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SPECIAL ISSUE: Optical Gain Materials towards Enhanced Light-Matter Interactions

Self-assembly In2Se3/SnSe2 heterostructure array
with suppressed dark current and enhanced
photosensitivity for weak signal
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Mingming Hao1 and Jingbo Li4,5*

ABSTRACT Functional van der Waals (vdWs) hetero-
structures based on layered materials have shown tremendous
potential in next-generation optoelectronic devices. To date,
numerous vdWs heterostructures have been investigated
based on stacking or epitaxial growth technology. However,
the complicated synthesis process greatly limits the large-scale
integration of the heterostructure device array, which is es-
sential for practical applications. Here, a planar photodetector
array with an out-of-plane vertical In2Se3/SnSe2 hetero-
structure as the photosensitive channel was self-assembled
through a pulsed laser deposition (PLD) technique. The ver-
tical built-in field was exploited to suppress the dark current
and separate the photogenerated carriers. The realized devices
possess an ultralow dark current of 6.3 pA, combined with a
high detectivity of 8.8×1011 Jones and a high signal-to-noise
ratio (SNR) beyond 3×104. These performance metrics not
only are one order of magnitude superior to pure In2Se3 de-
vice, but also demonstrate the unique advantage of detecting
weak signals. In addition, this heterostructure photodetector
array can further be constructed on flexible polyimide (PI)
substrate. These flexible devices also demonstrate effective
light detection capability and the photoresponse remains un-
changed even after 200 cycles of bending. These findings pave
a way toward the development of next-generation large area
and high integration optoelectronic technologies.

Keywords: 2D material, photodetector, pulsed-laser deposition,
van der Waals heterostructure

INTRODUCTION
In recent years, van der Waals (vdWs) layered materials
have been widely studied due to their unique physical
properties, such as strong light absorption, high carrier
mobility and mechanical flexibility [1–3]. In particular,
layered materials can circumvent the lattice matching
constraints and thus they can flexibly combine to con-
struct various vdWs heterostructures with tunable band
alignment and atomically sharp interfaces, offering in-
novative avenues for implementing next-generation op-
toelectronics [4–8]. Motivated by this, numerous vdWs
heterostructures have been assembled through mechan-
ical stacking or vdWs epitaxial technology [9–11]. Lee et
al. [12] reported an atomically thin vdWs heterostructure
assembled from single or multiple layers of n-MoS2 and
p-WSe2, which demonstrated a gate-tunable photovoltaic
response with an external quantum efficiency (EQE) up
to 34%. Other vdWs heterostructures, such as PdSe2/
MoS2 [13], black phosphorus/InSe [6], WSe2/SnS2 [14],
MoTe2/MoS2 [15], MoS2/WS2 [16] and GaTe/MoS2 [17]
have also been exploited in solar cells or photodetectors.
By virtue of the dangling-bond-free interface that allows
the photoexcited carriers to travel efficiently across the
interfacial layer [18,19], devices based on these vdWs
heterostructures exhibit high performance. Nevertheless,
some drawbacks have to be overcome for practice appli-
cation. As to the mechanical stacking method, it depends
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on the possibility of cleaving bulk crystal. The size of the
mechanically exfoliated layered materials is small, and the
complicated transfer processes inevitably introduce in-
terface defects, which hinder their applications in highly
integrated devices [20]. As to the vdWs epitaxial method,
it can directly synthesize heterostructures with high
crystallinity and clean interface [3,7,21]. These vdWs
heterostructures have made pioneering advances in the
fields of field-effect transistors, light-emitting diodes and
photodetectors [22–24]. Despite these progresses, the
vdWs epitaxial process involves high temperature and
inevitably produces residues. They are critical hurdles for
large-scale integration of vdWs heterostructure array with
controlled spatial position and structure, especially on
flexible substrates [4].

