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ABSTRACT: Photodetection plays an essential role in the visible-
light zone and is important in modern science and technology owing
to its potential applications in various fields. Fabrication of a stable
photodetector remains a challenge for researchers. We demonstrated
a high-response/recovery and self-powered undoped ZnO (UZO)
and Cu-doped ZnO (CZO) thin film-based visible-light photo-
detector fabricated on a cost-effective Si substrate using reactive
cosputtering. The structural, morphological, and optical properties of
CZO and UZO thin films have been examined using X-ray
diffraction, field emission scanning electron microscopy, X-ray
photoelectron spectroscopy, atomic force microscopy, and photo-
luminescence spectroscopy. The results of the CZO/n-Si photo-
detector compared with those of the undoped ZnO (UZO)/n-Si
photodetector show that the CZO/n-Si exhibits a higher on/off ratio, responsivity, and detectivity than UZO/n-Si. Also, the CZO/
n-Si photodetector shows high stability and reproducibility over 20 cycles after 180 days. A relative study of CZO/n-Si- and UZO/n-
Si-based photodetectors reveals the enhanced performance of the CZO/n-Si photodetector, which has a high on/off ratio of ∼300
with a high specific detectivity of 2.8 × 1010 Jones for 75 mW visible light. The prepared self-powered CZO/n-Si/Ag thin film-based
visible-light photodetector paves the way for the development of high-performance photodetector designs.

1. INTRODUCTION
In the past couple of years, the scientific community has been
actively developing energy-efficient and sustainable energy
detection systems in response to the rapid increase in the
population and energy consumption. Photodetectors (PDs)
have gained considerable attention due to their potential
applications in various fields such as military defense, space
science, environmental monitoring, flame detection, optical
imaging, and industrial production.1−5 Therefore, the research
and development of modern and efficient PDs have become
essential in recent times.

The photoconductivity effect is the basic principle of PDs, in
which when radiation falls on a wide-band-gap semiconductor,
the absorption of radiation occurs, and if the energy of
radiation is greater than or equal to the band gap (Eg), a pair of
electron−holes (e−−h+) is generated. Photogenerated elec-
trons and holes can be separated for photocurrent generation
by applying an external bias voltage (conventional) or
generating an internal built-in electric field (self-powered).
Conventional photodetectors require an external power supply
to provide the potential difference, due to which the size of the
overall circuit becomes large. On the other hand, self-powered
PDs do not need any external power supply because these are

run by the built-in potential difference, reducing the overall
circuit’s size. This also has some special advantages over
conventional PDs such as saving energy and being suitable for
use in extreme conditions.6,7

The past published reports on PDs indicate that in most of
the PDs, GaN and silicon have been used as absorbing
layers.8−10 However, due to the blurring of optical signals
between neighboring pixels, cross-talk of optical signals, low
band gap, poor efficiency, and high cost of these materials,
researchers take interest in other semiconductors like ZnS,
CdS, V2O5, CeO2, CuO, ZnO, etc.3,11−13 Out of these
semiconducting materials, ZnO is the most preferable material
for making PDs because of its unique properties like wide
direct band gap (∼3.37 eV), large exciton energy (60 meV),
nontoxicity, transparency, and thermal stability.14−20 The most
interesting property is its large excitonic binding energy of 60
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meV at room temperature, which makes ZnO an efficient light
emitter.21−24 Also, the crystal growth of ZnO is easier than that
in most semiconductors. Due to these unique desirable
properties, ZnO can be essentially used as a high-response
photodetector (PD) which could be fabricated with both
Schottky and ohmic contacts.25 However, a key issue with
pristine ZnO (also with most wide-band-gap metal oxides) is
that it can work for ultraviolet (UV) photodetection, as
allowed by its wide-band-gap structure,26 while many areas
require a photosensor which can detect visible light. Several
past research works stated that doping of various transition
metals in ZnO can tune its optical and optoelectronic
properties.27,28 The doping of cations like Al3+, Cu2+, Cu+,
Ga3+, In+, Ag+, Mg2+, Mn2+, Ni2+, Co2+, Eu3+, and Tb3+

