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ABSTRACT 

In this article, thin films of copper oxide (CuO) doped with zinc oxide (ZnO) were produced using thermal evaporation at 

1×10-7 bar pressure and 0.5 nm/s deposition rate. Deposition on glass substrates yielded a 50±0.2 nm film thickness at ambient 

temperature. After annealing at 400 0C for two hours, XRD examination revealed a monoclinic wurtzite structure of CuO. 

AFM investigation found a 54.46% increase in surface roughness, a 52.5% increase in RMS, and a 27.5% average particle 

size with increasing ZnO concentration. FE-SEM and EDX confirmed the uniform distribution of Cu, Zn, O, and CuO/ZnO 

nanocomposites. Higher ZnO improved absorption, refractive index, and extinction coefficient; energy band gap fell from 

3.601 to 3.388 eV. Electrical studies showed enhanced DC conductivity, resistance, and activation energy with higher ZnO 

concentration and temperature. I–V tests showed greater photocurrent, responsiveness, and sensitivity, making these films 

promising for optoelectronic and photodetector applications. 
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1. INTRODUCTION 

The materials community has demonstrated significant interest in nanocomposites due to their qualities being affected by 

composition, morphology, and size distribution [1]. An extensive study has been conducted on nanotechnology due to the 

challenges it can address in development, production, and application [2]. Systems with a wide range of capabilities, 

enhanced sensitivity, huge surface area, strain resistance, catalytic properties, and novel surface effects are all within reach 

thanks to nanotechnology. There are a plethora of properties associated with the size of small nanocomposites [3]. 

Nanotechnology involves the reengineering of materials and devices through atomic-level manipulation of matter [4]. 

Nanotechnology is primarily influenced by advancements in foundational chemistry and physics research [5]. Applications 

of nanotechnology are utilized throughout nearly all scientific and technical domains [6]. Metal oxides exhibit considerable 

utility in various applications owing to their intrinsic capacity for effective light absorption [7]. Therefore, metal oxide 

nanocomposites must be deposited on organic substrates like glass. Metal and metal oxide nanocomposites are used in 

ecological cleanup, detection at the molecular level, and catalysis [8]. 

Oxides of metals have been investigated in favor of numerous purposes [9]. The distinct physical and chemical features of 

nanocomposites render them a subject of significant interest. The characteristics of enhanced damping in nanocomposites, 

among its distinguishing characteristics, are improved strength, mechanical stability, and better heat conductivity [10]. Metal 

oxide nanocomposites with high surface area have garnered significant interest for scientific research due to their potential 

in optical electronics, sensing devices, and nanoelectronics [11]. Diverse semiconductor materials are fundamental to the 

electronics industry, encompassing computer technology, energy conversion, and sensor fabrication. Recent initiatives focus 

on reducing the dimensions of semiconductor-based devices to the nanoscale [12]. 

Transition metal oxides, including those of elements such as copper, iron, nickel, and cobalt, are widely utilized across 

diverse applications. ZnO, a significant semiconducting material, is regarded as an attractive nanomaterial due to its notable 

electro-optical, piezoelectric, and magnetic capabilities [13,14]. Owing to a substantial 3.37 eV direct band gap, a 

considerable 60 meV exciton binding energy, and light-transmitting capability [15], ZnO possesses significant promise for 

optoelectronic devices. ZnO nanostructures (NSs), characterized by their Chemical and biosensing applications, benefit from 

surface area relative to volume [16,17]. ZnO, an n-type semiconductor, is a viable choice for gas sensors, transparent 

conductors, light-emitting devices, antibacterial, and photocatalysis [18–21]. 

