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Abstract: Tin monoselenide (SnSe), which belongs to group IV–VI monochalcogenides, has obtained
significant attention in the field of photodetection owing to its ultrahigh carrier mobilities. However,
the great challenges of preparing high-quality films and high-performance devices still need to be
conquered. Herein, high-density continuous SnSe films were deposited on a Si substrate using
magnetron sputtering technology, and a self-driven photovoltaic-type broadband photodetector from
the visible light range (VIS) to the near-infrared (NIR) range based on SnSe/Si heterojunction was
constructed. Owing to its high carrier mobility, narrow band gap structure, and strong internal
electric field, the SnSe/Si heterojunction device exhibits an ultrafast response and high responsivity
(R), which achieves a wide spectral response of 405–980 nm. Under zero bias voltage, the greatest
R and detectivity (D*) of the heterojunction were 704.6 mA/W and 3.36 × 1011 Jones at 405 nm.
Furthermore, the device had a fast response time (rise time) of 20.4 µs at 980 nm of illumination.
This work provides a new strategy for the fabrication of high-performance, low-cost, and self-driven
photodetectors.

Keywords: tin monoselenide; heterojunction; self-driven; photodetector

1. Introduction

At present, photoelectric devices based on two-dimensional materials show excellent
performance owing to their restricted dimensionality. Graphene-based photodetectors
tend to detect a broadband spectrum, but the device’s performance is districted owing to
its low absorbance [1,2]. In contrast, photodetectors based on transition metal dihalides
(TMDS) (MoSe2, WS2, and WSe2) have remarkable photoelectric detection performance
with high R [3–5]. The response wavelengths of these photodetectors are limited to visible
light, and the R in the NIR region is low, which restricts their application in broadband
detection. Other low-dimensional materials with narrow band gaps (<1.0 eV), such as
black phosphorus (BP), have also been developed for manufacturing broadband photode-
tectors [6]. Nevertheless, there are some challenges in the deposition of high-quality BP
films and maintaining their stability. Additionally, the large-scale preparation of BP films
that are compatible with CMOS technology for focal plane array (FPA) photodetectors is
not yet feasible.

Compounds in the IV–VI main group exhibit better photoelectric properties due to
their smaller band gaps and high carrier mobility. Tin selenide, as a typical IV–VI main
group metal–chalcogenide compound, has all the advantages of IV–VI metal–chalcogenide
compounds [7]. Its band gap ranges from 0.9 eV to 1.3 eV, which makes it attractive
in the application of wideband photodetectors. SnSe has high chemical stability, which
enables it to maintain good performance in harsh environments (such as strong acid and
alkali environments). Its natural content is not as rare as transition metals and can be
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found in large natural reserves; therefore, the cost is relatively low. Photoelectric devices
fabricated via SnSe have important practical applications. SnSe not only exhibits excellent
photoelectric performance due to its high absorption coefficient of 105 cm−1 [8], but also
has significant anisotropy and excellent thermoelectric performance. These good properties
mean that tin selenide materials can be widely used in photoelectric devices. In a report
on high-performance optoelectronic devices based on SnSe, the photoresponsivity of the
flexible SnSe photodetector prepared by Xu reached 0.16 AW−1 under mid-infrared light of
10.6 µm [9], and the response speed was fast, whereas the SnSe/GaN heterojunction device
prepared by Pargam Vashishtha had a high response rate and wide detection range [10].
In addition, some self-driven heterojunction detectors have been reported to have a high
detector rate and wide spectral detection. A photodetector based on an exfoliated α-
In2Se3/Ta2NiSe5 heterojunction can work both in a self-driven state and a bias voltage
state [11]. In the self-driven state, the responsivity of the photodetector is 12 A/W and the
detectivity is 3.7 × 1013 Jones at 520 nm. The detection spectral band covers 405 nm to
1550 nm, and the response time (rise time) is only 25 µs. The photovoltaic photodetector
based on the tin selenide semiconductor exhibits excellent optical detection performance,
including a rapid optical response speed. Furthermore, photovoltaic detectors can operate
without bias voltage, which results in lower power consumption. This makes them suitable
for the more demanding conditions of next-generation optoelectronic devices [12–14].
Moreover, SnSe film can be grown steadily and uniformly over a large area by using
existing film preparation technology, and the preparation process is simple and controllable,
which gives it great practical application prospects in the field of large field photodetector
arrays [15,16].