effectively modify the electro-optical, morphological, magnetic,
and chemical properties of ZnO-based thin films.29−32 Due to
its advantageous characteristics, including low cost, natural
abundance, high conductivity, and outstanding luminescence
activation in II−VI compounds, copper is an efficient dopant
which creates the p-type ZnO semiconductor.33−37 Also, the
doping of copper forms deep acceptor states (electron traps)
within the ZnO, which increases the electrical resistivity of the
ZnO thin films.38 The increase in resistivity reduces the
background carrier concentration, lowers the dark current, and
hence improves the photosensitivity of ZnO-based photo-
detectors (η = Iphoto − Idark/Idark).

39,40

Nowadays, various physical, as well as chemical, techniques
have been used to synthesize copper-doped ZnO (CZO) thin
films such as pulsed laser deposition (PLD), RF/DC
sputtering, and the vapor−liquid−solid (VLS) method.41−44

Out of these techniques, sputtering is inexpensive and one of
the best techniques to synthesize uniform and adhesive films of
CZO.

In this study, we aim to explore the white light photo-
sensitivity of the CZO/n-Si heterojunction with silver (Ag)
electrodes. Additionally, we investigate the structural, optical,
and electrical properties of undoped ZnO (UZO) and copper-
doped ZnO (CZO) thin films. These thin films are deposited
through reactive cosputtering of Zn and Cu targets on an n-Si
substrate, all performed at room temperature. The CZO/n-Si
photodetector holds promise as a cost-effective solution and
finds diverse applications, including optical imaging, industrial
production, military defense, space science, environmental
monitoring, and flame monitoring.

2. EXPERIMENTAL DETAILS
2.1. Materials Used. To synthesize undoped (UZO) and

copper-doped (CZO) ZnO thin films, reactive cosputtering of
zinc (Zn) and copper (Cu) has been done with argon (Ar) as
the sputtering gas and oxygen (O2) as the reactive gas. The
zinc and copper targets with a purity of 99.99%, a diameter of
50.8 mm, and a thickness of 5 mm were used as zinc and
copper sources, which were bought from S.K Novel Materials
in India. The ⟨100⟩ oriented n-type silicon wafer of resistivity
10 Ω cm and substrate were used for the deposition of UZO
and CZO thin films. The whole experiment was performed
with Advanced Process Technology (APT), a magnetron
sputtering system in Pune, India.

2.2. Synthesis and Characterization of Undoped ZnO
and CZO. UZO and CZO thin films were deposited on n-
silicon substrates at room temperature. Prior to starting the
deposition, the substrates (n-Si) were sonicated with acetone
for 30 min in a sonicator (LMUC-3) and then washed with

distilled water for another 10 min. Using a turbomolecular
pump supported by a rotary pump, a base pressure of 5 × 10−6

mbar was attained while maintaining a fixed 8 cm between the
target and the substrate. Argon (Ar) and oxygen (O2) were
injected into the sputtering chamber through the mass flow
controller with a flow rate of 20 and 5 sccm. The deposition
was done at 1.0 × 10−2 mbar chamber pressure and kept
constant throughout. The doping of copper was done by
reactive cosputtering of copper and zinc. The zinc target was
kept at DC power, and an RF power source was used to sputter
the copper target. Table 1 lists the optimized sputtering
process parameters, and Figure 1 shows a schematic
representation of the reactive cosputtering of Cu and Zn.

The structural characteristics of undoped (UZO) and
copper-doped zinc oxide (CZO) thin films were investigated
using an X-ray diffractometer with Cu Kα (40 kV, 40 mA)
radiation (λCu = 1.5406 Å). Surface morphology and elemental
composition were examined using a Carl Zeiss-Ultra Plus field
emission scanning electron microscope. The quantitative
elemental composition of UZO and CZO thin films was
probed by X-ray photoelectron spectroscopy (XPS) and
energy-dispersive X-ray spectroscopy (EDX). The surface
topography of thin films was analyzed by atomic force
microscopy (AFM) (A-100, APE Research) in noncontact
mode. Photoluminescence (PL) spectroscopy (Edinburgh
Instruments: FLS-980) was used in the range of 340−600
nm wavelength under an excitation wavelength of 325 nm
(with a He−Cd Kimmon laser as the source) to examine the
optical properties as well as radiative defect states in the thin
films. Keithley-2450 was used to examine the current−voltage
(I−V) and current−time (I−t) measurement of the photo-
detector.