 In contrast, CuO has a band gap between 3 and 3.62 eV, indicating that it is a p-type semiconductor, which is notably facile 

to synthesize and devoid of any ecologically detrimental components in its composition [22]. Often used as a p-type  
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semiconductor, CuO finds use in photodetectors, solar cells, photocatalysis, gas sensors, and related fields [23]. Because of 

its exceptional absorption of both visible and infrared light, as well as its non-toxicity, affordability, lack of impact on the 

environment, and ease of fabrication, CuO is a metal oxide that garners much interest [24]. Both zinc oxide and copper oxide 

are multifunctional oxides that have been widely researched for a variety of applications. Both of these oxides are 

biocompatible and cost-effective. A recent study emphasizes the development of using nanoscale systems composed of 

mixed CuO and ZnO to incorporate the aforementioned characteristics effectively [25–27], alongside the distinctive 

physicochemical properties resulting from their nano-organization [28,29]. Furthermore, the functional performance of 

nanocomposites can be improved by altering the spatial distribution of each component, as CuO/ZnO contacts create p-n 

heterojunctions that facilitate charge separation [30]. The development of adaptable synthetic methods for CuO/ZnO 

nanoarchitectures, particularly under mild circumstances to avert the production of ternary Cu-Zn-O phases, presents a 

significant and ongoing problem [31].  

There has been a surge of interest in creating APDs, quantum well detectors, photoconductors, photodiodes, and 

phototransistors in recent years [32]. Photodetectors make use of materials including Ge: Cu as the active components, Si, 

InAs, SiC, InP, Ge, and InGaAs, [33]. The pursuit of cost-effective alternative materials has become increasingly significant 

during the past twenty years. Metal oxides have grown in significance because of their affordability, stability, simplicity of 

production, and compatibility with both semiconductors and metals [34]. 

In this research, the current work is concerned with studying the effect of ZnO doping on the characteristics of CuO films 

such as morphological, structural, electrical, and optical, formed on a glass substrate via thermal evaporation, for UV 

photosensor applications. 

2. EXPERIMENTAL PROCEDURES 

This section addresses the procedural elements related to the fabrication and analysis of undiluted CuO thin films doped with 

varying concentrations of ZnO (0.08, 0.14, and 0.20 wt.%) via the thermal evaporation method at RT. The 50-nm films were 

deposited on glass substrates and annealed at 400 0C. The spectris analytical X-ray diffractometer, which uses Cu Kα 

radiation, was used to capture X-ray diffraction (XRD) patterns. A transmission electron microscope with an Accelerating 

FE-SEM voltage range of 200V to 30 kV. Analysis of the nanocomposites' microstructure was carried out using an atomic 

force microscope (AFM). Optical. Thin film optical measurements include absorbance (A), coefficient of absorption (α), the 

extinction coefficient (ko), the refractive index (n), the optical energy gap (Eg), and optical conductivity (σop). A Shimadzu 

UV-1800 dual-beam laser spectrophotometer measured 200-1100 nm. The electrical properties of DC thin films were 

examined. Keithley-2400 electrometers measured the temperature. The current-voltage (I-V) characteristic for both dark and 

illumination, the photocurrent (µA), and time(s) in light intensity (26 m W/cm2) are the measurements used for the thin film 

photodetector. 

Relaying on the wave diffusion direction, the coefficient of absorption is the percentage by which the energy flow of an 

incoming ray decreases with respect to a unit distance.  The type of electronic transitions, photon energy, and material 

qualities all have an impact on the absorption coefficient (α).  The following equation may be used to find it [35]: 

 𝛼 = 2.303 ( 
𝐴

𝑡
 )            (1) 

Above the valence band and between the conduction band (C.B.), the transmission takes place. The optical band gap (Eg
opt) 

was determined using the Tauc plot model, based on the following relation [36]: 

𝛼ℎ𝜐 = 𝐵 (ℎ𝜐 – 𝐸𝑔
𝑜𝑝𝑡

 )
𝑟
          (2) 

The temperature dependency of electrical conductivity was examined by the Arrhenius equation, elucidating the thermal 

activation characteristics of charge carriers.  The connection is articulated as [37]:  

𝜎𝐷.𝐶. = σo exp − (𝐸𝑎𝑐𝑡 𝐾𝐵𝑇⁄ )        (3) 

In this case, σ represents electrical conductivity that is particular to temperature. Eact stands for activation energy, KB for the 

Boltzmann constant, and T and σo for electrical conductivity at absolute zero. 

