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Abstract: In the third generation of solar cells, cheaper absorbent layers such as Cu2ZnSnSs+ (CZTS) have been
developed with specifications similar to Cu2lnGaSs (CIGS). This CZTS material is known as a material with good
structural and optical properties where the CZTS material has a series of atoms bonded to each other to form a
kesterite or stannite crystal arrangement. In its use as an absorbent layer for solar cells, CZTS material is
synthesized using the electrochemical deposition method. In this electrochemical deposition technique, an electrical
circuit will be connected to the electrode and inserted into the electrolyte. Several voltage variations from 1 volt to
5 volts will be applied to the electrical circuit, triggering ions from the precipitating material in the electrolyte to
stick to one of the electrodes. Variation of deposition voltage was carried out to determine the effect of deposition
stress on the electrochemical deposition method on the characteristics of the CZTS absorbent layer. The
characterizations used are X-ray diffraction (XRD), UV-Vis Spectrometry, and I-V meter. XRD results show that the
resulting crystal size is getting smaller with greater deposition voltage around 6.07- 7.27 nm. The optical absorption
results show that the CZTS absorber layer is sensitive at low wavelengths, around 300— 480 m, with Light Harvesting
Efficiency (LHE) ranging from 13.3- 24.75%. The band gap energy values obtained ranged from 1.4 to 1.48 eV. The
cell efficiency test results show an excellent efficiency value in reference ranges from 2.56- 8.77%. These results
indicate that the deposition voltage affects the characteristics of the CZTS absorbent layer for solar cell

applications.
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1. INTRODUCTION

CZTS material is known as a material with good
structural and optical properties where the CZTS
material has a series of atoms bonded to each
other to form a kesterite or stannite crystal
arrangement.  Besides  having  non-toxic
properties, CZTS material is also considered a
promising material because it has an almost
optimal gap value of 14~1.6 eV, a significant
absorption coefficient (10 cm™) and a theoretical
power conversion limit. Efficiency by 32.2%
(Islam et al., 2021).

In its use as an absorbent layer, it has been found
that the CZTS material has high efficiency with
the CZTS absorbent layer using a Cu-poor Zn-
rich composition [ 1-3]. Using CZTS material as a
porous layer can overcome the problem of
material limitations because it can be produced

with thinner layers [4]. Replacing materials that
are not environmentally friendly and have
abundant elements [5, 6].

CZTS materials have various methods that can be
used to synthesize absorbent layers—divided into
physical and solution Processes. For physical
process, there are methods of Electrochemical
deposition [7], Vacuum/Non Vacuum deposition
[8-10], Electron beam evaporation [11],
Magnetron sputtering [12], Spray Pyrolysis [13],
and pulsed laser deposition [14] as for alkaline
solutions, such as the Sol-gel method [15] and
Thermal deposition [16].

This research was conducted using the
electrochemical  deposition method. The
electrochemical deposition method is a method
that oxidizes and reduces one material to
accumulate in another material. In this
electrochemical deposition method, an electrical
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circuit will be connected to the electrode and
inserted into the electrolyte [17-19]. A certain
amount of voltage will be applied to the electrical
circuit, which will then trigger ions from the
depositional material in the electrolyte to stick to
one of the electrodes. lons attached to these
electrodes will later become a thin layer for solar
cell applications.

The advantage of this electrochemical deposition
method is that it has an easy route because it
utilizes the transfer of electrolyte ions to the
electrodes only with the help of an electric
voltage. It uses non-vacuum technology and
works at room temperature, using low-quality,
non-toxic solvents and reagents [20]. The layer
produced by this method shows compact and
smooth morphological properties so that it is by
its efficiency requirements as an absorbent layer
[21]. This method also makes it possible to
synthesize materials in broad and flexible layers
to become an advantage in industrial processes.
The appropriate sulfurization temperature and
Cu-poor  Zn-rich  composition in the
electrochemical deposition method can avoid the
appearance of a secondary phase affecting the
efficiency [8, 22-24]. After temperature and
composition, another influential variable is
deposition  stress. Where electrochemical
deposition was carried out at 1-5 volts. Fig. 1
shows the CZTS surface prepared by
electrochemical deposition at -0.85 V [19], 1.05

S3! 500100‘{ WXIDOK SE. 5

V [18], and 7.2 V [25], our sample at 2.0 V (d),
our sample at 4.0 V (e), and cross-section at 2.0 V
(f). The surface shows a significant enough
difference.