2.3. Fabrication of a Photodetector Based on CZO/n-
Si and UZO/n-Si Junctions. For the creation of photo-
detectors based on CZO/n-Si and UZO/n-Si junctions, the
initial step involved the deposition of CZO and UZO thin
films onto an n-Si substrate, as elaborated in Section 2.2.
Subsequently, silver (Ag) contacts were established on both
sides of the device (depicted in Figure 7c). These contacts
possessed a surface area of 42 mm2. In order to enhance the
ohmic properties of the contacts between the electrodes and
the CZO and UZO thin films, both the CZO/n-Si and UZO/
n-Si junctions underwent a heat treatment at 200 °C for a
duration of 10 min. These improved ohmic contacts were
connected by using two pointed probes, which were then

Table 1. Sputtering Process Parameters for UZO and CZO
Thin Films

sputtering parameters

target Zn/Cu
base pressure 1 × 10−6 mbar
working pressure 1 × 10−2 mbar
deposition time 10 min
deposition temperature room temperature
target-to-substrate distance 6 cm
sputtering power
(1) Zn (D.C) 50 W (315 V × 0.16 A)
(2) Cu (R.F) 5 W
gas flow rate
(1) argon 20 sccm
(2) oxygen 5 sccm
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linked to a Keithley-2450 instrument. A visible light source, a
500 W halogen lamp, was employed, and its light intensity
could be adjusted via a variable horizontal scale.

3. RESULTS AND DISCUSSION
Figure 2, illustrates the X-ray diffraction profiles of UZO and
CZO thin films on n-Si(100). The XRD result reveals a
hexagonal wurtzite structure for all samples with the preferred
(002) plane. It implies that the c-axis of the crystal grains gets
perpendicular to the substrate surface. This indicated that
plane (002) has the lowest surface energy in ZnO crystals. As
the film thickens, grains with lower surface energy become
enlarged. The growth orientation then transforms into one of
the lowest-surface energy crystallographic directions. As a
result, the c-orientation may arise quickly. Undoped ZnO thin
films have (002) peaks that are substantially lower in intensity
than thin films with Cu doping. There are no new phases seen
in the Cu-doped sample. This proves that the impurity does

not alter the wurtzite structure of ZnO crystals, and it may be
explained by the substitution of Cu ions for interstitial ones in
the Zn lattice site. As Figure 2 shows, there is a very small shift
in the peak position of (002) with Cu doping, which indicates
that the Cu2+ ions have substituted Zn2+ sites without affecting
the crystal structure of ZnO much. The Scherrer formula was
employed to calculate the crystallite sizes of the film samples45

D
0.9
cos

=
(1)

Here, λ is the X-ray wavelength (1.5406 Å), β is the full width
at half maxima (fwhm), and θ is the Bragg diffraction angle.

The diffraction angle and fwhm for UZO and CZO thin
films have been found to be 34.64 and 0.52 and 34.48 and
0.39°, respectively. The crystallite sizes calculated by the
Scherrer formula for UZO and CZO thin films are 16.72 and
22.29 nm. Thus, crystallite size increases as we doped Cu in
ZnO. This change in the crystallite size of ZnO thin films is
due to the defect incorporation in the lattice site upon Cu
doping.

The dislocation density serves as an indicator of the defects
present in the films. For the CZO and UZO films, the
respective dislocation densities (δ) were determined to be 3.57
× 1015 line/m2 and 5.23 × 1015 line/m2. These values are
derived from the crystallite size using the Williamson−
Smallman relation, as outlined in eq 246

D
1

2=
(2)

when two materials come into contact or are stacked together
and possess distinct crystal lattice properties, such as varying
lattice constants or unit cell diameters, this is termed a lattice
mismatch. Such a mismatch can induce strain within the crystal
structures of the materials, leading to what is known as
microstrain. The microstrain within the UZO and CZO films
was quantified using eq 346

Figure 1. Schematic of the reactive co-sputtering deposition process.