Key metrics for assessing Responsivity (R), sensitivity (S), and quantum efficiency (QE) are the three characteristics that 

determine the performance of photodetectors and detectivity (D*) [38]; 

𝑅𝜆 =
Iph

A Eopt
            (4) 

Iph = Ilight – Idark measures the photocurrent (A), where the effective area of the device (A) in (m²), and Eopt signifies the 

incident light output (W/m²). The sensitivity is defined by [39]: 

𝑆(%) =
Ilight−Idark

Idark
           (5) 
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Quantum efficiency is given by [38]: 

𝑄𝐸 =
hc

qeλ
𝑅𝜆            (6) 

Here, h, c, and λ are the Planck's constant, the speed of light (in m/s), and the wavelength of the incoming light respectively. 

The detectivity is given by [39]   :   

D∗ =
𝑅𝜆

√2qeId/A
            (7) 

 

3. RESULTS AND DISCUSSIONS 

3.1 X–ray Diffraction Analysis 

Separate XRD patterns of diffraction for the thin films of ZnO and CuO are presented in Figure 1.  Figure 2 displays the 

patterns of XRD of CuO and ZnO-doped CuO films following annealing at 400 °C. The spectrum exhibits one peak at 35.55° 

(-111) corresponding to CuO (as per JCPDS card No. 96-901-5925), indicating that the crystal structure of CuO is monoclinic 

wurtzite-type, with the crystals aligned along the c-axis [40]. CuO with different ratios of ZnO showed 2θ at 56.53° (110) 

associated. It is possible to index the diffraction patterns to the hexagonal wurtzite phase, which corresponds to (marked 

peaks, as per JCPDS card No. 96-900-4180). This shows that both undoped and doped CuO Films produced by thermal 

evaporation processes demonstrate a consistent trend of enhanced film crystallinity; the results demonstrate the increase in 

peak intensity with increasing ZnO content. This investigation is closely reported by [40]. 

 

 

Figure 1 XRD of CuO and ZnO nano-films for individually. 
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Figure 2 Plot of XRD analysis for (CuO/ZnO) thin films at 400 °C. 

3.2 Atomic Force Microscope (AFM) Measurements of (CuO/ZnO) Nanocomposites 

Figure 3 presents AFM images depicting a 6 × 6 μm² scan area was utilized, using four layers of CuO/ZnO thin films 

deposited on glass substrates. During the annealing process at 400 °C, a rise in the concentration of ZnO nanocomposites in 

the films results in enhanced crystallinity and bigger grain sizes.  As the concentration of ZnO nanocomposites escalates 

from (0.08 to 0.20) wt.%, the picture of AFM shows that the average grain width expands from 858 nm for pure CuO to 1184 

nm for ZnO thin films at 0.20 wt.%. Table 1 summarizes the root-mean-square (RMS) and the roughness of the films' surface 

values, where the RMS roughness escalates from 39.8 to 83.8 nm due to an augmentation in the concentration of ZnO 

nanocomposites as discussed and explained in [41,42]. 
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Figure 3 AFM surface morphology of (CuO/ZnO) NCs: A: pure CuO annealing 400 0C, B: (0.08 wt.%) ZnO NPs, C: 

(0.14 wt.%) ZnO NPs, D:( 0.20 wt.%) ZnO NPs. 

 

Table 1 Morphological characteristics of 400 0C-annealed (CuO/ZnO) thin films. 

 

 

 

 

 

 

 

 

 

 

3.3 Scanning Electron Microscope (FESEM) 

Using Scanning electron microscopy (FESEM) at 500 nm, the Surface morphology of (CuO/ZnO) thin films was observed. 

Electron Microscopy examined the ZnO nanoparticle surface shape and size. The FESEM picture revealed the presence of 

both individual ZnO nanocomposites and a significant quantity of aggregates. Figure 4 shows nanocomposites in thin films 

under study. At lower chemical concentrations, nanocomposites aggregate, explaining these observations. CuO 

nanocomposites can promote the formation of a network when there is a greater interaction with ZnO nanocomposites. 