Research on SnSe detectors should first focus on the controllable preparation of thin
films and then study the optical detection performance of the device on the basis of the
controllable preparation of thin film materials. In the existing preparation methods, Sn2+ in
the precursor is often oxidized into Sn4+ during the preparation process, which is easy to
lead to SnSe2 instead of SnSe. Therefore, how to prepare pure-phase SnSe is an important
problem. The existing methods for preparing SnSe films include evaporation, chemical
vapor deposition (CVD), the sol-gel method, ion-assisted deposition, magnetron sputtering,
etc. Among these methods, SnSe thin films prepared by the magnetron sputtering method
have the advantages of a simple process, stable and controllable film growth, high-quality
film growth, a large preparation area, and high repeatability. It has practical application
prospects in the field of wide-spectrum fast-response photodetectors, which makes it
particularly suitable for industrial production.

Herein, high-quality continuous and large-size SnSe films are grown on n-Si substrate
using magnetron sputtering technology. The prepared SnSe film can be used for large
area preparation and wafer size, with a simple process, strong controllability, and high
repeatability. Additionally, SnSe/Si heterostructure photodetectors are capable of efficiently
capturing VIS-NIR (405–980 nm) radiation. The device exhibits excellent photoelectric
performance under zero bias voltage, with a high responsivity (R) of 704 mA/W and
detectivity (D*) of 3.36 × 1011 Jones at 405 nm. Moreover, swift responses of 304 µs in the
NIR region and 20.4 µs in the VIS region were achieved at room temperature. Therefore,
this provides a new scheme for energy-efficient, sensitive photoelectric devices.

2. Materials and Methods

SnSe films are grown on (100)-oriented Si substrates via the magnetron sputtering
technique method. The Si substrates are n-type semiconductors with a thickness of approx-
imately 200 µm, a size of 1.5 × 1.5 cm, and a resistivity ranging from 1 to 10 Ω cm. The
substrates are immersed in HF solution (~15%) for 30 s to eliminate the natural oxide layer
from the surface of the Si substrate. Furthermore, the substrates are immersed in deionized
water and undergo ultrasonic cleaning for 10 min to remove surface dust, before under-
going anhydrous ethanol and acetone ultrasonic cleaning for 15 min to remove organic
impurities on the surface of the substrate. Then, they are subjected to ultrasonic cleaning
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with ultra-pure water for 10 min to remove the cleaning solvent remaining on the surface
of the substrate during the above cleaning process.

N2 is used to dry the substrates, which are then secured to the substrate tray and
transferred to the sputtering cavity. Mechanical pumps and molecular pumps are used to
vacuum the sputtering cavity to keep the pressure at 8 × 10−4 Pa. Then, high-purity argon
is used to flush the sputtering system to eliminate the pollution of other gases in the cavity.
By optimizing the sputtering time, gas pressure, and sputtering power, high-quality films
are obtained.

Prior to film deposition, a 10-min pre-sputtering operation is performed to avoid
the impact of natural oxides and pollutants on the surface of the target on the quality
of the sputtered film. Then, the formal sputtering begins to deposit the film onto the
substrate. During the sputtering process, the pressure in the cavity is maintained at 0.5
Pa, the sputtering power is 16 W, and the rate of argon gas is 27.5–28.5 ccm. After the
sputtering is completed, high-quality SnSe film is obtained. The SEM image shows the
high continuity of the film (Figure 1a,b) in a large area.
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Figure 1. The structural characterization of SnSe film. (a,b) SEM image of SnSe film. (c) Cross-section
SEM image of SnSe film. (d–f) SEM−EDS mapping of Sn and Se in the film.