Figure 2. X-ray diffraction patterns of UZO and CZO thin films.
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4tan
=

(3)

For the UZO and CZO films, the microstrain values were
found to be 4.05 × 10−3 and 5.07 × 10−3, respectively.

Figure 3, displays field emission scanning electron
microscopy (FESEM) images capturing the surface morphol-
ogy of the thin films: (a) UZO and (b) CZO. In all instances,
the results exhibit a finely crystalline arrangement on the
nanometer scale, with grains densely packed together. It is
observed that UZO films exhibited a porous structure of small
grains in compare to CZO thin films. These distinctive
granular patterns are consistently distributed across the film
surfaces, devoid of any indications of cracks or pinholes. This
collective observation provides compelling evidence for the
successful fabrication of high quality CZO thin film
nanostructures. Figure 3c,d presents the thin film EDX spectra,
confirming the successful incorporation of copper in ZnO thin
films. Surface roughness plays an important role in the
photodetection performance of thin films. To evaluate the
roughness, AFM analysis was performed. Figure 4a−d
showcases the three- and two-dimensional AFM images of
UZO and CZO thin films, scanned over a 5 μm × 5 μm surface
area. It is evident from Figure 4a−d, that all samples exhibit
uniform and dense ZnO grains, while the doping of copper
increases the roughness of the ZnO thin films. The root-mean-
square (RMS) roughness was found to be 1.4 nm for the UZO
thin films and 4.2 nm for the CZO thin films. The

photodetection performance of thin films can be influenced
by surface roughness.47 Therefore, the observed increase in
roughness in CZO thin films compared with UZO thin films
may have implications for their respective photodetection
capabilities.

The optical properties of thin films are known to depend on
their stoichiometry.48 Figure 5a, displays the XPS core levels of
UZO and CZO thin films, focusing on the Auger transitions
and contaminated state (Zn 3s, Zn 3p, Zn 3d, C 1s, and Cu
2p). The analysis of these core levels provides insights into the
elemental composition and oxidation states of the films.
However, identifying Cu as a dopant in CZO thin films based
solely on binding energy (BE) analysis is challenging as
distinguishing between different oxidation states of Zn and Cu
is not possible.49,50 To determine the elemental chemical
composition of UZO and CZO thin films, we calculated the
composition using XPS signals of elements (C, O, Zn, and
Cu). The highly symmetrical Zn 2p core level in Figure 5b,
with binding energies of 1021.80 ± 0.10 eV for Zn 2p3/2 and
1043.80 ± 0.10 eV for Zn 2p1/2, confirms that the majority of
Zn atoms in all films were in the Zn2+ valence state within the
ZnO structure. The absence of a 1021.50 eV signal indicates
the absence of metallic Zn, suggesting the presence of only the
oxidized state of Zn. Figure 5c, shows asymmetric XPS spectra
for UZO and CZO thin films corresponding to the O 1s core
level, indicating the presence of multicomponent oxygen
molecules. The deconvolution of these spectra into several
subspectral components (Figure 5d,e) reveals different oxygen

Figure 3. FESEM image of (a) UZO and (b) CZO thin films deposited on the Si substrate. EDX spectra of (c) UZO and (d) CZO thin films.
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species, including O2− ions in the wurtzite lattice with Zn2+

ions, oxygen-deficient regions with defective ZnO, ZnOH,

and/or Cu−O−Zn, as well as loosely bound absorbed or

interstitial oxygen in UZO thin films.51,52

In Figure 5f, the Cu 2p XPS spectra of the CZO thin film
exhibit two prominent peaks: one at 932.7 eV corresponding
to Cu 2p3/2 and another at 952.5 eV corresponding to Cu
2p1/2. According to literature sources, the peak at 952.5 eV is
associated with metallic Cu and Cu+ cationic states, indicating

Figure 4. 2D and 3D AFM images of UZO thin films: (a, b) and CZO thin films: (c, d).

