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1. ABSTRACT 

Copper (I) oxide (Cu2O) is the most promising material recently used in solar cells, gas 

sensors, optical devices, and other areas. Most of the time, the Cu2O thin film is fabricated 

on the opaque Cu substrate, which limits the absorption and photo-response of the film. As 

a result, the aim of this study is to develop a low-cost process to fabricate a Cu2O thin film 

on a transparent conductive glass (ITO glass) substrate. The growth of Cu2O thin film was 

carried out in two steps, with the first step being the electrodeposition of Copper (Cu) 

nanoparticles on ITO glass and the second stage involving the complete conversion of 

electroplated Cu on ITO glass to Cu2O through low-temperature (< 95) thermal oxidation 

method. Morphological analysis of the thin film was performed using a scanning electron 

microscope (SEM) and confirmed that the average crystallite size and thickness of the film 

were 1.14 μm and 18.65 μm. The principal reflection planes (111), (200), and (220) of the 

deposited film were identified using X-ray diffractometer (XRD) measurements. Raman 

microscopy further confirmed the formation of Cu2O with peaks at 144.4, 525.2, and 620.7 

cm-1.  

2. INTRODUCTION 

Among the numerous metal oxide materials, Copper (I) oxide or cuprous oxide (Cu2O) is 

considered a promising material because of its direct band gap (2.0 − 2.6 𝑒𝑉)[1] and high 

absorption coefficient (𝛼~104𝑐𝑚−1)[1] in the visible region. In addition, it offers high 

mobility (𝜇~100 𝑐𝑚2/𝑉. 𝑠)[1] and carrier concentration to improve the performance of 

devices. The material's chemical stability, non-toxicity, and earth abundance are further 

benefits to be researched for a variety of applications[2].  

Cu2O is natively a p-type semiconductor due to either copper-vacant or oxygen-rich 

conditions[3]. According to previous studies, ([3]–[7] ) n-type conductivity can be obtained 

by changing the preparation conditions, mainly pH in the solution. A variety of techniques, 
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including the SILAR technique, Sputtering, Sol-gel, Chemical vapor deposition, Chemical, 

and Thermal oxidation, etc.[8]–[11] have been used to produce Cu2O thin films. These 

techniques all result in p-type Cu2O thin films. However, these techniques may involve 

cupric oxide (CuO) impurities and require modern equipment, complex processes, high 

costs, and temperatures above 1000C. However, only a few types of research have been 

published on the production of n-type Cu2O under specific conditions without the need for 

external doping. By electrodeposition [4] or by immersing copper electrodes in cupric ions 

containing aqueous electrolytes [5], [12], n-type Cu2O thin films can be formed. 

In this paper, we present the fabrication process of Cu2O semiconductor material on ITO 

glass as well as the structural and morphological properties of the resulting films were 

investigated in detail using XRD, SEM, and Raman spectroscopy. Additionally, the pH 

variations of the solution throughout the low temperature thermal oxidation step are also 

discussed. 

3. METHODOLOGY  

3.1 Sample Preparation 

3.1.1 Electrodeposition Cu Nanoparticles 

Copper and ITO conductive glass were used as anode and cathode, respectively. Before the 

film deposition, both electrodes were cleaned with distilled water and Acetone to remove 

the impurities. The electrodes were then treated with a 2 moldm-3 HCl solution to remove 

the surface oxidation layers and then dried at room temperature. The electrolyte solution 

consists of 0.3 moldm-3 CuSO4 (40 ml), 0.5 moldm-3 H2SO4 (40ml), 0.05 moldm-3 PEG 

(Average molecular weight is 400 g/mol-1) (10ml), and 2 × 10−3 moldm-3 NaCl (10ml) 

solutions. The copper electrodeposition was performed at an applied potential of 1V for 20 

minutes without stirring the electrolyte solution. The distance between the cathode and 

anode was kept at 3 cm, and the electrolyte temperature was maintained at room 

temperature. 

