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A B S T R A C T 

Solar cells based on crystalline structured materials such as CIGS (Coper 

Indium Gallium Selenium) have great potential to replace limited fossil 

energy sources. Optimization of CIGS solar cells was carried out using the 

electrodeposition method. Electrodeposition is carried out by dipping ITO 

and platinum substrate electrodes into a CIGS solution with a voltage of -

2V for 5-15 minutes. Samples were characterized using XRD, SEM, and 

UV-Vis. Based on the XRD characterization results, the length of 

electrodeposition time increases the intensity in the hkl 211 and 112 

planes, which indicates better CIGS crystallinity. The results of SEM 

characterization revealed that the CIGS particle size on the substrate 

surface can be deposited evenly, with the particle size getting smaller, 

namely 0.76, 0.68, and 0.32 μm. The SEM analysis also obtained the 

porosity values, namely 59.28, 64.05, and 68.34. The length of time for 

CIGS electrodeposition does not significantly affect the absorbance of the film in the UV light range, namely 300 

- 350 nm. However, the CIGS band gap becomes larger, namely 3.66, 3.71, and 3.73 eV. 
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A B S T R A K 

Sel surya berbasis material berstruktur kristal seperti CIGS (Coper Indium Gallium Selenium) berpotensi besar 

menggantikan sumber energi fosil yang sifatnya terbatas. Optimasi solar sel CIGS dilakukan dengan metode 

elektrodeposisi. Elektrodeposisi dilakukan dengan mencelupkan elektroda berupa substrat ITO dan platina ke 

dalam larutan CIGS yang diberi tegangan -2V selama 5-15 menit. Sampel dikarakterisasi dengan menggunakan 

XRD, SEM, dan UV-Vis. Berdasarkan hasil karakterisasi XRD, lama waktu elektrodeposisi meningkatkan 

intensitas pada bidang hkl 211 dan 112, yang mengindikasikan kristalinitas CIGS yang semakin baik. Hasil 

karakterisasi SEM, diperoleh informasi bahwa ukuran partikel CIGS pada permukaan substrat dapat terdeposisi 

secara merata, dengan ukuran partikel yang semakin mengecil, yaitu 0,76; 0,68; dan 0,32 μm. Dari analisis SEM, 

juga didapatkan nilai porositas yaitu 59,28; 64,05; dan 68,34. Lama waktu elektrodeposisi CIGS tidak banyak 

mempengaruhi absorbansi film yang berada pada rentang sinar UV yaitu 300 – 350 nm. Akan tetapi, menggeser 

band gap CIGS menjadi semakin besar yaitu 3,66; 3,71; dan 3,73 eV. 

Kata kunci: CIGS; elektrodeposisi; lapisan tipis; waktu elektrodeposisi 
 

1.  INTRODUCTION 

Energy needs in Indonesia are dominated by energy originating from fossils such as oil, natural gas, and coal 

(Rahman et al., 2021). Meanwhile, the availability of fossil energy is dwindling, making researchers try to find 

new and renewable energy sources. Various types of renewable energy are available in nature, such as sunlight, 

sea waves, and wind (Ostergaard et al., 2022). Solar energy has great potential to meet the energy consumption 

needs of humans. The sun has an unlimited amount of energy (Kumar et al., 2023) and is environmentally friendly. 

Solar energy can be converted into electrical energy with a solar cell device. Solar cells work by absorbing photon 
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energy in specific wavelengths of sunlight, which results in electron jumps in the energy band of the solar cell 

material. 

There are three generations of solar cells (Chukwuemeka et al., 2024); the first is generation one, which is 

silicon-based, for example, monocrystalline (Ray et al., 2023) and polycrystalline. These silicon-based solar cells 

are expensive. Apart from that, there are limitations to the use of this first-generation solar cell because of its thick 

dimensions. In the second generation, solar cells are based on thin films such as perovskite (Suo et al., 2025), 

amorphous silicon (Mufti et al., 2024), and CIGS (Mufti et al., 2020). This second-generation solar cell has high 

efficiency and can be deposited on a flexible substrate, making it easier to use. Meanwhile, the third generation is 

organic-based, such as Dye-sensitized solar cells (DSSC) (Yuliana et al., 2024). These solar cells are indeed very 

environmentally friendly, but their development is still limited to a lab scale and has not been widely produced on 

a mass scale (Nadhira et al., 2024). Various types of solar cell technology have been developed by researchers to 

date. One of them is the Copper Indium Gallium Diselenide (CIGS) solar cell (Adhikari et al., 2024). CIGS has 

attracted much interest from researchers because its performance can compete with first-generation solar cells sold 

commercially. The band gap value resulting from the Tauc graph plot has a value that is greater than the CIGS 

nanoparticles produced in previous research, namely 2.35 eV ~ 2.6 eV (Mankoshi et al., 2018). CIGS are usually 

produced using vacuum methods such as CVD (Kafashan et al., 2024), co-evaporation, and sputtering (Chamidah 

et al., 2024). However, this method requires expensive costs and high investment in equipment. 

