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Abstract  Energy demands are increasing day by day because almost all equipment that 
supports human activities uses electrical energy. CIGS solar cells are an energy source that is 
environmentally friendly, renewable, and has high efficiency. Selenium is one of the materials 
used in making solar cell CIGS. However, researchers often find the problems of this material 
hard to dissolve compared to other materials (copper, indium, and gallium). Therefore, in this 
study, pure selenium will be synthesized to produce selenium dioxide (SeO2) as a material for 
making solar cell CIGS with electrodeposition. The XRF showed the resulting selenium dioxide of 
99.077%, SEM-EDX showed At% selenium from SeO2 greater than pure selenium, XRD showed 
CIGS orientation on (211) and (105). 
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Introduction 
 
CIGS (Copper, Indium, Gallium, Selenium) are solar cells formed from the combined inorganic type-P 
compounds, which are included in the I-III-VI group in the periodic table [1][2][3]. CIGS have compatibility 
used as solar cells because of high light absorption, can last a long time, and feasibility for large scale 
[4]. In addition, the CIGS has a range of gap bands around 1.01 eV to 1.60 eV, which easy electron 
transfers when under sunlight, and the value of density and electron mobility is 1012 cm-3 and 10 cm/VS 
[5]. 
 
Currently, various methods have been developed in the manufacture of CIGS films. Some of the methods 
offered require special equipment, for example co-evaporating [6], sputtering [7], and heating-up [8]. 
Which produces a uniform microstructure and good electrical properties, but this technique requires 
vacuum conditions and always maintains air pressure conditions under certain conditions. Otherwise, 
non-vacuum methods can be performed at room temperatures, such as electrodeposition [9], spin 
coating [1], and spray pyrolysis [10]. Among these techniques, electrodeposition is the most preferred 
method because it is simple, does not require vacuum equipment, thus reducing the cost of production, 
is stable, and has also been proven to produce CIGS absorbing layers in previous studies [4]. 
 
In general, the selenium coating of CIGS is derived from pure selenium obtained commercially. However, 
this has a weakness when scale-up production is carried out due to cost constraints. In addition, in the 
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CIGS fabrication process, selenium requires special conditions under a nitrogen atmosphere and 
requires a special solvent to dissolve [3]. Therefore, a material solution is needed to overcome this 
problem, using selenium dioxide (SeO2) as a selenium source. Selenium dioxide (SeO2) has various 
uses, including cheap and easy to obtain, thereby reducing production costs, has high chemical stability 
[11], does not require special solvents, and can be used as a material for CIGS solar cells [12]. 
 
Therefore, this study will fabricate a SeO2-based CIGS layer as a substitute for pure selenium using the 
electrodeposition method. Meanwhile, a pure selenium-based CIGS layer will be used as a control 
variable. 
 

Materials and methods 
 

Synthesis of SeO2 
5 grams of selenium powder was added to 2.5 ml of aquadest, then stirred for 120 minutes at 150 rpm 
at room temperature. After that, add 7.74 ml of hydrogen peroxide (H2O2) to the solution, stir for 120 
minutes at 150 pm. After the solution is formed, let stand for 24 hours at room temperature. Next, filter 
the solution using filter paper. Finally, the filtered powder was dried using a hotplate for 60 minutes at 
100 ⁰C. This procedure is shown in Figure 1. 
 

 
 

Figure 1. Synthesis selenium dioxide 
 
CIGS deposition with electrodeposition 
The CIGS absorber layer film in this study was carried out using the two-electrode electrodeposition 
method. The precursor used in this study was 3 Mm Cu(acac)2, 3 Mm InCl3, 0.9 Mm Ga(acac)2, 8 Mm 
Se (with pure Se and SeO2), which was dissolved in DI water, then dripped with HCl to adjust the pH 
solution of 1.7. In the electrodeposition process, a voltage of -1.5 V was applied. The resulting thin film 
was then annealed at 350 ⁰C for 30 minutes. After that, fabrication ITO/CIGS/ZnS with chemical bath 
deposition (CBD) and ITO/CIGS/ZnS/ZnO with spin coating method. 
 
Results and discussion 

 
X-Ray Fluorescence (XRF) is a tool that can analyze the composition contained in a sample/material by 
utilizing the interaction between x-rays and materials [13]–[15]. The synthesized selenium was then 
tested using XRF to determine the elemental composition contained in the sample. Table 1 shows the 
results of the XRF analysis of the synthesized selenium samples. 
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Table 1. Chemical compounds sample selenium determined by XRF spectroscopy. 

