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Copper Indium Gallium Selenium (CIGS) is a type of solar cell with
great potential to be developed to meet increasing energy needs.
Electrodeposition is the preferred technique for fabricating CIGS
solar cells because it is simple, does not require vacuum equipment,
and is low-cost. One factor influencing electrodeposition is the
counter electrode, so in this research, CIGS will be fabricated using
platinum wire and platinum plate as the counter electrode. Based on
the XRD results of CIGS oriented at (112), (211), (220), and (312),
the UV-Vis results show that the resulting CIGS has an absorbance
peak of 390 nm. CIGS solar cell performance results based on
photoresponse produce 0.99 s and 0.45 s when using platinum wire
and plate consecutively. Both platinum wire and plate as counter
electrodes in electrodeposition can produce CIGS solar cells.
However, CIGS with a platinum plate as a counter electrode
produces more optimal CIGS performance.

Copyright © 2024 Authors. All rights reserved.

Introduction

CIGS solar cells consist of a mixture of copper, indium, gallium, and selenium materials, with a
band gap of 1.04 to 3.50 Ev [1]. CIGS has high radiation resistance, which can be used as an
absorber layer in solar cells [2]. Various methods have been developed to fabricate CIGS solar
cells, such as co-evaporating [3], sputtering [4], and heating up [5], but this technique requires
vacuum conditions, and production costs are very high. Otherwise, there are non-vacuum
methods such as electrodeposition. [6], spin coating [7], and spray coating [8]. Electrodeposition
is the most preferred method because it is simple, stable, low cost, does not require vacuum

conditions, and has been proven capable of producing CIGS solar cells [9].

The author's research group has developed the synthesis of CIGS solutions using the hot injection
method and deposited them using knife coating, spin coating, and selenation methods [2], [7], [8].

259



P-ISSN: 2615-1278, E-ISSN: 2614-7904

The deposition results using these three methods are less homogeneous, too thick, and have
unstable outputs. So, CIGS synthesis and deposition are carried out using the electrodeposition
method to obtain CIGS solar cells with homogeneous and stable output.

Electrodeposition or electrolytic deposition is the conventional process of coating a thin layer of a
metal over a different metal to change its surface properties. Electrodeposition works based on
the principle of electrolysis, namely using an electric current to reduce the cations of the desired
material from the electrolyte and coating the material as a thin layer onto the surface of a
conductive substrate[10], [11]. In previous research, CIGS only focused on the materials used [12],
[13] and variations in the potential input applied [14]. In contrast, one crucial factor that
influences the performance of the electrodeposition process is the counter electrode because the
counter electrode plays a role in completing the circuit and ensuring the charge flows[10], [15].

Therefore, in this research, the CIGS electrodeposition process will be carried out using two types
of counter electrodes, namely platinum wire and platinum plate, to produce CIGS solar cells with
optimal performance. Based on the results obtained, the resulting CIGS performance is optimal,
namely 0.45 s when responding to light.

Experimental Method
Sample Preparations

Electrodeposition is carried out using two electrodes, the working and the counter electrodes. In
this research, ITO (Indium Tin Oxide) was used as the working electrode, and platinum wire
and plate were used as counter electrodes. Start by making a CIGS solution as in the paper [16].
The CIGS materials used in this research are copper (II) acetylacetonate (Cu(acac),) Merck,
indium (III) chloride (InCls) Merck, gallium (III) acetylacetonate (Ga(acac)s) Merck and selenium
dioxide (SeO) which was synthesized based on previous research [17]. After that, the resulting
CIGS solution is electrodeposited at a voltage of -1.5 V using platinum wire and plate as counter
electrodes alternately. The resulting ITO/CIGS thin film was then annealed at 400°C for 60
minutes in a furnace. This process is shown in Figure 1. The resulting samples CIGS will be
tested and characterized using several instruments. The structural properties of sample CIGS
were characterized using Shimadzu 7000 X-Ray Diffraction (XRD), The optical properties were
characterized using UV-Vis Spectrophotometry (Analytik Jena Specord 200 Plus), Morphology
sample was characterized using Scanning Electron Microscopy (SEM) FEI type Inspect-S50.
After that, the sample was tested using a Keithley 2400 electrometer to determine the
performance of the CIGS sample.

