material with

conduction band (EC) and valence band (EV) values of
>−3.95 and <−5.38 eV, respectively.28 Once perovskite is in
contact with p-SiNW array, electrons will move from Cs-doped
FAPbI3 to the SiNWs until their Fermi levels are aligned at the
same level. As a result, the energy levels at SiNW surface and
perovskite will bend downward and upward, respectively,
forming a depletion region (built-in electric field) at the
SiNW/Cs-doped FAPbI3 interface. Owing to this reason, the
SiNW/perovskite interface will only allow current to conduct
in one direction, which accounts for the observed current
rectifying behavior. Similar to many heterojunction photo-
detectors,8,12 when illuminated by photons with sufficient
energy, electron−hole pairs will be generated in both SiNWs
and perovskite. The carriers in the vicinity of the depletion
region will drift to the SiNW/perovskite interface and then be
separated in the depletion region. Consequently, electrons and
holes will transport through perovskite film and SiNWs and are
then collected by both electrodes, eventually giving rise to the
formation of photocurrent.
The photoresponse of our heterojunction photodetector

depends strongly on NIR intensity. Figure 3a plots the
current−voltage characteristics of the photodiode under 850
nm illumination of different intensities, from which one can
find that at both reverse and zero biases, the current rises with
the increase of light intensity by degrees. Specifically, with the
light intensity rising from 0.528 to 4.65 mW cm−2, the
photocurrent increases from ∼65 to ∼370 nA, whereas the
dark current keeps almost invariant at zero bias (Figure 3b).
The net photocurrent is extracted by deducing the photo-
current by dark current. As plotted in Figure 3c, the
photocurrent increases monotonously with the increase of
light intensity. The relationship could be described by an
extensively used formula Iph = aPb, in which a is the parameter
for incident light, P is the power of the light, and the exponent
b is a constant that is related to photoresponse to light
intensity, respectively. Fitting the curve gives a b = 0.8, which,
however, deviates somewhat from the ideal value (b = 1).
According to previous reports, such a deviation suggests that

Figure 3. (a) Photoresponse curve and (b) time-dependent photoresponse of the heterojunction device under 850 nm NIR radiation of varied light
intensities at near bias. (c) Photocurrent and Ilight/Idark ratio and (d) responsivity of the device under different intensities at 0 V; the inset plots the
responsivity at relatively low NIR intensity. (e) Time-dependent response of the photodiode at different reverse biases. (f) Dependence of R and
D* of the device with reverse bias voltages; the light intensity is 0.892 μW/cm2.
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recombination loss exists in the device and is likely caused by
trap states in the heterojunction.10,11 Apart from the
photocurrent, the Ilight/Idark ratio is also observed to rise
monotonously with the increase of NIR intensity. Specifically,
the highest ratio is around 1.2 × 104 under light intensity of
6.68 mW cm−2 (Figure 3c).
To quantitatively assess the photosensitivity of the SiNW

array/perovskite photodetector, two critical performance
parameters, responsivity (R), and specific detectivity (D*)
were computed through the following equations32

=
−−R

I I

P S
(AW )1 light dark

in (1)

* =D
A R
qI(2 )

1/2

dark
1/2

(2)

in which Ilight denotes the current under illumination, Idark is
the dark current, Pin is the NIR intensity, S is the illuminated
area (0.25 cm2), A is the device area (equal to S in this work),
and q is the elementary charge, respectively. Accordingly, R
and D* of the SiNW/perovskite heterojunction photodetector
are estimated to be 14.86 mA W−1 and 2.04 × 1010 Jones,
respectively, at an NIR intensity of 0.892 μW cm−2 at 0 V bias.
Figure 3d plots R at different intensities. Clearly, the R value
increases with decreasing light intensity, which further
confirms the presence of recombination loss in the device.
This finding is understandable because the photogenerated

