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Abstract 

Copper oxide/nickel oxide (CuO/NiO) thin films were deposited on glass substrates by the Physical vapor deposition 
(PVD) Technique and then annealed at different temperatures of 280°C, 320°C, and 360°C for 2 hours. The effects of the 
annealing temperature on the optical and structural properties of the CuO/NiO thin films were studied. X-ray diffraction 
suggests that a Monoclinic and cubic structure with a strong (1 1 1) and (2 2 0) for each of CuO and NiO respectively 
preferred orientation which remained the same with different heat treatments. And the crystallite size increases with 
annealing temperature, and the lattice constants of CuO/NiO thin films were also obtained from XRD data.  Also, it is 
found that with the increase of different heat treatments, the optical absorption spectra showed that with increasing 
annealing temperatures, the absorption coefficient decreases, and the edge absorption shifts to longer wavelengths. The 
direct optical band gap decreases from 2.88 eV, 2.84ev to 2.74 eV for as-deposited and annealed CuO/NiO thin film at 
280 °C, 320 °C, and 360 °C respectively.  
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1. Introduction

The challenge for photoelectric researchers and manufacturers was to develop lower-cost, higher-efficiency devices.[1] 
However, typical Si photovoltaics with low defect wafers are very expensive and sophisticated processing processes 
such as wet chemical treatment, high-temperature furnace stages, and time-cost metallization. Significant efforts have 
recently been made to build low-cost photoelectric devices employing thin-film technology combined with the 
heterojunction principle. The interface between any two solid-state materials with diverse structural and optical 
properties is more frequently referred to as a heterojunction. The device junction in most heterojunction solar cells is 
created between TCO and Si or metal and Si.[2] TCOs that are commonly utilized are all n-type doped. Indeed, one of the 
major problems in the research is to create fresh p-type TCOs with comparable performance to their n-type 
counterparts. Although several p-type materials (such as CuO and NiO) [3] [4] have been proposed, their material 
characteristics are still subpar when compared to n-type TCOs. To create p heterojunctions and create a variety of new 
devices, a high mobility/conductivity p-type TCO might be combined with well-known n-type TCOs. This would open 
new possibilities for transparent electronics. Furthermore, p-type TCOs would find use in thin-film transistors,[5] as 
efficient hole-transport layers in solar cell systems[6]or in dye-sensitized solar cells  [6] [7] Both practical and 
theoretical data about the electrical structure of metal oxides should be taken into consideration for the optimum design 
of p-type TCOs.[4], [8], [9] To encourage the creation of highly hybridized orbitals that boost the VBM level and make 
hole doping easier, metals with d orbitals near to the O 2p can be employed. Cu2O is a strong contender in this regard 
since the O 2p6 and Cu+'s 3d10 arrangement are quite similar. Additionally, it produces shallow and effective holes due 
to the production of copper vacancies (VCu), which makes it fundamentally copper-deficient [10]. The 3d8 configuration 
of Ni2+ is also suitable for obtaining p-type NiO, with an easy hole dupability by cation deficiency [11] Due to its hole 
dupability (p-type behavior), which is assumed to be caused by the nonstoichiometric of NiO, NiO has been one of the 

http://creativecommons.org/licenses/by/4.0/deed.en_US
https://gjeta.com/
https://doi.org/10.30574/gjeta.2023.14.3.0049
https://crossmark.crossref.org/dialog/?doi=10.30574/gjeta.2023.14.3.0049&domain=pdf


Global Journal of Engineering and Technology Advances, 2023, 14(03), 076–083 

77 

most researched wide-gap oxides (cation deficiency) [11], The transparency (Eg = 3.7eV) and p-type behavior of this 
material [12] manufacture transparent conductor oxide (TCO) with applications in smart windows out of NiO, a 
promising substance  [13] and photovoltaics [14]. 

