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ABSTRACT: Photonic detection with narrow spectrum selectivity is very important to
eliminate the signal from obtrusive light, which can improve the anti-interference ability of
the infrared imaging system. While the self-driving effect inherent to the p−n junction is
very attractive in optic-electronic integration, the application of the p−n junction in
narrow-band photodetectors is limited by the usual broad absorption range. In this work, a
self-powered filterless narrowband near-infrared photodetector based on CuGaTe2/silicon
p−n junction was reported. The as-fabricated photodetector exhibited typical narrow-band
response which shall be ascribed to the slightly smaller band gap of Si than CuGaTe2 and
the restricted photocurrent generation region in the p−n heterojunction by optimizing
CuGaTe2 thickness. It is observed that when the thickness of CuGaTe2 film is 143 nm, the device exhibits a response peak centered
around 1050 nm with a full-width at half-maximum of ∼118 nm. Further device analysis reveals a specific detectivity of ∼1012 Jones
and a responsivity of 114 mA/W under 1064 nm illumination at zero bias. It was also found that an image system based on the
narrowband CuGaTe2/Si photodetector showed high noise immunity for its spectral selective characteristics.

KEYWORDS: p-n heterojunction, near infrared light, narrow band photodetector, spectral selectivity, image sensing

■ INTRODUCTION

Thanks to the capability to discriminate the infrared radiation
between both target and its background, infrared (IR) imaging
has demonstrated numerous applications in military and civil
fields, such as security, precision guidance, process control, fire
alarm, and medical care.1−3 To improve the detection and
recognition ability of the infrared system, the suppression of
background disturbance is very important. As the core
component of an IR imaging system, narrowband photo-
detector with sound spectral selectivity is of paramount
importance to suppress the interference of the signal from
obtrusive light. To date, narrow-band detectors have been
achieved generally through using the combination of broad-
band photodiodes and optical filters,4,5 bulk heterojunction
based on the charge collection narrowing mechanism,6−9

nanowire arrays,10,11 an active layer with narrowband
absorption,12−15 and hot carrier generation with enhanced
absorption in special range.16,17 These approaches indeed can
achieve photodetectors with reliable narrow band; however,
these narrow band devices are usually complex in geometries,
which will lead to relatively high fabrication cost, or unstable
performance for their organic photo-active layers.18,19 What is
more, because these devices usually need an external power
supply during operation, which means that they will consume
energy in comparison with other self-driven photodetectors.

One obvious advantage of p−n junction photodetector is
that it can work under zero bias, due to the photovoltaic
effect.20,21 Its spectral response should be ascribed to the
superposition of responses coming from the n-type and p-type
materials, respectively. While a great challenge to fabricate
narrow-band photodetectors is the usual broad absorption
range of the first part illuminated by light in p−n junction, few
research about narrow-band detector based on p−n junction
has been reported.22 Moreover, the mechanism needs further
investigation.
In recent years, chalcopyrite semiconductors Cu−III−VI2

(III = Al, Ga, In; VI = S, Se, Te) have been extensively studied
because of their potential application in solar cells and
optoelectronic devices.23−25 Among them, CuGaTe2 is a
typical p-type direct band gap semiconductor with high
electrical conductivity and large absorption coefficient.26−28

Its band gap is 1.18−1.40 eV, which is very close to that of
silicon (1.12 eV).29 Si-based heterojunction photodetectors
have attracted significant research interest because of their
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excellent properties and the dominance of silicon in micro-
electronic technology.30−32 Here in this study, by combining
CuGaTe2 with n-type Si, we achieved a sensitive self-powered
narrowband near-infrared photodetector. Owing to the slightly
smaller band gap than CuGaTe2, Si can show highly spectral
selective response to the light filtered by CuGaTe2. Meanwhile,
changing the thickness of CuGaTe2 films can control the
spectral response of the CuGaTe2/silicon p−n junction in the
short wavelength region by the restricted photocurrent
generation region and tune the spectrum of the light shined
on silicon. Device analysis revealed that the device has a
response full-width at half-maximum (FWHM) of ∼118 nm,
centered at around 1050 nm at zero bias, when the thickness of
CuGaTe2 film is about 143 nm. These results suggest that the
present p−n heterostructure with a simple structure may find
promising application in future optoelectronic devices as it is
compatible with the microelectronic planar process based on
Si.

