@ ISOMAse

Journal of Ocean, Mechanical and Aerospace
-Science and Engineering-
30™ November 2025. Vol.69 No.3

DOI:
10.36842/jomase.v69i3.569

Effect of Deposition Time on CIGS/TiO, Solar Cell Fabrication
Using PVD Sputtering Method

SB. Widia Rezaly Biharu Hayati,™" and Erdiansyah®

YMechanical Engineering, Universitas Kebangsaan Republik Indonesia, Indonesia

*Corresponding author: widiarezaly@gmail.com / sb.widiarezaly@ukri.ac.id

Paper History

Received: 14-October-2025
Received in revised form: 29-November-2025
Accepted: 30-November-2025

ABSTRACT

The CIGS (Copper Indium Gallium Selenide) thin film solar cells
have been widely studied for a long time and have achieved an
important position in the photovoltaic (PV) market. CIGS is one of
the most promising materials for thin film solar cell applications. In
this study, a thin film synthesis process was carried out on an ITO
(Indium Tin Oxide) substrate using CIGS and TiO, (titanium
Dioxide) with deposition time variations of 30. 45 and 60 minutes
using the PVD DC (Physical Vapor Deposition Direct Current)
Sputtering method. Based on the test results, there was a shift in the
diffraction peak along with the addition of the TiO, layer, which
indicated that the crystallization of ITO began to decrease and the
TiO, peak began to appear at deposition times of 45 minutes and 60
minutes. The formation of polycrystalline indicates good
crystallization and surface uniformity. The highest layer thickness
was obtained at a deposition time of 60 minutes, which was 426 nm,
due to the particle agglomeration process on the substrate surface.
The larger the particle agglomerates formed, the thicker the layer on
the substrate surface. The results of the UV-Vis (Ultraviolet
Visible) spectrophotometer test also showed that the overall band
gap energy value corresponds to the ideal value for photovoltaic thin
films, namely in the range of 1.04 eV to 3.5 V.

KEYWORDS: CIGS, TiO2, PVD sputtering, Thin film,
Solar cell.

NOMENCLATURE
PVD Physical Vapor Deposition
DC Direct Current

ITO Indium Tin Oxide

CIGS  Copper Indium Gallium Selenide
TiO, Titanium dioxide

SEM Scanning Electron Microscopy
UV-Vis Ultraviolet Visible

1. INTRODUCTION

Copper Indium Gallium Selenide (CIGS) has been studied for
the past five decades. CIGS coatings are the most promising
for producing high-efficiency absorption. The highest
efficiency absorption generally uses vapor deposition
techniques [1]. CIGS exhibits high performance due to its
chemical stability, high absorption capacity, non-toxicity, and
good transport properties. This indicates that further
development of CIGS for solar cell technology is still very
possible [2]. CIGS-based solar cells are considered one of the
most promising solar cells due to their high efficiency and
low production costs. In addition, they also have excellent
durability and stability. Due to their flexibility and light
weight, they can also be an attractive choice [3]. The
absorption coefficient of CIGS is very high, around of 105
cm’ in the visible spectrum of sunlight [4].

Titanium oxide (TiO,) is an attractive semiconductor
oxide with a wide band gap, good optical properties, and
chemical stability [5]. When exposed to light, the holes in
titanium dioxide develop a high potential that can oxidize
organic materials [6]. TiO, is known to have a suitable band
gap for photocatalytic processes, thus facilitating excitation of
electrons to the conduction band, thus optimizing the
absorption of ultraviolet light [7]. Several techniques
commonly used to create thin layers on TiO, are deposition
methods such as sol gel, atomic layer deposition, electro
deposition, and deposition with sputtering techniques [8].

The sputtering deposition method is the most attractive
and simple compared to other methods [9]. The thin film
deposition (PVD) technique involves the evaporation or
atomization of material from a solid source, usually called a
target. The target to be used as a coating is decomposed using
ionized gas molecules, causing the target atoms to release
their electrons and become the plasma. To obtain good
sputtering results, sufficient ion energy is required and
directed to the target surface to eject atoms from the material.
The ejected atoms must be able to move freely towards the
substrate [10].

