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Abstract— Despite the wide applications of Short-Wave
Infrared (SWIR) imaging, standard imaging materials require
lattice matching and complex fabrication techniques which
are relatively expensive. In this work, 50 nm thick amor-
phous indium telluride (In2Te3) films are RF sputtered on
a silicon (Si/SiO2) substrate at 300 ◦C. The films are used
to fabricate back-gated field-effect photodetectors (PDs).
The In2Te3 detectors exhibit a broad wavelength response
from 406 nm to 1600 nm and a photo responsivity of
0.44 AW−1 under 1310 nm excitation at 5 V bias. Further-
more, an n-type behavior with an electron field-effect mobil-
ity of 1.15 cm2V−1s−1 is observed. We also evaluated the
frequency response of the PDs under 1310 nm modulated
light, a 3dB cut-off frequency of ∼0.97 MHz is measured.
Further, the device exhibits specific detectivity of 1.32 × 109

Jones and very good stability at ambient conditions.

Index Terms— Amorphous In2Te3, RF-sputtering, SWIR
detection, back-gated photodetector, fast response.

I. INTRODUCTION

SHORTWAVE infrared (SWIR) photodetection techniques
have drawn a lot of attention because of their application

in imaging, autonomous vehicles, biometric sensors, and night
vision [1], [2]. Despite the widespread of silicon-based pho-
todetector devices, wavelengths above 1100 nm are generally
undetectable due to the limited optical absorption in silicon
[1]. Materials based on the traditional III-V compounds (e.g.
InGaAs and GaAs) can circumvent this detection barrier, but
they are expensive and require complex fabrication techniques
such as molecular beam epitaxy (MBE) or metal-organic
chemical vapor deposition (MOCVD) [3]. These materials
also require lattice matching with the substrate and high
deposition temperatures, which makes the monolithic inte-
gration challenging [3]. In addition, the chemicals involved
in the MOCVD process are highly toxic [4]. To overcome
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these challenges, alternative CMOS-compatible and economi-
cal SWIR sensing materials are highly sought.

In comparison to crystalline films, photodetectors based on
amorphous thin films absorb light in a wide spectral range
[5]. For example, amorphous molybdenum disulfide (MoS2)
exhibits wide spectral sensitivity compared to its crystalline
form.

Amorphous thin films also cost effective„ suitable for large-
scale production, without the hassle of lattice matching and
offer great potential for a wide range of applications [6]. In this
context, amorphous RF-sputtered indium telluride (In2Te3)
films can be a promising alternative. This compound is a
common member of group III-VI semiconductors. However,
it has rarely been studied for SWIR photodetection despite
having the smallest direct bandgaps (In2Te3∼0.9-1.2 eV)
among the known III-VI compounds [7], [8].

In this study, we developed and demonstrated a SWIR
photodetector. The static photo-responsivity and dynamic fre-
quency response have also been investigated.

II. FILM DEPOSITION AND CHARACTERIZATION

The In2Te3 thin films are deposited using a Proline PVD
75 sputtering tool from Kurt J. Lesker. A 3�� diameter planar
target of In: Te (1:1 ratio) with 99.995% purity from ACI
Alloys Inc. is used for sputtering. The Ar flow rate, power, and
work pressure for the film deposition were set to be 20 sccm,
100 W, and 0.5 Pa, respectively. A 285 nm thick SiO2-coated
silicon wafers are used as substrates. The films are deposited
at 300 ◦C with a 50 nm thickness as estimated using a surface
profilometer. The thickness is measured at 6 different places
on each sample and the average value is referred to throughout
the manuscript. The reproducibility of the results is confirmed
by depositing several films.