■ RESULTS AND DISCUSSION
The proof-of-concept narrow band near infrared (NIR) light
photodetector was basically composed of CuGaTe2 nanofilms
and bulk n-type Si wafers, as indicated by the schematic device
structure in Figure 1a. When this device is illuminated by

incident light, photo-generated free electron−hole pairs
(EHPs) can be generated throughout the junction, however,
only a small fraction EHPs can be converted into photo-
generated current due to its unique device operation
mechanism. Figure 1b shows the working principle of the
present heterojunction device. The device geometry can be
divided into three different regions from the silver electrode to
In−Ga electrode: neutral region (lp), depletion region (W) and
neutral region (ln). Virtually, only the EHPs in the depletion
region and within a diffusion length to the depletion region of
p−n junction have the opportunity to be separated and drifted
by the built-in electric field, creating photocurrent. It can be
seen that there is a region (x = 0 ∼ lp − Le) in the first neutral
region of CuGaTe2 film side, which absorbs light-generating
EHPs but shows no response due to recombination. This area
is therefore termed as “dead-zone”, which is just located in
front of the photocurrent generation region in the CuGaTe2/
silicon p−n junction. Here, the lp and Le denote the thickness
of the neutral region and diffusion length in the CuGaTe2
nanofilm, respectively. Because of the interesting property and

special position of “dead-zone”, the CuGaTe2/silicon p−n
junction will not show any photoresponse to the light that
cannot penetrate “dead-zone”.
How deeply light can penetrate into a material could be

described by penetration depth, which is the reciprocal of
absorption coefficient α. Because EHPs are mainly generated
by the photons with energy larger than semiconductor band
gap, the absorption coefficient of which usually decreases with
the increase of photon wavelength,33 there should exist a
critical or cutoff value for incident wavelength (λcut‑off), whose
penetration depth is equal to the certain “dead-zone” width.
When the wavelength of the incident light is less than the
λcut‑off, it cannot reach the photocurrent generation region in
p−n junction, because it has been absorbed completely in the
“dead-zone”, for its short penetration depth compared with
upper λcut‑off. On the contrary, it is a different story for the
incident photons with wavelengths longer than the λcut‑off. In
this case, the photogenerated EHPs can be efficiently separated
and therefore lead to the formation of photocurrent in the
circuit. These discussion indicates that changing the thickness
of CuGaTe2 film can control not only the spectral response of
CuGaTe2/silicon p−n junction by defining the position of
photocurrent generation region but also the spectrum of the
light shined on silicon after passing through CuGaTe2
nanofilm. In addition, the intensity of device responsivity is
mainly determined by the thickness of the diffusion and
depletion regions in p−n junction, which are correlated to
carrier mobility and concentration.34,35

In addition, for most of semiconductor materials, their
absorption coefficients usually significantly decrease when the
incident wavelengths is close to wavelength (λband‑gap)
corresponding to their band gap.36 As a result, the CuGaTe2
nanofilm will show high transmittance to the incident light
with wavelength above λband‑gap. This relatively high trans-
mittance, along with the tunable effect of CuGaTe2 film
thickness on the photogeneration and formation of photo-
current discussed above, suggests that the CuGaTe2 film can
actually act as a filter to the light shined on silicon. Because of
the smaller band gap of Si than CuGaTe2, incident light of
wavelength (λ > λband‑gap‑CuGaTe2) is possible to excite EHPs in
Si and generates photocurrent, which will make the response
range of CuGaTe2/Si junction wider than that obtained from
CuGaTe2 film alone. However considering only the photon
with energy larger than the band gap of Si can excite strong
photogeneration in silicon, and the very similar band gap of
silicon and CuGaTe2, the present CuGaTe2/silicon p−n
junction can achieve the narrowband light detection.
Based on the rationale outlined above, a CuGaTe2 nanofilm

was deposited onto an n-type Si/SiO2 substrate with a
predefined SiO2 window, defining the effective area of the
CuGaTe2/silicon p−n junction, to obtain a vertical hetero-
structure. During the device fabrication process, pulsed laser
deposition (PLD) was chosen to synthesize CuGaTe2 films for
the fact that it is very difficult to precisely control the chemical
composition of ternary compound using other conventional
thin film technology. After film deposition, Ag and In−Ga alloy
were used to form Ohmic contact with CuGaTe2 film and n-
type silicon substrate (Figure S1, please refer to the Supporting
Information for more information). A detailed device
fabrication procedure can be found in the Experimental
Section. Figure 2a exhibits a typical field emission scanning
electron microscopy (FESEM) image of the CuGaTe2 films. It
shows that the film was relatively continuous and smooth,