charge carriers usually recombine more severely at elevated
light intensity.32

It should be noted that the photoresponse of our
heterostructures photodetector also highly depends on the
working bias voltage. Figure 3e depicts the time-dependent
photoresponse of the photodiode obtained at varied reverse
voltages. Remarkably, the photocurrent is significantly
enhanced from ∼6.7 to ∼98.5 μA, when increasing the
operational bias from −0.1 to −0.9 V. However, further
analysis finds that the Ilight/Idark ratio decreases remarkably by
at least 2 orders of magnitude because of the greatly increased
dark current at reverse bias, in comparison with the result at
zero bias. Even so, the net photocurrent still increases with the
increase of reverse bias. As a matter of fact, this finding is
reasonable in that large electric field with the same direction is
beneficial for separation and drift of photoinduced electron−
hole pairs and therefore suppression of recombination.
Additionally, at reverse bias, the depletion region can be
extended at heterojunction interface, which allows more
photogenerated carriers to take part in the formation of
photocurrent. Furthermore, we calculated the R and D* values
of the device at different working biases. As shown in Figure 3f,
similar to the photocurrent, both R and D* rise with increasing
operational bias as well, reaching maximum values of 844.33
mA/W and 3.2 × 1011 Jones, respectively, at the bias of −0.9
V. Significantly, as summarized in Table 1, the responsivity and
specific detectivity are close to or even better than some SiNW
array photodetectors with similar architectures19,21,22 and

Table 1. Comparison of Photoresponse Parameters of Our Photodiode with Other Reported Devices with Similar Device
Structures

device structure R (A W−1) Ilight/Idark ratio D* (Jones) τr/τf (μs) refs

SiNW array/perovskite 0.844 1.2 × 104 3.2 × 1011 4/8 this work
SiNW array/CuO 0.64 × 10−4 ∼104 7.6 × 108 60/80 19
SiNW array/rGO 1.65 × 10−3 10.6/6.7 s 21
SiNW array/carbon QDs 0.353 3 × 103 10/40 22
TiO2 nanorods/perovskite 0.85 1.5 × 102 7.8 × 1010 33
ZnO nanorods/perovskite 8.3 × 10−3 ∼105 ∼1.5 × 1010 53/63 34
ZnO nanorods/perovskite 0.22 9.3 × 109 0.3/0.8 s 35

Figure 4. (a) Setup for measuring the photoresponse speed. Photoresponse of the photodiode under fast switching of NIR light with a frequency of
(b) 10, (c) 20, and (d) 50 kHz. (e) Individual enlarged cycle for calculating the response speed. (f) Relative balance vs optical frequency.
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perovskite-based heterojunction photodetectors in previous
reports.33−35 The relatively good device performance is due
not only to the high quality of SiNWs obtained from chemical
etching process but also to the Cs-doped FAPbI3 shell which
also displays good electrical property with relatively few
defects.
To further explore the feasibility of our heterojunction

photodetector for high-frequency optical sensing applications,
the photoresponse speed of the photodiode was studied by
using an NIR laser diode powered by a function generator and
a digital oscilloscope to record the transient photoresponse
signal (photovoltage with time). Figure 4a illustrates the
schematic setup for response speed measurement. As depicted
in Figure 4b−d, the present device can be easily switched
between on and off modes for all measured frequencies of 10,
20, and 50 kHz, with excellent reproducibility. Note that even
at the frequency as high as 50 kHz, although the photo-
response suffers from somewhat degradation, the photodiode
can also probe the rapidly varying photonic pulse. From a
single enlarged photoresponse cycle shown in Figure 4e, the
rise/fall time (τr/τf is the duration needed for the photocurrent
to increase/decrease from 0.1/0.9 to 0.9/0.1, respectively) are
estimated to be 4/8 μs, respectively. It is worth noting that
such a speed is faster than other reported SiNW array
photodetectors with similar architectures and perovskite-based
heterojunction photodetectors (see Table 1) and is nearly
close to that of commercial silicon photodiodes.36 Figure 4f
plots the relative balance (Vmax − Vmin)/Vmax at different
switching frequencies. It is observed that the NIR photodiode
shows a slow decay of the relative balance, and it only
decreases by around 40% even the frequency is as high as 50
kHz. Furthermore, the 3 dB bandwidth (e.g., the frequency for
the photocurrent to reduce to the 70.7% of its peak value) is
deduced to be ∼7.5 kHz. These findings suggest that the SiNW
array/Cs-doped FAPbI3 heterostructure photodiode can
operate properly in a wide switching frequency region, which
is of pivotal importance for monitoring ultrafast optical signals.