Recently, pulsed laser deposition (PLD), a versatile
growth technique, has been adopted for the preparation
of high-quality layered materials [25–27]. PLD is a clean
and scalable physical vapor deposition process, which can
fabricate centimeter-scale layered material films. Ad-
ditionally, the PLD process is facile and compatible with
flexible substrates [28]. Meanwhile, the thickness and
geometry of the PLD-grown layered materials are easy to
control [29]. Thus, PLD holds great potential to yield
high-quality heterostructures and manufacture scalable
integrated devices.

In this work, photodetector array based on In2Se3/SnSe2
heterostructures was realized by using a self-assembled
PLD method. The geometry and alignment of the In2Se3
and SnSe2 films can be controlled through a mask, which

is free from any transfer or other patterning steps, re-
sulting in outstanding heterostructure characteristic. The
realized devices possess an ultralow dark current of
6.3 pA, combined with a high detectivity of
8.8×1011 Jones, a short rise/fall time of 3.4/3.7 ms and a
high signal-to-noise ratio (SNR) beyond 3×104. These
figures-of-merit indicate that the In2Se3/SnSe2 hetero-
structures hold unique advantages for weak signal de-
tection. We further applied these In2Se3/SnSe2
heterostructures for flexible photodetectors, which also
demonstrated effective light detection capability and
stability. This study depicts a fascinating landscape for the
further development of large-area optoelectronics.

EXPERIMENTAL SECTION

Self-assembly of the In2Se3/SnSe2 photodetector array
As schematic shown in Fig. 1, we firstly adopted acetone,
alcohol and deionized water to clean the commercially
purchased SiO2/Si and polyimide (PI) substrates. Then, 5-
µm-spaced Ti/Au (60/10 nm) electrode array was pat-
terned onto the substrates by a photolithography process
(µpg 501, Heidelberg) and deposited by electron beam
evaporation. Secondly, the electrode array was coved by a
stainless-steel mask, and the In2Se3 and SnSe2 films were
synthesized by PLD (COM-PexPro 201, Coherent). The
experimental parameters were as follows. The deposition
chamber was evacuated to 2×10−4 Pa, and then Ar gas
(99.999%) was guided into the chamber at the rate of
50 sccm. For depositing In2Se3, the working temperature

Figure 1 Schematic diagram of the construction process of the In2Se3/SnSe2 photodetector array.
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and working pressure were 420°C and 20 Pa, respectively.
The frequency and power of the pulsed laser were 4 Hz
and 105 mJ per pulse, respectively. The total pulse
number was 1200. For depositing SnSe2, the working
temperature and working pressure were 340°C and 30 Pa,
respectively. The frequency and power of the pulsed laser
were 4 Hz and 120 mJ per pulse, respectively. The total
pulse numbers were 600, 1200 and 1600, respectively.
Finally, the samples were annealed in the chamber at 200°
C for 30 min and the mask was removed.

Characterization of the In2Se3/SnSe2 heterostructure
The surface topography and thickness of the In2Se3/SnSe2
film were obtained through scanning electron microscopy
(SEM; SU8220, Hitach, Japan) and atomic force micro-
scopy (AFM; Dimension FastScan, Bruker, Germany)
systems. Crystallinity of the heterostructure was con-
firmed by X-ray diffraction (XRD; D8 ADVANCE, Bru-
ker). Raman spectra were measured by using a HORIBA
LabRAM Raman confocal microscope (Japan) under a
532-nm laser excitation. Compositions and energy band
structures of the samples were evaluated by Thermo
Fisher Escalab 250Xi (USA) under the X-ray photoelec-
tron spectroscopy (XPS) and ultraviolet photoelectron
spectroscopy (UPS) modes, respectively. Vis-NIR ab-
sorption spectrum was recorded through a Perkin Elmer
spectrophotometer (Lambda 950, USA).

Optoelectronic measurement of the devices
The optoelectrical properties were investigated through a
Lakeshore probe station connected to the Keithley semi-
conductor analyzer (4200-SCS) under ambient condition.
A semiconductor laser with wavelength of 447 nm was
used as the incident light source. The spot radius was
10 mm, and we adopted a Throlabs silicon photodiode
(S120VC) to measure the incident light power. For
characterizing the stability and response speed, pulsed
light was modulated by a chopper. A home-built mea-
surement system was used to measure the response speed
under the pulsed light. A Tektronix oscilloscope (DPO
4102B) was employed to record the temporal photo-
current.