Figure 5. (a) XPS spectra of UZO and CZO thin films, (b) core-level XPS spectra of Zn 2p, (c) XPS spectra for UZO and CZO thin films
corresponding to the O 1s core level, (d,e) deconvoluted XPS spectra of UZO and CZO thin films corresponding to the O 1s core level, and (f) Cu
2p XPS spectra of CZO thin films.
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Figure 6. (a) RT-PL spectra of UZO and CZO thin films, (b,c) deconvoluted RT-PL spectra of UZO and CZO thin films, and (d) CIE
chromaticity coordinates of UZO and CZO thin films.

Figure 7. Response and recovery curves for a single cycle under 75 mW cm−2 visible light (on/off) of photodetector based on (a) UZO thin film
and (b) CZO thin film. (c) Schematic diagram of the p-CZO/n-Si thin film-based.
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the presence of Cu in the samples in the forms of CuO or Cu−
O−Zn. These XPS results further confirm the substitution of
Zn+ ions by Cu+ ions in the CZO sample.52,53 Moreover, the
doping of Cu ions in CZO thin films enhances the
photoconductivity compared with undoped films, contributing
to improved photodetection performance.

For a detailed investigation of the defects induced in UZO
and CZO thin films, photoluminescence (RT-PL) measure-
ments at ambient temperature were done using a He−Cd laser
at an excitation wavelength of 325 nm. Figure 6a illustrates the
combined RT-PL spectra of UZO and CZO thin films for
wavelengths of 340−650 nm. For UZO thin films, a strong UV
emission peak centered at 376 nm (3.29 eV) has been
observed, while in CZO thin films, broad visible (blue and
violet) emission peaks have appeared at nearly 410 nm (3.02
eV). As the doping concentration has been increased, the
intensity enhanced hastily. This increase in intensity may be
because when the Cu2+ site is in the ZnO host lattice, Cu
luminescence centers and native defects are created which raise
the emission intensity.54 A similar trend of results has been
reported in previous research.42,55 The peak centered at 376
nm is related to the near-band edge (NBE) free exciton
transition.56 The peak centered at nearly 410 nm, known as the
DLE (deep-level-emission) peak, is due to various defects
including the substitution of the Zn2+ ion and vacancies of
oxygen and Zn interstitial.57 For a more detailed investigation
of these peaks, we deconvoluted RT-PL spectra of all samples,
as shown in Figure 6b,c. It can be seen from Figure 6b that
UZO thin film RT-PL spectra contain three luminescent

centers that are at 3.32 eV (373 nm) UV emission, 3.09 eV
(401 nm) violet emission, and 2.33 eV (532 nm) green
emission, respectively, and for all CZO thin films, spectra
contain four luminescent centers: one in UV emission (3.25
eV), two in blue emission (2.6 and 2.8 eV), and one in violet
emission (3.04 eV), respectively. It is widely known that the
excitonic NBE emission is responsible for the emission center’s
formation at around 3.32 eV (373 nm).58 The violet emission
band falling in the range of 3.04 eV is shown as the transition
of electrons from the bottom of the conduction band (Ec) to
the zinc vacancy (VZn) level.59 The blue emission centered at
2.85 eV(435 nm) is caused by the transition of electrons from
the conduction band to the Cu+ acceptor level while the peak
centered at 2.61 eV(475 nm) occurred due to the transition of
electrons from the Cu2+ donor level to the Cu+ acceptor
level.55 The green emission centered at 2.33 eV for the UZO
sample is caused by oxygen vacancy defects.57,60 Since in the
CZO sample, no peak related to green emission has been
found, we can thus say that doping of copper does not produce
oxygen vacancy in CZO thin films; perhaps Cu substituted Zn
in host ZnO, which is also confirmed by XRD and XPS results.
A similar result was also reported by Singh et al.61 and
Sreedhar et al.59 The color coordinates of PL on the CIE 1931
X−Y chromaticity diagram are shown in Figure 6d. The color
points of the UZO and CZO thin films were found at (0.254,
0.0.175) and (0164, 0.026), correspondingly.

For photodetector application, UZO and CZO samples
deposited on an n-type Si substrate with Ag electrodes are used
and examined by a Keithley-2450 in the dark and visible light.

