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Abstract 

This work investigated the structural, morphological, electrical and photovoltaic properties of n-
ZnNiO/p-Si heterostructures. ZnNiO nanocomposite thin films were fabricated on p-Si (100) 
substrates using pulsed laser deposition, enabling the formation of n-type oxide/p-type silicon 
heterojunctions. The crystalline structure and surface morphology of the deposited thin films were 
examined using X-ray diffraction and scanning electron microscopy, revealing well-defined 
crystalline features and uniform surface morphology. The electrical characteristics were analyzed 
through current–voltage measurements, allowing the extraction of key diode parameters. In addition, 
the optoelectronic response under ultraviolet illumination was investigated, demonstrating 
pronounced photosensitivity in the UV spectral range. Several important electrical and optoelectronic 
parameters relevant to ultraviolet photodetection were determined and discussed. The obtained 
results indicate that ZnNiO-based heterostructures combined with silicon substrates constitute a 
promising material platform for advanced optoelectronic and ultraviolet applications. 

Keywords: nanocomposite thin films; heterostructure zinc oxide; pulsed laser deposition; UV 
radiation detection  
 

1. Introduction 

Thin films based on nanocomposites have become an important class of advanced functional 
materials due to their ability to combine complementary properties of different components at the 
nanoscale. These materials are currently being intensively researched for potential applications in 
electronics, optoelectronics, energy conversion, and sensor technology, where the ability to tailor the 
functionality of materials to specific applications is crucial. The good properties of zinc oxide (ZnO), 
a metal oxide, have made it a material of considerable interest in the field of semiconductor 
technology. This semiconductor is characterized by a wide and direct band gap (~ 3.37 eV) at room 
temperature, excellent electrical properties, optical transparency, and chemical stability. ZnO is one 
of the best semiconductor materials for various applications [1–3]. The transparency of ZnO in the 
visible range, due to its wide band gap, makes ZnO particularly suitable for optoelectronic devices 
operating in the ultraviolet (UV) spectral range, including UV photodetectors and transparent 
electronic components [4,5]. ZnO-based transparent conducting oxides (TCO) have a relatively large 
refractive index in the range of 2.1 ~ 1.9 at the visible light spectra. This optical property can improve 
internal light absorption in conventional semiconductor materials [6]. Consequently, ZnO has 
become a material of significant interest to researchers in recent years, especially with respect to its 
applications in the ultraviolet (UV) radiation domain. The TCO/Si device structure could provide 
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opportunities to overcome some challenges of conventional solar cell structures, such as the lateral 
component of photogenerated current reduction due to emiĴer layer Ohmic loss. It is the unique 
properties of ZnO that make it an exceptional material to achieve highly sensitive UV radiation 
detection [7,8]. Many studies have been published on ZnO-based UV photodetectors, namely 
SchoĴky structures, metal-semiconductor-metal junctions and p-n heterojunctions [9,10]. ZnO with 
a wurĵite structure has n-type conductivity due to natural defects [11,12]. The ZnO material layer 
can also be part of a p-n heterojunction formed using organic/inorganic p-type semiconductors. In 
this context, the present work focuses on the fabrication and comprehensive characterization of 
nanocomposite thin films deposited on p-type silicon substrates by pulsed laser deposition. The 
structural and morphological properties of the thin films are examined, followed by an analysis of 
the electrical characteristics and ultraviolet optoelectronic response of the resulting silicon-based 
heterostructures. The study aims to demonstrate the potential of nanocomposite thin films as 
advanced functional materials for UV optoelectronic applications. 