The concept of ion transfer from the CZTS
electrolyte material is triggered by applying a
specific voltage to the electrical circuit. This
makes the settling rate faster if a larger settling
stress is used for the same time duration. Thus, the
resulting CZTS absorbent layer may be thicker
and affect the morphological and optical
characteristics of the resulting layer. Supporting
the good CZTS material properties, these
characteristics are expected to show the ideal
stress size to produce more optimal efficiency
values. This work contributes to optimizing the
effect of voltage variation on the properties of
CuZnSnSs solar cells by electrochemical
deposition. This work also achieved the highest
reported cell performance via CuZnSnS; solar
cell prepared via electrochemical deposition and
non-vacuum method.

2. EXPERIMENTAL PROCEDURES

All chemical materials are obtained from
Merck. The research began with the preparation
of an electrolyte solution containing 6.35
mmol  CuOsCsHe.H,O; 4.1 mmol Zn
(CH3C0O°0),.2H,0; 3.3 mmol SnCl,.2H,0; and
6.6 mmol Na28203.

Fig. 1. CZTS su:rface prepared by electrochemlcal deposition at -0. 8 V (a), l 05V (b) 7 2 V (c), our samle at
2.0 V (d), our sample at 4.0 V (e), and cross section at 2.0 V (f)
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It was deposited for 30 minutes using ITO as the
working electrode, AgCl as the reference
electrode, and platinum wire as the counter
electrode. Given a deposition voltage variation of
1 V-5 V. The layer deposited on the ITO substrate
is then sulfurized using 0.005 mmol sulfur
powder. The sample was put into the furnace, and
the sulfurization process was carried out at a
temperature of 500°C for 4 hours. After the
sulfurization process, the sample is cooled to
room temperature, as seen in Fig. 2.
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Fig. 2. Electrochemical deposition on ITO (before
and after sulfurization— top-bottom)

The solar cell layers based on the CZTS absorbent
layer are arranged in a sandwich configuration,
including transparent conductive glass (ITO),
CZTS layer, quasi-solid electrolyte, rGO as the
counter electrode, and polymer resin adhesive
system illustrated in Fig. 3. Solar cells are
composed of Indium Tin Oxide which functions
as a back contact. It collects the charge intended
as an electrode (Orgassa et al., 2003)). The cell
assembling procedure followed our previous
reports [9, 10, 26, 27].

| Transparent Conductive Oxide

Elektrolytes

Counter electrode

Transparent Conductive Oxide

Fig. 3. CZTS sandwich configuration design

The samples were then characterized using UV-
Vis and XRD and tested for solar cell
performance using I-V. To obtain the band gap
energy, a Tauc plot is used by interpolating the
linear area of the curve (ahv)? so that it intersects
the photon energy axis. The intersection of the

photon energy axes is then defined as the band
gap energy of the absorbing layer. Solar cell
performance testing was carried out using a
standard AMI1.5 Solar Simulator with 100
mW/cm? light intensity, and CZTS absorbent
layer area 5 cm’. Analysis is carried out by
comparing variations in efficiency values.