Thin films have various ranges in thickness, from a few
atomic layers to a few microns. Surface properties and the
transition zone between the substrate and the deposited
material were change as a result of this process. Conversely,
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substrate properties can also affect film properties. PVD
techniques aim to improve coating properties and deposition
rates while maintaining initial surface cleaning to prevent
contamination [11]. Atomic deposition can occur in a
vacuum, gas, plasma, or electrolyte environment. The vacuum
environment in the deposition chamber also significantly
reduces gas contamination during the deposition process [12].

In previous research, photovoltaic was made using the
DSSC method using TiO, on an FTO substrate. TiO, is an n-
type semiconductor so it can function as a collector and
electron distributor. The nanostructure in TiO, allows the
light absorption process to be more abundant and efficient
[13]. While CIGS is a p-type semiconductor that functions to
capture electrons carried by the n-type. So it will form a p-n
junction layer which is needed in semiconductor applications
in solar cells [14].

This study combines CIGS and TiO, thin layers with the
aim of obtaining the characteristics, surface thickness, and
band gap energy of ITO substrates coated with CIGS and
TiO, at various TiO, deposition times of 30, 45, and 60
minutes.

2. RESEARCH METHOD

2.1 ITO Substrate Preparation and Deposition Process

The deposition process begins with the preparation of the
ITO substrate, as shown in Figure 1. This involves alternating
washing with alcohol solutions to remove contamination. This
soaking is carried out in an ultrasonic cleaner bath for 5
minutes, after which the substrate is dried with a dry tissue
paper.

After the washing process, a pre-vacuum was performed
on the substrate using a pressure of 2 x 10-2 torr for 15
minutes with the entire Argon (Ar) gas flowing in the
chamber with a pressure of 2.5 x 10-2 torr. Next, the
deposition process was carried out using PVD DC Sputtering

Washing Process Vacoum Process

with the deposition parameters used being 71 watts, DC-Bias
800 V, and a distance of 3 cm from the target material. The
deposition process begins using the CIGS target material for
60 minutes to form the first layer, then a re-deposition process
was carried out using TiO, target material with variations of
30, 45, and 60 minutes.

2.2 Testing Process

The testing stage on substrates that have been coated with
CIGS and TiO, was carried out using X-Ray Diffraction
(XRD), Scanning Electron Microscopy (SEM) and UV—-Vis
Spectrophotometry tests as shown in Figure 2. XRD testing
was conducted at the ITB Nanoscience and Nanotechnology
Research Center using Bruker D8 Advance type X-Ray
Diffraction (XRD) with the aim of identifying elements and
compounds formed in the CIGS and TiO, layers. The XRD
testing range used was using a diffraction angle of 26, which
is around 0° - 95°. XRD parameters was used after obtaining
graph of the test results and identified with the help of the
Joint Committee on Powder Diffraction Standards (JCPDS)
database software.

SEM testing was conducted at the ITB Nanoscience and
Nanotechnology Research Laboratory. The instrument
operates by firing an electron beam to determine surface
thickness. The voltage used ranges from 0 to 30 kV and uses a
silicon drift detector (SDD) type. ITO samples coated with
CIGS and TiO, were analyzed in cross-section to observe the
layer thicknesses formed from varying deposition times.

UV-Vis Spectrophotometry testing was conducted at the
ITB Nanoscience and Nanotechnology Research Center using
a UV-Vis Spectrophotometer type 220. The spectrometer is
used to measure the intensity of light that can be absorbed by
a sample at a certain wavelength. The wavelength range used
in this study is 200-800 nm. The measurement principle used
is transmission which produces output in the form of
absorbance power.

CIGS Deposition

Figure 1: Substrate preparation and deposition process

XRD test

SEM - EDX
Figure 2: CIGS/TiO, coating testing process

UV-Vis Spectrophotometry
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3. RESULT AND DISCUSSION

3.1 XRD Characterization Results Analysis
The results of XRD analysis on ITO substrates coated

with CIGS and CIGS- TiO, showed diffraction peaks at angles
of 21.4, 30.5, 35.4, 51.0, and 60.6, respectively corresponding
to the area (211), (222), (400), (440), and (622) of ITO
(JCPDS data file No: 06-0416), 26.8, 44.6, 52.9, respectively
corresponding to the area (112), (220), (321) of CIGS
(JCPDS data file No: 35-1102), and 25.270, 36.910, 37.771,
38.528, 48.010, 53.849, 55.037, 62.073, 62.649, each
corresponding to the area (101), (103), (004), (200), (105),
(211), (204) of TiO, (JCPDS data file No: 00-004-0477).
Based on the XRD test results, the following diffraction peaks
were obtained.
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Figure 3: Results of XRD test analysis on CIGS and CIGS-
TiO, layers