2. Materials and Methods 

In this study, the fabrication of thin films of 5% nickel-doped and undoped zinc oxide on p-type 
Si substrates was carried out using pulsed laser deposition (PLD) technology, with the substrate held 
at 200 °C. The structural properties of both undoped and Ni-doped ZnO films were investigated. The 
fabricated samples underwent surface structural analysis using two techniques: scanning electron 
microscopy (SEM) and X-ray diffraction (XRD). Analysis revealed that the thin films had a hexagonal 
wurĵite structure and different surface morphologies. In addition, p-n junction diode 
heterostructures were fabricated using doped Ag/ZnO/p-Si (ZnO, doped Ni) configurations. The 
ZnNiO thin films were deposited on a heated commercial silicon surface by spuĴering at a rate of 0.4 
nm/mm. The spuĴering target was placed 2 cm away from the silicon surface. The ZnNiO metal oxide 
target was spuĴered by the multilayer deposition method with the following parameters: spuĴering 
time 600 s. Metal oxide layers were synthesized by this method. The total thickness of the layers 
obtained was about 100–300 nm. The diffractograms of metal oxide layers n-ZnNiO deposited by the 
PLD method on a crystalline silicon substrate were studied. XRD analysis was performed using 
Cu/Kα radiation. Structural analysis of the deposited thin films was carried out using a Bruker D8 
Advance X-ray diffractometer. Measurements were made in a 2Θ with a step width of 0.015°2Θ, using 
Cu Kα radiation (λ = 0.154056 nm). To identify the diffraction peaks DIFFRAC.EVA software (Bruker) 
and PDF2-2021 database (ICDD) was used. A series of measurements were conducted to ascertain 
the transport characteristics of charge transfer through an n-p heterostructure junction. The focus of 
these measurements was the current-voltage characteristics (I[A]÷U[V]). These measurements were 
carried out at varying temperatures, under conditions of darkness, and under conditions of 
illumination. The measurement setup consisted of a DSO-2250 digital USB oscilloscope and a G-3-34 
AC signal generator used as voltage generator. The heterostructure load ranged from -0.5 to +0.5 V. 
Characteristics were documented through the use of both photo and data acquisition modes. A 
graphical relationship was established between the current intensity and the applied voltage I÷V, 
based on the obtained data. 

3. Results and Discussion 

3.1. Structural Characterization 

The X-ray diffraction paĴerns obtained are presented in Figure 1. Analysis of the diffraction 
paĴerns indicates that the primary peaks are consistent with the ZnO peaks documented in the 
JCPDS card No. 36-1451. The confirmation of the hexagonal wurĵite crystal structure of the obtained 
thin films comes from the diffraction peak positions. Moreover, the ZnNiO films showed a 
polycrystalline nature, and no peaks related to zinc or its complex oxides were observed. 
Nevertheless, a reduction in the peak intensity was observed with higher Ni doping concentrations. 
Three main peaks of ZnNiO were analyzed. 
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Figure 1. XRD diffractogram of Zn0.99Ni0.01O thin films. The inset shows that the diffraction peak is enlarged 
(101). 

The (101) plane is the most intense of all samples. The diffraction indices were determined from 
the diffraction paĴern, which in particular: (100) ZnNiO with d/n = 0,2810 нм (2θ = 31,819°), (002) 
ZnNiO with d/n = 0,25994 нм (2θ = 34,461°) and (101) ZnNiO with d/n = 0,24748нм (2θ = 36,255°): 

1

𝑑
= 2

sin 𝜃

𝜆
, (1)

where d is the distance between planes, λ is the wavelength of the Cu/Kα radiation (it is 1.5406A˚), 
and θ is the Bragg angle. To calculate the laĴice parameters c and a of the hexagonal wurĵite 
structure, Equation (1) was utilized: 

1

𝑑ଶ
=

4

3
 ∙ ቆ

ℎଶ + ℎ𝑘 + 𝑘ଶ

𝑎ଶ
ቇ +

𝑙ଶ

𝑐ଶ
, (2)

The numbers h, k, and l are Miller indexes. The laĴice parameters c and a were calculated, in 
particular, from the peaks (002), (100), and (101) based on equation (2). Furthermore, the crystallite 
sizes (Dz) were estimated from the diffraction paĴern using the Scherrer equation: 

𝐷௭ =
𝐾𝜆

𝛽 cos 𝜃
, (3)