Figure 1. (a) Device structure of the CuGaTe2/silicon p−n
heterojunction. (b) Working principle of the as-assembled narrow-
band photodetector.
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without obvious holes and large particle accumulation
observed. The energy-dispersive spectroscopy (EDS) analysis
of the sample revealed that the atomic ratio of Cu/Ga/Te is
approximately to be 1:1:2, consistent with the composition of
CuGaTe2 (Table S1). What is more, the boundary of the film
can be easily distinguished from SiO2 substrate due to the
difference in contrast (upper left inset in Figure 2a), which is
favorable for the subsequent construction of device. The upper
right inset in Figure 2b depicts the optical image of the
photodetector based on CuGaTe2/silicon heterojunction. The
thickness of the as-prepared CuGaTe2 film was about 143 nm,
as shown in Figure 2b. All of the diffraction peaks in the X-ray
diffraction (XRD) pattern of the PLD derived nanofilm can be
assigned to CuGaTe2 with a tetragonal structure (JCPDS no.
82-0446) and the (400) plane of Si substrate (Figure 2c). As a

matter of fact, further characterization results including Raman
study in Figure S2 and high-resolution transmission electron
microscopy (HRTEM) image in Figure 2d confirm that the as-
deposited sample is composed of poly-crystalline CuGaTe2
films with no obvious impurity and contaminants.
Figure 3a exhibits the absorption and transmission spectra of

n-type Si substrate and CuGaTe2 nanofilm. There is an overlap
region from 600 to 1200 nm between the two spectra,
suggesting the CuGaTe2 film could act as a high spectrum
selectivity “window” for Si material. Specifically, the absorption
coefficient of CuGaTe2 is almost 106 cm−1, for light
wavelengths less than 600 nm, and decreases dramatically
with the increasing wavelength (Figure 3b), as expected.
Notably, the absorption coefficient nearly stop decreasing in
the range from 1085 to 1500 nm. This finding is consistent

Figure 2. (a) SEM image of the CuGaTe2 nanofilm with EDS analysis. The left inset shows the clear boundary between the film and the substrate.
(b) AFM image of the CuGaTe2 nanofilm on the Si substrate with its step height, the right inset is digital a photograph of the as-prepared
photodetector. (c) XRD pattern of the CuGaTe2 film. (d) HRTEM image of the CuGaTe2 film with the SAED pattern.

Figure 3. (a) Absorption spectrum of Si and the transmission spectrum of CuGaTe2 nanofilm. (b) Absorption coefficient of CuGaTe2 nanofilm.
(c) Attenuation curve of the light with different wavelengths in CuGaTe2 nanofilm. (d) Relationship between λcut‑off and the width of dead-zone in
CuGaTe2 film.
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with the evolution of transmittance as a function of wavelength
(Figure 3a) and can be probably related to the defects in the
nanocrystalline CuGaTe2 film, whose electronic levels are
within the forbidden gap.37 Figure 3c presents the attenuation
curve of different wavelength light propagating in the CuGaTe2
film, calculated based on the absorption coefficient results. It
can be seen that the longer the wavelength of light, the slower
is the decaying speed, when light wavelength is less than 1100
nm. Light of longer wavelength can penetrate into deeper
position. The CuGaTe2 film could almost absorb the light
(<600 nm) completely, when its thickness is only about 17 nm,
due to its high absorption coefficient of short wavelength.
Here, light is considered to be completely absorbed when
intensity decays below 1/e (37%) of initial value, according to
the physical meaning of penetration depth.38 Interestingly, the
decaying speed of light gradually increases, as wavelength
increased from 1100 to 1500 nm (photon energy below the
band gap of CuGaTe2), indicating a small rise of absorption
coefficient in this range (inset in Figure 3c). According to the
aforementioned absorption coefficient evolution as a function
of light wavelength, one can anticipate that there would be a
lower λcut‑off in the range of 1100−1500 nm. The light of
wavelength longer than lower λcut‑off will be absorbed
completely by the dead-zone, causing the penetration depth
(1/α) of the lower λcut‑off to be equal to the width of dead-
zone.
To reveal the effect of nanofilm thickness on the spectral

response of p−n heterojunction device, the absorption
coefficient α corresponding to the λcut‑off of various width
dead-zone can be calculated according to the formula

d
I
I

1
ln

dead zone 0
α = −

‐ (1)

which is derived from

I I dexp( )0 α= − (2)

where I0, d, and ddead‑zone are original light intensity, depth of
light penetration, and dead-zone width (I/I0 = 1/e).39

