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Asymmetrically Contacted Tellurium Short-Wave Infrared
Photodetector with Low Dark Current and High Sensitivity
at Room Temperature

Huide Wang, Haoxin Huang, Jiajia Zha, Yunpeng Xia, Peng Yang, Yonghong Zeng, Yi Liu,
Rui Cao, Bing Wang, Wei Wang, Long Zheng, Ye Chen, Qiyuan He, Xing Chen, Ke Jiang,
Ja-Hon Lin, Zhe Shi, Johnny C. Ho, Han Zhang,* and Chaoliang Tan*

Large dark current at room temperature has long been the major bottleneck
that impedes the development of high-performance infrared photodetectors
toward miniaturization and integration. Although infrared photodetectors
based on layered 2D narrow bandgap semiconductors have shown admirable
advantages compared with those based on conventional compounds, which
typically suffer from the expensive cryogenic operation, it is still urgent to
develop a simple but effective strategy to further reduce the dark current.
Herein, a tellurium (Te)-based infrared photodetector is reported with
specifically designed asymmetric electrical contact area. The deliberately
introduced asymmetric electrical contact raises the electric field intensity
difference in the Te channel near the drain and the source electrodes,
resulting in the spontaneous asymmetric carrier diffusion under global
infrared light illumination under zero bias. Specifically, the Te-based
photodetector presents promising detector performance at room temperature
including a low dark current of ≈1 nA, an ultrahigh photocurrent/dark current
ratio of 1.57 × 104, a high specific detectivity (D*) of 3.24 × 109 Jones, and a
relatively fast response speed of ≈720 μs at zero bias. The results prove that
the simple design of asymmetric electrical contact areas can provide a
promising solution to high-performance 2D semiconductor-based infrared
photodetectors working at room temperature.
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1. Introduction

Infrared photodetection is indispensable
in optical communication, spectral analy-
sis, biomedicine, and remote sensing.[1–3]

Layered 2D materials are expected to be
the promising building blocks for next-
generation infrared photodetection system
by virtue of their relatively simple prepa-
ration process, strong light-matter interac-
tion, high-quality surface without dangling
bonds, facile heterostructure integration,
and high compatibility with complemen-
tary metal-oxide-semiconductor (COMS)
process.[4–6] The commonly used layered
materials for infrared photodetection in-
clude elemental materials like graphene
(near zero bandgap),[7,8] black phosphorus
(BP) (bandgap of ≈0.3–2.0 eV),[6,9] tel-
lurium (Te) (bandgap of ≈0.3–1.0 eV),[10,11]

and noble metal dichalcogenides like
few-layer platinum diselenide (PtSe2)
(bandgap of ≈0–1.2 eV)[12,13] and pal-
ladium diselenide (PdSe2) (bandgap of
≈0–1.3 eV).[14–16] Among them, crystalline
2D Te is heavily studied since it not only
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possesses suitable bandgap and high mobility of
1755 cm2 V−1 s−1 (room temperature), but is also highly
environmentally adaptable together with low-cost manufactur-
ing strategies.[17–21] The attractive potential of Te for short-wave
infrared (SWIR) photodetection, large-scale circuits, and future
smart signal processing systems has also been demonstrated
in our earlier studies.[10,22,23] However, high noise and relatively
poor specific detectivity (D*) is still limited by the large dark
current in Te-based photodetectors originating from its narrow
bandgap.[10,11,24] That is, even when optical absorption of Te is
significantly enhanced by optical cavity substrates consisting
of Au/Al2O3, the D* is only 2 × 109 Jones. To improve this
situation, we first successfully prepared SexTe1-x alloy films with
tunable bandgaps by alloying Te with large bandgap Se for the
fabrication of high-performance SWIR photodetectors.[25,26]

The infrared photodetector fabricated from the SexTe1-x thin
film on an optical cavity substrate exhibits a room-temperature
detectivity of 6.5 × 1010 Jones at 1.55 μm and the whole focal
plane arrays (FPAs) shows great SWIR imaging potential with
excellent pixel uniformity. However, there are rich defects and
grain boundaries within the evaporated polycrystalline SexTe1-x
thin films, leading to the relatively large dark current. Therefore,
it still remains a daunting challenge to effectively suppress the
dark current for the construction of high-performance infrared
photodetectors based on layered 2D semiconductors.