The constant K in Equation (3) is equal to 0.9, and the parameter β corresponds to the maximum 
half-width of the peak (101). There is agreement between the values of the structural parameters 
obtained and those reported in the literature [13,14]. Using SEM and XRD analyzes, a comprehensive 
characterization of the surface morphology and crystal structure of the synthesized thin films was 
achieved, providing valuable information regarding the structural properties of undoped ZnO films. 
The crystallographic orientation in nanostructured thin films is not always random and demonstrates 
some predominant crystallographic orientations. The observed changes in the surface morphology 
and crystal structure in the case of Ni doping highlighted the effect of Ni introduction on film 
properties [15]. The crystallographic orientation of nanostructured thin films grown on different 
substrates is often influenced by the substrate's orientation, leading to the possibility of various film 
orientations. The tendency of crystallites to align along a certain crystallographic direction 
determines their predominant orientation. The intensity of the XRD peak in the desired 
crystallographic orientation should be high in comparison to that of other XRD peaks. In thin film 
samples with partially dominant orientation, other XRD peaks with relatively higher intensity can 
also be detected. All examined ZnNiO films exhibited a dominant orientation along the (002) plane, 
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as evidenced by XRD analysis, indicating texture in this direction (Table 1). The texture factor (TC) 
was used to determine the extent of this preferred orientation using equation (4). 

𝑇஼ =

𝐼௛௞௟

𝐼଴௛௞௟

1
N

∑
𝐼௛௞௟

𝐼଴௛௞௟

୒
ଵ

, (4)

The variables in the formula are defined as follows: Ihkl is the intensity measured from the X-ray 
paĴern for the reflection (hkl), Iohkl is the reference intensity for the reflection (hkl) obtained from the 
JCPDS database, and N is the total count of the diffraction peaks considered (which is N=3 in our 
analysis). Despite an elevated doping level, a comparative decline in the peak intensity of the (002) 
was observed. Although the positions of the main ZnO peaks were not affected by the incorporation 
of nickel, a decrease in the intensity of the peaks (100), (002) and (101) was evident. The crystal 
structure parameters of the fabricated ZnNiO thin films are detailed in Table 1.  

Table 1. Crystal structure parameters of the fabricated ZnNiO thin films. 

(hkl) 
planes 

2theta (degree) Intensity (arb.u.) dhkl (Å) FWHM 
(degree) 

Dz  
nm 

TC 
JCDPS Observed JCDPS Observed JCDPS Observed 

(100) 31.770 31.819 57 42 2,8143 2.8090 0.5586 14.7 0.67 
(002) 34.422 34.461 44 69 2,6033 2,5994 0.5928 14.0 1.43 
(101) 36.253 36.255 100 100 2,4759 2,4748 0.5016 16.7 0,99 

 

Characterized by a texture coefficient of TC = 1.43, the thin film shows a dominant orientation of 
the (002) plane. As shown in expression (2), the laĴice parameter c was determined from the peak 
(002), while the laĴice parameter a was calculated from the peak (100). The crystal sizes were 
determined to be between 15 and 17 nm using the Scherrer equation (3). The average size of the 
ZnNiO nanocrystals on the LZnO film surface was found to be approximately 16 nm, a determination 
made by examining the width of the primary peak in the n-ZnNiO X-ray diffraction paĴern. The data 
obtained indicate a slightly different structure of the n-ZnNiO nanocrystals in the formed layer. The 
layers of metal oxide ZnNiO obtained are characterized by a hexagonal arrangement and a wurĵite 
crystal structure with parameters a = 0.3242 nm and c = 0.5199 nm (so the ratio c/a = 1.604). 

3.2. Surface and Structure Characteristics of Thin Films 

The surface morphology of both doped ZnO and ZnNiO thin films was examined by SEM 
microscopy. In Figure 2, we observed variations in the surface characteristics of the doped ZnO thin 
films compared to the Ni-doped ZnO thin films. The structure of undoped ZnO thin films was 
dominated by rod and grain structures. The structure of the thin ZnO film doped with 10% Ni showed 
an ordered morphology and grain and rod structure, while, with increasing Ni doping level, the thin 
structure of the ZnO film transformed into a porous and grain structure. The crystallite size and 
particle size are slightly different; there are differences in the values measured by XRD and SEM, 
respectively. This is explained by the fact that the calculation based on XRD peaks gives the crystallite 
size based on the Scherrer formula and not the particle size [16]. There can be several crystals with 
different misorientations in one particle. A dense vertically aligned network of hexagonal nanotubes 
with an average diameter of 65 nm and an approximate height of 100 nm was observed, as shown in 
Figure 2. While the nanotubes were not perfectly aligned, they showed a preference for vertical 
growth on the substrate and were distributed in a mostly uniform manner. The obtained aspect ratio 
(SAR) of 1.5-2, calculated from the length-to-diameter ratio of the rods, is in agreement with the 
values reported for the synthesized ZnNiO nanotubes [17]. 
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Figure 2. SEM image of Zn0.99Ni0.01O thin film surface. 