Subsequently, the value and type of λcut‑off could be deduced
from Figure 3b. Figure 3d plots λcut‑off as a function of different
widths of dead-zone. It is obvious that there is upper λcut‑off
existed when the dead-zone width is from 0 to 120 nm, the
value of which will increase with the widening of dead-zone.
Allowing for the monotone decreasing tendency of absorption
coefficient from 400 to 1085 nm (Figure 3b), the dead-zone in
CuGaTe2 will absorb the light of wavelength shorter than
upper λcut‑off completely, however, without any contribution to
the photocurrent. Moreover, when the width is in the range of
98−120 nm (gray area in Figure 3d), the corresponding lower
λcut‑off will appear at the same time. In this range, the dead-zone
will absorb the light of wavelength less than upper λcut‑off and
larger than lower λcut‑off both but exhibit no response to them.
It can be seen that the dead-zone width in CuGaTe2 film not
only control the response of CuGaTe2 itself, but also tune the
light incident on silicon like a filter. In a nutshell, the width of
dead-zone in the CuGaTe2 film is shown to be a vital factor in
the narrowband detecting of CuGaTe2/silicon p−n junction,
which can be adjusted simply by changing the CuGaTe2 film
thickness.
Figure 4a depicts the I−V characteristics of CuGaTe2/Si p−

n heterojunction device under illumination with different
wavelengths at the same light intensity (1.5 mW/cm2). The
thickness of CuGaTe2 film in this device is around 143 nm. It
is found that the device has displayed obvious photovoltaic
characteristics when shined by 1064 nm NIR light (Figure 4a).
Further comparison of the photoresponse curve finds that our
device actually has apparent spectral selectivity: It shows
relatively weak photoresponse to incident light with wave-
lengths shorter than 980 nm or longer than 1300 nm, but is
very sensitive to 1064 nm light, indicating the potential
applications of the device in some special optoelectronic
systems that require critical wavelength selectivity. In order to
further evaluate the spectral selectivity of the device in a more
quantitative way, its responsivity was examined in the range
from 400 to 1400 nm without any external power source.
Figure 4b shows the responsivity of the heterojunction device

Figure 4. (a) I−V characteristics of photodetector under the light illumination of different wavelengths (1.5 mW/cm2). The inset shows the
photovoltaic behavior in semilogarithmic scale. (b) Wavelength-dependent responsivity of the device. (c) Normalized spectral responses of the
photodetector with different thicknesses of CuGaTe2 film. (d) EQE of the device with 143 nm CuGaTe2 film under various biases of 0, −1, −2, and
−3 V.
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in the range from 400 to 1400 nm, from which one can easily
find that a peak response at 1050 nm with the FWHM about
118 nm. The device exhibited a typical narrow-band
characteristic which was quite different from the spectral
response of the pure CuGaTe2 thin film showed in Figure S3.
Moreover, when the CuGaTe2 film thickness decreases, the
FWHM of the CuGaTe2/Si p−n heterojunction device begins
to widen for the rapidly rising response of short wavelength
light (Figure 4c). This trend verifies our conclusion that the
CuGaTe2 film thickness plays an important role in determining
the spectral selectivity of CuGaTe2/Si p−n heterojunction-
based device.
One more thing that deserves extra discussion is that the

photoresponse of the present heterojunction device actually
can be further improved by applying bias voltage (Figure 4d).
Taking the external quantum efficiency (EQE) for example, the
EQE can be remarkably enhanced by 71% under a low negative
bias of −3 V, which is about 5 times larger than that of zero
bias. Meanwhile, the device can retain its narrowband
detection ability within a wide range of bias voltages, with
the peak position of response almost unchanged. This maybe
correlated to the ultrathin depletion region in CuGaTe2 film,
which can be calculated according to the following formula40

( )
W

qN

2
N
N

p
sp sn bi

A sn sp
A

D

ε ε φ

ε ε
=

+
(3)

and

E E

qbi
Fn Fpφ =

−

(4)