The Raman spectrum test adopts Horiba LabRAM HR Evolution equipment from
Japan. The wavelength of the test laser is 514 nm, and the range of the test wave numbers is
500–4000 cm−1. For scanning electron microscopy (SEM), we use a GeminiSEM 300 instru-
ment produced by the ZEISS Company in Germany to observe the surface morphology of
the film and analyze the morphology characteristics of the film at different magnifications.

To fabricate the SnSe photodetector, a metal mask plate is utilized for the thermal
evaporation of Au onto the surface of the SnSe film. The Au material used for electrode
preparation is gold wire with a gold content greater than 99.99%. The designed metal mask
is pasted onto the surface of the thin film, and the Au is steamed to the surface of the thin
film using thermal evaporation equipment to prepare the shape of the target electrode. The
thickness and diameter of the Au electrode are 120 nm and 1 mm, respectively. Additionally,
a conductive ITO is pasted onto the back of the film and affixed with conductive silver
adhesive, serving as the back electrode. The size of the ITO glass is 2 × 2 cm, and the
surface conductivity is good. The silicon wafer coated with SnSe film is glued onto the
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surface of the ITO using the conductivity of conductive silver glue, and the conductive
silver glue is heated on the heating table for 15–20 min until completely solidified, thus
forming a simple heterojunction device.

3. Results and Discussion

Figure 1a,b show the SEM image of the SnSe film growing on a silicon substrate.
Figure 1a is the surface topography of the film magnified at 10 k (k means the image is
magnified 1000 times). It can be observed that the surface gray level of the film image is
uniform, indicating that the film has high density and uniform growth. Figure 1b is the
surface topography of the film magnified at 100 k. The materials are lumpy and stacked
together, and the block diameter is about 100 nm. We cut the film with a silicon knife and
then analyzed the thickness of the film by looking at cross-section images. Figure 1c shows
the cross-section morphology of the film with a thickness of 759.2 nm. It can be seen that
the thickness of the film is uniform everywhere, and the boundary between the film and
the silicon wafer substrate is obvious. Energy-dispersive spectroscopy (EDS) equipment
is used to study the chemical composition of the film. It can be seen from Figure 1d that
both elements exist and are evenly distributed in the film, and Figure 1e,f describe the
distribution of Sn and Se in the film, respectively.

As shown in Figure 2a, the SnSe structure is an orthogonal layered structure, and
the adjacent layers are connected by weak van der Waals interactions. Grazing angle
X-ray diffraction and Raman spectroscopy are carried out to confirm the phases and the
purity of the SnSe film. The Raman spectrum of the film is depicted in Figure 2b. The
presence of peaks at 67 cm−1, 106 cm−1, 128 cm−1, and 154 cm−1 can be assigned to the
out-of-plane vibrations of Ag1, Ag2, and Ag3, respectively. Meanwhile, the peak at 106
cm−1 corresponds to the in-plane vibration of B3g [17,18]. The X-ray diffraction (XRD)
spectra of the SnSe film are shown in Figure 2c, with peaks at 15.2◦, 30.3◦, 46.9◦, and 64.2◦,
corresponding to the (200), (400), (600), and (800) planes of orthorhombic SnSe, respectively.
The comparison with the reported literature [19] proves that we generated high-purity
SnSe films. Furthermore, X-ray photoelectron spectroscopy (XPS) measurement spectra
are presented in Figure 2d–f. XPS can characterize the surface elements and their chemical
states. The basic principle is to use an X-ray, interact with the sample surface, use the
photoelectric effect, stimulate the sample surface to emit photoelectrons, use the energy
analyzer, measure the photoelectron kinetic energy, according to E(b) = hv-E(k)-W, and
then obtain the binding energy of excited electrons E(b). Where E(b): binding energy, hv:
photo energy, E(k): kinetic energy of the electron, and W: spectrometer work function. The
peaks in the spectrum mainly arise from the Sn and Se elements. In addition, the spikes
in elements C and O may be attributed to the gas molecules absorbed by the surface of
the film. In Figure 2f, Se 3d5/2 and Se 3d3/2 peaks are observed at 53.2 eV and 53.8 eV,
respectively, confirming the presence of Se 3d5/2 and Se 3d3/2 in the film. The XPS peaks
are 485.3 eV and 493.7 eV (Figure 2d), corresponding to Sn 3d5/2 and Sn 3d3/2 [20], while
the peaks at 494.7 eV and 485.4 eV result from the oxidation of tin oxide on the surface
of the film [21]. During the process of film deposition, the working gas in the vacuum
chamber is maintained in a high vacuum state with high purity. However, there might be
oxygen molecules present, and the oxidation state in the film may be influenced by the gas
molecules absorbed by the surface of the film.
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Figure 2. Microstructure of SnSe film. (a) SnSe crystal structure. (b) Typical Raman spectrum of the
SnSe thin film. (c) XRD spectra of SnSe film. (d–f) XPS survey spectrum of the SnSe film.

