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ABSTRACT   

Current-Voltage Characteristics of solar cells p-n junction ZnO and TiO2 parallel in the Cu2O layer has 

been determined using solar irradiation. Metal oxide has been used as a semiconductor material, such 

as ZnO and TiO2 is an n-type semiconductor. The material has gap energy of 3.37 eV and 3.2 eV. 

Thermal oxidation is applied to commercial Cu plates for 60 minutes to produce Cu2O layers as p-type 

semiconductors. The process varies in temperature, namely 300, 400, and 500 °C. The process of 

thermal oxidation on Cu plates at a temperature of 300 °C increases the impurity in the Cu2O layer. The 

impurity layer is CuO. Then the CuO layer formed decreases with increasing temperature thermal 

oxidation. CuO layer increases the efficiency of solar cells p-n junction TiO2-ZnO parallel in the layer 

Cu2O. The results of measurements with sunlight showed that the TiO2-ZnO/Cu2O (300) samples had 

the highest solar cell efficiency, which was 0.28 %. 
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Introduction 

Solar radiation energy can be converted 

into electrical energy with solar cell devices 

through the photovoltaic effect. These days 

many semiconductor materials developed in 

material engineering technology related to its 

electrical properties. Metal oxides, such as 

Cu2O, ZnO, and TiO2, are semiconductor 

materials used in solar cells during the 

research stage. Cu2O layers can be produced 

from Cu sheets by no-vacuum techniques, 

such as thermal oxidation.1 Zhu (2004) has 

conducted copper oxide kinetic studies in the 

temperature range of 350 ° C to 550 ° C for 

the formation of copper oxide.2 In addition, 

at a temperature of 200 °C for 10 minutes in 

the air had started to form CuO copper to a 

temperature of 300 ° C to form Cu2O.3 Cu2O 

has a 2.1 eV energy band gap which is a 

promising p-type semiconductor material for 

solar cell applications with theoretical limits, 

energy conversion efficiency as high as 20% 

under AM1 solar lighting. This is very 

difficult to achieve high efficiency, because 

of the difficulty of obtaining n-type 

semiconductors and the stability of the Cu2O 

surface.4 ZnO and TiO2 are n-type 

semiconductor materials as negative 

electrodes have good optical properties.5 

ZnO has a bandgap energy of 3.37 eV. The 

energy band gap unable to absorb visible 

light, so it requires a moderate on ZnO 

semiconductor material to increase the 

absorption of visible light.6 TiO2 material has 

anatase, rutile, and brookite crystal 

structures. TiO2 used in dye-sensitized solar 

cells (DSSC) has an energy band gap of 3.2 

eV. Dyes or dyes are active ingredients to 

produce electrons, while TiO2 material is an 

electron injection medium.7 DSSC solar cell 

efficiency of 13% has been achieved using 

TiO2 nanoparticles with dye porphyrin 

SM315.8 DSSC does not use dyes on TiO2 

substrates which have low solar cell 

efficiency.9 

Some studies using metal oxide materials 

are TiO2/Cu2O all-oxide heterojunction solar 

cells produced by spray pyrolysis,10 

heterojunctions p-Cu2O/ZnO-n solar cell 

fabricated by spark plasma sintering,5 and 

interconnected ZrO2 doped ZnO/TiO2 
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network photoanode for dye-sensitized solar 

cells.11 Material engineering methods in the 

last two years of research require substantial 

investment. ZnO and TiO2 parallel to the 

Cu2O layer for p-n junction solar cells, 

however, have not been studied in terms of 

Current-Voltage characteristics. 

This article reports the Current-Voltage 

characteristics of solar cells p-n junction ZnO 

and TiO2 parallel in the Cu2O layer. The 

efficiency of solar cells is generated from the 

Current-Voltage characteristic data. Study of 

the Current-Voltage characteristics of solar 

cells p-n junction ZnO and TiO2 parallel in 

the Cu2O layer plate will broaden their 

analytical prospects. 