3.3. Electrical Characteristics of the p-n Junction n-ZnO/p-Si 

Our study involved measuring the electrophysical properties of heterostructures, particularly 
their current-voltage (I-V) curves. In addition, the I-V characteristics of the structures in the 
photoelectric mode, as well as the light characteristics of the heterostructures, were investigated. 
Measurements of the I-V characteristics were performed with a standard probe and an oscilloscope, 
employing the two-coordinate method. The temperature range was 20-200 °C. The radiation source 
was ultraviolet LEDs that emits light with a wavelength of λ=365 nm and a power of 3 W (and LEDs 
that emit visible light). The lower and upper silver ohmic contacts were obtained by applying a room-
temperature silver paste to the substrate and working surface of the n-ZnNiO/p-Si heterostructures. 
The I-V behavior of the heterojunction was investigated over a voltage interval of -0.2 V to +0.2 V 
(Figure 3, a, b). The nonlinear dependence between the applied voltage and the output current 
through the heterostructure can be expressed as follows using a relation of the following form:  

(𝑉) = 𝐼௦ ∙ ൬𝑒
௤௏

௡௞் − 1൰, (5)

where I is the current strength, q is the electron charge, k is the Bolĵmann constant, T is the absolute 
temperature and Is is defined as the reverse saturation current. The non-ideality factor n was 
determined by the slope of the logarithm (I) of the function V: 

𝑛 =
𝑞

𝑘𝑇
∙

𝑑𝑉

𝑑(𝑙𝑛(𝐼))
, (6)

 

  

(a) (b) 

Figure 3. Images of the current-voltage characteristic of the ZnNiO/Si heterostructure on the oscilloscope screen: 
a) – image in the dark, b) – under UV irradiation 0.2 mW/cm2. 

At constant voltage, an exponential increase in the measured current is observed in the forward 
direction. The results of the I-V measurements at room temperature are shown in Figure 4. The 
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rectification coefficient (If/Ir, where If and Ir are the forward and reverse currents, respectively) in the 
dark was approximately 10 at ±0.2 V, which confirms the formation of a transition between n-ZnNiO 
and p-Si [18] (Figure 4). 

 
Figure 4. I-V characteristic of the ZnNiO/Si heterostructure: 1) in the dark, 2) - during illumination with UV 
radiation, 3) 1 minute after turning off the lighting, and 4) - 10 minutes after turning off the lighting. 

The mechanism of electric charge transfer through the heterostructure can be observed on the 
branches of the I-V characteristic in the forward direction. For this, a logarithmic plot of the I-V 
characteristic of the structure without illumination is given [19]. All dependences of the current 
strength I on the voltage V are given in logarithmic coordinates. Figure 5 shows three regions. Three 
different regions are evident on the graph and their appearance is determined by the applied 
transition voltage. This indicates different mechanisms of charge transport at the ZnNiO/Si interface 
[9,20,21]. 

 

Figure 5. Logarithmic graphs of the straight branches of the current-voltage characteristic of the ZnNiO/Si 
heterostructure: 1) in the dark, 2) - during illumination with UV radiation, 3) 1 minute after turning off the 
lighting, 4) 10 minutes after turning off the lighting. 

* At a very low forward voltage V<0.01 V, nonlinear behavior is observed. In this type of wide-
gap n-p heterostructure, the current increases according to a power law. This corresponds to an 
almost quadratic power law I(V) ≈ Vα, where (α≈1.8), and the current flows through the tunneling 
recombination mechanism. An increase in the forward voltage leads to another charge-transport 
mechanism. Thus, the Ni-doped p-ZnNiO/n-Si heterojunction exhibits a rectifying I-V characteristic. 
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* In the second region 0.01<V<0.02, an exponential behavior of the current Ι(V)~exp(*V) is 
observed - where the parameter =33.7. The exponent shown in Figure 5 suggests that the transport 
mechanism involves electron tunneling from the n-ZnNiO conduction band to interfacial states 
within the p-Si valence band. This process is completed by the recombination process. 