3. RESULTS AND DISCUSSIONS

3.1. Characterization of the CZTS Absorber
Layer

A test was carried out to determine the crystal
structure of the CZTS absorbent layer using X-ray
Diffraction (XRD). As shown in Fig. 4. The
diffraction pattern produced by each sample is
almost the same. The diffraction peaks produced
in each sample were (110), (112), (004), (006),
(224), (206); (110), (112), (020), (006); (110),
(112),(020), (105), (006), (206); and (101), (112),
(112), (103), (020), (006), (206). The peak
indicates the formation of CZTS kesterite [28].
Based on the number of phases that appear, the
5 V sample shows the formation of more CZTS
kesterites.
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Fig. 4. X-Ray diffraction pattern of the CZTS by
Electrochemical Deposition

From the XRD characterization, it can be seen the
approximate crystal size using the Scherrer
formula. The crystal size in the 1 V to 4 V sample
is known to be more significant than in the 5 V
sample. The annealing temperature used in each
sample was 500°C. That at that temperature
produces good crystallinity and an increase in
grain size [29, 30]. However, after using the same
annealing temperature, it can be seen in Table 1.
That there are still differences in crystal size at the
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5V deposition voltage. This analysis shows the
effect of the magnitude of the given deposition
stress on the crystal size.

Determine the optical characterization of the
CZTS absorbing layer obtained from the Uv-Vis
test. The results of the Uv-Vis test were observed
to determine the absorbance of the CZTS
absorbing layer. Fig. 5. Shows the absorption
spectrum of each sample of the CZTS absorbent
layer in the 300-700 nm range. From our previous
experiment (Gema, 2020), the quantitative mass
percentage of the kesterite phase and the
secondary phases that can be seen in Fig. 6 shows
CU,S, SnS,, SnS, and ZnS were detected as
secondary phases formed in the CZTS layer.
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Fig. 5. Absorbance spectrum of CZTS absorbent layer
against wavelength

By getting the absorbance value of the CZTS
absorbent layer, the Light Harvesting Efficiency
(LHE) value can be known. Observing the LHE
value is to identify the amount of light
successfully absorbed from the light shining on
the CZTS absorber layer [31]. Based on Fig. 7,
the average value of each sample has not reached
100%. This result indicated that it could not
absorb light that perfectly illuminates the CZTS
absorbent layer.

Table 2 shows that the absorbance and LHE
values achieved by the 4-volt and 5-volt samples
tend to be more stable than others. The highest
LHE peak was reached in the 4 volt sample, but

in the 5 volt sample, the decrease in the LHE peak
was not too far from the LHE peak in the 4 volt
sample. This can be seen from the changes in
absorbance and LHE values in the 4-volt and 5-
volt samples, which are not so large compared to
other samples.

g i
418 < =
e o &
= ° o
= . 1
o *a * °
[ .| n * CZT5-600

CZT5-480

l CZTS-300
I e
l CZT5-100

CZ150

Intensity (arb. unit)
|
l
F,__

1 ‘ I M Cu2SCOD#96-153-9914

il 1
% $nS2 COD #96-900-9121

A 5SnS COD #96-101-1254

‘ #ZnSCOD#96-110-1051

@ Kesterite JCPDS #26-0575

10 20 30 40 50 80 70 80
20 (degree)
Fig. 6. XRD diffraction patterns show the formation
of ZnS, CU,S, SnS, and SnS; as secondary phases
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Fig. 7. Light Harvesting Efficiency (LHE)

After obtaining the absorbance value to determine
the LHE value, the absorbance value can be used
to determine the band gap value achieved by each
sample of the CZTS absorbent layer.

