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Photothermoelectric (PTE) detection provides a versatile platform for uncooled ultra-broadband photo-

sensing applications. The responsivity and speed of PTE-based photodetectors can be significantly

enhanced by introducing two-dimensional (2D) topological Weyl semimetals owing to their unique tilting

Weyl cones, high carrier mobilities, and hot-carrier-assisted transport. However, the requirement of loca-

lized illumination and complex device fabrication processes still hinder their broader application. Here, a

high-performance 1T’-MoTe2 PTE-based detector with asymmetric electrodes is constructed by employ-

ing ultra-high vacuum stencil lithography. The asymmetry is achieved by leveraging differential doping

efficiencies at the metal contacts, breaking the mirror symmetry of the Seebeck coefficient profile across

the channel. This architecture enables the generation of a self-powered photocurrent even under global

illumination conditions. The detector shows a broadband response from 350 to 1200 nm, achieving a

responsivity of 8.22 mA W−1 and a detectivity of 7.11 × 109 Jones. Furthermore, it demonstrates fast

response dynamics with a rising time of 15.4 μs and a decay time of 8.4 μs. Our proposed strategy opens

up the application of 2D Weyl semimetals in PTE-based photodetectors with the advantage of self-

powering, broadband, and fast response.

1. Introduction

The photothermoelectric effect (PTE) is a unique photo-
response mechanism that forms a carrier concentration gradi-
ent and temperature gradient in thermoelectric materials by
photoexcitation, which induces the Seebeck effect to drive elec-
trical signals. The PTE-based photodetectors exhibit ultra-
broadband response at room temperature, especially working
in the mid-infrared and terahertz (THz) frequency without the
limitation of the bandgap. They offer the advantages of low
power consumption and low noise due to their self-powering
capability. Thus, PTE-based photodetectors could be widely
used in fields such as weak signal detection, broad-band
sensing, and infrared imaging. Normally, the asymmetric dis-
tribution of temperature and the Seebeck coefficient is
induced in mechanical exfoliation of van der Waals (vdW)
flakes by local illumination on one of the two electrodes,

which is a crucial condition. The exfoliation of vdW thin flakes
also suffer from limited area, hindering its application in high-
throughput and large-scale photoelectric detection,1–5 while
local illumination is limited by the diffraction limit, restricting
its application in sensing and imaging.2,6–9 Recently, much
research efforts have been made in the innovation of device
structure to achieve PTE under global illumination, including
PN junctions,10 double-gated devices,11 asymmetric heat dissi-
pation channels,12 and localized plasmonic nanostructures.13

The above strategies suffer from complex device fabrication,
external gate voltage modulation, and limited wavelengths
from plasmon resonance. Therefore, we propose that introdu-
cing asymmetric electrodes into devices is a promissing solu-
tion to overcome the above difficulties. Specifically, the PTE
effect could be realized by an asymmetric Seebeck coefficient
distribution induced by the asymmetric doping at the elec-
trode–material interface. Similarly, PTE-based graphene
devices with asymmetric electrodes have achieved highly sensi-
tive and ultrafast THz detection.14 In terms of obtaining asym-
metric electrodes, extensive photolithography process will
increase the risk of surface contamination and internal
damage of the material, which is unfavourable for attaining an
asymmetric Seebeck coefficient through interfacial metal
doping. To obtain reliable and high-performance PTE devices,
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the vaccum stencil lithography method for asymmetric elec-
trode fabrication is needed.

Compared with the traditional bulk thermoelectric
materials, the novel 2D thermoelectric materials could further
enhance the device performance due to their strong interband
coupling, direct band structure, and excellent electrical and
thermoelectric properties.15,16 Notably, two-dimensional topo-
logical semimetals like WTe2 and 1T′-MoTe2 have broad oper-
ating bandwidths and ultrahigh carrier mobilities.17–21

Theoretical studies have shown that type-II Weyl semimetals
(WSMs) can generate strong photocurrents at edges, and the
thermoelectric anisotropy of the material also facilitates the
collection of photocurrents.22 Furthermore, the large tilting
angle of Weyl nodes can reduce the effective mass of photocar-
riers, thereby enhancing the responsivity (R).23,24 However,
photodetectors based on WSMs typically exhibit suboptimal
performance, particularly in terms of response time and detec-
tivity.25 Thus, the thickness dependency of PTE effects in semi-
metal-based devices needs further investigation, since sup-
pressed PTE performance has been observed in the atomically
thin layer material due to the lack of interfacial asymmetric
doping.26 Addtionally, large-scale 1T′-MoTe2 film synthesis
remains a critical challenge for device integration.