The x-ray diffraction (XRD) pattern obtained from the films
are shown in Fig. 1a. The strong crystalline peak observed at
2θ values of around 32◦ do belong to the Si substrate, which
was confirmed by analyzing a bare substrate. It is therefore
evident that the as-deposited films are amorphous. Next,
a transmission electron microscope (TEM) analysis is carried
out on a ∼30 nm thick TEM lamella prepared using a focused
ion beam (FIB) in-situ lift-out method to confirm the thickness
and amorphous nature of the deposited films. A typical STEM
image obtained from the as-deposited films is shown in
Fig. 1b. The estimated film thickness from the cross-sectional
S/TEM is ∼50 nm. This measured thickness is in good agree-
ment with the value obtained from the surface profilometer.

Figure 1c shows a zoom-in high-resolution TEM (HRTEM)
image of the selected area in Fig.1b. A corresponding
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Fig. 1. (a) XRD pattern obtained from the deposited film. (b) A
high-resolution TEM (HRTEM) image to determine the thickness.
(c) zoom-in image of the HRTEM image of the film. The inset shows the
fast Fourier transform (FFT) patterns obtained from the HRTEM image.
(d) AFM roughness scan of the deposited film, inset is an SEM image of
the deposited film, scale bar is 500 nm. (e) EDS spectrum was obtained
from the deposited films. The top table in the inset in Fig.(e) indicates
a near-perfect In2Te3 stoichiometry. (f) The absorption coefficient of the
film from visible to SWIR wavelengths.

fast Fourier transform (FFT) pattern is shown in the inset
Fig. 1c. The HRTEM and FFT confirm the amorphous
(non-crystalline) nature of the deposited films. The surface
microstructures of the deposited thin film are shown in the
SEM (scanning electron microscopy) image, see inset of
the Fig. 1d. This figure shows an atomic force microscope
(AFM) roughness scan, which indicates the smoothness of
the films (∼4nm) where the grains are not distinguishable.
Fig. 1e shows the energy-dispersive x-ray spectroscopy (EDS)
spectrum of the as-deposited films. It depicts a near-perfect
In2Te3 stoichiometry.

Next, the optical constants (n and k), band gap (∼0.9 eV),
and thickness of the deposited thin film (50 nm) were
measured using a spectroscopic ellipsometer. The extracted
bandgap value was within the range of the literature-reported
value [7]. Figure 1f shows the extracted absorption coefficient
(α = 4πk/λ) of the In2Te3 films in the wavelength range of
400 to 1600 nm. The absorption spectrum exhibits an extended
tail in the SWIR region (shown up to 1600 nm). This indicates
the presence of localized tail levels in the band gap. These
levels originate primarily from defect-generated disorders [9].
The absorption in the SWIR region is ∼103 cm−1. The
estimated absorption quantum efficiency for the 50 nm In2Te3
film at 1310 nm (using the measured α) is 2.25%. It is
important to emphasize that the absorption quantum efficiency
can be further improved by increasing the film thickness.

III. DEVICE CHARACTERIZATION AND RESULTS

A. Device Design and Electrical Characterization
The 50 nm deposited In2Te3 film is used as an active layer to

construct a back-gated phototransistor. An electron beam evap-
oration was used to deposit interdigital Cr (10 nm)/Au (50 nm)
alloy as contact electrodes on top of In2Te3 films. Fig. 2a
(inset) shows a cross-sectional schematic representation of the
fabricated photodetector. The output characteristics (Ids vs Vds)
of the device were obtained by sweeping the voltage from
−5 V to +5 V while applying different gate voltages as shown
in Fig. 2a. The observed response confirms the ohmic contact
between the deposited metal electrodes and the In2Te3 films.

The transfer characteristics (Ids vs Vgs) of the device were
performed while sweeping the gate voltage (Vgs) in the
range of −30 V and +30 V, at constant drain bias (Vds

Fig. 2. (a) The output characteristics (Idsvs Vds curves), inset shows
a cross-section schematic representation of the fabricated back-gated
device (b) transfer characteristics (Ids vs Vgs curves) measured by
sweeping the Vgs from −30V to 30V, at different drain voltages.

from 1 V to 10 V) as shown in Fig. 2b. It is observed that
the drain current (Ids) decreases in negative Vgs region, while
an increase in positive Vgs region. This phenomenon suggests
that the fabricated device has an intrinsic n-type behavior.