Result and Discussion

The resulting CIGS solar cell samples were then characterized using X-ray diffraction (XRD) to
identify the diffraction patterns formed. Two samples were obtained: CIGS, which used platinum
wire and platinum plate as counter electrodes. The diffraction patterns of the two samples are
shown in Figure 2.

Figure 2 (a) shows the CIGS diffraction pattern with platinum wire as a counter electrode, which
forms one CIGS diffraction peak, namely at 20 = 26.73° with plane orientation (112) and one ITO
peak, which is the working electrode or substrate used to coat CIGS. Figure 2 (b) shows the CIGS
diffraction pattern with a platinum plate as a counter electrode, which then forms CIGS
diffraction peaks at 20 = 26.65°, 35.11°, 44.31° and 51.53° with plane orientations, respectively
(112), (211), (220), and (312). Based on Mankoshi et al. [18], several peaks of CIGS were found at
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20=26.91°, 28.02°, 35.48°, 42.43° until 71.69°, it shows that the peak that appears in the sample
indicates that same several previous studies.
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Figure 2. Diffraction pattern of CIGS solar cells (a) Platinum wire (b) Platinum plate

However, platinum is used as a counter electrode because of its inert nature [19], which allows
charge to flow during the electrodeposition process. Platinum wire and plates have been shown
to produce CIGS diffraction patterns. More CIGS diffraction patterns appear when using a
platinum plate as a counter electrode because its size is larger than the working electrode so
that the current limit that appears is minimal or even non-existent so that the electrodeposition
process can take place optimally and produce CIGS solar cells with high crystallinity [20], [21].
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Figure 3. CIGS absorbance spectrum and Tauc plot (a) Platinum wire (b) Platinum plate

Table 1. Peak absorbance and CIGS band gap

Sample Absorbance (nm) Band gap (eV)
Platina wire (a) 390 2.75
Platina plate (b) 390 2.75

The absorbance spectrum can be measured using UV-Vis spectroscopy, where there will be an
interaction between the sample and light with a wavelength of 200 nm to 900 nm so that UV-Vis
spectroscopy can measure the light absorbed by the sample at each wavelength [22], [23]. Figure
3 shows the absorbance spectrum of the resulting CIGS solar cell. For both samples with
platinum wire and plate, both absorbance peaks were at 390 nm. Ideally, the CIGS absorbance
peak is 380 nm to 1000 nm [1]It can be confirmed that the two CIGS solar cells produced are at
the ideal CIGS absorbance peak.

Next, the results of UV-Vis spectroscopic characterization were used to identify the band gap of
the CIGS solar cells produced using the Tauc Plot method. The inset in Figure 3 shows the band
gap of the resulting CIGS solar cell. The band gap is the minimum energy electrons need to
move from the valence band to the conduction band. In the Cu, In, Ga, and Se chalcopyrite alloy
system, the band gap varies from 1.04 eV to 3.5 eV [1], [8], [16]. Based on Figure 3 and Table 1,
the band gap of CIGS solar cells with platinum wire and plate has an absorbance peak of 390
nm and a band gap of 2.75 eV. These results confirm that both the absorbance and band gap are
within the requirements of an ideal CIGS solar cell. At a band gap of 2.75 eV, electron-hole
recombination that occurs in the valence and conduction bands can be minimized so that both
will produce optimal CIGS solar cell performance.
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Figure 4. Morphology of CIGS solar cells (a) Platinum wire (b) Platinum plate

Table 2. CIGS film element composition based on EDX characterization.

Sample Cu In Ga Se GGI
(At%) (At%) (At%) (At%) (Ga/(Ga+In))

Platina wire (a) 26.99 57.01 2.53 13.48 0.05

Platina plate (b) 35.06 14.96 3.76 46.23 0.21

Based on Figure 4 (a and b), the surface of the CIGS solar cells produced tends to be rough and
irregular, and the grains formed are also not uniform. The tendency for the sample surface to be
rough and have irregular grains is caused by the element being dominated by indium (In)
content, which pushes the boundaries between the grains to merge [14], [24]. This is confirmed
by Table 2, which shows that the indium (In) content is quite dominant in the CIGS solar cells
produced. Even though the surface shape is like that of Figure 4, this does not significantly
affect the performance of CIGS solar cells.