 

3.1.2 Oxidation of Cu Using the Low-Temperature Thermal Oxidation Method 

First, the deposited copper films on ITO glass were cleaned with distilled water and 

Methanol for 10 minutes. Then the substrate was dried using tissue paper and dry air. Then 

0.01 moldm-3 CuSO4 solution was prepared with the initial pH of the solution being 4.7 at 

30℃. Next, the beaker containing the 0.01 moldm-3 CuSO4 solutions was placed directly on 

the hot plate, and the temperature inside the CuSO4 solutions was maintained in between 

90 − 95 ℃. Then, using a sample holder, the deposited copper film on ITO glass was 

completely immersed in the CuSO4 solution vertically kept for about one hour.  
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3.2 Thin Film Characterization 

The crystalline structure and phase of Cu2O were determined using an X ray diffractometer 

(Rigaku Ultima IV) with Cu-Kα radiation, λ=1.5406 A0, in the 2θ range of 200 − 800.The 

Raman spectra of prepared thin films were investigated using the Raman spectrometer 

(Thermo Scientific DXR2) with a wavelength of 785 nm and a maximum laser power of 50 

mW as an excitation source. Morphological analysis was carried out by the scanning 

electron microscopy (ZEISS EVO LS15) operated at 10.0 kV. 

 

4. RESULTS AND DISCUSSION 

4.1 XRD Analysis 

X-ray diffractometer (XRD) measurements were taken in the scan range (2𝜃) from 200 to 

800 to evaluate the structural properties of the deposited Cu2O thin films. The XRD pattern 

of fabricated Cu2O and electroplated Cu on ITO glass is shown in Figure 1. 

Figure 1: X-ray diffraction (XRD) patterns of (a) Cu2O thin film and (b) electroplated Cu 

thin film. However, it has been observed a shift of ~0.6⁰ in each peak of pattern (a) 

compared to the pattern (b). The reason for this shift is yet to be identified. 

XRD pattern (b) show that the Cu peaks only in the deposited copper film on ITO glass at 

2𝜃 = 42.930, 50.100, and 73.820 are associated with (111), (200), and (220) planes, 

respectively[13]. These peaks remained in lower intensities in XRD pattern (a) compared to 

pattern (b) (Table 01) because a few Cu nanoparticles that were not converted into Cu2O, 

(a) 

(b) 
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were trapped in the Cu2O thin film. The Cu2O peaks at 2𝜃 = 30.110, 36.970, 42.860, 

61.920, and 73.970  are obtained in XRD pattern (a) corresponds to planes (110), (111), 

(200), (220), and (311) respectively. However, it has been observed a shift of ~0.6⁰ in each 

peak of pattern (a) compared to the pattern (b). The reason for this shift is yet to be identified. 

Therefore, all the Cu2O peaks and Cu peaks deviated slightly from the literature[14] and 

that is the reason for the remained Cu peaks in the XRD pattern (a) didn’t align with the 

pattern (b) Cu peaks. But the XRD pattern (b) shows no shift and is consistent with the 

literature[13]. The cause of the error should be investigated further. However, the sharp 

XRD peaks at 36.970, 42.860, and 61.920 indicate that the as-prepared Cu2O thin film has 

high crystallinity. The purity of the thin film is confirmed as there are no peaks 

corresponding to Cupric Oxide (CuO) in the XRD pattern (a). 

Table 1: The intensity of Cu crystal planes in XRD patterns (a) and (b) 

Crystal 

planes of Cu 

Peak intensity at pattern (a) 

(a.u.) 

Peak intensity at pattern (b) 

(a.u.) 

(111) 11605.56 9153.51 

(200) 3239.97 2568.11 

(220) 1391.16 898.09 

 

4.2 Raman Analysis  

Figure 2:Raman spectra of Cu2O thin film produced by the low-temperature thermal 

oxidation. The infrared allowed modes (at 144.4cm-1 and 620.7cm-1) and Raman allowed 

mode (at 525.2cm-1) identified the Cu2O crystalline structure. 