RESULTS AND DISCUSSION
The schematic of the self-assembly process for the In2Se3/
SnSe2 heterostructure array is shown in Fig. 1. The de-
tailed instructions are described in the Experimental
Section. The device architecture of an individual In2Se3/
SnSe2 photodetector contains an out-of-plane vertical
In2Se3/SnSe2 heterostructure as the photosensitive chan-
nel, and symmetric Ti/Au (60/10 nm) electrodes were
selected to achieve Ohmic contact with the hetero-
structure. Fig. 2a presents a typical SEM image of the
deposited In2Se3 film. Sheet-like compact and continuous
polycrystalline morphologies have been observed. The

Figure 2 Morphology and structure characterizations of the fabricated In2Se3/SnSe2 heterostructure. (a) SEM image and (b) AFM image of the In2Se3
film. (c) SEM image and (d) AFM image of the In2Se3/SnSe2 heterostructure. (e) XRD pattern of the In2Se3/SnSe2 heterostructure. (f) AFM height
profiles across the edges of the In2Se3 and In2Se3/SnSe2 films.
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film is uniform and flat, indicating laterally aligned
In2Se3, which is well compatible with other layered ma-
terials. AFM image of the In2Se3 film is shown in Fig. 2b.
The root-mean-square (RMS) roughness of the In2Se3
film is about 1.55 nm, confirming a smooth surface. Ra-
man spectrum of the as-synthesized In2Se3 film is shown
in Fig. S1. The vibration peaks match well with the fea-
tures of β-phase In2Se3 [30]. Then, to investigate the va-
lence states of constituent elements, XPS measurements
were performed. The XPS spectrum of the whole range
scanning (Fig. S2a) shows that only In and Se elements
are present, indicating high purity of the sample. High-
resolution XPS spectra of the In 3d and Se 3d are pre-
sented in Fig. S2b and c, respectively. The peaks centered
at 452.6 and 445.1 eV can be assigned to the In 3d3/2 and
In 3d5/2 binding characteristics of In2Se3, respectively [31].
Deconvolution analysis of the XPS spectrum of Se 3d
reveals two split peaks, located at 54.3 and 53.5 eV, which
can be assigned to Se 3d3/2 and Se 3d5/2 binding char-
acteristics of In2Se3, respectively [31]. The calculated
atomic molar ratio of Se/In in the film is 2.9/2, roughly
consistent with the stoichiometric ratio of 3/2, indicating
the high quality of In2Se3 film. Fig. 2c shows a typical
SEM image of the In2Se3/SnSe2 heterostructure. As can be
seen, except a smooth background, vertically oriented
SnSe2 layers uniformly distribute on the heterostructure.
These vertically aligned SnSe2 nanosheets enhance the
surface area, which is beneficial for light trapping. AFM
image of the heterostructure is presented in Fig. 2d. After
the deposition of SnSe2, the film becomes rather rough
with an RMS up to 17.2 nm. Raman spectrum of the
In2Se3/SnSe2 heterostructure is provided in Fig. S1. The
in-plane vibration mode (Eg) and out-of-plane vibration
mode (A1g) are observed at 120 and 188 cm−1, respec-
tively, confirming the formation of 1T-phase SnSe2 [32].
In addition, the characteristic peaks of In2Se3 well remain
after the deposition of SnSe2, revealing that the deposition
of SnSe2 will induce negligible structural damage to the
In2Se3 film. Then, XPS analysis of the SnSe2 in Fig. S3
demonstrates that the prepared SnSe2 is also of high
quality.

