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Ultrasensitive Solar-Blind Ultraviolet Photodetector Based 
on FePSe3/MoS2 Heterostructure Response to 10.6 µm
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Metal phosphorous tri-chalcogenides are a category of new ternary 2D 
layered materials with a wide range of tuneable bandgaps (1.2–3.5 eV). 
These wide-bandgap semiconductors exhibit great potential applications 
in solar-blind ultraviolet (SBUV) photodetection. However, these 2D solar-
blind photodetectors suffer from low photoresponsivity, slow photoresponse 
speed, and narrow operation spectral region, thereby limiting their practical 
applications. Here, an ultra-broadband photodetection based on a FePSe3/
MoS2 heterostructure with coverage ranging from solar-blind ultraviolet 
265 nm to longwave infrared (LWIR) 10.6 µm is reported. Notably, the device 
exhibits excellent weak light detection capability. A high photoresponsivity of 
33 600 A W−1 and an external quantum efficiency of 1.57 × 107% are demon-
strated. A noise-equivalent power as low as 5.7 ×  10–16 W Hz−1/2 and a specific  
detectivity up to 1.51 × 1013 cm Hz1/2 W−1 are realized in the SBUV region. The 
room temperature LWIR photoresponsivity of 0.12 A W−1 is realized. This work 
opens a route to design high-performance SBUV photo detectors and wide 
spectral photoresponse applications.
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MPX3, which has a larger bandgap than 
transition metal dichalcogenides (TMDs) 
of 1.0–2.0  eV,[3] is a promising candidate 
for ultraviolet (UV) detectors. UV radiation 
refers to the wavelength of the spectrum 
ranging from 10 to 400  nm, which con-
stitutes 10% of the total solar spectrum.[4] 
Due to the absorption of the atmosphere, 
UV radiation with a wavelength below 
280  nm of the sunlight cannot reach the 
surface of the earth (solar-blind), which 
has been completely absorbed by the 
ozone layer. Photo detectors operating in 
the SBUV spectral range (200–280  nm) 
on Earth have high signal-to-noise ratios 
without background radiation, which has 
been widely applied in missile plume 
tracking, flame detection, missile early 
warning, and secure optical communi-
cation. UV detectors based on MnPS3 
(3.0  eV),[5] MnPSe3 (2.3  eV)[6] NiPS3 
(1.6 eV),[7] FePS3 (1.5 eV),[8] Ga2In4S9,[9] and 

Sr2Nb3O10
[10] were demonstrated. However, the study of SBUV 

photodetectors based on MPX3 remains elusive. To date, state-
of-the-art SBVU photodetectors based on wide-bandgap semi-
conductors (WBS), such as GaN,[11] ZnO,[12] SiC,[13] Ga2O3,[14] 
and, most recently, 2D WBS, including BiOCl,[15,16] KNb3O8,[17] 
CuBr,[18] and H-BN,[19] have been developed. FePSe3 is a p-type 

ReseaRch aRticle

The ORCID identification number(s) for the author(s) of this article 
can be found under https://doi.org/10.1002/adfm.202204230.

1. Introduction

The discovery of metal phosphorous tri-chalcogenides (MPX3, 
with M transition metal, X = S, Se, Te) has attracted widespread 
research interest both in fundamental understanding and 
device applications due to its wide tune bandgap of 1.2-3.5 eV.[1,2] 
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2D semiconductor with indirect energy of 1.3  eV,[20] corre-
sponding to the near-infrared range. Broadband photodetection 
from visible to shortwave infrared (SWIR) based on FePSe3 thin 
flacks was demonstrated.[21,22] However, UV detectors based on 
MPX3 suffer from low photoresponsivity, slow response speed, 
limited specific detectivity, and a narrow spectral response 
range. Broadening the detection window requires tuning down 
the bandgap to extend the absorption band edge to the infrared 
spectrum. Using the heterostructures based on narrow bandgap 
semiconductors Ge,[23] PdSe2

[24–26] and PtSe2,[27] and PtTe2,[28] the 
ultra-broadband photoresponse was demonstrated. The typical 
n-type 2D layered material MoS2 and perovskite heterocrystals  
were widely investigated and exhibited high-performance photo-
response in the visible range.[29–32] 2D van der Waals (vdW) p-n 
junction can be obtained based on FePS3 and MoS2.