In this work, we report a PTE-based photodetector fabri-
cated on 1T′-MoTe2 with asymmetric metal electrodes. A large-
scale 1T′-MoTe2 film with controllable thickness was syn-
thesized by a two-step tellurization method via chemical vapor
deposition (CVD). By utilizing the shadow-mask-assisted
stencil lithography in a ultra-high vacuum (UHV) environment,
Au and Pd electrodes were successfully deposited on large-
scale layered 1T′-MoTe2 films. The obtained asymmetric
Seebeck coefficient distribution from interfacial doping of
different electrode materials results in a high-performance
PTE-based photodetector. The device exhibits a broadband
response from ultraviolet to infrared (350–1200 nm), with high
responsivity of up to ∼8.22 mA W−1, and fast response speeds
up to 15.4 μs (rising time) and 8.4 μs (decay time) at 0 V. Our
work provides an efficient strategy to achieve high-perform-
ance broadband photodetectors based on WSMs.

2. Experimental section
2.1 Epitaxial growth of 1T′-MoTe2 films

To obtain large-scale 1T′-MoTe2 thin films, we adopted a two-
step CVD-assisted tellurization method as shown in Fig. 1a.
SiO2 (300 nm)/Si wafers were used as the substrates. Each
piece was cut into 3 × 12 mm2 rectangular shapes to fit the flag
type sample holders. A home-built sublimation evaporator
with a molybdenum (Mo) wire filament of 150 μm diameter
was used for Mo precursor layer deposition, as shown in
Fig. S1a.† The saturation vapor pressure temperature of Mo
was effectively reduced in an UHV environment (1592 °C to
1822 °C for the pressure range of 10−6–10−4 Pa). The depo-
sition of Mo films was achieved via direct current (DC) heating
of the wire. The thickness of the Mo film can be controlled by

changing the evaporation time (1, 5, and 15 min) under a con-
stant power of 16 W. It can be seen from optical microscopy
(OM) pictures in Fig. S1b and c† that the thickness of the Mo
film changes obviously with an increase of deposition time. To
balance the optoelectronic properties and thickness-depen-
dent metal doping effect in materials, the 5 min deposited Mo
films exhibiting optimal thickness–performance character-
istics were selected for further tellurization. Additionally, the
distance between the evaporator and the substrate was 12 mm.
During the 35 min tellurization process in CVD, high-purity Te
powder (80 mg, 99.99%) and Mo film were positioned at the
first and second centers of the dual heating zone tube furnace,
and they were separately heated to T1 (873 K) and T2 (973 K).
The heating process is shown in Fig. S2.† The tellurization of
Mo films with different thicknesses enables the control of
thickness of the resulting 1T′-MoTe2 film. The typical thick-
nesses of MoTe2 films obtained by tellurizing Mo films de-
posited for 5 and 10 minutes as shown in Fig. S3,† are around
20 nm and 40 nm, respectively. This two-step method is ben-
eficial for the growth of continuous, large-area 1T′-MoTe2 films
rather than isolated islands. A counterflow of a gas mixture of
Ar (90%) and H2 (10%) at 100 sccm filled the tube, which pre-
vented the Te powder from oxidation and the early transpor-
tation of vaporized Te to the Mo film. During the growth
period, a forward flow of a gas mixture of Ar (95%) and H2

(5%) at 50 sccm was introduced. As a matter of fact, we found
that the phase composition of the MoTe2 films is strongly
dependent on the tellurization time which is shown in
Fig. S4.† Specifically, a shorter tellurization time, such as
10 min, favors the formation of 1T′-MoTe2 with a large size
due to the relatively low supply of Te at the initial stage, com-
pared with 2H-MoTe2 formed within 30 min of tellurization.
Photographs of the multi 2H-MoTe2 and 1T′-MoTe2 devices
can be seen in Fig. S5.† As a result, the process enables reliable
phase conversion and high-quality film formation suitable for
device integration.