 

Chemical Compound Composition (%) 

P2O5 0.47 
CaO 0.16 
Cr2O3 0.035 
Fe2O3 0.078 
NiO 0.059 
CuO 0.041 
SeO2 99.077 
PtO2 0.08 

 
Based on the XRF results in Table 1, the total elemental composition is 100%, with selenium dioxide 
produced at 99.077%. This shows that pure selenium has been successfully synthesized into selenium 
dioxide. Selenium dioxide (SeO2) can be formed due to the reaction between selenium and hydrogen 
peroxide so that there will be oxidation of elements by peroxide [16], [17]. According to the following 
reaction: 
 

𝑆𝑒 + 2𝐻!𝑂! = 𝑆𝑒𝑂! + 2𝐻!𝑂    (1) 
 
Slowly adding hydrogen peroxide to a concentrated aqueous solution of pure selenium, which is not 
exceeded stoichiometrically by reaction (1), yields selenium dioxide [18]. Based on the data from Table 
1, it was found that the selenium produced had a high purity, reaching 99.077%. This indicates that the 
research conducted did not exceed the stoichiometry of the reaction (1). Therefore, it will affect the peak 
in the XRD results with a high purity level, and the CIGS peak will be more dominant if using selenium 
dioxide as a source of selenium. 
 
Figure 2 shows the diffraction pattern of CIGS with selenium source from pure selenium and selenium 
dioxide synthesized and deposited by electrodeposition method. Based on the High Score Plus analysis 
results, the sample diffraction pattern was obtained, which corresponds to the reference code 01-073-
1667, and the diffraction peak of the sample also corresponds to previous studies [19][3]. In the study of 
Mankoshi et al. [19], several CIGS peaks were found at 2θ=26.91⁰, 28.02⁰, 35.48⁰, 42.43⁰ until 71.69⁰. 
The CIGS sample is pure Se (Figure 2a), the CIGS peak is at 35.34⁰ with orientation (211), and the other 
peaks are ITO peaks. In the CIGS samples with selenium as the source of selenium dioxide (Figure 2b), 
the CIGS peaks were at 35.34⁰ with orientation (211) and 42.11⁰ with orientation (105). Therefore, the 
peak that appears in the sample indicates that same several previous studies. 
 
Based on Figure 2, there is one CIGS peak when using pure selenium as a selenium source and 
increases to two CIGS peaks when using selenium dioxide as a selenium source. This shows that the 
crystallinity of the film rises when using selenium dioxide (SeO2). In the CIGS deposition process using 
the electrodeposition method, soluble material is needed [20][2] because, in this method, the solvent 
used is a simple solvent, namely DI water. The nature of selenium dioxide, which is more soluble than 
pure selenium, causes the crystallinity of the CIGS films to increase when using selenium dioxide (SeO2) 
as a source of selenium. The crystal grain size was measured using the Debye-Scherrer equation, which 
is shown in Table 2. 
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Figure 2. CIGS diffraction pattern with (a) Pure Se (b) SeO2 
 

Table 2. Grain size of CIGS crystals with pure selenium (Se) and selenium dioxide (SeO2) 
 

No Sample FWHM Grain size (nm) 

1 CIGS with Pure Se 0.2785 65.92 
2 CIGS with SeO2 0.2671 57.72 

 
Based on Table 2, the grain size of CIGS crystals with pure Se was 65.92 nm, and the grain size of 
crystals with SeO2 was 57.72 nm. Thus, the grain size of CIGS crystals is reduced when using selenium 
as a source of selenium. This is following the research of Saidi et al., where the crystal grain size of CIGS 
is at 53 nm – 82.50 nm [2]. 

 
 

 
(a) 

 
(b) 

 

 
Figure 3. CIGS morphology with (a) Pure Se (b) SeO2 

 
A scanning electron microscope (SEM) is a tool used to analyze the surface or morphology of samples 
with magnification using a particular scale. Figure 3 shows the morphological structure of CIGS by (a) 
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using pure selenium and (b) using selenium dioxide from SEM. Based on Figure 3, the morphology on 
the surface of the two samples tends to be round, rough, and irregular. This is following several previous 
studies [2], [21]. CIGS electrodeposition process using selenium dioxide as a source of selenium, the 
morphology was almost the same as Aigul et al. [22], where there is aglomeration on the sample surface. 
The average particle size distribution of CIGS films with pure Se and SeO2 was 79.83 nm and 98.99 nm. 
 