The field-effect electron mobility (μh) is calculated using
the linear section of the transfer curve by using μh =
(L/WC0x Vds)

(
�Ids
�Vgs

)
, where �Ids

�Vgs
is the maximum slope

of the linear region, L and W are the channel length and
width, and Cox is the dielectric capacitance per area [10]. The
Cox = ε0εr/d, ε0, and εr represent the vacuum and relative
permittivity of SiO2, respectively; and d is the thickness of the
SiO2 dielectric (285 nm). The estimated two-terminal electron
mobility is 1.1 cm2V−1 s−1, which is similar to the mobility
of the a-Si (1 cm2V−1 s−1) [11].

B. Optical Measurements
The output characteristics of the fabricated In2Te3 photode-

tector are examined under dark and light illumination condi-
tions. The device is illuminated with a 1310 nm wavelength
laser and Vds is swept from −5 V to 5 V. As shown in
Fig. 3a, the excitation is carried out with various incident light
intensities in the range of 91.96 mW/cm2 to 612.25 mW/cm2.
The induced photocurrent (Iph = Ilight-Idark) is plotted in
Fig. 3b as a function of incident laser power.

The responsivity (R = Iph/P) of the In2Te3 photodetector,
defined as the ratio of the photocurrent (Iph) to the optical
power (P) received by the detector, is a significant figure-of-
merit (FOM) for determining the performance of the fabricated
photodetector. Here P = P0 ∗ (S/Abeam), (P0 is the incident
optical power, S is the illuminated device area and Abeam is
the area of the laser beam). The responsivity as a function
of light power density is shown in Fig. 3c (red solid circles).
A maximum responsivity of 0.44 A/W was observed under
1310 nm illumination at 91.96 mW/cm2 laser power density
(Iph = 52.8 nA, S = 130 μm2, laser spot diameter is ∼1 mm
for 1310 nm and 1550 nm) with Vds = 5 V.

The decrease in responsivity following the increase in inci-
dent power indicates the presence of trap states/defects, which
induce internal gain in the device. This result is consistent with
recent findings on amorphous and 2D-based photodetectors
[12], [13], [14]. The ratio of the photocarrier lifespan (tl) to the
photocarrier transit time (tt) determines the photoresponsivity
[15]. Most of the traps are already filled at high incident optical
powers, and further illumination power cannot effectively raise
the photo gain, resulting in decreased responsivity at higher
laser powers [15]. The measured responsivity also had a
nonlinear power law dependence, which is confirmed by fitting
the measured data to R = P0.42 (refer to Fig. 3c).
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Fig. 3. (a) Typical output characteristics acquired in the dark and with
1310 nm illumination with various excitation powers at Vgs = 0 V. (b) The
photocurrent vs incident laser power as a function of Vds. (c) Measured
photocurrent (black solid squares) and responsivity (red solid circles)
for different optical intensities at Vds = 5 V under 1310 nm excitation.
(d) Output characteristics under dark and different laser wavelength
illuminations, at Vgs = 0 V. (e) Photocurrent under different laser
wavelength excitations. (f) Measured responsivity and EQE at different
laser wavelengths.

Fig. 4. (a) Dynamic response. 3-dB cutoff frequency is 0.97 MHz (b) The
measured NEP (black circles) and specific detectivity (red solid triangles)
as a function of applied bias voltage.

As shown in Fig. 3d, the spectral sensitivity of the fab-
ricated devices is evaluated by measuring their output char-
acteristics under various laser illumination of 406 nm (input
laser power of 31.6 mW/cm2), 520 nm (145 mW/cm2),
633 nm (63.75 mW/cm2), 785 nm (189 mW/cm2), 852 nm
(163 mW/cm2), 1064 nm (109 mW/cm2), 1310 nm
(205.8 mW/cm2) and 1550 nm (182 mW/cm2). The pho-
tocurrent corresponding to 532 nm illumination is 265 nA
and it dropped to 17.2 nA at 1550 nm as shown
in Fig 3e.