Methods  

Commercial Cu sheets ware prepared with 

dimensions of 25 mm × 25 mm and thickness 

of 1 mm. The thermal oxidation process is 

applied for 60 minutes on a Cu plate to 

produce a Cu2O layer. Temperature 

variations were carried out on each of the Cu 

plates (300, 400, 500 °C). TiO2 (anatase 

phase) and ZnO (zincite phase) ware used in 

powder form. PVA (Polyvinyl Alcohol) was 

used as a TiO2 and ZnO adhesive in the ITO 

(Indium Thin Oxide) substrate. The ITO 

substrate was prepared with dimensions of 25 

mm × 25 mm. Previously, PVA was mixed 

with distilled water at 80 °C for 30 minutes 

to produce PVA suspension as an adhesive.12 

TiO2 paste was produced by mixing PVA 

suspension and TiO2 powder in a ratio of 2:1. 

This was also done to produce ZnO paste 

with a ratio of 1:1. Then TiO2 and ZnO paste 

was deposited on the ITO substrate by the 

doctor blade method.13 ITO substrates that 

have been deposited in parallel TiO2 and 

ZnO paste are dried at room temperature for 

30 minutes. Furthermore, the substrate is 

attached to the Cu2O layer. The design of 

solar cells TiO2 and ZnO parallel in the Cu2O 

layer is shown in Figure 1. 

 
Figure 1. Schematic design of solar cells p-n 

junction ZnO and TiO2 parallel in the Cu2O 

layer. 

Measurement of solar cells is done by 

direct solar radiation for Current-Voltage 

characteristic data. Loading with a resistor 

made in the circuit for these measurements, 

which is 0-50 kΩ. The results of the Current-

Voltage characteristic data are analyzed to 

obtain the efficiency (η) of solar cells using 

the equation14, 15:  

𝜂 =
𝑃𝑜𝑢𝑡

𝑃𝑖𝑛
                                  (2) 

Where Pout is the optimal electrical power 

of the cell/module from the Current-Voltage 

characteristic data. Pin is the total incoming 

power of cell light/module radiation which is 

measured using an SM206 solar power 

meter. 

Result and Discussion 

The results of the thermal oxidation 

process on Cu plates with temperature 

variations are shown in Figure 2. The 

observations showed that there was a change 

in colour on the Cu plate after the thermal 

oxidation process was carried out. This 

shows the formation of Cu2O layers.  Cu 

plate with a thermal oxidation process at a 

temperature of 500 °C produces a more 

homogeneous Cu2O layer than at a 

temperature of 400 °C. Along with the 

reduction in the temperature of the thermal 

oxidation process, which is 300 °C, the Cu2O 

layer has more dominant impurities than at 

400 °C. Furthermore, impurities begin to 

decrease at 500 °C. The impurity is black 

which identifies the formation of CuO 

layers.16 
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(a)                                                                               (b) 

 

 
(c) 

Figure 2. Thermal oxidation on Cu plate for 60 minutes with temperature variations, a) 300 °C, 

b) 400 °C, and c) 550 °C

 

Figure 3. Current-Voltage characteristics of solar cells TiO2 and ZnO parallel in Cu2O layer. 
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The graph of the Current-Voltage 

characteristics of solar cells TiO2-ZnO 

parallel in the Cu2O layer is shown in Figure 

3.  The voltage at the Voc point increases 

when the Cu plate is thermally oxidized at 

500 °C compared to the TiO2-ZnO/Cu2O 

(300) sample.  At this point, the decrease in 

the value of Voc in the sample is irregular 

with respect to the decrease in thermal 

oxidation temperature. This is caused by the 

transition of the CuO layer to Cu2O as shown 

in Figure 2. Shown in Figure 2b the CuO 

layer decreases with increasing thermal 

oxidation temperature. In addition, at 400 °C, 

the Cu2O layer begins to form and is more 

dominant at 500 ° C.2 The open-circuit 

voltage (Voc) values for each sample are 

completely listed in Table 1. 

Measurement of solar cells applied 

variations in resistance (R) in the circuit, 

which is 0-50 kΩ. This causes the overall 

current value for all samples to increase with 

decreasing voltage.  At the Isc point, the 

current value increases with the decrease in 

temperature in the thermal oxidation process 

of Cu plates. TiO2-ZnO/Cu2O (300) samples 

have the highest current value compared to 

TiO2-ZnO/Cu2O (400) and TiO2-ZnO/Cu2O 

(500). 