Initially, the size of the nanocomposites decreases as the ZnO content increases, but it subsequently increases with further 

ZnO addition. The arrangement of particles indicates the presence of co-granular structures. 

 

ZnO-doped CuO 

(wt.%) 

Root mean 

square              

Sq (nm) 

Roughness 

average 

Sa (nm) 

Ten-point heigh 

Sz (nm) 

Average 

Diameter 

(nm) 

Pure (CuO) 39.8 32.6 144 858 

0.08 wt.% ZnO 44.2 34.2 156 1053 

0.14 wt.% ZnO 68.7 58.5 167 1182 

0.20  wt.% ZnO 83.8 71.6 210 1184 
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Figure 4 FESEM images of (CuO/ZnO) NCs: A: pure CuO, B:(0.08wt.%) ZnO, C:(0.14 wt.%) ZnO, D:(0.20 wt.%) 

ZnO for annealing 400 0C. 

 

1.2 Energy Dispersive X-ray Spectroscopy (EDX) 

The elemental compositions of synthesized samples were determined by EDX, and from the table accompanying the 

spectrum in Figure 5, the EDX of the Zn-CuO samples all have spectra that reveal that Zn, Cu, and O are 

present.  Furthermore, there is no further peak that confirms the synthesized Zn CuO samples' purity by revealing the presence 

of unexpected components (H, S, and C) as discussed in [43]. The composition of copper, zinc, and oxygen was determined 

for the CuO–CuO-ZnO nanocomposite synthesized by different concentrations (Pure, 0.08, 0.14, and 0.20) wt.% ZnO. In 

Pure (CuO), the composition was found to be 56.9% Cu, 43.1% O in 0.08 wt.% ZnO, the composition was 44.9% Cu, 1.8% 

Zn, and 53.3% O in 0.14 wt.% ZnO, the composition included 48.6% Cu, 3.1% Zn, and 48.4% O, and in 0.20 wt.% ZnO, the 

composition included 41.2% Cu, 4.6% Zn, and 54.2% O as discussed in [44]. When different concentrations of zinc oxide 

were added, a shift in energy of 5 eV was observed. 



Ahmed A. Jabber, Ali R. Abdulridha 
 

pg. 352 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue 8 

 

 

Figure 5 the EDX spectrum of CuO/ZnO nano-films. 

 

3.4 Optical Characteristics of (CuO/ZnO) Nanocomposites 

Figure 6 illustrates the ultraviolet-visible spectra of the ZnO and CuO nanocomposites that were produced. All samples were 

tested for absorbance between 320 and 720 nm.   Factors such as impurity centers, particle size, oxygen vacancies, micro-

strain, dislocation density, and layer thickness influence nanomaterial absorbance as discussed and explained in  [43]. 

CuO/ZnO absorption with variable concentration (ZnO) and wavelength range at normal temperature. (CuO/ZnO) optical 

absorption varies with wavelength, as shown in Figure 6. These statistics imply that all films have higher UV absorption 

spectra. The nanocomposites exhibit a noticeable lack of absorbance in the visible spectrum. To provide further elucidation, 

we can approach this matter from the following perspective: Photons of high frequencies do not undergo interactions with 

atoms, resulting in their transmission rather than obstruction. Substances around the fundamental absorption edge absorb 

0.0 2.5 5.0 7.5 10.0 12.5 15.0
0

1000

2000

3000

4000

5000

6000

7000

0.0 2.5 5.0 7.5 10.0 12.5 15.0

0

1000

2000

3000

4000

5000

0.0 2.5 5.0 7.5 10.0 12.5 15.0

0

3000

6000

9000

12000

15000

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

0

1000

2000

3000

4000

5000

6000

7000

8000

0.2 wt.% (ZnO)

In
te

n
si

ty
 (

a
.u

.) Cu

Cu

O

Cu, Zn

Zn

Element Weight (%) Atomic (%)

O K 22.9 54.2

Cu K 69.2 41.2

Zn K 7.9 4.6

Zn

 (0.14 wt.%) ZnO

In
te

n
si

ty
 (

a
.u

.)