where εsp, εsn, NA, ND, EFp, and EFn are dielectric constant,
impurity concentration, Fermi level of CuGaTe2 and Si, q is
the elementary electronic charge, and φbi is the contact
potential difference between CuGaTe2 and Si. The work
function of the CuGaTe2 film is determined to be 4.47 eV from
the ultraviolet photoemission spectroscopy (UPS) measure-
ment (Figure S4). Based on this value, the width of the
depletion region in CuGaTe2 is evaluated to be 0.081 nm,
while that in Si is 405 nm (related parameter can be found in
Table S2, please refer to the Supporting Information for more
information). It can be seen that the depletion region of
heterojunction was mainly in silicon. In this case, the reverse
bias would effectively enhance the strength of built-in electric
field in the depletion region of silicon, improving its
photoelectric conversion efficiency. While the influence of
bias on the depletion region in CuGaTe2 could be neglected,
thereby, the filtering effect and response of CuGaTe2 is almost
unchanged. It is shown that applying bias could be used as an
effective mean to modulate the photoresponse intensity of the
device (Figure S5).
In addition, the sensitivity of the present narrow-band NIR

photodetector based on CuGaTe2/Si p−n junction was found
to greatly depend on the light intensity of the NIR illumination
(Figure 5a). Figure 5b presents the time-dependent response
of the device under the illuminations of 1064 nm with intensity
varying from 0.94 to 31.18 mW/cm2 at 0 V bias. For all
incident intensities, the device can be readily switched between

Figure 5. (a) I−V curves of the heterojunction photodetector under 1064 nm light with different light intensities. (b) Time-dependent
photoresponse of the device under 1064 nm light with various light intensities at zero bias. (c) On−off ratio under various light intensity and the
relationship between the light intensity and photocurrent. (d) Responsivity and specific detectivity of the device as a function of incident light
intensity. (e) Photoresponse of the device for 50 cycles and another 50 cycles tested after storage in air for 2 months.
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on-/off-states with high on−off ratio and good repeatability
(Figure 5c). However, the photocurrent increases sublinearly
(θ = 0.63) with the light intensity. This phenomenon could be
attributed to the trap states caused by the defects in CuGaTe2
film. With the increase of light intensity, the charge carriers
excited by light will be filled into the defect, which leads to
photocurrent saturation.41−43 Further calculation of the device
performance related parameters reveals that responsivity (R)
and specific detectivity (D*) can reach nearly 114 mA/W and
2.01 × 1012 Jones at light intensity of 0.026 mW/cm2 (please
refer to the Experimental Section for more information). These
reasonable values of device performance indicate that photon-
generated electrons and holes are effectively separated by the
p−n junction and collected by respective electrodes,
considering the loss of carriers caused by the filtering of
CuGaTe2 to achieve narrowband detection. The value of
specific detectivity is even comparable to some high-perform-
ance broadband photodetectors,44−46 showing relative strong
ability of detecting weak optical signal. Furthermore, the device
presented excellent repeatability and long-term durability
under continuously switched 1064 nm irradiation over 50
cycles of operation (Figure 5e). It is showed that there is slight
fluctuation in the response, which is probably caused by the
variation of incident light. Moreover, the performance of
device remained almost unchanged after 2 months’ storage in
air, which is understandable considering the fact that both
inorganic silicon and CuGaTe2 nanofilm are very stable in
ambient condition.
To test the noise immunity of the image system based on

the narrowband CuGaTe2/Si photodetector, a lab-built mask
(3 cm × 3 cm) with three open inverted triangles patterns was
placed between the homogeneous illumination and the
photodetector (Figure 6a). During the image sensing process,
the CuGaTe2/Si device will automatically collect the current of
each pixel, controlled by an automatic displacement system.
Meanwhile, the photocurrent of every position will be recorded
and incorporated into a 2D current mapping. In this study,
light sources with three different wavelengths such as 650,
1064, and 1300 nm were employed here. The area projected

by illumination of 1064 nm showed photocurrent of around 5
× 10−6 A, while those irradiated by 650 and 1300 nm exhibited
average value of 2.5 × 10−8 and 4.3 × 10−8 A, respectively. As
shown in Figure 6b−d, the pattern could only be clearly
identified under the irradiation of 1064 nm, implying the
excellent anti-interference ability of the device to detect
specific wavelength. Considering the possibility for high
recognition accuracy of the present narrowband image sensor,
we believe that this device shows the great potential in
background limited detection.