To further investigate the crystal structures of the PLD-
grown In2Se3/SnSe2 heterostructure, XRD measurement
was performed. Fig. 2e presents the XRD pattern of the
heterostructure. These diffraction peaks can be well as-
signed to 1T-phase SnSe2 (JCPDS 23-0602) and β-phase
In2Se3 (JCPDS 35-1056). These sharp peaks reveal the
high crystallinity of SnSe2 and In2Se3. Additionally, as
indexed in the labels, the In2Se3 exhibits only the (003)
family diffraction peaks, indicating its c-axis oriented

characteristic. In other words, the In2Se3 layers are
stacked out-of-plane through vdWs interaction and end
on the surface without dangling bonds, so it shows a
smooth surface. As to SnSe2, the main diffraction peak is
(001), which indicates that the smooth SnSe2 is also c-axis
oriented. According to previous reports [33,34], for
layered materials, the in-plane transport efficiency of
carrier is several orders of magnitude higher than the out-
of-plane transport. Therefore, these highly oriented
characteristics of In2Se3 and SnSe2 have laid a solid
foundation for the construction of high-performance
planar photodetectors.

Then, AFM measurements were performed at the edge
of the heterostructure to detect the thickness. As shown
in Fig. 2f, the height profiles reveal that the thicknesses of
the In2Se3 and the In2Se3/SnSe2 heterostructure are 20 and
37 nm (excluding vertically oriented SnSe2), respectively.
Thus, the thickness of flat SnSe2 is deduced to be 17 nm.
For PLD technology, the thickness of the films can be
precisely controlled by the number of laser pulses [35].
According to a previous report [31], ~20 nm In2Se3 has
demonstrated the superiority for photodetection. Thus,
we deposited a 20 nm In2Se3 film and deposited SnSe2
films with different thicknesses. As shown in Fig. S4, as
the thickness of the SnSe2 film increases, the RMS of the
film increases. When the thickness exceeds 17 nm, the
RMS slightly decreases and the surface topography
changes.

Then, photoresponse performances of the constructed
photodetectors (pure In2Se3, pure SnSe2 and In2Se3/SnSe2
heterostructures) were investigated and compared. Fig. 3a
and Fig. S5 show the current-voltage (I-V) curves of the
devices measured in dark and under 447 nm light irra-
diation with a light intensity of 23.7 mW cm−2. We can
see that the pure In2Se3 (Fig. 3a1) and SnSe2 (Fig. S5a)
devices present relatively large dark currents (Idark) of ~78
and 264 pA, respectively. After deposition of the SnSe2
films on In2Se3, the dark current was effectively sup-
pressed. With only 10 nm SnSe2 film deposited, the dark
current was reduced to ~42 pA (Fig. 3a2). When the
thickness of the SnSe2 film was increased to 17 nm, the
dark current was further reduced to 6.3 pA (Fig. 3a3),
which was one order of magnitude lower than the pure
In2Se3 device. Meanwhile, as the thickness of the de-
posited SnSe2 film increased, the photocurrent (Iph, Iph=
Ilight−Idark, Ilight is the channel current upon illumination)
of the device also increased significantly (Figs S5b and
S6). However, when the SnSe2 film was increased from 17
to 22 nm, the dark current began to increase instead
(Fig. 3a4). At the same time, compared with the 17 nm
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SnSe2 device, the photocurrent just slightly increased
(Fig. S6).

For evaluating the weak-light detection capability of
photodetectors, SNR is a crucial performance metric. It is
defined as [36]

I ISNR = / . (1)ph dark

In the photodetection process, noise always exists and
will generate random fluctuations in the device’s output,

thereby limiting the detection of weak signal. Higher SNR
means weaker disturbances from the background noise
[37]. Fig. 3b shows the SNR versus bias voltage of the
constructed devices. The In2Se3/SnSe2 heterostructure
device with 17 nm SnSe2 shows a high SNR beyond 3×104,
which is significantly larger than the other devices. It
turns out that 17 nm is the optimum thickness of the
SnSe2 film for our devices. Therefore, in this work, our
attention focuses on the In2Se3/SnSe2 photodetector with