Cu

Cu

O

Cu, Zn Element Weight (%) Atomic (%)

O K 19.1 48.4

Cu K 76 48.6

Zn K 4.9 3.1

Zn Zn

 (0.08 wt.%) ZnO

In
te

n
si

ty
 (

a
.u

.)

Cu

Cu

O

Cu, Zn

Element Weight (%) Atomic (%)

O K 22.3 53.3

Cu K 74.6 44.9

Zn K 3.1 1.8

ZnZn

 Pure-CuO

In
te

n
si

ty
 (

a
.u

.)

Dispersive Energy (KeV)

Cu

Cu

O

Cu
Element Weight (%) Atomic (%)

O K 16 43.1

Cu K 84 56.9



Ahmed A. Jabber, Ali R. Abdulridha 
 

pg. 353 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue 8 

 

photons as the light wavelength decreases. An increase in the proportion of ZnO by weight improves absorption.  The 

absorption of light by unbound electrons causes this to occur.  The findings are consistent with those of previous studies 

[45]  .  

 

Figure 6 shows the absorbance spectra for (CuO/ZnO) thin films as a function of wavelength. 

Figure 7 illustrates the coefficient of absorption in relation to the CuO/ZnO thin films case.  At levels of lower energy, the 

coefficient of absorption is the lowermost at longer wavelengths. An electron within a semiconductor, either as an atom or 

an ion. Since photon absorption requires energy equal to or greater than the band gap, photons with insufficient energy fail 

to excite electrons from the valence band to the conduction band, resulting in limited optical absorption and suppressed 

generation of charge carriers [46]. Maximizing high-energy absorption increases the probability of electron transitions. 

Consequently, the energy of the photon is adequate to enable the change in the valence band electron to the conduction band. 

The seen photon's energy exceeded the allowed energy limit. This coefficient runs higher than the absorption coefficient 

during direct electron transitions; hence, at elevated energies (α > 104 cm−1), electrons and photons retain their momentum 

and energy while traversing the transition. Low-energy values of the coefficient of absorption (α < 104 cm−1) are expected to 

result in indirect electron transmission. Phonons facilitate the maintenance of electron trajectories. The absorbance 

coefficient of the thin layer (CuO/ZnO) exceeds 104 cm−1. 

 

Figure 7 shows the wavelength-dependent absorption coefficient spectra of CuO/ZnO thin films. 

The edge of absorption (αhv)2 of the material (CuO/ZnO) is depicted in Figure 8. The amount of photon energy and the 
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position on the upper half of the curve relationship is illustrated where the (αhv)2= 0 value is obtained, moving towards x-

axis. The energy gap between pure CuO and ZnO-doped CuO thicknesses of 50 nm and ratios of 0.08, 0.14, and 0.20 wt.% 

is shown. As the ZnO ratio grows, the energy gap decreases. The band gap values for the generated nanofilm reduced from 

3.601 to 3.388 eV for allowed direct transitions and from 3.389 to 3.057 eV for authorized indirect transitions. The optical 

energy gap diminishes post-annealing due to the emergence of supplementary internal energy levels, the forbidden gap, and 

next to the conduction band. This reduction is ascribed to the heat, which decreases the energy required for direct electronic 

transitions and promotes the migration of charge carriers moving from the valence to the conduction band.  According to 

these findings, there is a robust alignment with the findings of researchers [46,47], as shown in Table 2. 

 

Figure 8 A plot of (αhυ) ² vs photon energy (hυ) for (CuO/ZnO) thin films at various ZnO doping ratios. 

 

Figure 9 A plot of (αhυ) ²/³ vs photon energy (hυ) for (CuO/ZnO) thin films at various ZnO doping ratios. 
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The refractive index variations for (CuO/ZnO) thin films are illustrated against wavelength in Figure 10. This graph illustrates 

that the weight percentage increase of ZnO nanocomposites produces a higher index of refraction. The heightened density 

of the thin layer has been associated with this inclination. The data indicates that the refractive index of ZnO nanofilms, both 

pure and doped with CuO, rises as the thickness and doping of ZnO increase. The refractive index variations for (CuO/ZnO) 

thin films are illustrated against wavelength in Figure 10. This graph illustrates that the weight percentage increase of ZnO 

nanocomposites produces a higher index of refraction. The heightened density of the thin layer has been associated with this 

inclination. The data indicates that the refractive index of ZnO nanofilms, both pure and doped with CuO, rises as the 

thickness and doping of ZnO increase. The behavior can be explained by the rise in absorbance or absorption coefficient. 