Heterojunction devices exhibit self-actuated optical response characteristics, as demon-
strated in the enlarged diagram of Figure 3a. Additionally, it clearly indicates that under
lighting conditions, the IV curves pass through the fourth quadrant and show an obvious
photovoltaic response. In other words, when the device is under zero bias, the photogener-
ated electron–hole pairs will rapidly separate into different material layers driven by the
built-in potential. These accumulated electrons and holes disrupt the thermal balance in the
dark state, resulting in a positive open-circuit voltage. When the device is short-circuited,
the separated photogenerated carriers recombine and produce a short-circuited current
(I) in the channel. Due to the good rectification characteristics and low reverse current of
heterojunction, the photoelectric detection performance of self-driven heterostructures is
studied in this paper. Furthermore, as illustrated in Figure 3b, by adding a voltage varying
from −3 V to 3 V at both ends of the electrode, we scan the IV characteristic curve of the
device and change the incident light intensity of the device so that we can see the change
in the IV curve with the change in the incident light intensity. When the incident laser
is irradiated on the heterojunction surface, the photogenerated electron–hole pairs will
quickly separate and transfer to different material layers under the action of the built-in
electric field. These charge carriers will transport laterally between the electrodes and
contribute additional photocurrent. When the voltage (V0) is greater than 0 V, a large
number of free carriers will contribute a large forward current through the heterojunction,
while the photogenerated electron–hole pairs only account for a small part, resulting in
a low optical switching ratio. On the contrary, when V0 < 0 V, the device works in the
cutoff state, and the photogenerated electron–hole pair serves as a conductive carrier in the
channel, leading to a much higher photocurrent than the dark current and thus, a high light
switching on–off ratio. This demonstrates the high sensitivity of the photodiode device.
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Figure 3. The detector performance of the device at 980 nm. (a) Enlarged Ids−Vds measurements
under 980 nm. (b) IV characteristic curve of device at different laser power incidences. (c) Fitting
curve of photocurrent variation with light intensity at 980 nm band. (d) Response time of 980 nm band
device. (e) The D* of 980 nm band varies with incident light power. (f) Image of device responsivity
variation with incident light power at 980 nm laser.

From Figure 3c, it can be seen that the trend of Iph as a function of light intensity follows
the power-law Iph ∝ Pθ . The photocurrent strongly depends on the light intensity, where γ

represents the response of Iph to increasing light intensity. In an ideal heterojunction without
trap states, θ = 1.0. However, θ values are generally much smaller in the reported layered
structured film/Si heterojunctions due to the large number of localized states between
the Fermi level and the conduction band. These localized states are caused by random
crystallization and poor interfaces. Here, the value of the θ index can be obtained via the
linear fitting method on a logarithmic scale, where the value of θ ≈ 0.69. In addition, the
current variation curve of a single periodic response signal after normalization with time
is shown in Figure 3d, the rise time of the light response is 20.4 µs, and the decay time is
16.6 ms. This device has a fast optical response speed. This is due to the fact that the carrier
drift time of photovoltaic detectors is shorter than that of photoconductive detectors, and
the strong internal electric field of Schottky heterojunction devices can accelerate the drift
speed of carriers. More importantly, photovoltaic detectors can operate without bias voltage
and thus have lower power consumption, which can meet the more complex conditions
of the working environment of the next generation of optoelectronic devices in the future.
However, the R of SnSe-based heterojunction self-driven photodetectors is relatively low,
which is still far behind that of photoconductive detectors, so further research is needed.