Here, we report a highly sensitive ultra-broadband photo-
detector based on a FePSe3/MoS2 vdW heterostructure. The 
recti fication behavior was observed with a rectification ratio up 
to 102. High photoresponsivity up to 33, 600  A  W−1 and EQE 
up to 1.57 × 107% were demonstrated in SBUV 265 nm at a bias 
of 1  V. The excellent performance in the UV range includes a 
NEP extremely low at 7.1 × 10–16 W Hz−1/2 and a detectivity up to 
1.51 ×  1013 Jones. Notably, the device exhibits an ultra-broadband 
photoresponse from deep UV 265 nm to LWIR 10.6 µm. The photo-
responsivity up to 0.12 A W−1 and a detectivity of 4.92 × 108 Jones  
were demonstrated at 10.6 µm in ambient air. The performance 
at room temperature in the mid-wave infrared (MWIR) range is 

comparable to that of a commercially available PbSe detector, and 
in LWIR, it is better than that of the bolometers.

2. Results and Discussion

The FePSe3 (FPS) single crystal growth was carried out in a 
two-temperature zone tube furnace using the chemical vapor 
transport (CVT) method. High-purity powders Fe (200 mesh 
99+%, Alfa Aesar), Se (99.9%, Alfa Aesar), and red phosphorus 
(100 mesh, 99%, Alfa Aesar) were fully mixed in an agate mortar 
at a stoichiometric ratio of 1: 1: 3.15, which was carried out in an 
inert gas-filled glove box. A slight excess of Se is used as a trans-
port medium. Then, the mixed powder was pressed into the 
tablet and sealed in an evacuated quartz tube. The quartz tube 
was placed in a two-zone tube furnace. The sour end was kept at 
750 °C and the growth end was kept at 700 °C for six days. Then, 
the furnace was switched off and cooled to room temperature. 
The FePSe3 single crystal was obtained. The crystal structures 
of the MPX3 family have the monoclinic C2/m space group,[2] 
Figure  1a shows a schematic of the FePSe3 crystal structure. 
In the monolayer crystal structure of FePSe3, each Se atom is 
bound to two Fe atoms and one P atom, and P atoms are tetra-
hedrally bound with three Se atoms and one P atom forming a 
bipyramid [P2Se6]4– unit (side view). The [P2Se6]4– unit wrapped 
in the center of six nearby Fe atoms forms a honeycomb struc-
ture (top view). The layered structure is easily exfoliated into 

Figure 1. Characterization of the FePSe3 single crystal. a) Schematic images of the FePSe3 atomic structure. b) XRD diffraction pattern of a multilayer 
FePSe3 flake. c) Raman spectrum of a multilayer FePSe3 flake. d–g) EDS mapping images of a FePSe3 flake, exhibiting the uniform distribution of Fe, 
P, and Se elements.
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thin flacks. The X-ray diffraction (XRD) pattern of the as-syn-
thesized FePSe3 single-crystal flake was measured, as shown in 
the bottom panel of Figure 1b. Three main peaks (0 0 3), (0 0 6), 
and (0 0 12) are located at 2θ = 13.38°, 27.01°, and 55.65°, respec-
tively, which match very well with the reported No. 33–0671 
JCPDF card,[33,34] as shown in the top panel of Figure  1b. The 
Raman spectrum of the prepared FePSe3 is shown in Figure 1c. 
Three characteristic Raman peaks at 143.7, 166.7, and 212.4 cm–1 
are related to the vibration of Eg(ν12), A1g (ν2), and A1g (ν1), 
respectively, and the vibration of the P-Se bound in the P2Se6 
unit, which is consistent with previous reports.[21,22,33] The 
element mapping images of the prepared FePSe3 were meas-
ured by energy-dispersive X-ray spectroscopy (EDS), as shown 
in Figures  1d–g. The EDS spectrum is presented in Figure  S1 
(Supporting Information). The atomic ratio of Fe: P: Se is 21.9: 
21.7: 56.3, as shown in the inset of Figure S1 ((Supporting Infor-
mation)), which is very close to 1: 1: 3.