Figure 8. (a) I−V characteristics curve at +5 to −5 V for the UZO/n-Si junction at room temperature, I−t characteristics curve for the UZO
sample in forward bias at (b) 0 V bias voltage with visible light (on/off) for 75, 30, and 15 mW, (c) 0.2 V bias voltage with visible light (on/off) for
15 mW, and (d) UZO sample photo response for 75 mW visible light after 180 days.
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The Experimental Details section provides a detailed
description of the fabrication process. All measurements were
made in an air environment at ambient temperature. The
schematic diagram of the photodetector setup is shown in
Figure 7c. The I−V characteristics of UZO/n-Si and CZO/n-

Si thin films with and without light have been studied for −5 to
+5 V and are shown in Figures 8a and 9a. The behavior of the
log-scale I−V graph for UZO/n-Si thin film has been found to
be nearly symmetric, which represents a conventional metal−
semiconductor−metal (MSM) behavior of photodetectors. On

Figure 9. (a) I−V characteristic curve at +5 V to −5 V for the CZO/n-Si junction at room temperature. I−t characteristics curve for the CZO
sample in forward bias at (b) zero bias voltage with visible light (on/off) for 75, 30, and 15 mW. (c) 0.2 V bias voltage with visible light (on/off) for
75 mW. (d) Photoresponse for 75 mW visible light after 180 days.

Table 2. Characteristic Parameters with Mathematical Formulas of PDs and the Photoresponse of CZO/n-Si and UZO/n-Si
PDs with and without Bias at 75 mW Visible Light

UZO 5W CZO references (zero bias)

parameter mathematical relation unit 0 V bias 0.2 V bias 0 V bias
0.2 V
bias p-Si/n-ZnO65 Sn3O4

66

response current A ΔI = Ilight − Idark 2.05 × 10−8 6.7 × 10−8 4.07 × 10−8

40 0.8 1.37 × 10−8 390 5 × 103

sensitivity unit less S
I

Idark
= 1.36 × 102 3

response time s τr = t90% − t10% (where t10% and t90% are the time at
10 and 90% of the saturation value)

1.30 1.31 34 0.35

1.20 1.34
1.36 1.12 1.12 1.20 27 0.28

recovery time s τd = t10% − t90% 2.7 × 10−3 2.9 × 10−3 15 × 10−3 1.83 × 10−3 0.1 × 10−3

0.71

responsivity A W−1 R I
PAs = 1.9 × 109 3.12 × 109

5.5 × 1010

2.8 × 1010

26 × 1010

specific
detectivity Jones D R

A
eI2s

0

dark

1/2i
k
jjjjj

y
{
zzzzz= ×
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the other hand, the log-scale I−V graph of CZO/n-Si shows a
nonsymmetric behavior, which suggests that a rectified p−n
junction formed between the CZO thin film and the n-Si layer.
The literature says that conventional MSM-based PDs show a
higher dark current, slow response and recovery, and a higher
recombination rate of photo charge carriers with visible
light,62,63 while a Schottky barrier-based PD has a compara-
tively low dark current, quick response and recovery time, and
a controlled photoresponse performance.64

The performance of both PDs was calculated by important
parameters like response time, recovery time, response current,
sensitivity, responsivity, and specific detectivity, as summarized
in Table 2. Table 2 also briefly compares our results with some
previous works’ results. It is clearly shown in Table 2 that the
doping of copper enhances all the photoconduction parame-
ters; i.e., CZO/n-Si shows better photoconduction than UZO/
n-Si. Figure 9b shows I−t curves of the 5W CZO/n-Si sample
at zero bias voltage for 75, 30, and 15 mW cm−2 visible light
illumination (On/Off). The photocurrent rises very fast from 8
to 37 nA as the intensity of the incident increases from 15 to
75 mW cm−2. On the other hand, for UZO/n-Si, the rise in
photocurrent is comparatively slow; it rises from 2.3 to 18 nA
as the incident light intensity increases from 15 to 75 mW
cm−2, as shown in Figure 8b. Figures 8c and 9c are I−t curves
with 0.2 V forward bias voltage at 75 mW cm−2 visible light
(On/Off) for CZO/n-Si and UZO/n-Si, respectively. The
energy band structure of the heterojunction is depicted in
Figure 10c to explain the operation of the self-operating CZO/
n-Si photodetector. The electron−hole pairs may form in