Herein, we calculate the responsivity (R) and detectivity (D*) of heterojunction pho-
todevices, where R is the sensitivity of the device to incident light. The formula [22] for R is
as follows:

R = Iph/
(

Plight × A
)

(1)

where A is the effective device area; it is defined as the ratio of the incident light spot area
to the active area of the device. The size of the spot area of different lasers is not consistent,
and the active area is defined as the area of the thin film material in the circular electrode.
Plight is the light density on the heterojunction, and Iph is the photocurrent. Moreover,
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detectivity (D*) is used to describe the detection ability of the detector to the optical signal,
which can be calculated using the following formula [23]:

D* = R(A/2eId)
0.5 (2)

Figure 3e shows the power-dependent detection rate as a function of laser wavelength.
Figure 3e also shows that the D* of the heterojunction device varies with laser power
intensity under the light irradiation of 980 nm in wavelength, and the maximum D* is
calculated as 7.64 × 109 Jones. Compared with the previous bands, the R of the device at
this band decreases significantly. Although the absorption of the film is decreased, this
SnSe/Si heterostructure photodetector is still able to achieve a maximum responsivity of
16 mA/W.

The structure diagram of the heterojunction photodetector based on SnSe/Si is shown
in Figure 4a. The bottom electrode is composed of a transparent conducting ITO and a
cubic SnSe single crystal along the crystal phase (100), and a ring Au electrode deposited
on the surface of SnSe film constitutes the top electrode. The PDA probe platform is used
to test the device. The two probes are tied to the top Au electrode and the bottom ITO
conductive surface, respectively, and then the device performance is tested by adjusting
the parameters. Figure 4b shows the spectral absorption of heterojunction devices in
the UV−visible−near−infrared range. The absorption of the devices in this band range
confirms the spectral absorption curve. The devices exhibit absorption in the range from
300 nm to 1400 nm, with the peak absorption at around 400 nm. In the actual use of laser
testing, we can detect the self-driven performance of the device near 1000 nm by laser
testing at zero bias voltage. However, the test performance is poor after 1000 nm because
the thin film’s light absorption is not enough in this band, and the photo-generated carrier
concentration is not enough. Figure 4c presents that the responsivity of the heterojunction
device varies with the incident light power at 405–650 nm. It can be seen that the R of
the device at 405 nm achieves the highest value, which is determined by the absorption
characteristics of the SnSe film. The R of the device decreases with the increase in the
incident light power. This is because photoelectric detection is a process in which electrons
of photosensitive materials absorb photon energy and break away from atomic bondage.
The number of electrons generated is proportional to the number of incident photons, but
the number of electrons in the outer layer of the photodetector atom is limited, and so is
the number of electrons provided per unit time. The photocurrent is proportional to the
incident power. When the incident power increases to a certain amount, the photocurrent
no longer changes with the increase in the optical power. When it reaches saturation, the R
will become smaller if the optical power increases again. Figure 4d shows the time-varying
curve of the current of the device under different laser irradiation. The curve indicates
the time-varying relationship of the photoelectric response current of the device under
the saturated power output of the laser in each band. It can be seen that the photocurrent
produced by the device at the 405 nm, 450 nm, 650 nm, and 980 nm laser incidents is
large and similar in quantity, while the photocurrent produced by the laser incidents
at 780 nm and 808nm is small, which is caused by the inconsistent saturation power of
the laser. Among them, the laser power from the 405nm to 980nm band is 15.80 mW,
6.63 mW, 0.94 mW, 0.85 mW, 3.04 mW, and 23.59 mW, respectively. The function of D*
and the incident power of the device at the 650 nm, 405 nm, and 450 nm band are shown
in Figure 4e. It can be seen that its maximum D* is 3.36 × 1011 Jones at 405 nm, and its
maximum D* is 1.07 × 1011 Jones at 650 nm. With the increase in laser density, the D* of
the incident light decreases. This is because the initial incident light power is low, and the
light absorbed by the thin film material is completely converted into a photocurrent. With
the increase in the incident light power, the material’s absorption of photon energy reaches
saturation, and when the light intensity is changed, the excess energy is converted into a
photothermal response. The photoelectrical response is measured, as shown in Figure 4f.
Under the 405 nm illumination, the Iph is increased with the increase in light intensity, and
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it complies with a fitted power law equation of Iph∝P0.74. The heterojunction device has
the highest responsiveness and detection rate at 405 nm, and its exponential factor value is
close to 1, showing more obvious heterojunction characteristics. The result indicates that
the response mechanisms of the low light intensity region are photogating [24].