Until now, many non-vacuum methods have been used, such as spray coating (Park et al., 2025), spin coating 

(Dewi et al., 2020), knife coating, and electrodeposition (El-Bassri et al., 2025). The electrodeposition method is 

in great demand because it is easy to do with simple and cheap equipment but can produce a homogeneous CIGS 

layer. CIGS, using an electrodeposition method with SeO2 as a selenium source, was done by a previous study 

(Rahmawati et al., 2022). Various electrodeposition parameters are determining factors in the properties of the 

resulting CIGS film. Several factors can influence the electrodeposition process, such as solvent, voltage during 

deposition (Saeed et al., 2021), pH of the CIGS solution (Oliveri et al., 2021), and distance of the electrode to the 

ITO substrate (Lara-Lara et al., 2019). However, not many studies have reported the effect of variations in 

deposition time on the resulting CIGS layer. Therefore, in this research, a study was carried out on the effect of 

electrodeposition time on the film structure, CIGS crystallinity, and absorbance of the CIGS film. 

2.  METHOD 

 
 

Figure 1. Illustration of CIGS deposition 

First, 5 gr of selenium powder is dissolved in 2.5 mL of distilled water and then stirred at 150 rpm for 120 

minutes at room temperature. After that, add 7.74 mL of hydrogen peroxide (H2O2) and stir at 150 rpm for 120 

minutes. After the solution is formed, let it sit for 24 hours at room temperature. Filter the solution using filter 

paper. The filtered powder was dried using a hotplate for 60 minutes at 100oC. Second, the deposition of CIGS on 

the ITO substrate using the electrodeposition method. The precursors were 3 mM CuCl2 + 2H2O, 3 mM InCl3, 0.9 

mM Ga(acac)2, and 8 mM SeO2 (from the first step), which was dissolved in DI water, then HCl was added to 

adjust the pH of the solution to 1.7 and 2.2. In the electrodeposition process (Figure 1), time variations of 5 minutes 

(sample 1), 10 minutes (sample 2), and 15 minutes (sample 3) were given with a voltage of 2 volts. The resulting 

thin film was then annealed at 350oC for 30 minutes. The crystal area will produce peaks resulting from X-ray 

diffraction (XRD) from the XRD-E'xpert PRO instrument. The light used is a CuKα wavelength (λ) of 1.54060 Ǻ 

with a step size of 0.02 degrees, and the graphic results are limited to a diffraction angle of 2θ scanned in the range 

10-90˚ The surface morphology of the CIGS was analyzed using scanning electron microscopy (SEM). The 

obtained SEM images were processed using ImageJ software to determine the particle size. The CIGS film's 

absorbance was obtained from the UV-Vis Analytical Jena Specord 200. 
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3.  RESULT AND DISCUSSION 

 
Figure 2. XRD pattern of CIGS film 

Figure 2 shows the results of XRD characterization. Based on the analysis, the diffraction peak is dominated 

by ITO glass. The diffraction peaks at Bragg angles (2θ) of 30.35, 45.57, 50.80, and 60.45 correspond to (222), 

(431), (440), and (622) planes of the ITO lattice (Thirumoorthi et al., 2016), while 35.49 and 21.45 correspond to 

(211) and (112) CIGS lattice planes (Yang et al., 2016). The intensity of the CIGS peaks in these planes shows an 

increase. This increase in CIGS intensity indicates that crystallinity also increases (Wu et al., 2018). The hkl 112 

and 211 fields are often identified as parameters of some phases, such as Cu-Se, CIS, CIGS, and so on (Farooq et 

al., 2019). Several studies reported that increasing the electrodeposition time could increase the Ga content in the 

CIGS formed (Mandati et al., 2019). The electrodeposition process basically involves flowing a negative voltage 

through the electrode so that the material which is a positive ion will move closer to the negative electrode, in this 

case the ITO substrate. The electrodeposition process, which is carried out in a short time, will not provide enough 

energy for the elements Cu, In, Ga and Se to bond perfectly and grow into crystals. This is what causes only two 

CIGS peaks to be detected in the XRD characterization results.  