Based on Figure 3, the formation of the area (211) around the
angle of 21.4 has a less sharp peak than ITO. The peak shift
begins to occur when given the treatment of adding a layer of
TiO, where it begins to shift at an angle of 25.270 which is the
peak of TiO2. This shows that it begins to shift to the right
which indicates that the crystallization of ITO begins to
decrease. While the TiO, peak that begins to appear is shown
at the TiO, deposition time of 45 minutes and 60 minutes. A
sharp peak at around 26.8 with a weak peak at 44.6, indicates
the formation of a tetragonal chalcopyrite structure CIGS
[12]. The most intense peak at 26.8 indicates a polycrystalline
CIGS alloy with the formation of a (112) plane with a tapered
peak. Small angles and tapered peaks indicate stress
modification in the material, resulting in a more homogeneous
and dense layer [15]. The formation of polycrystalline CIGS
indicates good crystallization and surface uniformity [16].
This indicates that the crystallization of CIGS increases. The
thin CIGS layer that shows a more intense and sharp
diffraction peak is the CIGS layer without TiO,.

3.2 Thickness analysis using SEM

SEM testing is performed using the cross-section method
to determine the thickness of a layer. This test uses 10,000 x
magnifications for each layer.
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Figure 4: (a) CIGS morphology, image (b) CIGS/ TiO, 30 min
morphology, image (c¢) CIGS/ TiO, 45 min morphology, and
image (d) CIGS/ TiO, 60 min morphology

In Figure 4(a),(b),(c),(d) it can be seen that the layer
formed by the sputtering method produces a dense
morphology and experiences an increase in thickness along
with the increase in deposition time. The particle
agglomeration process on the substrate surface can affect the
thickness of the CIGS- TiO, layer, where the larger the
particle clumps formed, the thicker the layer on the substrate
surface (biological). The layer thickness values vary and show
an increase along with the increase in deposition time as seen
in Table 1. The highest layer thickness was obtained at a
deposition time of 60 minutes, which was 426 nm. The
decrease in thickness in the CIGS- TiO, layer shown at a
deposition time of 30 minutes was 290.33 nm. The lowest
thickness of all variations was shown in the CIGS layer
without TiO,, which was 260.67 nm. The thickness of the
layer is one of the important parameters in determining the
performance of the resulting cell device [17]. A thicker thin
layer can increase light absorption with the possibility of
increasing charge recombination simultaneously [18].

Table 1: Results of coating thickness on ITO substrate

No Sample Layer Thickness (nm)
1 CIGS without TiO, 260.67
2 CIGS - TiO, 30 min 290.33
3 CIGS - TiO, 45 min 402.67
4 CIGS - TiO, 60 min 426.00

3.3 Optical Properties of CIGS-TiO2 Thin Films Using
UV-Vis Spectrophotometry

UV-Vis Spectrophotometry tests on CIGS/ TiO, thin films
were conducted to determine the film's absorption spectrum.
The absorption spectrum in this study was measured in the
range of 200-800 nm, where the UV spectrum (200-400 nm)
and the visible spectrum (400-800 nm) were measured.
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Figure 5: Band Gap Energy of CIGS and CIGS Coatings with

TiO,

Based on Figure 5, the UV-Vis characterization results
identify the band gap of a semiconductor using the Tauc vs
ahv2 plot. hv The band gap absorber layer material is an
important parameter for solar cells, because it is the minimum
energy required for electrons to move from the valence band
to the conduction band. The photogeneration process also
occurs in the semiconductor band gap. Based on Figure 15,
the band gap energy value for the CIGS layer without TiO, is
3.11 eV, CIGS - TiO, 30 minutes is 2.75 eV, CIGS - TiO, 45
minutes is 3.02 eV, and CIGS-TiO2 60 minutes is 3.18 eV.