2.2 Device fabrication

To achieve the metal doping effect on the obtained 1T′-MoTe2,
we need to choose the materials with appropriate work func-
tions from those widely used metal electrodes. Considering
the conductivity and stability of these metal electrodes under
the air atmosphere, we selected Au and Pd as the electrodes
because of their high stability and dramatic work function
differences. Since the PTE effect is sensitive to doping, a con-
taminated surface and damaged material will modify both the
electrical properties and PTE performance (e.g., unintentional
charge transfer doping from the residue photoresist, radiation
damage, and impurity absorption). The conventional photo-
lithography method, which is performed on the surfaces of
materials, cannot be used here.27,28 To eliminate the above
issues,29,30 the electrodes were fabricated using the stencil
lithography method in a home-built UHV multi-source physi-
cal vapor deposition (PVD) system, which operates at 10−5 Pa
and effectively protects the material surface from oxidation or
extra contamination. As shown in Fig. 1c, shadow masks were
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designed to achieve electrode patterns. Also, thicknesses were
calibrated by using a quartz crystal microbalance (QCM,
TMC13, PREAVC). Au and Pd electrodes were deposited by
using K-cell evaporators and then thermally annealed for
enhanced interfacial contacts. Using this approach, we realized
the combination of multiple metal electrodes, like Au–Au, Au–
Pd, and Pd–Pd.

2.3 Characterization

The Raman spectra were recorded with a confocal Raman
spectrometer (HORIBA) equipped with a 532 nm laser

(Renishaw InVia Qontor) at room temperature. The surface
structure measurements were performed using a commercial
scanning electron microscope (SEM) (MIRA3-LMH, Tyco elec-
tronics) operated at 15 kV. The film thickness was character-
ized by atomic force microscopy (AFM, SPM-9700HT). The elec-
trical and optoelectrical properties of the devices were investi-
gated using a Keithley 2636B (Tektronix). A high-pressure Xe
lamp (CME-SL300, Microenerg, wavelength: 300–2500 nm)
equipped with bandpass filters was employed as the light
source. Ultraviolet (UV: 300–400 nm), visible (VS: 400–780 nm),
and infrared (IR: 800–1200 nm) filters were selectively obtained

Fig. 1 Au/1T’-MoTe2/Pd PTE-based detector characterization and fabrication. (a) Schematic diagram of 1T’-MoTe2 grown by the two-step method.
Step 1: the growth of the Mo film. Step 2: the growth of few-layer 1T’-MoTe2 on a SiO2/Si substrate through CVD-assisted tellurization. (b) The
Raman spectrum of the CVD 1T’-MoTe2 film. (c) Schematic diagram of the device electrode preparation process by the UHV stencil lithography tech-
nique. (d) Photograph and optical image of the 1T’-MoTe2 film with Pd electrodes and Au electrodes. (e) SEM image of the device prepared using the
process in (c). (f ) EDS elemental mapping of Au, Pd, Mo, and Te distribution in the area shown in (e).
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for the corresponding band. The response speed of our device
was evaluated with a trans-impedance amplifier and a digital
storage oscilloscope (DSO-X3052A, Agilent). The optical pulses
were generated using fiber-coupled lasers (Oaebt OF-20B) with
optical power modulation.

3. Results and discussion
3.1 Asymmetric electrodes on large scale 1T′-MoTe2

The phase structure of the as-grown MoTe2 was first identified
by Raman spectroscopy, as shown in Fig. 1b. The phase-
specific characteristic Raman peaks of Ag1 (109.1 cm−1), Ag2
(128.6 cm−1), Bg (163.6 cm−1), Bu (192.7 cm−1) and Ag3
(260.1 cm−1) vibration modes31–34 correspond to 1T′-MoTe2,
while the sharp peaks reflect the high crystallization of 1T′-
MoTe2. To evaluate the morphology of the asymmetric Au/Pd
electrodes deposited on the surface of 1T′-MoTe2, optical
microscopy (OM) and scanning electron microscopy (SEM)
were used for characterization. Fig. 1d shows typical photo and
OM images of the as-grown 1T′-MoTe2 with Au and Pd electro-
des. It can be seen that the surface of the device is flat and
clean, without surface contamination, which benefits from the
electrode fabrication method under an UHV environment. The
channel area of a single device is about 1 mm2. Due to the
clean interface between the material and the electrode, the
devices can exhibit ohmic contacts with both symmetric and
asymmetric electrodes. Moreover, as illustrated in Fig. 1e and
f, the SEM image and energy dispersive spectrometry (EDS)
conducted on the 1T′-MoTe2 device exhibit a uniform element
distribution. The observed slight enhancement of the Mo
signal in the Au electrode region is attributed to the overlap of
characteristic X-ray peaks of Mo and Au as shown in Fig. S6.†