Table 3. Composition of CIGS elements by EDX characterization 
 

Element  
Atomic % CIGS with Rasio Ga/(Ga+In) 

Pure Se SeO2 Pure Se SeO2 

Cu 16.86 6.37 

0.067 0.106 
In 18.47 18.13 

Ga 1.33 2.14 

Se 0.67 14.36 

Table 3 shows the composition of CIGS elements using EDX characterization. Based on the data in 
Table 3, the At% of selenium derived from selenium dioxide was higher than selenium derived from pure 
selenium. This is happening because selenium dioxide is more soluble when compared to pure selenium 
[18], so using selenium dioxide will facilitate the growing CIGS on ITO substrates. Therefore, At% is very 
influential on the performance of solar cells. To achieve solar cells with high efficiency, At% of selenium 
must be 30% to 50%. This percentage makes defects in the film minimal so that CIGS as an absorber 
layer can function more optimally [2][23]. At% of CIGS films with pure selenium as a source of selenium 
is 0.67% and with selenium dioxide is 14.67%, so using selenium dioxide as a source of selenium in 
CIGS solar cells is better than pure selenium. 

 
Table 4. Bandgap CIGS with pure selenium and selenium dioxide 

 

No Sample Bandgap (eV) 

1 CIGS with Pure Se 1.03 

2 CIGS with SeO2 1.06 
 

To obtain a good CIGS solar cell, the ratio of Ga/(Ga+In) is 0.1-0.3 because, at that ratio, the defects in 
the CIGS film are smaller [9]. In Table 3, the Ga/(Ga+In) ratio of pure selenium is 0.067 and SeO2 is 
0.106, so it can be seen that the defects in CIGS films using SeO2 are smaller than those of pure 
selenium. If the defects in the film are reduced, CIGS can function more optimally as an absorber layer. 
The use of pure selenium as a source of selenium in CIGS, in a Ga/(Ga+In) ratio of 0.067; this result did 
not meet the Ga/(Ga+In) ratio of the CIGS film, while the use of selenium dioxide as a source of selenium 
met the range of the Ga/(Ga+In) ratio. The CIGS band gap is about 1.01 eV to 1.60 eV [1], [5]. Bandgap 
CIGS can be obtained from the ratio Ga/(Ga+In) or GGI through the following equation [24]: 
 

𝐸! = 1 + 0.564	 × 𝐺𝐺𝐼 + 0.116 × 𝐺𝐺𝐼"    (2) 
 

based on equation (2), the bandgap of CIGS with pure selenium is 1.03 eV and with selenium dioxide 
1.06 eV, shown in Table 4. This shows an increase in the bandgap of CIGS films with selenium dioxide 
as the source of selenium. CIGS performance will be more optimal if the CIGS band gap is close to 1.60 
eV because it minimizes recombination and increases the Voc value [25]. 
 
When light hits the sample, there will be light absorption in layers because there is ZnO as a window 
layer, ZnS as a buffer layer, and CIGS as an absorber layer in a wide wavelength range so that it can be 
converted into the sunlight energy. The ability to convert energy from photons into electric charge by 
CIGS solar cells was measured using a solar simulator with a power of 100 mW cm-2 and a sample area 
of 0.5 cm. Figure 4 and Table 5 show the results of testing CIGS solar cells using a solar simulator. 
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Figure 4. J-V characteristics of CIGS solar cells with the solar simulator 
 

 
Table 5. Parameters of the J-V characteristics of CIGS solar cells with the solar simulator 

 

Sample Jsc 
(mA cm-2) 

Voc 
(V) 

FF 
(%) 

Efficiency 
(%) 

Pure Se 0.143 1.449 0.384 0.079 
SeO2 0.376 2.037 0.526 0.403 

 
Based on the literature review described previously and the results of XRD analysis which shows the 
grain size of CIGS with SeO2 is smaller than CIGS with Pure Se. If the grain size is small, the sample's 
surface area is more comprehensive so that the material's ability to store energy is more remarkable 
[24]. EDX analysts also showed that GGI CIGS with SeO2 had smaller crystal defects than CIGS with 
Pure Se. The XRD and SEM-EDX analysis results relate to the data in Table 5; the value of Jsc, Voc, 
and FF solar cell CIGS with SeO2 as a source of selenium is greater than that of pure selenium as a 
source of selenium. When the variable is significant, the efficiency as a benchmark for solar cell 
performance will also be more significant. The difference in efficiency is quite large, namely with pure 
selenium of 0.079% while with selenium dioxide (SeO2) of 0.4%. Thus, the use of selenium dioxide 
(SeO2) as a source of selenium will result in more excellent CIGS solar cell performance. 
 

Conclusions 
 

In this study, selenium dioxide has synthesized and deposited using electrodeposition. Based on the 
results of XRF, SEM-EDX, and XRD data analysis, it can be concluded that the synthesis of selenium 
dioxide and deposition of CIGS by electrodeposition has been successfully carried out. Based on 
literature studies, comparisons with other studies, and characterization results, CIGS with selenium 
dioxide as a source of selenium will produce CIGS solar cells with high performance. 
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