Based on this, it can be interpreted that the formed layer
has a good light radiation absorption area in the UV region.
This sharp bend indicates that the TiO, particles deposited in
the form of a layer begin to be detected by UV light [19]. This
also indicates that the CIGS - TiO, thin layer has the ability to
absorb UV-A light radiation at a band gap varying from 1.04
eV to around 3.5 eV [20].

4.0 CONCLUSION

In this study, the peak shift began to occur when the TiO, layer was
added, indicating that the ITO crystallization began to decrease and
showed that the TiO, peak began to appear at 45 and 60 minutes of
deposition time. The highest layer thickness was obtained at 60
minutes of deposition time, which was 426 nm. The particle
agglomeration process on the substrate surface can affect the
thickness of the CIGS- TiO, layer, where the larger the particle
clumps formed, the thicker the layer on the substrate surface will be.
The band gap energy value for the CIGS and TiO, layers is in the
range of 1.04 eV to 3.5 eV. Based on this, it can be interpreted that
the layer formed has a good light radiation absorption area in the UV
region. So the process of forming a thin layer of CIGS/ TiO, makes
it possible to become a candidate for photovoltaic in the future.

REFERENCES

[1] Park, J. C., Al-Jassim, M., Shin, S. W., Kim, J. H., &
Kim, T. W. (2019). Comprehensive characterization of
CIGS absorber layers grown by one-step sputtering
process. Ceramics International, 45(4), 4424-4430.
https://doi.org/10.1016/j.ceramint.2018.11.120.

[3]

[5]

[6]

(8]

[10]

[11]

[13]

Albiss, B., & Al-Widyan, M. (2023). Numerical
simulation, preparation, and evaluation of Cu (In, Ga)
Se2 (CIGS) thin-film solar cells. ChemEngineering,
7(5). https://doi.org/10.3390/chemengineering7050087.
Ishizuka, S., Yamada, A., Fons, P., & Niki, S. (2009).
Flexible Cu(In,Ga)Se2 solar cells fabricated using
alkali-silicate glass thin layers as an alkali source
material. Journal of Renewable and Sustainable Energy,
1(1), 0-8. https://doi.org/10.1063/1.3005376.
Bouabdelli, M. W., Rogti, F., Maache, M., & Rabehi,
A. (2020). Performance enhancement of CIGS thin-film
solar cell. Optik, 216.
https://doi.org/10.1016/].ijle0.2020.164948.

Park, G. S., Lee, S., Kim, D.-S., Park, S. Y., Koh, J. H.,
Won, D. H., Lee, P., Do, Y. R., & Min, B. K. (2023).
Amorphous  TiO®>  passivating  contacts  for
Cu(In,Ga)(S,Se)2 ultrathin solar cells: defect-state-
mediated hole conduction. Advanced Energy Materials,
13(8). https://doi.org/10.1002/aenm.202203183.
Léckinger, J., Nishiwaki, S., Weiss, T. P., Bissig, B.,
Romanyuk, Y. E., Buecheler, S., & Tiwari, A. N.
(2018). TiO2 as intermediate buffer layer in
Cu(In,Ga)Se2 solar cells. Solar Energy Materials and
Solar  Cells, 174(September  2017), 397-404.
https://doi.org/10.1016/j.s0lmat.2017.09.030.
Widia-Rezaly-Biharu-Hayati, S., Erdiansyah, E., &
Hendrawan, W. (2024). Morphological characterization
and optical properties of CIGS/TiO2 thin films using
sputtering technique. Journal of Ocean, Mechanical and
Aerospace-science and engineering-, 68(3), 133-138.
Don, C. H., Shalvey, T. P., Smiles, M. J., Thomas, L.,
Phillips, L. J., Hobson, T. D. C., Finch, H., Jones, L. A.
H., Swallow, J. E. N., Fleck, N., Markwell, C., Thakur,
P. K., Lee, T. L., Biswas, D., Bowen, L., Williamson,
B. A. D,, Scanlon, D. O., Dhanak, V. R., Durose, K., ...
Major, J. D. (2023). Multi-phase sputtered TiO2-
induced current-voltage distortion in Sb2Se3 solar
cells. Advanced Materials Interfaces, 10(20).
https://doi.org/10.1002/admi.202300238.

Kim, H., Wang, Y., Denisov, N., Wu, Z., Kment, S, &
Schmuki, P. (2022). DC sputter deposited TiO2 layers
on FTO: towards a maximum photoelectrochemical
response of photoanodes. Journal of Materials Science,
57(27), 12960-12970. https://doi.org/10.1007/s10853-
022-07420-4.