  This is caused by the CuO layer formed 

which affects the value of Isc and Voc. The 

value of Isc decreases and Voc increases as the 

CuO layer decreases. In addition, it is 

influenced by the gap energy value of each 

layer formed, which is 2.1 eV for Cu2O,4 and 

1.2 eV for CuO.16 Short current values (Isc) 

of each sample are listed in Table 1.   

Solar radiation power measured using an 

SM206 solar power meter has an average 

value of 830 W/m². Next, the power is 

divided by the effective area of the solar 

sample, which is 0.00025 m². The results of 

this division amounted to 120 mW. The 

power is used as the value of solar cell input 

power. The output power (Pout) of a solar cell 

is generated through the optimal power (Popt) 

of the Current-Voltage characteristic data, so 

as to produce a fill factor value and solar cell 

efficiency.15 The fill factor values and the 

efficiency of the solar cells for each sample 

are listed in Table 1. 

Table 1. The results of the performance of solar cells TiO2 and ZnO parallel in the Cu2O layer. 

Sample 
Isc 

(mA) 

Vsc 

(mV) 
Fill Factor 

Efficiency 

(%) 

TiO2-ZnO/Cu2O (300) 

TiO2-ZnO/Cu2O (400) 

TiO2-ZnO/Cu2O (500) 

0.520 

0.051 

0.038 

316 

266 

332 

0.34 

0.42 

0.32 

0.28 

0.03 

0.02 

     

Based on Table 1, in general, the 

efficiency of solar cells increases with the 

decrease in temperature of the thermal 

oxidation process on the Cu plate. TiO2-ZnO 

/ Cu2O (300) samples have higher solar cell 

efficiency compared to TiO2-ZnO/Cu2O 

(400) and TiO2-ZnO/Cu2O (500). This is 

caused by the dominant CuO layer formed in 

the TiO2-ZnO/Cu2O sample (300). The 

energy gap in CuO is lower than that of 

Cu2O, so electrons diffuse more rapidly in 

solar cells. In addition, the formed CuO layer 

increases the current value of solar cells in 

the sample. The fill factor value increased in 

the TiO2-ZnO/Cu2O sample with a thermal 

oxidation temperature of 400 °C, then 

decreased at a temperature of 500 °C. This 

shows that the formation of nanostructures in 

the Cu2O layer is not formed, thus reducing 

the value of the fill factor.17 

Conclusion 

Impurity formed by the thermal oxidation 

process in the Cu2O layer increases the 

efficiency of solar cells. The impurity is the 

CuO layer. The highest efficiency of solar 

cells is owned by TiO2-ZnO/Cu2O (300), 

which is 0.28%. Then the value decreases 

with the addition of temperatures (400 and 

500 °C) to the thermal oxidation process of 

Cu plates. Each sample has a solar cell 

efficiency value, which is 0.03 % for TiO2-
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ZnO/Cu2O (400) and TiO2-ZnO/Cu2O (500) 

is 0.02 %. 

Acknowledgement  

The authors would like to thank the 

Ministry of Research, Technology and 

Higher Education, the Republic of Indonesia 

for research. In addition, the authors would 

also like to thank the LPPM Samudra 

University for providing financial support 

through PDP Program No. 

202/UN54.6/LT/2019 given to the authors. 

References 

1.  Kaur J, Bethge O, Wibowo RA, Bansal 

N, Bauch M, Hamid R, dkk. All-oxide 

solar cells based on electrodeposited 

Cu2O absorber and atomic layer 

deposited ZnMgO on precious-metal-free 

electrode. Sol Energy Mater Sol Cells. 1 

Maret 2017;161:449–59.  

2.  Zhu Y, Mimura K, Isshiki M. Oxidation 

Mechanism of Cu2O to CuO at 600–1050 

°C. Oxid Met. 1 Oktober 2004;62(3–

4):207–22.  

3.  Lee S-K, Hsu H-C, Tuan W-H, Lee S-K, 

Hsu H-C, Tuan W-H. Oxidation 

Behavior of Copper at a Temperature 

below 300 °C and the Methodology for 

Passivation. Mater Res. Februari 

2016;19(1):51–6.  

4.  Minami T, Miyata T, Nishi Y. 

Relationship between the electrical 

properties of the n-oxide and p-Cu2O 

layers and the photovoltaic properties of 

Cu2O-based heterojunction solar cells. 

Sol Energy Mater Sol Cells. 1 April 

2016;147:85–93.  