To examine the electronic transport properties of FePSe3, we 
exfoliated FPS onto a Si/SiO2 substrate and fabricated a FePSe3 
field-effect transistor (FET). The transfer curve of a FePSe3 
FET device at a bias of 2 V is plotted in Figure S2a (Supporting 
Information). The optical image of the device is presented in 
the inset of Figure  S2a  (Supporting Information). The typical 
p-type semiconductor transport behavior is consistent with the 
literature.[20] The mobility of FePSe3 could be calculated using 
μ  = L/(WCgVds) (dIds/dVg), where L and W are the channel 
length and width, respectively, and Cg  = 11.5  nF  cm–2 is the 
capacitance per unit area of the 300 nm SiO2. The mobility of 
FePSe3 is ≈2.5 × 10–3 cm2 V−1 s−1, which is slightly higher than 
the previously reported value of 1.62 × 10–3 cm2 V−1 s−1.[21] The 
I–V curves at dark and under various incident light powers of 
SBUV 265  nm light are presented in Figure  S2b  (Supporting 
Information). The temporal photoresponse of the FePSe3 FET 
device under various incident light powers at a bias of 2  V is 
shown in Figure  S2c  (Supporting Information). The extracted 
illumination power dependence R and EQE are presented in 
Figure S2d (Supporting Information). A high photoresponsivity  
of 29.1  A  W−1 and corresponding EQE of 13569.8% was  
realized at 0.04 nW. As the incident light power increased, the 
R and EQE showed a decreasing tendency. As the light power 
increased to 0.46 nW, the R and EQE decreased to 7.7 A W−1 and 
3617.1%.

Then, we fabricated the FePSe3/MoS2 vdW heterodiode. 
A schematic diagram of the FePSe3/MoS2 vdW heterodiode 
is presented in Figure  2a. A bottom mirror electrode is used 
for enhancing light absorption and efficient light absorption. 
Figure 2b presents the optical image of a typical FePSe3/MoS2 
vdW device. The thickness of the heterodiode device was exam-
ined by atomic force microscopy (AFM). The AFM image is 
presented in Figure  S3a  (Supporting Information). The thick-
nesses of FePSe3 and MoS2 are 17.4 and 8.1  nm, respectively, 
as shown in Figure  S3b,c  (Supporting Information). Then, 
we examine the optoelectric properties of the device. A few 
optical microscope photographs of the FePSe3/MoS2 vdW 
device are presented in Figure S4 (Supporting Information). As 
shown in Figure 2c, the output curve of the heterodiode with a 
rectification ratio of 102 is obtained. The semilogarithmic plot of 
the output curve is shown in the inset of Figure  2c. Form the 
generalized diode equation of I = I0 [exp(q Vds/n kB T)−1], where 

I0 is the reverse saturation current and n is the ideality factor.[35] 
From the I–V curve, the ideality Factor n = 1.1 was obtained. An 
ideality factor very close to 1 indicates that the heterodiode is 
near ideal diode behavior[36,37] with a high-quality interface.