* In the third region, where V > 0.03, the current I exhibits a power law dependence on the 
applied voltage, following I(V) ≈ Vα with α ≈ 1.4. According to theory [22], this type of I-V 
characteristic arises from the combined effects of ambipolar diffusion and drift of non-equilibrium 
carriers during the modulation of charge carrier injection. The observed behavior implies that space-
charge conduction is the dominant mechanism for charge transport. The value δ, which governs the 
primary exponential characteristic, is determined by the donor concentration in the zinc oxide layer 
[21,23]. This holds under conditions where the acceptor concentration in silicon (NA) is approximately 
equal to the donor concentration in zinc oxide (ND): 

𝛿 ≈ ൬
16𝜋

3ℎ
൰ ∙ ඨ

𝑚௘
∗𝜀

𝑁஽

 , (7)

the effective mass of the electron is 0.27 m0. The symbol  represents the permiĴivity of zinc oxide 
(=8.9·0 [24]) and is Planck's constant. Based on equation (7), the doping level of the thin layer n-
ZnNiO can be estimated. This allows us to estimate the donor concentration in the layer as 
ND=9.8×1018cm−3. The high subsequent stability and low impurity concentration observed result from 
factors related to current bias conditions and a decrease in the rectification coefficient. The doping 
level in the layer determines the height of the interfacial energy barrier. This relationship is 
mathematically expressed as the ratio of the saturation current to the height of the energy barrier at 
the interface. The reverse saturation current Is depends on the height of the barrier at the 
heterostructure interface: 

𝐼௦ = 𝐴𝐴∗𝑇ଶ ∙ 𝑒
௤ః್
௞் , (8)

here, Φb represents the height of the zero bias barrier, A is the diode contact area (approximately 0.01 
cm2) and A∗ is the theoretical Richardson constant (for ZnO material A*=32 A cm−2 K−2). At higher 
voltages (around 0.2 V), we consider the series resistance (Rs) of the structural material, which is 
primarily due to a high-resistance layer: 

𝑑𝑉

𝑑(𝑙𝑛(𝐼))
=

𝑛𝑘𝑇

𝑞
 + 𝐼𝑅௦, (9)

The relationship between ௗ௏

ௗ(௟௡(ூ))
 and current is illustrated in the graph presented in Figure 5. 

Through linear curve fiĴing, the slope of the resulting curve yielded the series resistance and the 
ideality factor n was found at its intersection with the Y-axis. From Eq. (9) in our case we have the 
following values: in the dark, the series resistance value Rs = 13 kΩ; after illumination, Rs is 11 kΩ. 
The obtained nonideality factors are 1.0 and 1.2, respectively. The height of the zero bias barrier 
height Φb found in this work is slightly larger than the difference in the energy band between ZnO 
and p-Si, which is consistent with the predicted dependence. 

𝛷௕ =
𝑘𝑇

𝑞
∙ 𝑙𝑛

𝐴𝐴∗𝑇ଶ

𝐼௦

, (10)

The barrier height of the Ag/ZnNiO/p-Si/Ag heterojunction, calculated according to the above 
formulas, was 0.64 eV, while the ideality factor was determined to be roughly 1.0 to 1.2. Several 
factors can cause the ideality factor to deviate from unity, including high series resistance, barrier 
inhomogeneity, tunneling processes, or non-uniform carrier distribution at the interface [25,26]. 

As a result, the magnitude of the conduction band (CB) offset between Si and ZnNiO governs 
the movement of charge carriers across the heterostructure [27,28]. For electronic applications, ZnO 
and Si materials are characterized by these energy structure parameters: ZnO = 3.36 eV, ZnO = 4.35 
eV and Si = 4.05 eV, Si = 1.12 eV, respectively. As the carrier concentration of p-Si exceeds that in ZnO, 
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the depletion region mainly forms within the ZnO material. The current flow in the heterojunction is 
considered to be the dominant electron flow from n-ZnO. This allows for the explanation of the 
rectification behavior in p-n junctions according to the Anderson model[29]. When reverse biased, 
the current is insignificant, determining the high rectification coefficient of the resulting 
heterostructure. Typically, the conduction mechanism in p-n junctions is governed by the principles 
of thermionic emission. The interfacial layer at the ZnNiO-silicon substrate interface causes the 
charge transport to differ from the standard thermionic emission model. 