Until now, several effective strategies have been developed
to improve the situation. i) The first method is to introduce
electrostatic doping to reduce the dark current via constructing
phototransistors.[9,27] ii) The second method leverages the built-
in potential in the constructed p-n heterojunctions.[28–33] Due to
the existence of depletion region, the device will exhibit a low
dark current at reverse bias. iii) To further improve the energy
efficiency in method (i), the third method is to substitute the ox-
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ide dielectric in phototransistor with ferroelectric ones, where the
permanent electrical polarizations in ferroelectric layer can help
suppress the dark current in channel.[34–36] iv) The fourth method
is to construct nBn or pBp unipolar barrier heterojunction by
elaborately adding an additional barrier layer, in this way, the dark
current related to the movement of majority carriers can be sig-
nificantly depleted without the suppression of photocurrent. Tak-
ing the nBn structure as an example, the barrier in conduction
band can effectively block the movement of majority carriers in
the absorption layer, so that the diffusion current, surface leakage
current, Shockley–Read–Hall (SRH) recombination current and
Auger recombination current can be effectively inhibited, and fi-
nally an ultralow dark current (e.g., 15 pA) can be obtained.[37]

v) The fifth method is to use asymmetric electrical contact to ob-
tain self-powered photoresponse, where the dark current can be
reduced to zero theoretically for the lack of external power sup-
ply. Asymmetric electrical contact can be realized by electrodes
with asymmetric work function,[38–40] asymmetric van der Waals
contacts,[41–43] asymmetric channel widths,[44,45] etc. Compared
with other strategies, this method is much more convenient and
energy efficient.

In this work, we report a simple asymmetric electrical con-
tact strategy for the fabrication of high-performance Te infrared
photodetector with low dark current and high sensitivity at room
temperature. In this strategy, the contact areas between chan-
nel material (Te) and drain/source electrodes were deliberately
designed to be asymmetric. Then, the carrier diffusion in Te
nanobelt above the drain and source electrodes to the channel
part were rearranged, leading to the asymmetric band bending in
the channel. Therefore, this device exhibits fascinating infrared
photoresponse at zero bias, where the observed dark current of
the device was in a very low level due to the absence of external
bias. The working mechanism of the device was then systemat-
ically investigated via scanning photocurrent mapping (SPCM)
and Kelvin probe force microscope (KPFM). The attractive room-
temperature photoresponse obtained in this device toward in-
frared (1550 nm) light at zero bias includes the low dark current
of ≈1 nA, the ultrahigh photocurrent/dark current ratio of 1.57 ×
104, the high responsivity (R) of 26.1 A W−1, the high specific de-
tectivity (D*) of 3.24 × 109 Jones, and the relatively fast response
speed of ≈720 μs. The D* of our device is not only higher than
that of the previously reported Te-based devices without an op-
tical cavity substrate,[46] but also slightly higher than that of Te-
based devices with an optical cavity substrate,[10] which uncovers
the great potential of this simple design strategy in the field of
high-performance infrared photodetection.

2. Results and Discussion

The Te nanobelts/nanosheets were grown by a typical chemi-
cal vapor deposition (CVD) using TeO2 as the precursor and
H2 as the reducing gas (see the Experimental Section for de-
tails). The optical microscope images in Figure S1 (Support-
ing Information) show the CVD-grown Te nanobelts/nanosheets
along with small portion of nanowires. Their thicknesses of Te
nanobelts/nanosheets range from 100 to 1000 nm, which were
characterized by atomic force microscope (AFM) (Figure S2,
Supporting Information). Figure 1a shows a transmission elec-
tron microscope (TEM) image of a typical Te nanobelt. The
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Figure 1. Preparation and characterization of Te nanobelts and Te photodetector. a) TEM image, b) corresponding HR-TEM image, and c) SAED pattern
of a typical Te nanobelt. d) The Raman spectrum of the Te nanobelt. e) Schematic illustration of the Te photodetector with asymmetric electrical contact
area. f) The optical image of the Te device. g) The AFM image of the Te device. Inset depicts the height profiles of Te above the drain/source ends.