To shed light on the influence of core−shell geometry on
the optical property and thus the photoresponse of the
heterojunction device, the electric-field density distributions of
SiNW array/perovskite core−shell heterostructure with varied
perovskite shell layer thicknesses of 0, 20, 40, and 60 nm and
planar Si/perovskite (60 nm) heterostructure were compared
via numerical calculation based on FEM. To simplify the
model, the diameter of the NW and the space between
adjacent NWs are set to be 140 and 150 nm, respectively. As
observed in Figure 5a, hot spots with strong electric field can
be found at superficial region of the SiNWs when illuminated
by 850 nm light, suggesting that incident NIR light could be
easily confined into the NW array. Significantly, such a light
confinement effect can be further enhanced by coating a
perovskite layer onto the SiNW surface. It is obvious that the
electric-field intensity at superficial region of the core−shell
nanostructure is strengthened when increasing the perovskite
layer thickness, and a very high electric field intensity appears
with the shell thickness reaching 60 nm (Figure 5b−d). The
results indicate that light coupling and trapping are more
efficient in SiNW array/perovskite core−shell heterostructure
with thicker shell layer. This is understandable because light-
trapping effect in vertical NW array usually arises from multiple
total internal reflections from the periphery of NWs,37 and the
core−shell nanostructure with a thicker shell layer has
narrower space between adjacent nanostructures and larger
superficial area of individual nanostructure, which are
beneficial for improving the light-trapping effect. It is also
worth noting that the excellent optical property of the above
NW array structures are in sharp contrast to the structure of
planar silicon/perovskite heterostructure, where weak-field
penetration depth are observed, indicating very limited light
coupling capability (Figure 5e). As a matter of fact, the
theoretical simulation results coincide well with the device
photoresponse performance. Figure S6 exhibits the I−V curves
of SiNW array/perovskite core−shell heterostructures with
different perovskite shell-layer thicknesses, together with that

Figure 5. Simulation of electric field density distribution of SiNW array/perovskite core−shell heterostructure with different perovskite thicknesses
of (a) 0, (b) 20, (c) 40, (d) 60 nm, and (e) that of planar Si/perovskite (60) nm heterojunction, under 850 nm NIR irradiation, respectively.
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of a planar Si/perovskite heterojunction under the same
illumination condition. Remarkably, both VOC and ISC values
rise with increasing perovskite layer thickness, and the stronger
photovoltaic behavior is likely because of the improved light
absorption of the core−shell heterojunction with a thicker shell
layer. In addition, the planar Si/perovskite heterojunction
exhibits the poorest photovoltaic characteristic, which is
probably related to its weak optical absorption. On the basis
of the above analysis, SiNW array/perovskite core−shell
heterojunction with a thicker shell layer is a better choice for
realizing high-performance photodetectors.
The long-term air durability of a photodiode is essential for

its practical applications. Therefore, the stability of the present
SiNW array/Cs-doped FAPbI3 heterostructure photodiode was
examined by exposing the device in ambient condition for 3
weeks without any protection. Obviously, the photodiode can
still exhibit reversible photoswitching characteristics, with both
the dark current and the photocurrent remained almost
unchanged after storage, signifying excellent ambient stability
(Figure 6a,b). Such good device stability is not only attributed
directly to the Cs-doped FAPbI3 perovskite which is more
stable than traditional methylammonium lead halide perovskite
materials28 but also probably to the relatively thick perovskite
shell layer that can protect the SiNWs from being oxidized in
air and thus keep the high quality of the heterojunction
interface.38

■ CONCLUSIONS
In summary, a sensitive NIR photodiode was presented by
depositing a perovskite thin film onto SiNW array to form a
heterojunction with typical core−shell geometry. The strong
photovoltaic effect provides the heterojunction with the
capability to detect light illumination without voltage supply.
The photodetector exhibits good photosensitivity to 850 nm
light with a Ilight/Idark ratio of 1.23 × 104, a responsivity of 14.86
mA/W, a specific detectivity of 2.04 × 1010 Jones, and a
photoresponse rate of 4/8 μs, respectively, at 0 V bias.
Moreover, both responsivity and specific detectivity values
could be increased to be as high as 844.33 mA/W and 3.20 ×
1011 Jones, respectively, by applying a working bias of −0.9 V.
Further theoretical simulation reveals that the unique core−
shell geometry affords excellent optical properties and
therefore gives rise to the good device performance.
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