To determine how current flows in these structures when subjected to ultraviolet radiation, I-V 
characteristics were studied under 365 nm illumination with an intensity of E ranging from 0 to 0.2 
mW/cm2 (Figure 6). The conductivity's current-voltage characteristics for the n-ZnNiO/p-Si 
heterostructure at different illumination intensities are presented on a semi-logarithmic scale in 
Figure 7. These characteristics indicate nonlinear rectification behavior, where the open-circuit 
voltage depends on the intensity of the illumination. 

 

Figure 6. I-V characteristic of the ZnNiO/Si heterostructure depending on different intensities of illumination 
with UV radiation 0.0÷0.2 mW/cm2 with a wavelength of 365 nm. 

 
Figure 7. Logarithmic graphs of the straight branches of the current-voltage characteristic of the ZnNiO/Si 
heterostructure depending on different intensities of illumination with UV radiation 0.0÷0.2 mW/cm2 with a 
wavelength of 365 nm. 

It was observed that the open-circuit voltage of the heterostructures increased with greater 
illumination intensity when their light properties were examined. This can be explained by the 
comparatively large number of photons that excite valence electrons into the conduction band. The 
I-V characteristics of heterostructures show sublinear behavior under the influence of ultraviolet 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 February 2026 doi:10.20944/preprints202602.0578.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202602.0578.v1
http://creativecommons.org/licenses/by/4.0/


 9 of 13 

 

illumination and high-conductivity polarization. These regions can be approximated using the 
injection depletion effect. Secondary current carriers also play an important role in the operation of 
photodetectors. The I-V dependence can be explained by taking into account ambipolar diffusion and 
non-equilibrium carrier drift during carrier injection modulation. According to this theory, the 
forward bias region of the I-V curve is described by an analytical relation as follows: 

𝐼(𝑉) = 𝐶 ∙ 𝑙𝑛
𝑉

𝑉଴

, (11)

here, I represents the electric current value, V0 is the voltage at the onset of the superlinear region in the I-
V characteristic, and C is a constant. When the thin film exhibits a substantial concentration of deep 
defects, this theory offers a satisfactory explanation. In this context, is defined by equation (12) [21]: 

𝐶 = 2𝑑 ∙ 𝐴 ∙ 𝑞𝐷௣𝑁௧ , 𝐷௣ =
௞்

௤
∙ 𝜇௣, (12)

here, d is the cross-sectional thickness, and A is the surface area. Furthermore, the parameter C 
depends on the diffusion coefficient Dp of the main carriers (that is, their mobility µp), as well as the 
concentration of deep impurities Nt. 

The mechanism of photosensitivity of the heterostructure can be explained as follows. In the 
dark, at zero voltage, oxygen molecules capture free electrons from the ZnNiO layer and adsorb on 
its surface in the form of negatively charged ions. A low electrical conductivity is formed near the 
surface of the ZnNiO layer. Exposure to ultraviolet light leads to the creation of electron-hole pairs, 
which in turn speeds up the movement of electric charges. As the intensity of ultraviolet light 
increases, more and more electrons receive enough energy to overcome the high barrier. With the 
application of reverse voltage, the barrier region expands and its height grows. In this scenario, the 
electric field created by the reverse bias reinforces the internal electric field. 

3.4. Efficiency in Determining the Effect of Ultraviolet Radiation on the Si/ZnO p-n Junction 

Under the action of ultraviolet irradiation at zero bias voltage, the photocurrent characteristics 
of the heterostructure were determined. The n-ZnNiO/p-Si sensor that we prepared showed a 
response (photosensitivity) to ultraviolet light. A fast response to ultraviolet light is demonstrated in 
Figure 8 when the UV LED was periodically activated and deactivated. The behavior of the 
photocurrent over time illustrates the repeatable and stable nature of the photosignal. Measurements 
of the dynamic characteristics of the radiation response were made with an oscilloscope. The rise time 
was from 2 to 1 s and the fall time was from 5 to 3 s. At high radiation intensity (about 0.2 mW/cm2) 
after illumination is turned on, the shape of the photosignal has sharp peaks that quickly disappear 
and the photosignal stabilizes (Figure 9). 