Figure 3 Photoresponse of the In2Se3/SnSe2 devices. (a) I-V curves of the photodetectors with different SnSe2 thicknesses. (b) Bias dependence of the
SNR calculated on the constructed devices. (c) Photocurrent of the In2Se3/SnSe2 device under various light intensities at Vds=2 V. Due to instrument
limitations, the measured LDR is 51 dB. Calculated noise current is marked by an asterisk, and the expected LDR is 89 dB. (d) Measured detectivity
(black) and NEP (red) of the In2Se3/SnSe2 device under different light intensities. (e) I-V curves of the In2Se3/SnSe2 device in dark and under
illumination of weak light (65 µW cm−2).
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17 nm SnSe2 film.
Figs S5c and S7 present the I-V curves of the pure SnSe2

and the heterostructure devices in linear coordinates in
the dark. The symmetric and linear I-V curves indicate
Ohmic-like contacts between the active film and Ti/Au
electrodes. Fig. 3c shows the photocurrent versus light
intensity at the bias voltage (Vds) of 2 V. The photo-
current increases linearly with increasing irradiation
power. Linear dynamic range (LDR) is a performance
metric used to characterize the power range of a photo-
detector with linear optical signal [38,39]. Large LDR is
required in high contrast applications. Commonly, the
LDR is expressed as

( )P PLDR = 20log / , (2)upper lower

where Pupper and Plower are the input light power upper and
lower limits where the linear response is observed [38].
Fig. 3c presents a linear response from 0.065 to
23.7 mW cm−2, corresponding to an LDR of 51 dB. The
minimal and maximum light intensities in Fig. 3c were
determined by the output limitations of the laser that we
used. In order to obtain the actual LDR more accurately, a
noise current, which corresponds to the photocurrent for
SNR to be unity, was adopted to further calculate the LDR
value [39]. Thus, we get an expected LDR value of 89 dB,
which corresponds to a minimum detection optical signal
down to ~0.8 μW cm−2.

Detectivity (D*) is another useful performance metric
to evaluate the capability of a photodetector to detect
weak optical signals [18]. D* is defined as [39]

D Af* = ( ) / NEP, (3)1/2

where A is the effective area of the device (5 μm×
1000 μm), f is the bandwidth, and NEP denotes the noise
equivalent power. Commonly, we assume that the shot
noise from dark current is the dominant contribution
[40,41]. Consequently, the NEP and D* can be expressed
by

PA eI INEP = (2 ) / , (4)dark
1/2

ph

D A I PA eI* = / (2 ) , (5)1/2
ph dark

1/2

where P and e are the light density and electronic charge,
respectively. Fig. 3d shows the NEP and D* versus light
intensity. It is seen that our device exhibits a low NEP less
than 10−14 W Hz−1/2, giving rise to a high D* of
8.8×1011 Jones. These NEP and D* values are comparable
to those of commercial Si-based photodetectors
(~10−14 W Hz−1/2, ~1012 Jones) [18], and they are better
than most of the previously reported values for vdWs

material-based and perovskite-based photodetectors
[34,39,42–45]. Next, to further evaluate the weak light
detection ability, I-V curves of the In2Se3/SnSe2 device in
dark and under weak light illumination were displayed in
Fig. 3e. Obviously, even if the incident light was as weak
as 65 µW cm−2, which was less than 1/1000 of 1 sun
(100 mW cm−2), the SNR was still larger than 100 (Fig.
S8).

Responsivity (R) and EQE are important figures-of-
merit for evaluating the performance of photodetectors.
They can be calculated by using the following formulas:
R I PA= / , (6)ph

hcR eEQE = / ( ) × 100%, (7)
where h is the Planck constant, λ is the incident wave-
length and c is the velocity of light [46,47]. We obtained
the R and EQE to be 177 mA W−1 and 49.2%, respectively.