2. Experimental Details  

2.1. Sample preparation 

Glass slides measuring (76x21x1) millimeters were employed as the substrate in this experiment for the deposition of 
CuO/NiO thin films, after being cleaned with ethanol and distilled water, dried, and cleaned with optical cleaning paper. 
CuO/NiO films were created utilizing the physical vapor deposition process, as demonstrated in (Fig. 1), using copper 
and nickel powders with a purity level of 99.9 percent. The material that will be deposited on the substrates will be 
vaporized as part of the CuO/NiO thin layer manufacture process under low pressure up to 10-6 m bar. The substrate 
was 20 cm away from the target. 

 

Figure 1 Schematic-illustration-of-physical-vapor-deposition-PVD-process 

3. Results and discussion 

3.1. Structure and morphology of the CuO/NiO films 

By comparing the results of the X-ray diffraction measurement to the ASTM (American Society of Testing Materials) 
cards, can we determine the growth films' nature and the structural characteristics of CuO/NiO films.)  (Figure 3) 
illustrates the x-ray diffraction patterns of CuO/NIO thin films that were annealed at various temperatures for the same 
period. at 280 °C XRD peaks obtained show that films have a polycrystalline structure with single-phase Cu2O as a cubic 
structure at diffraction angles of 29.582, 36.46, 42.20, 52.51, 61.06, 69.08, 73.66, and  77.24, corresponding to the crystal 
planes  (1   1   0), ( 1   1   1), ( 2   0   0), (2   1   1 ), (2   2   0 ), (3   1   0 ),         ( 3   1   1) and (2   2   2 )and NiO with cubic 
structure at diffraction angles of  37.360, 43.478,  and 62.845 corresponding to the planes ( 1  1  1) , (2  0  0 ) and (2   2 
0 ) and the films annealed at 320 ◦C have a Monoclinic structure with single-phase Tenorite CuO at diffraction angles 
of 35.125, 38.51, 49.54, 53.05, 58.65, and 61.379, which corresponding to  (-1   1   1  ),    ( 1   1   1) (-2   0   2 ), (0   2   0) 
(2   0   2 ) and ( -1   1   3)  In particular, the film annealed at less than 300 °C has a two-phase mixed polycrystalline 
structure containing Cu2O and CuO phases. Obviously, 300 ◦C is the phase-transition temperature at which the Cu2O 
film is transformed into a CuO film by thermal annealing. In addition, from the XRD pattern of the Cu2O-CuO mixed film, 
it can be clearly observed that the intensities of the Cu2O XRD-peaks are very weak (almost disappearing), indicating 
that the film is mainly composed of CuO and contains a small amount of Cu2O, as well as peaks of nickel oxide (NiO), at 
diffraction angles of 37.852, 43.44, and 63.19,  which corresponding to planes (1    1    1 ), (2    0    0 ) and (2    2    0 )  with 
a cubic structure at an annealing temperature of 360 °C we obtained on  ten peaks of Tenorite CuO at diffraction angles 
of    32.13, 35.25,  38.51,  46.17,  48.63, 51.23,  53.32,  58.26,  61.23,  72.16,  and 73.07 corresponding to (1   1   0 ) , (-1 1   
1 ) , (1   1   1 ) , (-1   1   2 ) , (-2   0   2 ) , (1   1   2 ), (0   2   0 ) ,            ( 2   0   2) , (-1   1   3 ) , ( 3   1   1)  and (2   2   1 )  with 
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Monoclinic structure and pattern of Bunsenite NiO at diffraction angles 37.46, 43.44, 63.19,  75.40 and  79.31 
corresponding to (1   1   1 ), (2   0   0 ) , (2   2   0 )    , (3   1   1 ) and (2   2   2 ) with  cubic structure with an increase in the 
intensity of the copper oxide peaks (CuO) in a preferred direction (1 1 1) corresponding to the diffraction angle 
(38.6363)  with COD File (No. 01-078-0428) and intensity of the nickel oxide peaks in a preferred direction (2 2 0) 
corresponding to the diffraction angle (63.1976) with COD File (No. 00-001-1239.) Also, the intensity of the peaks 
increases with the increase in the annealing temperature. An increase in the number of peaks for copper oxide and 
nickel oxide and their intensity at certain crystalline levels with an increase in the annealing temperature indicates an 
increase in the crystallinity of the material and the regularity of its crystalline structure, which gives a greater 
opportunity for constructive interference to occur because of achieving the Bragg condition for diffraction. 