 
Figure 8. Transient photocurrent characteristics for the fabricated ZnNiO/Si photodetector illuminated by UV 
light with an intensity of 0.16 mW/cm2 (at the exhibition on a semi-logarithmic scale). 
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Figure 9. Transient photocurrent characteristics for the fabricated ZnNiO/Si photodetector illuminated by UV 
light with an intensity of 0.20 mW/cm2. 

These peaks observed in photosignal time can be explained by the pyroelectric effect. This 
spontaneous electrical effect (electric charge region, pyroelectric signal is generated in the volume of 
a thin ZnNiO layer under the action of ultraviolet light [30] and superimposed on the photoelectric 
signal. In practice, the heterostructure can be considered as a device with an autonomous power 
supply [31,32]. The electrical response shows that n-ZnNiO/p-Si heterostructures are potential 
candidates for modular devices with low power consumption and maximum photosensitivity in the 
UV region (Figure 10). Using the photosignal in the form of a photocurrent, the sensitivity of the 
heterostructure to radiation can be calculated by the formula: 

𝑅ఒ൫𝐴
𝑊ൗ ൯ =

𝐼௉௛

𝑃ఒ

, (13)

where IPh is the net photocurrent (light current minus dark current) and Pλ is the power of the incident 
ultraviolet light at 365 nm. In this study, an ultraviolet sensitivity of approximately 205 mA/W was 
achieved at zero voltage (365 nm). We can compare the UV current photosensitivity results from this 
study with the published findings for ZnO/Si heterojunctions [33]. The sensitivity to ultraviolet 
radiation can also be slightly increased by modifying the structures of the p-n junctions by 
introducing interfacial layers. Taking into account the results obtained, mechanisms of UV 
photoconductivity of the heterostructure have been proposed [34]. The turn on of ultraviolet 
illumination leads to the formation of light-induced electron-hole pairs in the depleted ZnNiO layer 
[35,36]. As a consequence of illumination, the number of free carriers increases, and the depleted layer 
becomes narrower. The application of a reverse bias voltage to the junction causes these pairs to drift 
in the direction of the internal electric field. Consequently, the electric field will separate the electron-
hole pairs, causing the electrons and holes to move toward the positive and negative electrodes of 
ZnNiO and Si, respectively. As a result, we observe an increase in both the carrier injection and the 
generated photocurrent. With an increase in the reverse bias voltage, the depletion region becomes 
wider, and this, in turn, enhances the intensity of the photocurrent produced by UV light. Conversely, 
under forward bias, photogenerated pairs form near the ZnNiO interface and drift towards the 
opposite polarity of the junction, resulting in an increased photocurrent. In the absence of an external 
voltage (when the junction acts as a self-powered device), the built-in electric field of the p-n junction 
is responsible for separating the carriers. Light-generated charge carriers move from regions where 
they are highly concentrated to regions where they are less concentrated, which in this case is from 
n-ZnNiO to p-Si. 
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Figure 10. Dependence of the sensitivity of the fabricated ZnNiO/Si photodetector on time when turning on and 
off illumination of different wavelengths of the same intensity (at the exhibition, on a semi-logarithmic scale). 

5. Conclusions 

Thin films of ZnNiO oriented along the c-axis (002) were grown on p-Si substrates by the pulsed 
laser deposition method at room temperature. The ZnO/p-Si structure with silver electrodes exhibits 
a remarkable response to ultraviolet light. We conducted an investigation into the photovoltaic 
properties of the heterostructure. The heterostructure responds to ultraviolet pulses even at zero bias 
voltage. The photocurrent of the Ag/ZnO/p-Si structure can reach 205 µA when irradiated with 365-
nm UV radiation at 0.2 mW/cm² and zero bias voltage. Changes in the intensity of ultraviolet 
radiation lead to variations in the width and height of the depletion layer barrier at the interface. 
These changes impact the transport of electrons and holes, thereby affecting the magnitude of the 
photogenerated current. This heterostructure also exhibits excellent stability and repeatability. The 
energy band diagram illustrates how the device responds to ultraviolet light under different bias 
conditions (zero, forward, and reverse). Our investigation of ZnNiO/p-Si heterostructures highlights 
their potential in optoelectronics. 
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