Long-term device stability and fast response to incident
light are also important for high-performance photo-
detectors. In the following step, we performed time-re-
solved photoresponse experiments through periodically
turning on and off the incident laser. As presented in
Fig. 4a, the current on/off switching was rapid and re-
producible for 500 cycles. Meanwhile, the photoresponse
changed little (<2%) over the entire test period, indicating
that the device was stable and reliable. Then, as presented
in Fig. 4b, the temporal response of one photoswitching
cycle was recorded through an oscilloscope. The rise time
(τr) and decay time (τd) can be calculated through fitting
the rising and falling edges of the response current with
the following single exponential function [42]:

( )I t I C t( ) = + exp / or , (8)d r d

where C is a scaling constant. In Fig. 4b, we obtained τr
and τd of 3.4 and 3.7 ms, respectively. These values are
relatively fast compared with the state-of-the-art vdWs
material-based photoconductive devices [13,48]. Table S1
summarizes the performance metrics of different mate-
rials-based photodetectors. Importantly, in the compre-
hensive consideration of the overall performances, our
In2Se3/SnSe2 device stands out, indicating its superiority
for weak light detection application. In the following step,
we performed optoelectronic measurements for other
devices on the chip. As demonstrated in Fig. 4c, there are
seven photodetectors in a chip, and the variation of de-
tectivity among devices is small. This result reveals that
the constructed In2Se3/SnSe2 device array has satisfactory
uniformity, showing high potential for imaging applica-
tions.

Sequentially, energy band structures of the hetero-
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structure were investigated to unveil the synergistic effect
between In2Se3 and SnSe2. UPS spectra around the cutoff
and onset edges of the SnSe2 are presented in Fig. 5a and
b , respectively. Through extrapolating their leading edges
linearly and finding the intersections with the baselines,
the work function of the SnSe2 film can be calculated to
be 4.61 eV (21.22−16.61=4.61 eV), and the valence band
maximum (Ev) is 0.71 eV below the Fermi level (Ef).
Fig. 5c shows the Vis-NIR absorption spectrum of the
SnSe2 film. Given multilayer SnSe2 is an indirect bandgap
semiconductor [42], the corresponding Tauc plot is
shown in the inset of Fig. 5c. A bandgap of 1.13 eV, which
matches well with previous reports [42,49], is extracted
from the plot. Thus, the energy level of conduction band
minimum (EC) was calculated to be −4.19 eV. Combining
the band structure of In2Se3 that has been determined in
previous study [31], we sketched the band structure dia-
gram of the In2Se3/SnSe2 heterostructure in Fig. 5d. In
this bandgap model, the enhanced photodetection per-
formance can be explained as follows: on one hand, the

depletion region is formed at the interface of In2Se3 and
SnSe2 (Fig. 5d), which brings about a narrowed con-
ducting channel in the heterostructure and thus greatly
suppresses the dark current; when SnSe2 is thin, it is
completely depleted. As the thickness of SnSe2 increases,
the depletion region gradually expands, narrowing the
conductive channel and decreasing the dark current.
When the thickness of SnSe2 exceeds 17 nm, In2Se3 is
completely depleted. Thus, as the thickness of SnSe2 in-
creases, carriers can flow through the SnSe2 film, in-
creasing the dark current. On the other hand, this type-II
staggered band alignment is beneficial to the dissociation
of photoexcited carriers (Fig. 5e), which significantly re-
duces their recombination, resulting in a high photo-
current.

Finally, the In2Se3/SnSe2 heterostructure can also be
deposited on the PI substrate to construct the flexible
photodetector array. We also investigated the photo-
response property of these flexible devices. Fig. 6a shows
the I-V curves of a typical flexible device in dark and