5.  Tenailleau C, Salek G, Le TL, Duployer 

B, Demai J-J, Dufour. Heterojunction p-

Cu2O/ZnO-n solar cell fabricated by 

spark plasma sintering. Mater Renew 

Sustain Energy. 1 November 

2017;6(4):18.  

6.  Sakellis I, Giamini S, Moschos I, 

Chandrinou C, Travlos A, Kim C-Y. A 

Novel Method for the Growth of 

Cu2O/ZnO Heterojunctions. Energy 

Procedia. 1 Januari 2014;60:37–42.  

7.  Rokhmat M, Wibowo E, Sutisna, 

Khairurrijal, Abdullah M. Performance 

Improvement of TiO2/CuO Solar Cell by 

Growing Copper Particle Using Fix 

Current Electroplating Method. Procedia 

Eng. 1 Januari 2017;170:72–7.  

8.  Mathew S, Yella A, Gao P, Humphry-

Baker R, Curchod BFE, Ashari-Astani N. 

Dye-sensitized solar cells with 13% 

efficiency achieved through the 

molecular engineering of porphyrin 

sensitizers. Nat Chem. Maret 

2014;6(3):242–7.  

9.  Zainun AR, Tomoya S, Mohd Noor U, 

Rusop M, Masaya I. New approach for 

generating Cu2O/TiO2 composite films 

for solar cell applications. Mater Lett. 1 

Januari 2012;66(1):254–6.  

10.  Pavan M, Rühle S, Ginsburg A, Keller 

DA, Barad H-N, Sberna PM. TiO2/Cu2O 

all-oxide heterojunction solar cells 

produced by spray pyrolysis. Sol Energy 

Mater Sol Cells. 1 Januari 

2015;132:549–56.  

11.  Hussein AM, Iefanova AV, Koodali RT, 

Logue BA, Shende RV. Interconnected 

ZrO2 doped ZnO/TiO2 network 

photoanode for dye-sensitized solar cells. 

Energy Rep. 1 November 2018;4:56–64.  

12.  Sembiring MARS, Pramono SH, 

Maulana E. Pengaruh Variasi Ketebalan 

Titanium Dioksida (TiO2) Terhadap 

Daya Keluaran Dye Sensitized Solar Cell 

(DSSC). J Mhs TEUB;3(1). Available 

from: 

http://elektro.studentjournal.ub.ac.id/inde

x.php/teub/article/view/360 

13.  Fahyuan HD, Samsidar S, Farid F, 

Napitupulu S, Pakpahan S. DISAIN 

Prototipe Sel Surya DSSC (DYE 

SENSITIZED SOLAR CELL) Lapisan 

Grafit/TiO2 BERBASIS DYE ALAMI. J 

ONLINE Phys. 27 November 

2015;1(1):5–11.  

14.  Karki IB. Effect of Temperature on the I-

V Characteristics of a Polycrystalline 

Solar Cell. J Nepal Phys Soc. 28 Januari 

2016;3(1):35–40.  

15.  Fadlly TA, Fajriani FF, Harmawan TH. 

characteristics I-V OF Cu/Cu2O Solar 



Jurnal Neutrino:Jurnal Fisika dan Aplikasinya, Vol. 12, No.1, October 2019 (p.1-6) [6] 

 

Copyrigh © 2019, Jurnal Neutrino:Jurnal Fisika dan Aplikasinya,      ISSN:1979-6374/ EISSN:2460-5999 

Cells with Belimbing Wuluh 

(AVERRHOA BILIMBI L) Electrolyte 

Using Sun Simulator. J NeutrinoJurnal 

Fis Dan Apl. 22 Januari 2019;11(1):6–

10.  

16.  Sahdan MZ, Nurfazliana MF, 

Kamaruddin SA, Embong Z, Ahmad Z, 

Saim H. Fabrication and Characterization 

of Crystalline Cupric Oxide (CuO) Films 

by Simple Immersion Method. Procedia 

Manuf. 1 Januari 2015;2:379–84.  

17.  Wang L, Zhao Y, Wang G, Zhou H, 

Geng C, Wu C. Enhancing the efficiency 

of ZnO/Cu2O inorganic nanostructure 

solar cells simply by CdS quantum dots. 

Sol Energy Mater Sol Cells. 1 November 

2014;130:387–92.  

 