Table 1. CZTS Crystal Size Using the Scherrer Equation

Sample 20 Intensity FWHM 0 Cos 0 D (nm)
1 volt 35.29 1000 0.20 17.64 0.95 7.29
2 volt 35.29 1000 0.20 17.64 0.95 7.29
4 volt 35.27 1000 0.20 17.63 0.95 7.29
5 volt 35.27 1000 0.24 17.63 0.95 6.07
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Table 2. Light harvesting efficiency analysis

sample LHE max(%) LHE (%)
1 volt 74.24 13.03
2 volt 79.58 33.07

3 volt 75.57 10.42
4 volt 79.98 27.82

5 volt 77.52 24.75

Absorbance data is processed and made into a
graph using a Tauc plot. Based on Fig. 8. It is
known that the bandgap value ranges from 1.41 to
1.48 eV. As mentioned in previous studies, this
value was identified as a good characteristic of
CZTS [17]. Furthermore, it is known that the
difference in the value of the band gap in the
sample increases at a larger deposition voltage.
By analyzing the absorbance, LHE, and Band gap
values of each sample, it is known that the
changes in the values tend to increase along with
the magnitude of the difference in the deposition
voltage given to each sample. This shows that
the deposition voltage on the electrochemical
deposition method affects the optical
characteristics of the CZTS absorbent sample, as
shown in Table 3.
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0.120 | |cmmsyolt

0.090 |

(ahv)? (eV.cm™)?

0.060 |

0.030 |

0.000

130 140%“150 160 170 180 1.90
hv (eV)
Fig. 8. Band Gap sample using Tauc-Plot

3.2. Device Performance

An efficiency test is carried out as a reference to
determine the quality of solar cells. The intensity
of sunlight and the temperature of solar radiation
on solar cells are also essential factors in
determining the efficiency of solar cells.
Therefore, efficiency measurements must be
carried out at standardized light and temperature.

Efficiency is done by measuring the current-
voltage (I-V) as seen in Fig. 9. The data obtained
can be used as a reference to determine
parameters such as current density (Js), open
circuit voltage (Voc), and fill factor (FF) to
determine the quality of solar cells. It is said that
the solar cells are at maximum power (Pmax) at
conditions J,, and V. The efficiency test results
are shown in Table 4. The highest efficiency value
was achieved by 4 volts, but the 5-volt sample
experienced a not-so-significant decrease.
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Fig. 9. I-V curves

In 2011, a study was conducted to determine the
high efficiency of CZTS solar cells. The highest
efficiency found in this study was 7.3% (Ahmed
et al., 2012). This indicates that the efficiency of
the 4-volt sample exceeds the reference
efficiency, and the 5-volt sample matches the
reference. The previous analysis found that the
sample produces good LHE and Band gap values
when applied with a higher deposition voltage. In
addition, the small crystal size and good
absorbance value support the CZTS solar cells'
efficiency.

Table 3. The effect of deposition stress on the CZTS absorber layer

Samples 1 volt 2 volt 3 volt 4 volt 5 volt
Bandgap 1.40 eV 1.42 eV 1.45eV 1.46 eV 1.48 eV
LHEmax% 74% 79% 75% 79% 77%
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Table 4. Results of I-V curves data processing

Samples Jsc (mA/cm?) Voc (V) FF (%) n (%)
2 volt 19.4 0.81 16.3 2.56
3 volt 14.9 0.65 34.7 3.36
4 volt 20.7 0.93 45.5 8.77
5 volt 28.3 0.85 32.1 7.72
4. CONCLUSIONS [4]. Nugroho, H.S., Refantero, G., Septiani,

From this research, it can be concluded that the
effect of deposition stress on the electrochemical
deposition method on the crystal structure of the
CZTS absorbent layer is the difference in the
crystal size of the CZTS material. The larger the
applied deposition voltage, the smaller the
resulting crystal size. The depositional stress also
affects the kesterite phase, which appears more at
higher depositional stresses. The effect of the
deposition voltage on the electrochemical
deposition method on the optical characteristics
of the CZTS absorbing layer is that the band gap
value tends to increase at a larger value of the
deposition voltage. This applies to the LHE value,
which has a greater value at a larger deposition
voltage value. The effect of deposition voltage on
the electrochemical deposition method on the
performance of thin film solar cells based on the
CZTS absorbent layer is the optimal efficiency
generated at a given deposition voltage.
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