3.2 PTE dominated photoresponse under global illumination

To further explore the device performance with asymmetric
electrodes, Fig. 2a illustrates the schematic of the Au/1T′-
MoTe2/Pd device for optoelectronic measurement. We defined
the direction as positive when the electron transport occurred
from the Au to Pd electrode. The transport properties of the
Au/1T′-MoTe2/Pd photodetectors were measured under dark-
ness and 648 nm laser illumination with various light power
densities at 300 K, as shown in Fig. 2b. The open-circuit
voltage (Voc) of 2 mV and short-circuit current (Isc) of 2.14 μA
were obtained at P = 44 mW cm−2, which indicate that our
device can work at zero bias. It is notable that the direction of
the short-circuit current is negative, and the photocurrent
exhibited a linear dependence on voltage. Such phenomena
can be understood as the result of the photovoltaic effect
(PVE)35–39 and PTE effect. Generally, these two effects can
coexist in a photodetector, and they exhibit opposite photo-
current directions. Photodetectors based on the PVE effect sep-
arate photocarriers by the built-in electric fields, and I–V
curves exhibit rectifying characteristics, while the I–V curve of
PTE-based detectors can be linear,15 as their photoresponse
originates from temperature gradients or spatial variations

under illumination in combination with differences in the
Seebeck coefficient. These mechanisms generally do not influ-
ence the linearity of the I–V curve under dark conditions. In
our PTE device, the clean interface between the metal electro-
des and 1T′-MoTe2, achieved via ultra-high vacuum fabrication,
facilitates excellent ohmic contact. Consequently, the device
demonstrates a linear I–V response consistent with the intrin-
sic semimetallic nature of 1T′-MoTe2 in Fig. S7.† On the other
hand, the direction of the current for photodetectors with the
PVE effect is consistent with the work function gradient, as
shown in Fig. 2c. The direction of the PVE photocurrent based
on the work functions of 1T′-MoTe2 (5.07 eV),40 Pd (5.69 eV)41

and Au (5.1 eV)42 should be positive,26,43–45 which is contrary
to the experimental observation. Therefore, we conclude that
the photocurrent is dominated by the PTE effect in our device.
To investigate the dynamic behaviour of photogenerated car-
riers of the Au/1T′-MoTe2/pd device, analysis of the PTE effect
is carried out.

Precisely, the Seebeck coefficient is the transport entropy of
charge carriers, which is the entropy transferred per unit
charge in thermodynamics, and provides a quantitative
relationship between the S and the carrier density n.46 The
Seebeck coefficient can be defined as follows:47

S ¼ � π2kb2T
3e

1
G
dG
dEE¼Ef

ð1Þ

where kb is the Boltzmann constant, e is the single electron
charge, T is the temperature, G is the conductance, and Ef is
the Fermi energy. The conductivity G is proportional to the
charge density n and the mobility μ. Additionally, based on the
quantitative relationship between the Seebeck coefficient and
the Fermi level in semiconductors,44 the Seebeck coefficient is
related to metal doping. Therefore, Fig. 2d shows that the
Seebeck coefficient of a P− type semiconductor is larger than
that of P+ type and undoped semiconductors.48 The existence
of Au and Pd leads to charge doping between the interface of
electrodes and 1T′-MoTe2. Also, more doping happened on the
interface of 1T′-MoTe2/Pd, due to the larger difference in the
work function. Consequently, it can be inferred that the
Seebeck coefficient S(x) in 1T′-MoTe2 exhibits a dependence on
the selected position x on the channel without bias as shown
in Fig. 2e. Due to the experimental challenges in directly
mapping the Seebeck coefficient, we instead inferred its
spatial asymmetry through elemental gradient analysis at the
metal–MoTe2 interfaces, which supports the proposed PTE
mechanism, as shown in Fig. S8.†

The potential gradient generated by the PTE effect can be
formulated as follows:14