corresponding high-resolution TEM (HR-TEM) image is also
provided (Figure 1b), showing continuous lattices of the Te
nanobelt with interplanar spacings of 2.2 and 6.0 Å, which can be
assigned to the (12̄10) and (0001) planes of Te crystal (Figure 1b).
The corresponding selected area electron diffraction (SAED) pat-
tern is presented in Figure 1c. Bright rectangular diffraction
spots are shown in the corresponding SAED pattern, and the
two spots closest to the diffraction center manifest the (12̄10)
and (0001) planes of the Te crystal (Figure 1c). Both the HR-TEM
and SAED pattern confirm that the Te nanobelts synthesized by
CVD method are single-crystalline.[10,17,19] Three Raman peaks at
91 cm−1 (E1 transverse (TO) phonon mode), 119 cm−1 (A1 mode)
and 139 cm−1 (E2 mode) are observed from the Raman spectrum
(Figure 1d). It is worth pointing out that the longitudinal (LO)
phonon mode was not observed, which is consistent with the Ra-
man features of thick Te samples reported elsewhere.[17,19,47] In
the following experiments, the relatively thick Te nanobelts were
selected for device fabrication. In order to construct devices with
asymmetric electrical contact area, drain and source electrodes
(10 nm Cr/70 nm Au) were first deposited on 300 nm SiO2/p++-Si
substrate. Then, the Te nanobelt grown on mica substrate by CVD
method was transferred onto the as-prepared electrodes by dry
transfer technique.[48–50] The schematic diagram and optical im-
age of the Te-based photodetector are shown in Figure 1e,f, where
the contact area between Te nanobelt and electrodes in the drain
end (Zone 1) was smaller than that in the source end (Zone 2).
The channel length and width of the device are 20 and 4 μm, re-
spectively. It can be concluded that the thickness of Te nanobelts

in the device is very uniform from AFM results, and the thick-
ness of the Te nanobelt above drain and source electrodes are
very close (953/954 nm) (Figure 1g).

After the device preparation, the electrical properties of the de-
vices at ambient condition were studied. The almost symmetri-
cal output characteristics of the devices indicate the asymmetry
of the device is not obvious in the dark (Figure 2a; Figure S3,
Supporting Information). The linear relationship between cur-
rent and voltage indicates that Te forms good Ohmic contact
with Au electrodes. The transfer curves of the device exhibited
in Figure 2b confirm the hole-dominated transport characteris-
tics of the Te samples. The field-effect hole mobility (μFE) of the
Te FET can be calculated from the following formula:[51,52]

𝜇FE =
gmL

WCgVds
(1)

where gm, L, W, and Cg are the transconductance, channel
length, channel width, and SiO2 capacitance, respectively. The
calculated room-temperature μFE as a function of the gate voltage
in the Te device are shown in Figure 2c, which showed a high hole
mobility under different Vd with little variation. Specifically, the
extracted peak hole mobilities of the device at Vd = 0.01 V, 0.02 V,
0.05 V, and 0.1 V were as high as 757.0, 744.9, 748.9, and 754.2
cm2 V−1s−1, respectively. The high hole mobility further demon-
strated the high quality of Te nanobelts.

The infrared photoresponse of the Te photodetector is further
studied and summarized in Figure 2d–i. The spot area of the
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Figure 2. Electrical properties and photoresponse of Te photodetector. a) Output curve and b) transfer curves of the Te photodetector. c) The calculated
field-effect hole mobilities. d) Output curves at different Popt. e–g) The Popt dependent scatter plots of e) Iph, f) R and EQE, g) D*. h) Normalized
time-resolved photocurrent curves. i) Transfer curves under dark and illumination.

laser beam used in the test is significantly greater than the area of
the device, thus the global illumination across the entire device
is considered as uniform. The self-powered asymmetric output
characteristics under illumination of different laser power (Popt)
is presented in Figure 2d. Figure S4a (Supporting Information)
provides the optical power dependent photocurrent as a function
of Vd. The laser power dependent photocurrent at Vd = −0.1 V,
0 V, and 0.1 V is depicted by the scatter diagram in Figure 2e.
It can be found that the photocurrent increases almost linearly
with the optical power. Furthermore, the loss of photogenerated
carriers can be evaluated by the power law:[53–55]