Figure 4 (a) Normalized photoswitching evolution of the In2Se3/SnSe2 device under periodic light irradiation (65 µW cm−2). The left and right parts
present the magnified details of the curves at the first and last five cycles. (b) Rising and falling curves of the In2Se3/SnSe2 device obtained through an
oscilloscope. The curves are fitted with a single exponential function. (c) Normalized distribution of the detectivities of seven heterostructure devices.
Inset shows the optical image of the device array.
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under 447 nm light irradiation. Clearly, this device also
exhibits outstanding photodetection capability. Then,
detailed device parameters were calculated and listed in
Table S2. It can be observed that the performance of this
flexible photodetector is comparable to that of the devices
on rigid SiO2/Si substrate. Next, we performed rough
flexibility tests, in which the device was bent to an angle
of ~60° (Fig. S9) for different cycles. Fig. 6b and Fig. S10
compare the I-V curves of this flexible device before and
after bending for various cycles. Obviously, whether in
dark or under irradiation, the conductance of this device
remains almost constant over 200 cycles, indicating its

excellent flexibility. Fig. S11 presents the detectivity dis-
tribution of the flexible photodetector array. There are
also seven devices on a chip, and the performance of these
devices also manifests satisfactory uniformity. Such a
result reveals that PLD technology manifests extensive
compatibility with various substrates, which provides a
bright future for advanced optoelectronic applications.

CONCLUSIONS
In summary, a vertical In2Se3/SnSe2 heterostructure
photodetector array was designed and self-assembled
through a facile PLD approach. In such heterostructure

Figure 5 UPS spectra around the (a) low energy cutoff region and (b) onset region of the SnSe2. (c) Vis-NIR absorption spectrum of the SnSe2 and the
corresponding Tauc plot. (d) Energy band diagrams of In2Se3 and SnSe2. (e) Photoexcited carrier transport process in the In2Se3/SnSe2 heterostructure.

Figure 6 Photoresponse of the constructed In2Se3/SnSe2 photodetector array on the flexible PI substrate. (a) I-V curves of a typical flexible device in
dark, under illumination of weak light (65 µW cm−2) and strong light (23.7 mW cm−2). (b) I-V curves of the flexible device upon various bending
cycles. Inset shows a photograph of the bended In2Se3/SnSe2 photodetector array. The light intensity is 65 µW cm−2.
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devices, the dark current was significantly suppressed
owing to the formation of depletion region. Upon light
irradiation, photoexcited carriers were spatially separated
and their recombination rate was reduced, leading to
enhanced photocurrent. These heterostructure devices
greatly outperform the pure In2Se3 device and show ul-
tralow dark current of 6.3 pA, high detectivity of
8.8×1011 Jones, short rise/fall time of 3.4/3.7 ms and high
SNR beyond 3×104. These performance metrics indicate
that the In2Se3/SnSe2 heterostructures hold unique ad-
vantages for the detection of weak signals. Additionally,
the In2Se3/SnSe2 photodetector array constructed on the
flexible PI substrate presents comparable performance to
that on SiO2/Si substrate, revealing the great potential for
future wearable optoelectronics.
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自组装制备In2Se3/SnSe2异质结构阵列来抑制暗电
流和增强对弱信号的响应
郑照强1,2,陈培峰1,陆健婷1,姚健东3*,招瑜1,张梦龙4,郝明明1,
李京波4,5*

摘要 基于层状材料的范德华(vdWs)异质结构在下一代光电器件
中显示出巨大潜力. 迄今为止, 基于堆叠或外延生长技术, 已有多种
vdWs异质结构被研究. 然而, 由于vdWs异质结的合成过程复杂, 难
以大规模集成异质结构器件阵列, 对其实际应用造成了极大的限
制. 本文中, 我们通过脉冲激光沉积技术自组装制备了面外垂直In2

Se3/SnSe2异质结构的平面光电探测器阵列, 利用垂直内建电场来抑
制暗电流并分离光生载流子. 所构建的器件具有6.3 pA的超低暗电
流, 8.8×1011 Jones的高检测率和超过3×104的高信噪比. 这些性能指
标不仅比纯In2Se3器件高一个数量级, 还展示了探测微弱信号的独
特优势. 另外, 该异质结构光电探测器阵列也可以构建在柔性聚酰
亚胺衬底上, 制备柔性器件. 这些器件同样显示出有效的光电探测
能力, 即使弯曲200次后, 光响应仍保持不变. 这些发现为下一代大
面积和高集成度光电技术的发展奠定了基础.
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