Chemosensors 2023, 11, x FOR PEER REVIEW 9 of 13 
 

 

ent laser irradiation. The curve indicates the time-varying relationship of the photoelec-
tric response current of the device under the saturated power output of the laser in each 
band. It can be seen that the photocurrent produced by the device at the 405 nm, 450 nm, 
650 nm, and 980 nm laser incidents is large and similar in quantity, while the photocur-
rent produced by the laser incidents at 780 nm and 808nm is small, which is caused by 
the inconsistent saturation power of the laser. Among them, the laser power from the 
405nm to 980nm band is 15.80 mW, 6.63 mW, 0.94 mW, 0.85 mW, 3.04 mW, and 23.59 
mW, respectively. The function of D* and the incident power of the device at the 650 nm, 
405 nm, and 450 nm band are shown in Figure 4e. It can be seen that its maximum D* is 
3.36 × 1011 Jones at 405 nm, and its maximum D* is 1.07 × 1011 Jones at 650 nm. With the 
increase in laser density, the D* of the incident light decreases. This is because the initial 
incident light power is low, and the light absorbed by the thin film material is com-
pletely converted into a photocurrent. With the increase in the incident light power, the 
material’s absorption of photon energy reaches saturation, and when the light intensity 
is changed, the excess energy is converted into a photothermal response. The photoelec-
trical response is measured, as shown in Figure 4f. Under the 405 nm illumination, the 
Iph is increased with the increase in light intensity, and it complies with a fitted power 
law equation of Iph∝<!-- MathType@Translator@5@5@MathML2 (no namespace).tdl@MathML 2.0 (no 
namespace)@ --> 

<math><mrow><msup><mrow><mi>P</mi></mrow><mrow><mn>0.74</mn></mrow></msup></mro
w></math> 

<!-- MathType@End@5@5@ --> 
. The heterojunction device has the highest responsiveness and detection rate at 405 

nm, and its exponential factor value is close to 1, showing more obvious heterojunction 
characteristics. The result indicates that the response mechanisms of the low light inten-
sity region are photogating [24]. 

 
Figure 4. The device responds to light at different wavelengths. (a) Three-dimensional structure 
diagram of heterojunction device. (b) The spectral response of heterojunction devices in the range 
from 300 nm to 1400 nm. (c) Plots of responsivity of the heterojunction under the 405 nm, 450 nm, 
and 650 nm wavelengths of light illumination as a function of laser power intensity. (d) Devices in 
different wavelength IT curves. (e) D* variation curve with incident light intensity at 405 nm, 450 
nm, and 650 nm. (f) The fitting curve of photocurrent with incident light intensity at 405 nm. 

Figure 4. The device responds to light at different wavelengths. (a) Three-dimensional structure
diagram of heterojunction device. (b) The spectral response of heterojunction devices in the range
from 300 nm to 1400 nm. (c) Plots of responsivity of the heterojunction under the 405 nm, 450 nm,
and 650 nm wavelengths of light illumination as a function of laser power intensity. (d) Devices in
different wavelength IT curves. (e) D* variation curve with incident light intensity at 405 nm, 450 nm,
and 650 nm. (f) The fitting curve of photocurrent with incident light intensity at 405 nm.