Iph ∝ P𝛼

opt (2)

where, Iph, Popt, 𝛼 are the photocurrent, optical power and a
constant to be fitted, respectively. The 𝛼 of device are 0.763, 0.713,
and 0.803 at Vd = −0.1 V, 0 V, and 0.1 V, respectively. The greatest
photogenerated carrier loss is observed at Vd = 0 V, which can be
attributed to the lack of external electric field at zero bias. In addi-
tion, R (Figure 2f), external quantum efficiency (EQE) (Figure 2f)
and D* (Figure 2g) at different Vd can be calculated according to
Note S1 (Supporting Information). According to Figure 2f,g, the
peak values of R, EQE, D* of the device are obtained at the optical
power of ≈226.8 nW under different bias. When Vd is −0.1, 0, or
0.1 V, the calculated R is as high as 110.6, 26.1, or 48.4 A W−1,
together with high EQE of 8862.2%, 2090.9%, or 3883.8%, re-
spectively. Although R and EQE of the device at zero bias are
smaller than those at non-zero bias, the dark current measured
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at non-zero bias is in the level of μA. On the other hand, the dark
current of the device at zero bias should be theoretically zero,
holding a great promise to achieve high D*. In measuring the
time-resolved photoresponse at zero bias (Figure S4b, Support-
ing Information) the dark current of the device is found to be non-
zero (≈1 nA). The existence of non-zero dark current may be ex-
plained by the combination of asymmetric band bending caused
by asymmetric electrical contact area and the incomplete equilib-
rium state of the device after the illumination was removed. If
the dark current is the major contributor to shot noise, the calcu-
lated specific detectivity is denoted as D0*. According to Note S1
and Figure S4c (Supporting Information), the calculated D0* =
1.30 × 1012 Jones at Vd = 0 V is much higher than that at Vd =
−0.1 V (D0*= 3.34× 1010 Jones) and Vd = 0.1 V (D0*= 1.46× 1010

Jones) (Popt = 226.8 nW). In addition, the spectra of current noise
power density (in

2) were carried out to more accurately demon-
strate the detection capability of Te based device (Figure S16a,
Supporting Information). At Vd = 0 V, there showed two typical
noises of 1/f noise and generation-recombination (g-r) noise in
the regions of f < 1 kHz and f > 1 kHz, respectively. In order to
distinguish easily, the specific detectivity calculated by using the
spectra of current noise power density was denoted as D*. The
noise equivalent power (NEP) and D* can be calculated accord-
ing to in

2, as shown in Figure S16b (Supporting Information) and
Figure 2g. The calculated D* = 3.24 × 109 Jones at Vd = 0 V is
also higher than that at Vd = −0.1 V (1.69 × 109 Jones) and Vd =
0.1 V (7.18 × 108 Jones) (Popt = 226.8 nW). The Iph/Idark ratio ver-
sus Popt is further calculated as shown in Figure S4d (Supporting
Information) and the peak Iph/Idark ratio under different bias volt-
ages is calculated to be 2.6, 15782.1, and 1.2 under Vd = −0.1 V,
0 V or 0.1 V (Popt = 912.7 nW), respectively. The obviously higher
Iph/Idark ratio at Vd = 0 V further highlights the significance of the
asymmetrical contact design strategy. Our Te device also shows a
relatively fast response speed in μs level (Figure 2h; Figure S4e,
Supporting Information). Here the rise (fall) time was denoted as
the time required for the photocurrent to change from 10% (90%)
to 90% (10%) of its stable value. At Vd =−0.1 V, 0 V or 0.1 V under
Popt = 226.8 nW, the extracted rise time/fall time of the device can
reach ≈62 μs/≈100 μs, ≈720 μs/≈1.16 ms or ≈62 μs/≈100 μs, re-
spectively. The gate voltage dependent photoresponse curves are
also recorded as shown in Figure 2i and Figure S4f (Supporting
Information), and the photocurrent of the device can only be reg-
ulated in a limited range. The reason is that the Te channel is
relatively thick.[22,56]

SPCM and KPFM were further employed to uncover the work-
ing mechanism behind the Te device with asymmetric contact.
During the SPCM measurements, the drain, source, and gate
electrodes were arranged as indicated in Figure 1e. The gate volt-
age was grounded and the spot diameter of the focused laser is
≈1 μm. The SPCM results at Vd = 0 V are presented in Figure 3a
and Figure S6a (Supporting Information) and it confirms that the
photocurrent can only be generated in Te nanobelt, and the dark
current of the device are denoted by the data for current at po-
sitions where Te nanobelt is absent. Note that the dark current
obtained here is slightly larger than their actual value due to the
stray light from the focused laser. The following three key infor-
mation can be extracted from the SPCM results: i) When the laser
irradiates on the Te nanobelt near the drain electrode, the nega-
tive Id is obtained, while the laser irradiates on the Te nanobelt