Purniawan, A., Biharu Hayati, S. W. R., Atmono, T. M.,
Fajarin, R., & Wicaksono, S. T. (2019). The effect of
deposition time on ag-zn thin film forming using rf
sputtering for antimicrobial coating orthopedic devices.
Materials  Science  Forum, 964 MSF, 246—
250.https://doi.org/10.4028/www.scientific.net/ MSF.96
4.246.

Baptista, A., Silva, F., Porteiro, J., Miguez, J., & Pinto,
G. (2018). Sputtering physical vapour deposition (PVD)
coatings: A critical review on process improvement
andmarket trend demands. In Coatings (Vol. 8, Issue
11). MDPI AG.
https://doi.org/10.3390/COATINGS8110402.
Gulkowski, S., & Krawczak, E. (2020). RF/DC
magnetron sputtering deposition of thin layers for solar
cell fabrication. Coatings, 10(8).
https://doi.org/10.3390/COATINGS10080791.

Adel, C., Fethi, B. M., & Brahim, B. (2016). Effect of
annealing under various atmospheres on the properties

WEPM JOMAse |Received: 14-October-2025 | Accepted: 30-November-2025 | [(69) 3: 279-283]
Published by International Society of Ocean, Mechanical and Aerospace Scientists and Engineers, www.isomase.org., ISSN: 2354-7065 & e-ISSN: 2527-6085



@ ISOMAse

nal Soclety of Ocean, Mechanical ai

Journal of Ocean, Mechanical and Aerospace
-Science and Engineering-
30™ November 2025. Vol.69 No.3

DOI:
10.36842/jomase.v69i3.569

[14]

[15]

[16]

[17]

of electrodeposited CIGS thin films on ITO coated glass
substrates. Journal of Materials Science: Materials in
Electronics, 27(4), 3481-3487.
https://doi.org/10.1007/s10854-015-4181-y.

Adhitya, E. A., Ramelan, A. H., & S, S. (2016). Sintesa
titanium dioxide (TiO2) untuk dye-sensitized solar cell
dengan antosianin bunga rosella (hibiscus sabdariffa).
Indonesian Journal of Applied Physics, 3(02), 181.
https://doi.org/10.13057/ijap.v3i02.1268.

Shabrina, N., Yudoyono, G., & Sudarsono, S. (2023).
Karakterisasi struktur, morfologi, dan sifat optik lapisan
tipis titanium dioksida yang dideposisi menggunakan
teknik spray pyrolysis. Jurnal ~Sains dan  Seni
ITS, 11(5), B1-B6.

Salhi, B. (2022). The photovoltaic cell based on CIGS:
principles and technologies. Materials, 15(5).
https://doi.org/10.3390/ma15051908.

Bandaru, N., & Panda, E. (2021). Influence of CIGS

[18]

[19]

[20]

film  thickness on the microstructure, bulk
optoelectronic, and surface electrical properties. Journal
of Materials Science: Materials in Electronics, 32(24),
28618-28632. https://doi.org/10.1007/s10854-021-
07238-x.

Chiou, C.-S., & Penga, H.-C. (n.d.). Copper-indium-
gallium-diselenide nanoparticles synthesized by a
solvothermal method for solar cell application.

Shen, G., Du, Z., Pan, Z., Du, J., & Zhong, X. (2018).
Solar paint from TiO2 particles supported quantum dots
for photoanodes in quantum dot—sensitized solar cells.
ACS Omega, 3(D), 1102-1109.
https://doi.org/10.1021/acsomega.7b01761.

Sylla, A., Touré, S., & Vilcot, J. P. (2018). Numerical
modeling and simulation of CIGS-based solar cells with
ZnS buffer layer. ARPN Journal of Engineering and
Applied Sciences, 13(1), 64-74.
https://doi.org/10.4236/0jmsi.2017.54016.

WIEM JOMAse | Received: 14-October-2025 | Accepted: 30-November-2025 | [(69) 3: 279-283]
Published by International Society of Ocean, Mechanical and Aerospace Scientists and Engineers, www.isomase.org., ISSN: 2354-7065 & e-ISSN: 2527-6085