The element composition characterized by SEM-EDX is closely related to the intrinsic
characteristics of CIGS, such as the GGI ratio (Ga/(Ga+In)). The GGI ratio shows the defects
formed in CIGS solar cells. If the GGI ratio is 0.3, it can be ascertained that the defects in the
solar cells are minimal, thereby facilitating transportation and reducing the recombination
process [25]. Based on Table 2, the GGI ratio of CIGS solar cells with platinum plates is closer to
0.3 when compared to CIGS solar cells with platinum plates. So, it can be confirmed that there
are fewer defects in CIGS solar cells with platinum plates. It also corresponds to the XRD
characterization results where the CIGS peak produced by sample (b) is dominant.

Solar cell performance can be determined by measuring the solar cell's response to light or
photoresponse. Photoresponse measurements use the two-probe method that is connected to
the electrometer (Keithley 2400), where CIGS film with an area of 1 x 1 cm? will be illuminated
with a solar simulator with a power input of 100 mWcm?2 for several minutes [26].
Measurements are carried out under an on/off light cycle at specific intervals, as in Figure 5.
When the light hits the sample (on), the response current will increase, and when the light is
turned off (off), the response current will decrease to the ground state [27].

263



P-ISSN: 2615-1278, E-ISSN: 2614-7904

Py Py ey O
t L LS A L,
§ ~ — .f"'_. (@)

(.

[..
[..
-

100 2(')0 3('10 4(')0
Times (s)
Figure 5. I-t photoresponse of CIGS solar cells (a) Platinum wire (b) Platinum plate

Based on Figure 5, the two samples produced can maintain a stable phase or cycle during
measurements. CIGS solar cells (a) achieve a current change of 39.84 nA, and CIGS solar cells
(b) achieve a current change of 55.78 pA. High peak current changes are produced due to the
lack of electron-hole recombination in the valence and conduction bands, so CIGS solar cells
with platinum plates produce higher current changes. It is also confirmed in Table 2, where the
GGl ratio of sample (b) is close to 0.3, indicating that the solar cell's defect is minor.

The current and time graphs under the on/ off irradiation cycle can be calculated using Eq.
I = I+ Aexp(—(t — ty)/7) 4.1)

Where [ is the current as a function of time, f is time, 7 is the time required to rise (Light on) or
fall (Light off), and A is the amplitude [26].

50

= CIGS (a) = CIGS (b)
(a) Fitting line 60+ (b) Fitting line
y
40 50 Light On ¥
- Light On : Typ=0.45s
< =0.99s | =404 |
3 it i s ! 340
: b
] g 30+ !
5 20 3
o © 204 l .
L Light Off 4 Light Off
10 - . . Tagown= 1-77 s 10 - ] Tgown= 1-52's
04 — ; 0]

60 80 100 120 140 160 180 200 60 80 100 120 140 160 180 200
Times (s) Times (s)

Figure 6. CIGS photoresponse I-t fittings (a) Platinum wire (b) Platinum plate
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Table 3. CIGS photoresponse I-t fitting results

Sample CIGS Light On (7,;) Light Off (T4own)
(second) (second)
Platina wire (a) 0.99 1.77
Platina plate (b) 0.45 1.52

The results of CIGS photoresponse I-t fitting are shown in Figure 6 and Table 3. Based on the
results obtained, the time required to respond to light when the light is on is faster than when
the light is off; this is due to the large number of trap states that are formed when the light is off,
thereby slowing down the movement of the photogeneration carrier [28], [29]. If the solar cell
has a response to light of no more than 2 seconds, then it can be said that the solar cell has
optimal performance. It can be confirmed that the two samples produced are classified as solar
cells with good performance.

Conclusion

CIGS solar cells were electrodeposited in this research using two types of counter electrodes.
Based on the results of XRD, UV-Vis, SEM-EDX, and Photoresponse, it can be concluded that
this research was successfully carried out. The results show that CIGS solar cells with platinum
plates have a light response speed of 0.45 seconds, while those with platinum wires are 0.99
seconds. Based on literature studies, comparisons with previous research, and characterization
results, CIGS solar cells with platinum plates as counter electrodes produce CIGS with minimal
defects and optimum performance.
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