Higher levels of doping lead to an elevation in the refractive index. Put simply, when light from an incoming source interacts 

with a material containing a large number of particles, the refractive index of the films is elevated. This aligns with the 

conclusions drawn by the researchers.  

 

Figure 10 The refractive index spectra in respect to (CuO/ZnO) thin films wavelength. 

 

Figure 11 shows for (CuO / ZnO) thin films the fluctuation of the wavelength-dependent extinction coefficient. The 

extinction coefficient (k0) is calculated using equation (6). (k0) exhibits a low value at a small weight% %. Nonetheless, it 

intensifies with the rising weight% % of nanocomposites for (ZnO). This elucidates the enhanced ZnO absorption under UV 

and visible light. This relates to the increased absorbance coefficient associated with higher weight percentages of ZnO 

nanocomposites, suggesting that ZnO ions will alter structures through interfacial locations among CuO atoms [48]. 

 

Figure 11 The extinction coefficient (k) for (CuO/ZnO) nanocomposites with wavelength. 
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elucidates the enhanced ZnO absorption under UV and visible light. This relates to the increased absorbance coefficient 

associated with higher weight percentages of ZnO nanocomposites, suggesting that ZnO ions will alter structures through 

interfacial locations among CuO atoms [49,50]. 

 

Figure 12 The optical conductivity spectra of (CuO/ZnO) thin films composed in relation to wavelength. 

 

3.5 Direct Current (D.C) Electrical Characteristics of (CuO/ZnO) Thin Films 

A thin layer of (CuO/ZnO) is shown in Figure 13 to have an electrical conductivity that varies with temperature. These 
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carriers are freed, the conductivity of (CuO/ZnO) thin films is improved. The improvement is due to the strengthening of 

charge carriers.   In line with what other experts have found [51]. 
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forming inside the thin layers. These nanocomposites possess channels that facilitate the movement of charge carriers inside 

the material, accounting for this outcome. ZnO nanocomposites can enhance conductivity by improving the connectivity 

between CuO particles and increasing the charge carrier density. The increase in filler material is directly correlated with the 

growth in the number of charge transporters [52]. 

 

Figure 14 depicts the correlation between the ZnO nanoparticle concentration and the thin-film electrical 

conductivity of direct current (D.C.) comprised of CuO/ZnO nanostructures. 

 

This relationship between the absolute temperature of the and the natural-logarithm of the standard deviation of direct current 

conductivity (Ln σD.C) (CuO/ZnO) nanofilms is shown in Figure 15 [53]. When plotting Ln σD.C vs. 1000/T a straight line 

with a negative slope is obtained, indicating that conductivity increases with increasing temperature, as expected in 

semiconductors. Based on the line's slope, the activation energy Ea. It can be calculated, which reflects the energy required 

for electron or hole transport in the material. Changes in the slope at different temperature regions may indicate a shift in the 

conduction mechanism, like a change in the mechanism from band conduction to hopping conduction. We conclude that the 

relationship between Ln(σD.C) and 1/T in CuO/ZnO nano-films reflects semiconductor behavior, where conductivity 

increases with temperature. This relationship may be influenced by ZnO concentration, leading to variations in electronic 

conduction mechanisms, particularly in nanostructured or amorphous films. 

 

Figure 15 The correlation between the natural logarithm of electrical conductivity (Lnσ) and the absolute 

temperature reciprocal of thin films of (CuO/ZnO). 
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Figure 16 displays that the activation energy could be approximated by equation (3). According to the experimental findings, 

the (CuO/ZnO) thin film activation energy values ranging from 0.468 eV to 0.368 eV. Furthermore, it has been shown that 

when nanoparticle concentrations in thin films increase, the activation energies drop. The development of localized energy 

levels that serve as charge carrier traps within the energy gap is the cause of this phenomenon [54,55]. 