near the source electrode, the positive Id is obtained. ii) The ab-
solute value of the negative currents is higher than the positive
current. iii) The position in the Te channel with the lowest abso-
lute value of Id is to the right of the channel’s center. The SPCM
results at Vd = −0.1 V are shown in Figure 3b and Figure S6b
(Supporting Information). It can be seen that the Id are negative,
and the photocurrents are mainly generated in the Te nanobelt
on the drain electrode and the Te channel, and the maximum
photocurrent is located at the boundary between the drain elec-
trode and the Te channel. The SPCM results at Vd = 0.1 V are
shown in Figure 3c and Figure S6c (Supporting Information). It
can be seen that the Id are positive, and the photocurrents are
mainly generated in the Te nanobelt on the source electrode and
the Te channel, and the maximum photocurrent is located at the
boundary between the source electrode and the Te channel. The
SPCM results at Vd = 0 V, −0.2 V, and 0.2 V present the same
trend (Figure S7, Supporting Information).

The KPFM test carried out in the dark provides details on the
surface potential of Te device (Figure 3d,e). The results convey
a lower surface potential at the area close to the channel center
than the areas close to the drain/source electrodes. In addition,
the surface potential difference (SPD) between Te on the drain
(source) electrode far away from the Te channel and Au (obtained
at the position of solid line D2 (S2) in Figure 3d) is larger than that
between Te on the drain (source) electrode near the Te channel
and Au (obtained at the position of solid line D1 (S1) in Figure 3d).
The SPD between the Te and Au at the location of line D1, D2, S1
and S2 is ≈90, 110, ≈89, and 108 mV, respectively. These results
show that there is a process of carrier diffusion in the Te above
the drain electrode/source electrode into the Te channel.

According to these experimental results, the working mecha-
nism of the Te device with asymmetric electrical contact area is
further analyzed with the help of energy band diagram. For the
convenience of description, the x-y-z Cartesian coordinate system
of the device are first established (Figure 4a). Then the energy
band diagram of the thick Te nanobelt was initialized according
to previous reports (Figure 4b).[29] Because the Fermi level of Te
differs from the work function of Au, band bending occurs at the
interface between Te and the drain/source electrodes, which re-
sults in hole accumulation at the interface, while electron accu-
mulation occurs in Te far away from the interface (Figure 4c).
Low-temperature electrical transport characterization also con-
firmed this band bending. The test results (Figure S5, Supporting
Information) show that the Schottky barrier heights (SBH) at the
Te/Au interfaces are negative, suggesting that the energy band of
Te at the Te/Au interfaces along z-axis direction in Figure 4c are
bent upward and Ohmic contact will be formed. Then, the accu-
mulated electrons tend to diffuse into the Te channel. It is worth
noting that the diffusion capacity of the accumulated electrons
in Te on the drain/source electrodes into the channel is not ex-
actly the same as explained next (Figure 4d). Specifically, the few
accumulated holes at the interface of Te and drain electrode for
the small contact area, result in a weaker binding force between
accumulated holes and electrons than those at source electrode.
Therefore, electrons in the Te above the drain electrode are eas-
ier to diffuse into the Te channel with longer diffusion distance
than electrons in the Te above the source electrode. Subsequently,
the majority carrier (hole) concentration of Te above the drain
electrode is greater than that of Te above the source electrode,
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 21951071, 2023, 23, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/adom

.202301508 by C
ity U

niversitaet O
f H

ong K
ong, W

iley O
nline L

ibrary on [10/12/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



www.advancedsciencenews.com www.advopticalmat.de

Figure 3. SPCM and KPFM results of a Te photodetector. a–c) SPCM results under 532 nm illumination with the optical power of 1 mW and the integration
time of 0.2 s, at Vd = 0 V (a), Vd = −0.1 V (b), and Vd = 0.1 V (c), respectively. The black dashed boxes represent the boundaries of the Te nanobelt. The
white dashed lines delineate the boundaries between the electrodes and Te channel. The red dashed line indicates the position in the Te channel where
the absolute value of the Id is the least. d) KPFM image of the device. e) Extracted potential curves at different position from the KPFM image (denoted
by C, D1, D2, S1, and S2 in (d)).

resulting in a stronger band bending and greater electric field in-
tensity at the Te/drain electrode interface (Figure 4e,f). However,
in Te devices with symmetrical electrical contact, the diffusion ca-
pacity (Figure S10a, Supporting Information) and the degree of
band bending (Figure S10b,c, Supporting Information) described
above are symmetric, so symmetric Te devices can not generate
photocurrent at zero bias.