Table 1 summarizes other key parameters reported for the performance of two-
dimensional SnSe−based photodetector devices. Among them, the heterojunction device
created by Hao [25] has an excellent response speed and wide detection band. Its maximum
R is 566 mA/W at 850 nm. The heterojunction device prepared in this paper improved the
maximum R, which is 704.6 mA/W at 405 nm, and we did not need to heat the substrate,
so the preparation power consumption was lower and the process was simpler. However,
other SnSe-based photodetectors [26–29] in the table have a slow response time and low
R, which cannot meet the requirements of high−speed sensitive detection. In addition,
the preparation process for these optoelectronic devices is complicated, the preparation
requirements are high, and the repeatability is not strong. The device prepared in this
paper is far superior to the above photodetectors in terms of R and response speed. Current
SnSe/Si heterojunctions exhibit a competitive electro−optical performance when operating
with self-actuation at zero bias and, in particular, exhibit higher detection rates and lower
response times compared to SnSe with a larger transverse size. In addition, the current
photodetectors based on gallium arsenide have a wide spectrum of detection frequency
bands and higher performance. The detection performance of the photodetector based on
the SnSe prepared in this paper is better than that of a gallium arsenide photodetector [30]
reported at present, with a higher responsiveness and lower cost. Of course, there is also
room for improvement in the response speed of this device. Due to the large film area
of the device growth, leakage and other factors will exert influence, resulting in a large
dark current value, and the response current makes it difficult to reach a large value. The
further optimization of the process to suppress the dark current level can further improve
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the device’s R, detection rate, and other performance indicators. Furthermore, its excellent
photoelectric detection performance is mainly attributed to the following aspects: (1) SnSe
has a unique and excellent crystal structure, and the interface formed between SnSe and
Si can minimize the defect density in the heterojunction, thus greatly inhibiting the cap-
ture of photoexcited carriers and promoting the transport characteristics of carriers at
the heterojunction. (2) The large internal electric field at the heterogeneous interface can
reduce the dark current. Especially, large internal electric fields can effectively promote the
separation of photoexcited electron–hole pairs and significantly shorten the transit time of
photoexcited carriers.

Table 1. Photodetectors with device structure and other details reported in the literature.

Materials Spectrum (nm) R (A/W) τ (µs) Refs.

Au/SnSe/Si 300–1000 0.704 20.4 This work

Pd/SnSe/Si 300–1100 0.566 1.6 [25]

SnSe film 370–808 0.0014 178 [26]

SnSe/In2Se3 405 0.350 1.39 × 105 [27]

Gr/SnSe/Gr 100–1050 0.038 0.18 × 106 [28]

SLG/SnSe/Ag 532–1064 0.0014 5 × 103 [29]

Si/GaAs 635 0.06 none [30]

4. Conclusions

We used RF magnetron sputtering technology to deposit SnSe films onto Si substrates.
Upon optimizing the growth parameters, high-quality single−crystal SnSe films were fabri-
cated. Additionally, a SnSe/Si unilateral Schottky heterojunction with an atomic mutation
interface was then prepared, resulting in a high−performance self−driven heterojunction
photodetector. The photoelectric properties of the SnSe/Si heterojunction under different
irradiation wavelengths were systematically studied with a high responsivity of 704 mA/W,
and the corresponding D* was 3.36 × 1011 Jones. The device had an ultra-fast response
time of 20.4 µs and a wide spectral response of 405−980 nm. Compared with SnSe photo-
conductive photodetectors, the thin−film heterojunction photovoltaic photodetectors show
a faster response and higher detection performance. In general, this work proves the high
performance of SnSe/Si heterojunction photodetectors and provides a promising system
for fast and high response detection in VIS−NIR spectral bands.
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