To explore the photoresponse in the SBUV range, we 
measured the FePSe3/MoS2 vdW I–V curves by varying the 
incident light power, as shown in Figure 2d. The incident light 
source is a 265 nm UV–light-emitting diode (LED). The device 
was placed in the position under the LED 2  mm without the 
lens. To evaluate the performance of the device, the photo-
responsivity, the ratio of photocurrent to incident light power 
R = IP/P, and external quantum efficiency (EQE = h c R/e λ) 
were calculated. Figure  2e shows the R and EQE versus light 
power at a bias of 4  V of SBUV 265  nm light. An R of up to 
33  600  A  W−1 and EQE of 1.57  ×  107% were demonstrated at 
0.23  nW. In the low-power region, R and EQE exhibit a satu-
rated tendency. As the incident light power increased, the R and 
EQE decreased to 11  700  A  W−1 and 5.74  ×  106%, respectively. 
The EQE is much higher than 100%, indicating that the photo 
gain (G) plays an important role in this device. Photo gain is 
defined as the ratio of photocarrier lifetime (τl) to transport 
time (τt) G  =  τl/τt, where  τt  =  L2/μVds. The photo gain can be 
expressed as G  =  τlμVds/ L2. The R and EQE at a bias of 1  V 
are presented in Figure S5a (Supporting Information). The R of 
1551.7 A W−1 and EQE of 7.26 × 105% are obtained. The photo-
voltaic response of the vdW heterodiode under SBUV 265 nm is 
plotted in Figure 2f. The R of 0.092 A W−1 and a corresponding 
EQE of 43.2% was achieved. The photoresponse of the device 
in a near-ultraviolet (NUV) range of 365 nm was investigated. 
The R and EQE at a bias of 1 V as a function of incident light 
power are presented in Figure  S5b  (Supporting Information). 
The R of 360  A  W−1 and EQE of 1.22  ×  105% are obtained at 
1.1 nW of 365 nm UV light. To evaluate the performance of the 
FePSe3/MoS2 vdW heterodiode in the UV range, a comparison 
with other materials regarding the photoresponsivity and wave-
length is presented in Figure  S5c  (Supporting Information). 
In the near UV region, the R of our device is slightly higher 
than that of In2Se3 395 A W−1,[38] MnPS3 288 A W−1,[5] Ga2In4S9  
111.9 A  W−1,[9] and Ga2S3 of 61.3  A  W−1.[39] While in the solar-
blind spectrum (230–280  nm), the R of 33  600  A  W−1 for the 
FePSe3/MoS2 vdW photodetector is three orders higher than 
that of the observation of the high on BiOCl of 35.7 A W−1[15] for 
other 2D materials. These results indicate that the FePSe3/MoS2 
vdW photodetector has an excellent performance in the SBUV 
region. The key parameters of UV photodetectors are sum-
marized in the supplementary information in Table  S1  (Sup-
porting Information). In the visible range, the photoresponse 
under 520 and 637 nm lasers were investigated. The I–V curves 
with and without illumination (520  nm laser) are plotted in 
Figure S6a (Supporting Information). Then, the extracted pho-
toresponsivity and EQE versus light power are presented in 
Figure  S6b  (Supporting Information). An R of 2456.8  A  W−1 
and a corresponding EQE of 5.8 × 105% are obtained at 4.0 nW. 
Figure  3a presents the semilogarithmic plot of I–V curves of 
a typical device under a 637  nm laser. The light power varied 
from 100  nW to 15.1  µW. To examine the performance of the 
device, the temporal response was measured at a bias of 1  V, 
as shown in Figure 3b. As the light incident on the device, the 
current increased sharply. Few cycles switch off the light, and 
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the photocurrent shows good repeatability. Figure  3c shows 
the extracted R and EQE at a bias of 4  V. In the low-power 
region, the R of 67.6 A W−1 was obtained and exhibited a satu-
rated tendency, which was observed frequently in 2D material 
photodetectors due to the existence of the trap centers. The 
corresponding EQE of 13 173% is realized at 7.3 nW. The time-
resolved photoresponse under various light powers at −1  V 
is presented in Figure  S6c  (Supporting Information). The R 
and EQE of the 637 nm laser at a bias of 1 V are presented in 
Figure S6d  (Supporting Information). At a low incident power 
of 7.3 nW, the R of 3.92 A W−1 and EQE of 764% is obtained. The 
incident power dependence photocurrent can be well described 
by the Hornbeck- Haynes model.[40,41]

F

F F
l

t

I q
1 /

p
0

η τ
τ

=






 +

 (1)

where, whereη is the light absorption efficiency, F and F0 
in units of s–1 are the photon absorption rates at unsaturated 
and saturated trap centers, respectively. Therefore, the photo 
responsivity can be obtained:

R
e
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λη τ
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The incident light powers dependence R could be well fitted 
by Equation 2 as shown in Figures 2e and 3c, the black dashed 
lines. The rapid drop of the R from SBUV to the visible range 
637  nm could be attributed to the that a remarkable higher 
photogain could be realized in a higher exciting photon and 
low incident light power density. As shown in Figure S7 (Sup-
porting Information), at the low incident power density, most 
of the trap centers are empty. For higher energy photons, the 
electrons were pumped to higher energy states, which could 
be trapped by higher energy trap centers. After going through 
a lifetime of the trap state, the trapped electron could be  
re-trapped by another trap state before recombination. At this 
condition, a long lifetime τl could be realized and obtain a 
higher photogain G = τl/τt. Another important figure of merit, 
the response time, which is one of the most important figures 
of merit for photodetectors, is presented in Figure 3d. The rise 
time (from 10% to 90%) and decay time (from 90% to 10%) 
were 0.32 and 0.36 ms, respectively. This speed is much faster 
than that of other photodetectors of MPX3, such as MnPS3 of 
340,[5] NiPS3 of 17.5,[7] FePS3 of 260,[8] and FePSe3 of 183 ms.[21] 
Then, the photoresponses of MWIR and LWIR were examined. 
The time-resolved photoresponse under a 2611  nm laser at a 
bias of 1  V is presented in Figure  S8a  (Supporting Informa-
tion). After fifteen cycles of light switching, the photoresponse 