 

Figure 2 A comparison between the x-ray diffraction patterns of CuO/NIO thin films annealed at different 
temperatures 

The average grain size (GS) of the polycrystalline material can be calculated from the X–ray spectrum by means of the 
Full Width at Half Maximum (FWHM) method (Scherrer relation). [15,16] (equation 1), shows an increase in the particle 
size with the temperature and agrees with the sizes measured by the scanning electron microscope also Micro strain 
(ε) and Dislocation Density (δ) calculated by (equation 2 and equation 3) as shown in (table 1).  By using (equation.4), 
the lattice constants and Miller indices were calculated, and they agreed with the measurements taken from the JCPDS 
card as shown in (table .2)   

𝑫 =  
𝒌𝝀

𝜷 (𝟐𝜽)𝒄𝒐𝒔𝜽
  …………………….(1) 

β is the full–width at half maximum of the XRD peak appearing at the diffraction angle θ, k the shape factor, the value of 
which depends on the crystalline shape, and generally it is 1.  

The micro-strain (ε) and the dislocation density (𝛿) of the films are estimated using the following formula. [17], [18]: 

𝜺 =  
𝜷𝒄𝒐𝒔𝜽

𝟒
 …………………….(2) 

𝜹 =
𝟏

𝑫𝟐  ……………….(3) 

The lattice constants a, b, and c of the CuO/NiO structure were calculated, according to Bragg’s law [19] 

𝟐𝒅 𝒔𝒊𝒏𝜽 = 𝒏𝛌 …………………(4) 
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Table 1 The particle size D, Micro strain (ε) and Dislocation Density (δ) with the annealing temperature 

Annealing 

temperatures 

Parameters Peak 
position 

FWHM D 
(nm) 

Micro 
strain (ε) 

Dislocation 
Density (𝛅) 

 K λ (Å） 2θ (°) β (°)  x10-3 x10-4 

280 ºC 0.94 1.5406 38.152 0.208 42.16 2.62 5.63 

320 ºC 0.94 1.5406 38.461 0.171 51.34 2.14 3.79 

360 ºC 0.94 1.5406 38.581 0.054 162.79 0.75 0.46 

 

Table 2 The lattice constants a, b, and c, miller indices with the measurements taken from the JCPDS card 

Annealing 

temperatures 

sample 2Ө (deg.) d(Å) Lattice 

constant (Å) 

Lattice constant 
(Å) JCPDS 

Miller indices 

hkl 

280 ºC  

Cu2O 

29.4089 3.0347 a=4.2917 a=4.2520 110 

36.1518 2.4826 b=4.3000 b=4.2520 111 

42.8253 2.1099 c=4.2199 c=4.2520 200 

 

NiO 

37.6007 2.3902 a=4.1400 a=4.1760 111 

42.8257 2.1099 b=4.2198 b=4.1760 200 

62.4457 1.4860 c=4.2031 c=4.1760 220 

 

 

 

320 ºC 

 

CuO 

38.6363 2.3285 a=4.0331 a=4.6530 111 

32.5235 2.7508 b=3.8902 b=3.4100 110 

49.68654 1.8334 c=5.1858 C=5.1080 -202 

 

NiO 

37.3354 2.4066 a=4.1683 a=4. 1684 111 

43.4483 2.0811 b=4.1622 b=4. 1684 200 

63.1976 1.4701 c=4.1582 c=4. 1684 220 

 

 

 

 

360 ºC 

 

CuO 

38.46083 2.3387 a=4.0508 a=4.6530 111 

32.23791 2.7745 b=3.9238 b=3.4100 -110 

35.23946 2.5448 C= 5.0896 C=5.1080 002 

 