response to visible light, and when they are swiftly separated by
the built-in field in the depletion area, the dynamic equilibrium
is disrupted, resulting in the generation of a photoinduced
voltage. Stable photocurrent will result from the transfer of
holes from n-Si to the valence band of the CZO layer and the
movement of electrons from the conduction band of CZO to
the Ag electrode. The Ag electrodes may collect the carriers
independently, generating a current loop that is driven by the
photoinduced voltage, allowing the device to function as a self-
operating photodetector.41

Also, PD-specific detectivity has an important role for CZO/
n-Si detectivity enhances 6.7% more than UZO/n-Si. The
responsivity of CZO/n-Si also increases by 18% compared to
that of UZO/n-Si. Now, the literature says that the stability of
a PD is a challenge. For stability testing, we take 20 cycles of
the I−t curve at zero bias after 180 days, as shown in Figures
8c and 9c. It is clear from Figure 9c that CZO/n-Si behaves the
same after 180 days as it did before; a photocurrent at 75 mW
cm−2 with zero bias has found 36 nA, which is almost the same
as that before 180 days (37 nm). The on/off ratio change after
180 is less than 5%.

Figure 10a presents the variation in the photocurrent with
the intensity of incident visible light at zero bias for UZO/n-Si
and CZO/n-Si photodetectors. The CZO/n-Si photodetector
exhibits a faster rise in photocurrent compared to UZO/n-Si.
Figure 10b depicts the behavior of the photocurrent as the
applied bias is varied at 75 mW cm−2. Both the UZO/n-Si and
CZO/n-Si photodetectors show an approximately linear
increase in photocurrent as the applied bias increases from 0

Figure 10. (a) Incident visible light intensity vs photocurrent for UZO and CZO thin films at zero applied bias, (b) applied bias vs photocurrent at
75 mW cm−2 visible-light intensity, and (c) energy band diagram of the CZO/n-Si heterojunction photodetector under visible-light illumination at
zero bias voltage.
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to 5 V. However, the rise in photocurrent is more pronounced
for CZO/n-Si compared to UZO/n-Si. Therefore, the CZO/n-
Si-based photodetector demonstrates high reproducibility and
stability, with a rapid response and decay time in the self-
operating mode for over 180 days. The response/recovery
time, specific detectivity, and responsivity of the CZO/n-Si
photodetector are comparable to or even enhanced compared
to the works of Karthick et al.,65 Xia et al.,66 and Elkamel et
al.67

4. CONCLUSIONS
This study includes a comparative analysis of self-powered
photodetectors based on CZO and UZO thin films grown on a
silicon substrate. The synthesis of uniform, highly adhesive,
and transparent CZO and UZO thin films was achieved at
room temperature using reactive cosputtering of pure Zn and
Cu targets. The structural characterization revealed a
hexagonal wurtzite structure, primarily on the (002) plane,
for all of the thin films. EDS and XPS analyses confirmed the
successful doping of Cu in the CZO samples. The presence of
defects was evaluated through room-temperature photo-
luminescence spectra. Upon comparing CZO/n-Si- and
UZO/n-Si-based photodetectors, the CZO/n-Si configuration
exhibited superior performance, featuring a high on/off ratio of
approximately 300 and a specific detectivity of 2.8 × 1010 Jones
under a visible light intensity of 75 mW cm−2. Additionally, the
CZO/n-Si photodetector demonstrated excellent reproduci-
bility and stability, maintaining its response and recovery time
in the self-powered mode for more than 180 days. Moreover, at
a bias of 0.2 V, the CZO/n-Si photodetector displayed a high
responsivity of 0.71 A W−1. CZO/n-Si-based photodetectors
exhibited improved photoconductivity compared to their
UZO/n-Si counterparts. The successful fabrication and
superior performance of CZO/n-Si photodetectors open new
avenues for cost-effective and high-performance self-powered
photodetection.
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