Figure 2. The photoresponse of a typical FePSe3/MoS2 vdW heterodiode in the SBUV range. a) Schematic image of the FePSe3/MoS2 vdW heterodiode 
photodetector. b) Optical microscope image of the FePSe3/MoS2 heterodiode device. c) Ids–Vds curve of the FePSe3/MoS2 vdW heterodiode. Inset: the 
semilogarithmic plot of the Ids–Vds curve. d) The semilogarithmic plot of Ids–Vds curves with and without the illumination of 265 nm light. e) Incident 
light power-dependent photoresponsivity R and EQE of a typical device under SBUV 265 nm irradiation at a bias of Vds = 4 V. f) Incident light power 
dependence photovoltaic R and EQE of a typical FePSe3/MoS2 vdW heterodiode device under solar-blind UV 265 nm LED lamp.
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is fast and exhibits good repeatability. The temporal photore-
sponses of the 3403  nm lasers at a bias of 1  V with varying 
incident power are presented in Figure S8b (Supporting Infor-
mation). Compared with the photoresponse at 2611  nm, the 
response speed in this range is slow. The light power depend-
ence R and EQE are plotted in Figure S8c (Supporting Informa-
tion). The R of 0.69 A W−1 and a corresponding EQE of 20.8% 
is obtained at 0.41 µW with a 3403 nm laser. We also examined  
the photoresponse in LWIR 10.6 µm. The time-resolved photo-
response of LWIR 10.6  µm laser for change incident light 
power at a bias of 4  V, as shown in Figure 4a,b shows the R 
and EQE versus incident LWIR 10.6  µm light power. The R 
of 1.09  A  W−1 corresponding to an EQE of 12.8% is obtained 
under 0.33 µW illumination, indicating that this FePSe3/MoS2  
vdW photodetector has an excellent LWIR response. As the 
incident light power increases, the R and EQE decrease 
slightly. The R dropped to 0.35 A W−1 as the power increased 
to 2.39 µW. Figure S8d (Supporting Information) summarizes 
the detection range of the 2D materials. The detection range of 
our detector is covered from SBUV to LWIR, which is much 
broader than other MPX3 from SBUV to SWIR. Compared 
with narrow bandgap 2D materials, such as BP from visible to 

MWIR 3.39 µm[40] and using a vertical electrical field extending 
to 7.7  µm,[42] Te (VIS to MWIR),[43,44] B-AsP,[45] PdSe2,[46] and 
PtSe2

[47] and graphene[48] from VIS to LWIR, this device exhibits 
excellent SBUV detection ability. The performance of UV detec-
tors operating from the extreme ultraviolet (EUV) to NUV 
range, such as H-BN,[19] Sr2Nb3O10,[10] SiAs,[49] GaS,[50] GaN,[11,51] 
Ga2O3,[52,53] KNb3O8,[17] and BiOCl.[15,16] The performance of 
UV detectors is summarized in Table  S1 in the Supporting 
information.

Figure  4c presents the wavelength dependence of R and 
EQE at a bias of 1  V. The FePSe3/MoS2 vdW device exhibits 
a good response from SBUV to LWIR (0.265–10.6  µm). In 
the SBUV range, the R of 1551.7  A  W−1 and corresponding 
EQE of 7.2  ×  105% were demonstrated. In the visible range, 
R drops to 18  A  W−1, and in the MWIR, R ranges from  
0.2 to 0.7 A W−1. As the wavelength was extended to LWIR 10.6, 
the R of 0.12 A W−1 and EQE of 1.42% was obtained. To evaluate 
the sensitivity of the device, the noise equivalent power (NEP) 
and specific detectivity D* were calculated. We measured the 
current noise power spectra at different biases, as shown in 
Figure  S8e  (Supporting Information). Figure  4d presents the 
wavelength dependence of EQE and D* at a bias of Vds =  1 V. 