■ CONCLUSIONS
In summary, a self-powered narrowband near-infrared photo-
detector with a central wavelength of 1050 nm has been
successfully fabricated by integrating p-type CuGaTe2 nano-
films with n-silicon. The experimental and theoretical
calculation results showed that the thickness of CuGaTe2 can
tune the photocurrent generation region in p−n hetero-
junction, suppressing the broad absorption range of CuGaTe2.
Owning to similar band gap with Si, the p-type CuGaTe2 film
can not only form p−n junction with the n-type Si substrate
but also act as a filter to the light incident on Si, controlling the
spectral response of CuGaTe2/silicon p−n junction. Benefited
from the self-driving effect of p−n junction, the device has a
responsivity (R) of 114 mA/W at zero bias, under 1064 nm
light illumination. What is more, the CuGaTe2/silicon
heterojunction device can markedly suppress the dark current,
resulting in a large on/off ratio of ∼104 and a high specific
detectivity of ∼1012 Jones. The mechanism of the narrowband
CuGaTe2/Si photodetector can be applied to control the
photoresponse of other photodetector based on p−n junction,
which is very useful to improve the noise immunity of the
image sensor system.

■ EXPERIMENTAL SECTION
Preparation and Characterization of CuGaTe2 Nanofilms.

CuGaTe2 powders were obtained by high-energy ball milling the ingot
which was prepared by a heating a mixture of high purity elemental
powders (atomic ratio of Ga, Cu, and Te = 1:1:2) in an evacuated

Figure 6. (a) Schematic diagram of the measurement for the image sensing study. (b−d) 2D current mapping of image sensor under 1064, 650,
and 1300 nm illumination.
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quartz tube at 1273 K for 24 h with the heating rate of 2 K min−1.
Afterward, the target of CuGaTe2 compound was fabricated by hot-
pressing the prepared powder at 623 K under a pressure of 400 MPa
in vacuum for 1 h. The PLD technique (Lambda Physik COM-
PexPro 102, 248 nm) was used to synthesize CuGaTe2 films with
pulsed laser power and frequency kept at 100 mJ and 3 Hz,
respectively. Uniform CuGaTe2 film of different thickness can be
formed on the substrate at 690 K for 10−60 min under the vacuum
pressure of 5 × 10−4 Pa.
The morphologies and chemical composition of the as-deposited

CuGaTe2 films were examined by FESEM and EDS mapping
(FESEM, SIRION 200 FEG). The topography of the sample was
observed using AFM (Benyuan Nanotech Com, CSPM-4000). XRD
examination was performed on a Rigaku D/max-rB using Cu Kα =
1.5418 Å. The Raman spectra of samples were measured using an HR
Evolution (Horiba Jobin Yvon) Raman spectrometer equipped with a
532 nm laser. The crystalline structure of the film was examined by
HRTEM (FETEM, JEOL Model JEM- 2100F). The absorption
spectra were tested with a UV−vis spectrophotometer (UV-2550,
Shimadzu, Japan). In addition, the work function of the CuGaTe2 was
determined by a photoemission spectroscopy system (Thermo-VG
Scientific, ESCALAB 250), in which a He lamp with 21.22 eV He I
excitation energies was used.
Device Fabrication and Characterization. To construct the

CuGaTe2/Si heterojunction photodetector, a rectangle window (0.5
× 0.16 cm2) was first defined on the precleaned n-type Si (1−10 Ω·
cm)/SiO2 (300 nm) substrate by photolithography. Then, the SiO2
insulator layer within the defined area was removed by immersing the
substrate into a BOE solution (HF/NH4F/H2O = 3 mL:6 g:10 mL)
for 5 min to expose the Si below. After fully removing the photoresist
by acetone and cleaning, CuGaTe2 films were deposited onto the
substrate according to the conditions mentioned above. In−Ga alloy
and Ag pastes were attached to the Si substrate and CuGaTe2 film for
Ohmic contact, respectively. The electrical measurement of the
CuGaTe2/Si photodetector was performed on a semiconductor
parameter testing system (Keithley 2400). The spectral response of
a detector was measured on a monochrometer (LE-SP-M300). To
study the photoresponse, laser diodes with different wavelengths
(HW520AL35-16GD, FU650AD5-BC9, HW808AD50-16GD,
FU980AD100-BD10, ZLM50AD1064-22130BXS and M1300L3)
were used as the light sources. The power intensity of all light
sources was carefully calibrated using a power meter (Thorlabs
GmbH., PM 100D) before measurement. All studies were conducted
under ambient conditions at room temperature. The responsivity (R)
was calculated as R = ΔI/(P·S), where ΔI is the difference between
the photocurrent and the dark current, P is the incident power
density, and S is the effective illumination area.47 EQE was calculated
from the responsivity: EQE = R·h·c/(e·λ), where h is the Plank’s
constant, c is the speed of light, e is the electronic charge, and λ is the
incident light wavelength.48 The specific detectivity was calculated
using the equation D*=(R·S1/2)/(2e·Idark)

1/2, where Idark is the dark
current.49
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