Therefore, as confirmed by the SPCM results, when Vd = 0 V,
Te above the drain electrode generates a larger photocurrent than
Te above the source electrode, and the position with the small-
est photocurrent in the Te channel is on the right of the channel
center. When Vd = −0.1 V and 0.1 V, the photocurrent is mainly
generated from the band bending region at Te/drain electrode
interface and the Te/source electrode interface, respectively. Ow-
ing to a stronger band bending and greater electric field inten-
sity at the Te/drain electrode interface, the measured photocur-
rent at Vd = −0.1 V is higher than that at Vd = 0.1 V. The Te
on a small electrode has a lower surface electron concentration
than the Te on a large electrode, which also results in a lower
surface potential, i.e., a smaller SPD between the Te and the elec-
trode (Figure S9, Supporting Information). So, when the device
is completely covered by the laser spot, the drain and source elec-
trodes will produce an asymmetric photocurrent or self-powered
photocurrent. These analyses uncover that the asymmetric band
bending caused by the asymmetric electrical contact area is re-
sponsible for the high sensitivity photodetection at zero bias ob-
served in the device. Furthermore, the Te devices with different
asymmetry ratios of electrical contact were fabricated and tested.
The results show that the photoresponse at zero bias is positively

correlated with the asymmetry ratio (Figure S8, Supporting In-
formation). When the electrical contact is completely symmetric,
almost no photoresponse at zero bias was observed.

To further investigate the application potential of the device,
a single-pixel imaging system was demonstrated. The schematic
diagram of the imaging system is shown in Figure 5a, where the
405 nm laser was used as the light source to irradiate the entire
Te device (the spot size is ≈5 mm). Then a stepper motor is em-
ployed to move the position of the mask with the image of “SZU
CityU”, and the step size is set to be 0.5 mm in both X and Y
directions. The spatially resolved drain-source current of the Te
device in real-time is finally recorded through the computer con-
nected to the semiconductor analyzer. The imaging results are
presented in Figure 5b, where the clear image obtained at zero
bias fully manifests the high stability and sensitivity of the device
for imaging applications.

The polarization photoresponse of Te device was also in-
vestigated. The Te nanobelt exhibited laser polarization direc-
tion dependent optical characteristics, which is demonstrated
in the angle-resolved Raman spectra and time-resolved polar-
ized photoresponse (Figure S11, Supporting Information). The
anisotropic photocurrent ratio of the Te device was ≈1.425
(Figure S12, Supporting Information), which is similar to the
value reported previously.[11] These results indicate that our Te de-
vices have the potential for further application in polarized pho-
todetection. Asymmetric Te devices made from electrodes with
asymmetric work functions are also studied with regard to their
electrical and photoelectric characteristics. The Cr/Au electrode,
Au electrode, and the heavily doped Si substrate were set as the

Adv. Optical Mater. 2023, 11, 2301508 2301508 (6 of 9) © 2023 The Authors. Advanced Optical Materials published by Wiley-VCH GmbH
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Figure 4. Mechanism analysis of asymmetrical photoresponse. a) Schematic diagram of Te device in the specified Cartesian coordinate system. b) The
energy band diagram of Te before contacting the electrode. c) Band adjustment along the z axis after Te contacting the electrode. d) The schematic
diagram of the movement of accumulated electrons into the Te channel. e,f) The schematic diagram of the band bending between Te and the drain
electrode (e) or between Te and the source electrode (f).

drain, source, and gate electrodes, respectively (Figure S13a, Sup-
porting Information). Obvious asymmetric electrical properties
can be observed in both output (Figure S13b, Supporting Infor-
mation) and transfer characteristics (Figure S13c,d, Supporting
Information). The asymmetry can be attributed to the asymmet-
ric electrodes with different work functions. And the mobilities
extracted from the transfer curves at different bias are almost
the same (300–400 cm2 V−1 s−1) (Figure S13e,f, Supporting In-
formation). In the optical power dependent photoelectric charac-
teristics (Figure S14, Supporting Information), the asymmetric
photoresponse and self-powered photoresponse were observed.
When Popt = 11.8 nW for self-powered photoresponse, the ex-
tracted R is the highest (0.64 A W−1). The small self-powered R

recorded here is postulated to the larger contact barrier at the
Cr/Te interface, which hinders the transport of photogenerated
carriers. The gate voltage dependent electrical and photoelec-
tric responses were also observed (Figure S15, Supporting Infor-
mation). However, the device still exhibits a relatively low R of
0.72 A W−1 at an optimized gate voltage and Vd = 0 V.