∇VðxÞ ¼ �S∇TðxÞ ð2Þ

where S is the Seebeck coefficient and ∇T is the temperature
gradient. Fig. 2f shows the quantitative relationship between
PTE-dominated photo response and the temperature gradient
∇T and the Seebeck coefficient S. It is obvious that some of the
photons can be converted into electronic heat by the material
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under illumination. Due to the poor thermal conductivity of
the SiO2/Si substrate and the metal electrodes, it will result in
a gradient profile of the electron temperature T (x) along the
channel. However, ∇T (x) tends to be uniformly distributed
along the channel under global illumination owing to the
similar thermal conductivity of Pd and Au electrodes.
Moreover, the asymmetric distribution of the Seebeck coeffi-
cient along the channel determines the photovoltage gener-
ated by the PTE effect, since the total voltage is the integral of
∇V(x) along the x-direction. Therefore, negative photocurrent
(from Au to Pd) will be obtained, which is consistent with our
experiment. When a bias is applied to the device, the built-in
electric field and the Seebeck coefficient profile will change
accordingly, which leads to an increase or decrease in the
photocurrent. The thickness of 1T′-MoTe2 is a key factor to rea-

lizing the PTE effect caused by asymmetrical metal doping,
since excessively thin films hinder thermal gradient formation
and carrier modulation, limiting the photothermoelectric
response. In deed, our previous work suggests that the PVE
effect is neglectable when the CVD-grown 1T′-MoTe2 film has
the thickness of 3–4 monolayer.26 Next, the photoresponse
characteristics of the Au/1T′-MoTe2/Pd, Au/1T′-MoTe2/Au, and
Pd/1T′-MoTe2/Pd devices were measured without applying
voltage. Fig. 2g shows plots of the I–t curves of these devices
under white illumination. It is notable that only the device
with asymmetric electrodes shows obvious photocurrent at 0
bias, while Au/1T′-MoTe2/Au and Pd/1T′-MoTe2/Pd devices
show neglectable photocurrent. Also, I–V curves shown in
Fig. S7† confirm the absence of self-powering ability for
devices with symmetric electrode materials. Based on these

Fig. 2 PTE mechanism analysis of the Au/1T’-MoTe2/Pd detector. (a) Au/1T’-MoTe2/Pd device structure and external circuit. (b) I–V curves of the
detector under varying power intensities. (c) The energy band diagram of the device and the schematic of its PVE mechanism under illumination.
(d and e) Schematic diagrams of the electrostatic doping and Seebeck coefficient distribution in the detector with asymmetric electrodes, respect-
ively. (f ) Schematic diagram of PTE response mechanism under global illumination. (g) Comparison of the time-dependent photoresponse to pulsed
white light illumination of the devices with Pd–Au, Au–Au, and Pd–Pd electrode pairs at Vbias = 0.
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results, it is clear that the asymmetric electrode in the 1T′-
MoTe2 device is crucial for achieving high performance of
broadband and self-power under global illumination.

3.3 Device performance: self-power, broadband, and fast
response

To further evaluate the device performance, we investigated
the optoelectronic performance of our photodetector using a
Xe lamp and fiber lasers, which could provide constant or
pulsed illumination to the device. Fig. 3a shows the I–V curves
of the device under darkness and illumination with various
wavelengths obtained by the VS, UV, and IR filters at 300 K. It
demonstrates that the device exhibits broadband photo-
response from UV to IR. Fig. 3b illustrates the fitting relation-
ship of the photocurrent with the optical power according to
the equation: Iph ∝ APα, where P is the optical power intensity
and α is a constant to be fitted. α values for UV, VS, and IR
were 0.663, 0.642, and 0.641, respectively. The dependence of
Iph on P at V = 0 V exhibits a typical sublinear relationship,
indicating that the PTE effect exists in our photodetectors.49

Meanwhile, Fig. 3c depicts the time-resolved photoresponse of
the devices at 0 V, demonstrating a stable and fast response in
a wide band range from UV to IR, which also indicates the self-
power capability of the device in broadband. Such a broadband

photoresponse is attributed to the gapless WSMs type band
structure of 1T′-MoTe2, which enables detection even for far-
infrared and THz regimes.3 Based on the obtained result, the
distribution of asymmetric Seebeck coefficients still exists
during illumination. The performance of the devices was eval-
uated under varying power densities. As shown in Fig. 3d, a
rapid and stable photoresponse was observed at every given
wavelength, indicating high stability and repeatability of our
photodetector. With the increase of optical power, the photo-
current tends to stabilize at P = 46.3 mW cm−2 as shown in
Fig. S9,† which can be attributed to a reduced potential gradi-
ent in the device, which is caused by the limited temperature
gradient of the material under illumination with high optical
power.8,50 Consequently, such results suggest that the device
can operate as a self-powered broadband photodetector.