Figure 3. Wavelength dependence of the photoresponse of the FePSe3/MoS2 heterodiode. a) A semilogarithmic plot of I–V curves in the dark and 
with different powers of a 637 nm laser. b) Temporal photoresponse under a few cycles of the switch on/off the incident light. c) Incident light power 
dependence of the photoresponsivity R (left axis) and EQE (right axis) for a typical device versus illumination power under visible light of 637 nm irra-
diation. d) Response time of a typical FePSe3/MoS2 heterodiode device at a bias of 1 V. The rise-decay time was defined as the photocurrent increasing/
decreasing from 10/90% to 90/10% of the stable photocurrent.
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The NEP could be obtained by the formula NEP  =  in/R. The 
root-mean-square noise current<in2>1/2 =  8.85 ×  10–13 A Hz−1/2 
was obtained at a bias of 1 V. The value is consistent with the 
short noise, <in

2>1/2  = (2eIdark)1/2  =  7.2  ×  10–13  A  Hz−1/2 with 
Idark  = 1.62  ×  10–6  A. The NEP of 5.7  ×  10–16  W  Hz−1/2 was 
demon strated in the SBUV range. In the MWIR range, the 
NEP was lower than 4.3 × 10–12 W Hz−1/2, and in LWIR 10.6 µm, 
the NEP was 7.3 × 10–12 W Hz−1/2. In the full operation spectra 
range, the FePSe3/MoS2 vdW device exhibits excellent perfor-
mance. The specific detectivity, which represents the detection 
limit of a photodetector, can be calculated by D* = (AB)1/2/NEP, 
where A is the effective area of the device. At a bias of 1  V, a 
D* of 1.34 ×  1012  cm Hz1/2 W−1 is obtained in SBUV 265 nm. 
In the MWIR and LWIR, D* is 1.77  ×  108  cm  Hz1/2  W−1 and 
1.05  ×  108  cm  Hz1/2  W−1, respectively. The D* in MWIR 
is compared with a commercially available PbSe detector, 
and in the LWIR, the D* is larger than the bolometer of 
108  cm  Hz1/2  W−1. Notably, at a bias of 4  V, the root-mean-
square noise current<in2>1/2  = 2.4  ×  10–12  A  Hz–1/2. The D* is 
up to 1.51 × 1013 cm Hz1/2 W−1 at the R = 33 600 A W−1 of SBUV 
265 nm. Figure 4e,f summarizes the R and D* versus response 
time of the 2D material UV photodetectors. In Figure  4e, the 
R of our FePSe3/MoS2 vdW heterodiode device is much higher 
than that of other UV photodetectors based on 2D materials 
and other WBSs. The response time of our device is much 

faster than other MPX3 (3–400  ms) marked by a blue ellipse 
and GaN/Ga2O3 heterostructures[54,55] marked by a grey ellipse. 
The fast response speed with low R of ZnMgO,[56] ZnO/NiO,[57] 
Ga2O3/ZnO,[53,58] and Ga2O3 are marked by a green ellipse, 
and the slow response speed and low R of SiAs,[49] H-BN[19] 
and polyaniline/ZnMgO bilayer[56] are marked by a pink 
ellipse. The higher performance in photoresponsivity could be 
attributed to the vertical vdW heterostructure device structure 
placed on a bottom mirror electrode and the high quality of 
the device with a clean interface. The bottom mirror electrode 
plays an important role not only in enhancing the light absorp-
tion but also in shortening the photocarriers’ lateral transport  
distance, thereby reducing the photocarriers’ transport time  
τt. The high efficiency of photocarriers collection could reduce 
the photocarriers recombination and realize high photo gain. 
In Figure 4f, D* is higher than 1013 cm Hz1/2 W−1, and the fast 
response speed (<1 ms) is marked by a green ellipse, including 
Sr2Nb3O10 of 1.40  ×  1014  cm  Hz1/2  W−1,[10] GaN/AlGaN, 
(PEA)2PbBr4 perovskite 1013 cm Hz1/2 W−1,[59] and α-Ga2O3/ZnO  
of 9.66  ×  1012  cm  Hz1/2  W.[53] The relatively high D* with  
(1010–1012 cm Hz1/2 W−1) and mid-speed (1–300 ms) are marked 
by a blue circle, and low D* (<1010 cm Hz1/2 W−1) and low speed 
are marked by a red ellipse. The band alignment of the FePSe3/
MoS2 vdW heterodiode is presented in Figure  S9  (Supporting 
Information). The work function of FePSe3 is ≈5.16 eV,[60] and 