3. Conclusion

In summary, we have developed a simple but effective de-
sign strategy for Te nanobelt-based infrared photodetector with
low dark current and high sensitivity at room temperature. In
this strategy, the device consists of the channel material and

Figure 5. Single-pixel imaging at zero bias of Te photodetector. a) Schematic diagram of the single-pixel imaging system based on the asymmetric Te
device. b) The drain-source current mapping of the image of “SZU CityU” under 405 nm illumination.

Adv. Optical Mater. 2023, 11, 2301508 2301508 (7 of 9) © 2023 The Authors. Advanced Optical Materials published by Wiley-VCH GmbH
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drain-source electrodes with asymmetric electrical contact area.
The asymmetric carrier diffusion caused by the designed asym-
metric electrical contact area enables a different electric field in-
tensity in the channel near the drain and the source electrodes,
resulting in the asymmetric photocurrent under global illumi-
nation. Therefore, the device can achieve an admiring photore-
sponse at zero bias. The photoresponse mechanism of the device
was further systematically investigated by scanning photocurrent
mapping (SPCM) and Kelvin probe force microscope (KPFM).
Finally, at zero bias, the device exhibits a low dark current of
≈1 nA, ultrahigh photocurrent/dark current ratio of 1.57 × 104,
high specific detectivity (D*) of 3.24 × 109 Jones, and relatively
fast response speed of ≈720 μs at room temperature. Our find-
ings demonstrate that the straightforward electrode contact area
design strategy offers a workable concept for creating a high-
performance infrared photodetector operating at room temper-
ature.

4. Experimental Section
Growth of Te Nanobelts: High-quality Te nanosheets/nanobelts were

prepared via a modified CVD method, where TeO2 powder was used as the
precursor.[19] A single-zone tubular furnace equipped with a quartz tube
was used as the reaction chamber. In a typical reaction, 30 mg TeO2 pow-
der (99.999%, Sigma–Aldrich) loaded into a ceramic boat was placed at
the center of the single zone tube furnace, and mica (1 cm × 1 cm) as the
deposition substrate was placed at the downstream end of the tube around
10 cm outside the heating zone. Before the reaction, the tube was pumped
to 8 × 10−3 Torr first and then refilled with 10% H2/Ar gas mixture for three
times to remove residual oxygen. During the reaction, 100 sccm gas mix-
ture of Ar and H2 (the volume ratio of H2 is 10%) was introduced both
as the carrier gas and reductive agent. The furnace temperature was pro-
grammed to gradually increase to the target temperature (≈600–800 °C) in
40 min and then maintained for 20 min. After that, the furnace was cooled
down in the atmosphere of 100 sccm Ar gas until room temperature.

Device Fabrication and Characterization: The electrodes on 300 nm
SiO2/p++-Si substrates were defined via electron beam lithography (EBL)
(VEGA3, TESCAN) followed by the thermal evaporation of metal. The syn-
thesized Te samples were transferred onto the electrodes and substrates
by a dry transfer technique. The morphology and surface potential of the
fabricated device were measured by AFM and KPFM (Bruker Dimension
Icon), respectively. Raman spectra and scanning photocurrent mapping
were measured by a high-resolution confocal Raman microscope (WITec
Alfa-300) under the excitation of a 532 nm laser at room temperature. The
channel current evolution of the device was monitored at ambient condi-
tion by a semiconductor parameter analyzer (Agilent 4155C). The lasers
used for photodetection were purchased from Changchun New Industries
Optoelectronics Technology in China. The response speed was character-
ized by connecting the device to a preamplifier (SR570, Stanford) and a
digital oscilloscope (TBS 1102B-EDU, Tektronix). The laser was modulated
by an arbitrary function generator (AFG-2005, Gw Instek). The spectra of
current noise power density of Te devices were measured by a semicon-
ductor parameter analyzer (PX600, Platform Design Automation, Inc.).

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