Raman analyses were further used to identify the crystalline structure of the materials. The 

Raman spectra of deposited Cu2O thin films are illustrated in Figure 02. The characteristic 



Proceedings of the Technical Sessions, 39 (2023) 46-53 

Institute of Physics, Sri Lanka 
  50 

Fabrication of Copper (I) Oxide (Cu2O) thin films on Transparent Conductive glass substrate  

 

phonon frequencies of the crystalline Cu2O are shown by four Raman peaks observed at 

89.4, 144.4, 525.2, and 620.7 cm-1. According to the literature, the infrared allowed mode 

is associated with the peaks at 144.4 cm-1 and 620.7 cm-1[15]. The Raman allowed mode 

corresponds to the peak at 525.2 cm-1[15]. There is no reference to the corresponding Raman 

mode for the peak at 89.4 cm-1 in the literature. However, the characteristic peaks associated 

with CuO are expected at 298,330 and 602 cm-1 [15], but they could not be detected in this 

film. Therefore, this method is suitable for producing the pure Cu2O thin film without any 

CuO impurities. 

4.3 SEM Analysis 

The SEM image of electroplated Cu nanoparticles is shown in Figure 03-(a). The Cu 

nanoparticles have a spherically shaped morphology with considerable aggregation and 

agglomeration. In order to produce a coating with a spherical form and small particle size, 

composite additives are added to acidic copper electroplating. This study proves the 

possibility of producing high performance copper thin films using a PEG-based copper 

plating solution. 

Figure 3: (a) Electroplated Cu nanostructured layer on ITO glass, (b) Cu2O thin film on 

ITO glass, (c) Side view of Cu2O thin film on ITO (gray area), and (d) Distribution plot of 

Cu2O crystal diameter. 

The SEM image at a magnification of 10k X of the prepared Cu2O thin film is shown in 

figure 03-(b). The Cu2O crystals were only a few micrometers in size and had truncated 
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octahedral shapes as well as clusters of crystal aggregates on the surfaces. The distribution 

of crystal diameter was analyzed by size measurements precisely extracted using the ImageJ 

software in accordance with the scale shown in the SEM image. Hence, the maximum 

number of particles is in the range of 0.5 − 1.0 𝜇𝑚, and the average size of the crystal 

diameter is equal to 1.14 μm. According to figure 03(c), a nearly uniform thickness can be 

seen. The average thickness of the deposited Cu2O thin film, as shown in the side view is 

18.65 μm. 

4.4  pH Observations 

In the second step, the pH of the 0.01 moldm-3 CuSO4 solution altered over time while 

producing the Cu2O films. The pH measurements were taken using a Hach HQ40D portable 

pH meter during the Cu2O film formation. Initially, the pH decreased significantly, then the 

pH reached a stable value, and at that point, the deposition process was stopped to achieve 

the maximum amount of Cu2O for the thin film because the formation rate should be equal 

to the dissolution rate of Cu2O in an acidic medium. 

Table 2: pH variations of 0.01 moldm-3 CuSO4 solution during the formation of the Cu2O 

thin film at the temperature of 90 to 95 0C. 

Time  

(minutes) 

pH  

(In the range of 90-95 0C) 

0 4.24 

10 4.14 

20 4.09 

30 4.03 

40 4.00 

50 3.98 

60 3.98 

 

The preceding explanations allow us to explain step by step the growth mechanism of Cu2O 

film formation as follows, 

 

• Step 01, at the Anode, 

𝐶𝑢 → 𝐶𝑢2+ + 2𝑒− 

At the Cathode, 

𝐶𝑢2+ + 2𝑒− → 𝐶𝑢 

• Step 02, 

𝐶𝑢2+ + 𝐶𝑢 → 2𝐶𝑢+ 

2𝐶𝑢+ + 𝐻2𝑂 → 𝐶𝑢2𝑂 + 2𝐻+ 
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As a result, pH decreased when the H+ ion concentration of the solution is increased as in 

the equation below, 

𝑝𝐻 = − 𝑙𝑜𝑔10[𝐻+] 

 

5. CONCLUSION 

 

We investigated the fabrication of Cu2O thin films using the low-temperature thermal 

oxidation of electrodeposited copper nanoparticles only using CuSO4 solution without any 

additives. XRD and Raman spectra show the crystal structure and the purity of Cu2O and 

the absence of the most probable CuO impurity. SEM image illustrates the crystals of the 

prepared Cu2O thin film surface that is in the range of 0.5 − 1.0 𝜇𝑚, and the thickness of 

the prepared film is equal to 18.65 μm. 
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