 
Figure 3. SEM images and particle size distribution of CIGS films (a) Sample 1, (b) sample 2, and (c) sample 3 
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Table 1.  The porosity and particle size distribution of each CIGS film 
Sample Porosity (%) Particle size distribution (nm) 

Sample 1 59.28 0.76 

Sample 2 64.05 0.68 

Sample 3 68.34 0.32 

 

Figures 3 (a)-(c) are the results of SEM testing magnified 100,000 times of CIGS thin films with varying 

deposition times of 5, 10, and 15 minutes. The morphology shown from each film is circular CIGS particles that 

agglomerate with different sizes. The average diameter of electrodeposited CIGS particles deposited for 5, 10, and 

15 minutes, namely 0.76, 0.68, and 0.32 μm, respectively. Based on the results of this characterization, it can be 

seen that the longer the electrodeposition time, the smaller the CIGS particles that stick to the substrate with the 

same voltage. From the same SEM image, the porosity value of each sample can also be characterized. Porosity 

in the CIGS film layer is a substrate layer that is not coated with CIGS material of the area of the substrate coated 

with CIGS is thinner than the surrounding area (Mufti et al., 2022). The porosity and particle size distribution of 

each CIGS films are shown in Table 1. Based on the results of this analysis, the porosity value of CIGS films tends 

to increase.  This increase in porosity is caused by increased CIGS nucleation along with the length of 

electrodeposition time used. When electrodeposition is carried out, the CIGS particles will stick to the surface of 

the conductive substrate. This attached particle arrangement will form pores on the substrate surface due to particle 

agglomeration. The longer the electrodeposition time, the agglomeration decreases due to the increase in grain 

boundaries. As a result, the particle size will become smaller, as shown in Figure 3. This smaller particle size 

distribution causes more pores to form. Electrodeposition carried out for 5 minutes resulted in a porosity of 

59.28%. This result is lower compared to electrodeposition for 10 and 15 minutes, namely 64.05 and 68.34%. This 

increase in porosity due to nucleation was also reported (Lin et al., 2012). The porosity characterization of this bag 

shows that the longer the electrodeposition time, the more CIGS particle grain boundaries will increase, which 

causes a reduction in particle agglomeration, as reported in the SEM characterization results. 

 

 
Figure 4. (a) UV-Vis spectra of CIGS films, and Tauc plot of (b) sample 1, (c) sample 2, (d) sample 3 

Figure 4 (a) shows that CIGS film absorbs light maximally at a wavelength of 300 – 350 nm, which is the UV 

wavelength (Li et al., 2019). Adding a window layer and buffer layer with a wider band gap can increase the 

absorption of this wavelength range (Ghavami et al., 2020; Tobbeche et al., 2019). The amount of light spectrum 

that can be absorbed by a solar cell is determined by the band gap of the semiconductor. The type of band gap is 

highly dependent on the absorption coefficient. The absorption coefficient (𝛼) can be calculated using the equation 

1: 

𝛼(𝑣) = 2.303
𝐴

𝑑
                           (1) 
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and the relationship between photon energy and the absorption coefficient is formulated by equation 2: 

𝛼ℎ𝑣 = 𝐵(ℎ𝑣 − 𝐸𝑔)𝑛                  (2) 

Meanwhile, photon energy (ℎ𝑣) is formulated using the following equation 3: 

ℎ𝑣 = ℎ
𝑐

𝜆
                                        (3) 

where (𝑣) is the absorption coefficient (eV/m-2), A is the surface area, and d is the layer thickness (nm), ℎ𝑣 is the 

photon energy, B is the constant, 𝐸𝑔 is the gap energy, and n is the exponent value which shows the nature of the 

band gap transition directly with a value of 1/2, h is Planck's constant (6.626 × 10-34 Js), c is the speed of light in 

air (3 × 108 m/s), and λ is the wavelength (nm). 

Based on the band gap data presented in Figure 4 (b) – (d), namely 3.66, 3.71, and 3.73 eV for films that were 

electrodeposited for 5, 10 and 15 minutes, respectively. The CIGS band gap value tends to increase with the length 

of CIGS film electrodeposition time. This is related to the longer the deposition time, the less Cu content is bound 

to the film layer. As Cu decreases, to reach chemical equilibrium, the Ga content will increase. This increase in 

Ga simultaneously increases the Ga/(In + Ga) ratio which specifically increases the CIGS band gap. 

4.  CONCLUSION  

The CIGS film has been successfully coated using the electrodeposition method with a voltage of -2 V. In this 

research, varying electrodeposition times of 5, 10, and 15 minutes were carried out to determine the effect on the 

CIGS film's microstructure, morphology, and optical properties. The CIGS diffraction peaks were detected in the 

hkl 211 and 112 planes. Crystallinity increased over time with deposition time. The results of SEM analysis show 

that the particle sizes are 0.76, 0.68, and 0.32 μm, respectively. Meanwhile, UV-vis characterization shows that 

the absorbance and CIGS band gap are 3.66, 3.71, and 3.73 eV, respectively. The resulting CIGS film absorbs 

wavelengths best in the UV range.  
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