Figure 4. Wavelength dependence R and D* of the FePSe3/MoS2 heterodiode. a) Temporal photoresponse of the LWIR 10.6 µm laser at a bias of 4 V in 
ambient conditions. b) Incident light power dependence R and EQE at a bias of 4 V under a 10.6 µm laser. c) Photoresponsivity and EQE as a function 
of wavelength of the FePSe3/MoS2 heterodiode at a bias of 1 V. d) Left axis: the NEP versus wavelength at a bias of 1 V, and the right axis: the wavelength 
dependence D* of the FePSe3/MoS2 heterodiode compared with the commercially available PbSe and bolometer detectors. e) and f) Comparison of 
the UV photodetector’s photoresponsivity versus response time and specific detectivity versus response time based on 2D materials and other wide 
bandgap semiconductors, respectively.
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MoS2 is 5.05  eV[61] respectively. The type II band alignment 
for FePSe3/MoS2 vdW heterostructure, the absorption spectra 
range of interlayer light absorption (hν3) much broader than 
that of the for FePSe3 (hν1) and MoS2 (hν2). In the MWIR and 
LWIR, the photo-bolometer effect[62] may play an important 
role in photoresponse in these FePSe3/MoS2 vdW heterodiode 
devices. Notably, the device is very stable in the ambient air. 
The device fabrication process and the optoelectronic perfor-
mance measurement were carried out in ambient air. As shown 
in Figure S10 (Supporting Information), the device was exposed 
to the air for more than 4 months, and the photoresponse did 
not show any decline.

In summary, we report an ultra-broadband FePSe3/MoS2 
vdW heterodiode photodetector. The operation spectrum 
covers from SBUV to LWIR (0.265–10.6 µm). The high photo-
responsivity up to 33  600  A  W and extremely low NEP of 
≈7.1 ×  10–17 W Hz−1/2 and high D* of 1.51 ×  1013 cm Hz1/2 W−1 
were demonstrated in the SBUV range. The performance in 
this range is remarkable compared with that of state-of-the-art  
SBUV photodetectors. Notably, the device also exhibits  
excellent room temperature MWIR and LWIR detection abilities.  
A D* of 6.01  ×  108  cm  Hz1/2  W−1 in the MWIR region and  
4.92  ×  108  cm Hz1/2  W−1 in LWIR 10.6  µm was achieved in 
ambient air. Our results reveal that the FePSe3/MoS2 hetero-
diode is a promising candidate for high-performance solar-
blind UV detectors and ultra-broadband uncooled mid-infrared 
detection.

3. Experimental Section
Device Fabrication: The bottom mirror electrodes were patterned 

using electron-beam lithography and then using the electron-beam 
evaporation deposition of 5 nm Cr and 25 nm Au on a low resistance Si 
substrate with 300 nm SiO2. The FePSe3 and MoS2 flakes were prepared 
using a scotch tape exfoliation method and then transferred to a pre-
deposited bottom electrode. The top contact metal electrode of 5 nm Cr 
and 50 nm Au was then evaporated using thermal evaporation.

Characterization Methods: The crystal structure of FePSe3 was 
characterized by XRD. The element distribution mapping of FePSe3 
was measured using energy-dispersive X-ray spectroscopy (EDS). 
The thicknesses of the FePSe3 and MoS2 flakes were checked by AFM 
(HITACHI, AFM 5500M). Raman spectra were measured using a 532 nm 
laser as an exciting light by the Renishaw inVia-Reflex system.

Electrical and Photoresponse Measurements: The photocurrent and 
electrical transport measurements were carried out in ambient air. 
A dual-channel digital source meter (Keithley 2636B) was used as a 
voltage source and ampere meter. The ultraviolet light-emitting diode 
265 and 365  nm LED were used as UV–light sources without focus. A 
homemade wavelength-tuneable multichannel MWIR laser (2.5–4.2 µm) 
and a CO2 LWIR laser of 10.6 µm was used to study the MWIR and LWIR 
performance of those detectors. The diameter of the MWIR laser and 
LWIR beam is 3  mm. From visible to near-infrared (520 to 1650  nm), 
the laser was focused on the device using a 20× objective lens. Current 
noise density spectra were measured using a homemade noise spectrum 
analyzer (NC300). The device was placed in a shielded metal box with a 
100 kHz measure bandwidth at various bias voltages in ambient air.

Supporting Information
Supporting Information is available from the Wiley Online Library or 
from the author.
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