 

Figure 16 shows the relationship between ZnO nanoparticle concentration (wt.%) conductivity of direct current 

(D.C.) in CuO/ZnO thin films, as well as their activation energy. 

3.6 Application of (CuO/ZnO) Thin Films as Photodetector 

Photocurrent represented an important parameter that affected spectral responsivity and the linearity of detector properties. 

Figure 17 illustrates investigating the I-V properties of devices made of CuO and CuO/ZnO nanocomposites at room 

temperature, in an atmosphere with a 3V bias voltage, and under both dark and UV light conditions.  A tungsten lamp with 

a power of 70 mW/cm² and a wavelength of 365 nm was used to measure the photocurrent, also with a 3V applied bias 

voltage. The photocurrent of all samples in Figure 17 of the photodetector under forward bias is attributed to enhancements 

in the structural characteristics of the thin film. This results in a minimal energy gap, necessitating low energy for electrons 

to traverse the gap. Consequently, observe that the photocurrent is elevated following the augmentation of ZnO nanoparticle 

ratios [42]. 
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Figure 17 I-V characteristics in both dark and illuminated conditions for A: Pure CuO NPs, B: (0.08wt.%)ZnO, 

C:( 0.14wt.%) ZnO and D:( 0.20wt.%)ZnO photodetector. 

Figure 18 displays the time-current graph of the thin films exposed to 26 mW/cm² white LED light with a bias voltage of 

3V.  This voltage was the one that revealed photovoltaic activity.  A photocurrent is generated when the energy of the photons 

that enter the material is high enough to generate an electric field.  Saturation currents of 408.87 µA, 651.16 µA, 349.98 µA, 

and 481.13 µA were shown in Figure 18, respectively.  The electric field produces a photocurrent under a 3V applied voltage, 

which is used to augment the bias current.  The result was an increase in the saturation current to 481.13 𝜇A [56]. 

Figure 18 shows that the highest sensitivity (S%) was about 81.01% at a response time and a recovery time of 1.141 s and 

0.709 s respectively at a concentration (0.20 wt.%) of ZnO. The significant figures of merit include responsivity (Rλ) and 

external quantum efficiency (EQE), detectivity (D), photosensitivity (S), and the times of response and recovery of 

photodetectors at 3 V bias are summarized in Table 2. 

 

Figure 18 Photocurrent response of (CuO/ZnO) NCs A: Pure CuO, B: (0.08wt.%)ZnO, C: (0.14wt.%) ZnO and 

D:( 0.20wt.%) ZnO photodetector. 
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Table 3: Photodetector measurements at 3V. 

Thin films 
Response 

time (s) 

Recovery 

time (s) 
S (%) 

R λ 

(mA/W) 
QE (%) D* (Jones)*106 

Pure (CuO) 0.366 0,366 76 0.16241 0.553 1.596 

0.08 wt.% ZnO 1.189 168.87 74.07 0.08058 0.274 0.854 

0.14 wt.% ZnO 0.365 0.367 76.03 0.01851 0.063 0.117 

0.20 wt.% ZnO 1.142 0.709 81.01 0.08405 0.286 0.974 

 

4. CONCLUSIONS 

In summary, CuO/ZnO nanocomposite thin films were effectively synthesized by the thermal evaporation method, thereafter 

subjected to annealing at 400 °C.  Structural, morphological, optical, and electrical analyses validated the creation of well-

defined nanocomposites exhibiting enhanced capabilities.  Doping with ZnO increased surface roughness, optical absorption, 

and decreased the direct energy band gap, while simultaneously enhancing electrical conductivity and photodetection 

capability.  The nanocomposites exhibited a notable photocurrent response, elevated sensitivity, and quick recovery time, 

particularly at a ZnO doping concentration of 0.20 wt.%.  The results indicate that CuO/ZnO nanocomposites are viable 

options for effective UV photodetector applications. 
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