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In this study, p-n heterojunctuion structure (n-ZnO / p-Cu2O) was formed by using ITO coated glass substrates, 

firstly by coating ZnO and then Cu2O respectively. In this study, spin coating method is used which is simple and 

economical to obtain. The resulting n-ZnO / p-Cu2O heterojunction was contacted with silver and characterized as 

Ag / ITO / ZnO / Cu2O / Ag based device.X-ray diffraction (XRD) system was used for the structural analysis of the 

heterojunction structure, Holl measurement system for electrical properties, scanning electron microscopy (SEM) 

system was used for morphological analysis and coating thickness. The results showed that the coatings were 

uniformly distributed evenly over the entire surface and had a good crystalline structure. The thicknesses of the 

obtained coatings were found to be 1 µm for ZnO and 2µm for Cu2O. 
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1. Introduction 

With the continuous development of technology, 

almost every day a new device enters our lives, which 

increases the human need for energy day by day. The need for 

energy has led us to an intensive search for new energy 

sources. Solar cells, which are one of these new energy 

sources, are considered as a promising option to replace fossil 

fuels that will be exhausted in the near future.  

In this study, metal oxides such as ZnO and Cu2O 

which are simple to obtain were used. The first of these, Zinc 

Oxide (ZnO) is an important semiconductor material with its 

optical and electrical properties as well as wide exciton bond 

energy of 3.37 eV and a large exciton energy of about 60 

meV. Because of its significant physical properties, ZnO has 

been used in many applications such as sensors applications 

[1], transparent conductor electrode in solar cells [2], laser 

applications [3] and light emitting diodes (LED) [4]. Another 

metal oxide, cuprous oxide (Cu2O) which is an abundant, 

non-toxic material and it’s a p-type semiconductor with a low 

band gap of about 2.09 eV [5]. Many methods are preferred 

for the production of ZnO and Cu2O thin films. Among them 

are widely used in electrodeposition [6], vacuum evaporation 

[7], chemical bath deposition (CBD) [8] and spin coating [9]. 

We preferred spin coating method which does not require 

high pressure and can be applied in room conditions. 

2. Experimental details 

As a first step, ITO coated glass substrates were cut 

to desired dimensions. They were then cleaned in an 

ultrasonic bath for 10 minutes using acetone and ethyl 

alcohol, respectively. ZnO was first coated after cutting and 

cleaning. The coating process was repeated 3 times to 

produce the desired thickness of ZnO. The coatings were 

carried out at 1000 rpm for 3 seconds and 35 rpm for 4000 

seconds. The coated samples were annealed at 450 ° C. After 

ZnO, Cu2O was coated to form ITO / ZnO / Cu2O 

heterojunction structure. Coating conditions for Cu2O were 

500 rpm for 3 seconds and 3000 rpm for 35 seconds. 
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Figure 1. Four steps of spin coating method: 1) The 

step of dropping the solution onto the surface, 2) Acceleration 

step, 3) Step of dissolution of solution to whole surface, 4) 

Evaporation step. 

 

Figure 1 shows the 4 steps of the spin coating 

method. In the first step, the solution is dropped onto the 

surface. The rotation about the z-axis with the preset rotation 

speed is shown in step 2. In step 3, the solution can be 

explained as spreading the whole surface. The final step can 

be defined as the complete evaporation step of the solvent. 

 
3. Results and discussion: 
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Figure 2. XRD pattern of Cu2O grown on ITO coated glass 

substrate using spin coating method. 

 

Figure 2 shows the XRD pattern of Cu2O grown on 

ITO coated glass using the spin coating method. According 

to XRD results, all peaks belong to Cu2O and ITO and the 

absence of phases such as CuO indicates high crystallinity of 

the structure. 
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Figure 3. XRD pattern of Cu2O grown on ITO coated glass 

substrate using spin coating method. 
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Figure 4. XRD pattern of ITO/ZnO/Cu2O heterojunction 

structure using spin coating method 275 ° C 

 

Figure 4 shows the XRD results of the ITO / ZnO / 

Cu2O structure. All observed peaks belong to ITO, ZnO and 

Cu2O. Annealing temperatures for coatings are 400 ° C for 

ZnO and 275 ° C for Cu2O.  
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Figure 5. SEM image of ITO / ZnO / Cu2O heterostructure 

produced by spin coating method. 

 

The SEM image of the ITO / ZnO / Cu2O structure 

is given in Figure 1. According to the results of SEM, there 

were no defects or pores in the structure and it was found to 

be extremely homogeneous. Particle sizes were determined to 

range between 50 and 90 nm. 

 

 
Figure 6. Surface-cross section view of ITO / ZnO / Cu2O 

structure produced by spin coating method. 

 

Figure 6 shows the surface-section view of the ITO 

/ ZnO / Cu2O heterostructure. In the surface-cross section 

view, the lowest layer is ITO having a thickness of 200 nm. 

Above the ITO, there is a ZnO thickness of approximately 1 

µm. The top layer of the structure is Cu2O approximately 2 

µm thickness. 

  
Figure 7. Dark I-V characteristics of ITO/ZnO/Cu2O 

heterojunctions. 

 

After the structure formed with low molarity does 

not show diode characteristics, after determining the molarity 

which provides optimum conditions as 1M, the structure 

obtained between -1 and +1 Voltage and the current-voltage 

graph in dark environment is given in Figure 1. As can be 

easily understood from the figure, it was found that the 

structure we obtained shows diode characteristics. However, 

it was observed that it showed a slightly curved increase 

rather than a straight increasing curve directly. 

 

  
Figure 8. Illumination I-V characteristics of Cu2O/ZnO 

heterojunctions. 

 

Figure 8 shows the I-V results of the ITO / ZnO / 

Cu2O heterojunction structure in illumination conditions. 

According to the I-V results, the I-V results in the 

illumination are similar to the I-V results in the dark. It is also 

expected that the refraction voltage will drop under light. In 

the dark, open circuit voltage is 0.8 V, while in Figure 2 open 

circuit voltage in the bright environment is reduced to 0.1 V. 

 

Conclusions 

 

In conclusion, p-type Cu2O and n-type ZnO thin 

films were optained successfully by using spin coating 

method which is very easy to apply. This study showed that 

ZnO / Cu2O heterojunction structure can be formed by using 

materials such as ZnO and Cu2O which are abundant in nature 

and simple to obtain. Structure, morphological and electrical 

properties of the thin films were examine using, XRD, SEM 

and I-V. The average particle size of ITO/ZnO/Cu2O was 

deceted in the range of 50-90 nm from the SEM 

measurement. According to XRD results, coated samples had 

high crystallinity. This study is very low cost because it is 

performed without using pricey laboratory conditions such as 

vacuum and high temperature. Furthermore, according to I-V 

results, efficient solar cell could not be obtained from the p-n 

joint produced. This is due to problems with the interface. 

After these problems are overcome, it will be possible to 

obtain efficient solar cells. However, the obtained ZnO / 

Cu2O heterojunction structure can be used as light detector. 
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