NiO 

43.1208 2.0962 a=4.1923 a=4.1710 200 

63.0565 1.4731 b=4.1665 b=4.1710 220 

75.4076 1.2595 c=4.1774 c=4.1710 311 

 

The morphology of the films was characterized using SEM at a 10 keV operating voltage (Fig.3) shows typical SEM 
images of CuO/NiO nanocomposite thin films grown on glass substrates with varying annealing temperatures. The 
findings demonstrated that the CuO/NiO thin layer has a fine nanoparticle structure and is prone to aggregate because 
of the homogeneity of the nanoparticles' surfaces and their high surface energy and surface tension. and is evenly 
diffused across all substrates. With The CuO/NiO films' grain size increasing with annealing temperature, as seen in 
(Fig.3 a, b, and c), Continuous grain distribution shows that the grains cling properly to the prepared films' surface. 
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Figure 3 SEM images of the CuO/NiO nanocomposite thin films grown on glass substrates under various annealing 
temperatures 

3.2. Optical properties 

Optical transmission spectra depend on the chemical and crystal structure of the films, the film thickness, and on film’s 
surface morphology. The effect of different annealing temperatures on the transparency is increasing with increasing 
annealing temperature due to decreasing in the thickness of the film with increasing annealing temperature The 
crystallization of thin films strongly depends on the annealing temperature. At higher temperatures, films have fewer 
impurities, and it is the origin of varying electrical and optical properties. In the direct band gap structure or direct 
transition semiconductors (present case), the absorption coefficient and optical band gap (Eg) are related by [20]. 

𝜶 = ( 𝒉𝝊 − 𝑬𝒈)
𝟏

𝟐⁄  …………….(5) 
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h is Plank’s constant and υ is the frequency of the incident photon 

The optical properties of deposited CuO/NiO film on glass substrate at various annealing temperatures of (280,320, and 
360) C. The optical transmittance is at normal incidence in the wavelength range (300-1100) nm. Shows the (UV–
Visible) absorption spectra of as-prepared and annealed CuO/NiO samples at different temperatures. The absorption 
peak for as prepared CuO/NiO sample is observed around 350 nm. However, A clear decrease in absorbance is observed 
with increasing wavelength for the CuO/NiO products annealed at between (350-550) nm, which may be due to a change 
in crystallite size. we can observe that (fig. 4) shows absorption as a function of wavelength, where absorption decrease 
with increasing temperature, which may be due to a change in crystallite size. 

 

Figure 4 The relationship between absorbance as a function of wavelength of CuO/NiO films annealed at 280℃/2h 
,320℃/2h, and 360℃/2h 

 
By using equation (5) The optical energy gap (Eg) value is calculated by extrapolation of the straight line of the plot of 
(αhυ)2 versus photon energy for different annealing temperatures as shown inset in (Fig.5) The linear dependence of 
(αhυ)2 with (hυ) indicates direct band gap. The annealed samples show a relative decrease in optical band gap with 
annealing temperature. The films as deposited and annealed at 280 ℃ have a band gap of about 2.88 eV and at 320 ℃ 
has 2.84 eV. And at 360 ℃ annealed films, the optical band gap continues to decrease close to 2.71 eV. 

 

Figure 5 Tauc plots of the CuO/NiO thin film annealing at different temperatures 
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4. Conclusion 

An efficient, simpler, and cheaper PVD technique successfully employed in depositing nanocrystalline CuO/NiO thin 
films on a glass substrate. The prepared films have uniform morphology and are tightly adherent to the substrate. The 
XRD results showed that the intensity and crystallite size increase with increasing annealing temperature. The 
morphological results showed that the grains are well distributed over the substrate and the films have high 
homogeneity. Also, the optical energy gap was found to be decreased with increase annealing temperature (Eg= 2.88, 
2.84, and 2.71) eV for annealing temperature (280, 320, and 360) respectively. The high transparency and wide band 
gap features make these films to be suitable in nano-optoelectronic applications, especially in the solar cell as a window 
or antireflection layer.  
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