The measured responsivity and external quantum efficiency
(EQE) under different laser wavelengths are shown in Fig. 3f.
The EQE (Rλ · (hc/(eλ)) is the ratio of the number of
charge carriers collected by the device to the number of
incident photons. Here, Rλ is the photoresponsivity, h is
Planck’s constant, c is the speed of light, e is the elementary
charge, and λ is the incident light wavelength [16]. It is
noticed that the responsivity increases from 0.07 A/W (under
1550 nm) to 1.9 A/W (under 406 nm) which is expected due
to the enhancement of the absorption-induced photocurrent
increase from longer to shorter wavelengths. Similarly, EQE
also increased from longer (6.05% at 1550 nm) to shorter
wavelength (585.7% at 406 nm) illuminations, it follows the
absorption coefficient trend (see Fig. 1f).

C. Frequency Dynamic Response and Detectivity
The frequency response is also evaluated to determine the

dynamic performance of the photodetector. A modulated and
amplified 1310 nm continuous-wave (CW) laser using a com-
mercial optical modulator driven by a reference signal from
a lock-in amplifier is used to illuminate the In2Te3 PD. The
output radiofrequency (RF) electrical signal from the device
is connected to the lock-in amplifier input through a bias tee

TABLE I
A SUMMARY OF THE DEVICE PARAMETERS IN COMPARISON WITH

OTHER REPORTS ON In2Te3 AND AMORPHOUS PHOTODETECTORS

(BT) and a trans-impedance amplifier. The BT is used to apply
a 15 V bias to the device through an RF probe. As illustrated in
Fig. 4a, the photodetector response was obtained while sweep-
ing the RF drive frequency. The measured device exhibited a
3-dB cutoff frequency of ∼0.97 MHz. Additionally, the device
response is observed up to 20 MHz.

This performance is also consistent among other measured
devices. The extracted rising time τrise ≈ 0.35/ f−3dB is
approximately 0.38 μs. Notably, the experimentally measured
3dB cutoff frequency of the fabricated devices shows a much
faster response than reported In2Te3 and other amorphous
materials-based photodetectors in the literature, see Table I.
Furthermore, it is expected that the control of the contact metal
type, photodetector thickness, device architecture (vertical
device), and electrode spacing will increase the frequency
response of the photodetector. Hence, we believe that there
is still ample room for improving the speed of the proposed
In2Te3 photodetector. It is worth mentioning that the frequency
measurements were performed on a one-year-old sample that
was preserved under ambient conditions.

The detectivity and the noise-equivalent-power (NEP) are
important FOMs of a photodetector. The latter is defined as
NEP = √

totalnoise/R, i.e., the incident power at which
the signal power is equal to the dark current noise. For a
high-speed signal >1 kHz, the total noise is determined mainly
by the shot and the Johnson noise [22]. For normal-incident
photodetectors, the specific detectivity is D∗ = √

A · � f /NEP,
where A is the area of the photodetector and � f is its response
frequency bandwidth. The calculated NEP and D∗ for various
bias voltages are shown in Fig. 4b. At a bias of Vds = 5V,
the NEP and D∗ are found to be ∼0.79 nW/

√
Hz and 1.32 ×

109 Jones, respectively.

IV. CONCLUSION

The present work demonstrates an RF-sputtered amorphous
In2Te3 thin film photodetector. The devices exhibited a broad
spectral detection from visible to SWIR wavelengths. The
measured device response time and the 3dB cut-off frequency
are very promising and outperform the other reported In2Te3
and amorphous material-based photodetectors. These strong
optoelectronic properties suggest that the simply RF-sputtered
In2Te3 films are excellent candidates for affordable optoelec-
tronic SWIR applications.
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