We have calculated photoresponsivity (R) and specific detec-
tivity (D*) according to the following formulas:

R ¼ Iph
PS

ð3Þ

D* ¼ R
ffiffiffi

S
p

2eIdarkð Þ1=2
ð4Þ

Fig. 3 The broadband characteristic and the durability of the Pd/1T’-MoTe2/Au PTE-based detector. (a) I–V curves obtained in the dark and under
the illumination of constant light power intensity with bandpass filters for IR (red), VS (blue), and UV (purple) light. (b) The corresponding fitting
curve of photocurrent versus power intensity. (c and d) Time-dependent photoresponse under pulsed light with different spectral bands at the same
and various light intensities (unit: mW cm−2).
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where Iph is the photocurrent, S is the effective area of the
device, P is the optical power density, e is the single electron
charge, Idark is the dark current, and R is the responsivity.51

Fig. 4a and b show the evolution of D* and R in response to P
at every given wavelength. The device achieved the maximum R
of 8.22 mAW−1 at a wavelength of 648 nm at 0 V. The values of
D* for our device reach 2.82 × 109 Jones, 7.11 × 109 Jones, and
6.87 × 109 Jones corresponding to UV, VS, and IR illumination,
respectively. It is worth mentioning that when dark current is
used to calculate the detectivity of photodetectors, there will
be an overestimated D*. Therefore, we also investigated the
noise-equivalent power (NEP) of the device to more accurately
determine D*(see note 1 in the ESI†). Furthermore, the
response speed of the photodetector at wavelengths of 450 nm,
648 nm, and 850 nm was also investigated. Fig. 4c shows the
time-resolved photocurrent at V = 0 V by choosing a pulsed
laser as the irradiation source. The response speed measure-
ment reveals that the highest value is 15.4 μs for rising and
8.4 μs for decaying under illumination of 850 nm, confirming
the rapid separation of photogenerated electrons and holes.
The actual response speed may be higher than the obtained
result due to the equipment limitation. Such rapid responses
can be attributed to the shorter transient lifetime of photocar-
riers due to rapid electron–electron scattering in the absence
of a bandgap.52 Additionally, the built-in potential plays a

crucial role in accelerating the separation of the photocarriers.
More importantly, there is no obvious degradation of photo-
detector performance observed even after 12 months of
exposure to air, suggesting great durability of the device, as
shown in Fig. S11.†

To compare the performance of our devices with published
research, Fig. 4d shows the comparison of the responsivity of
our device with other type-II WSM devices induced by local
illumination and the PTE effect.25,53–60 The Au/1T′-MoTe2/Pd
photodetector exhibits an ultrafast response time of 15.4/8.4 μs
and a response band ranging from UV to IR compared with
that of reported photodetectors. Our device also has merits in
the value of D* as shown in Fig. S12† among these detectors,
which confirms that the PTE effect caused by metal doping
offers distinct advantages in obtaining high performance
photodetectors. Our work demonstrates a novel design
concept for the fabrication of high-performance, broadband
photodetectors based on Weyl semimetals.

4. Conclusion

We have synthesized large-scale two-dimensional 1T′-MoTe2
on a Si/SiO2 substrate using the two-step CVD tellurization
method. Asymmetric Au and Pd electrodes were designed to

Fig. 4 The key parameters of the Au/1T’-MoTe2/Pd PTE-based detector. (a) The responsivity of the detector as a function of power intensity under
light with different spectral bands. (b) The specific detectivity of the detector as a function of power intensity under light with different spectral
bands. (c) Rising and decay time of the detector obtained under pulsed laser beam illumination of different wavelengths (450, 648, 850 nm). (d)
Comparison of the responsivity and response time of our device and other WSMs devices.
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achieve the PTE-dominated photoresponse under global illu-
mination. Au/1T′-MoTe2/Pd devices with ultraclean interfaces
were fabricated using a stencil lithography method in UHV.
The detector exhibits the capability of self-powered detection
and a broadband photoresponse range from 350 nm to
1200 nm. The device shows a high responsivity of 8.22 mAW−1

and a large specific detectivity of 7.11 × 109 Jones. Meanwhile,
the device features response times up to 15.4 μs (rising time)
and 8.4 μs (decaytime). Such a high performance benefits from
the special electrode fabrication method in an UHV environ-
ment, which effectively promotes the asymmetric Seebeck
coefficient distribution along the channel, leading to a signifi-
cant PTE effect under global illumination. These results shed
light on the potential applications of 2D layered Weyl semime-
tal materials in the application of optoelectronic devices with
a broadband, self-powered, and fast response.
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