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Abstract

A DSSC has a good performance seen from the ability of the photoanode to absorb sunlight. The use of photoanodes uses
a semiconductor material, namely ZnO. However, in use, ZnO has the disadvantage of low optical and electrical
properties, which results in low DSSC efficiency. So in this research, efforts are made to add Cu-Ag double doping to
improve optical and electrical properties that will increase the efficiency of DSSC. ZnO/Cu-Ag photoanodes were
prepared using the sol-gel spin coating method with doping variations of 0%, 1%, 2%, and 3%. Characterization was
carried out using a UV-Vis spectrophotometer to see the absorption area and determine the band gap energy of the ZnO
photoanode. I-V Keithley was used for current and voltage characterization to determine the conductivity of the ZnO
photoanode and the efficiency of the DSSC. The results of the research show the effect of increasing the optical properties
of ZnO photoanodes by decreasing the band gap energy along with the increase in doping concentration, namely 3.29
eV, 3.24 eV, 2.44 eV, and 2.40 eV. In addition, there is an increase in conductivity on the ZnO photoanode with the
highest conductivity at doping concentration of 3% which is 0.1006 Q-'m-! with an increase of 6 times compared to the
pure ZnO photoanode of 0.0163 Q-'m1. The improved optical and electrical properties of ZnO/Cu-Ag photoanodes have
an impact on increasing the efficiency value of DSSC with the optimum efficiency achieved at 1% doping concentration
of 0.0291% with an increase of 16 times compared to the use of pure ZnO photoanode of 0.00018%. The addition of Cu-
Ag doping to ZnO improves the optical and electrical properties of the photoanode, enhancing DSSC efficiency with an
optimum at 1% doping concentration.
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INTRODUCTION

A dye Sensitized Solar Cell (DSSC) is the third generation of solar cells as a renewable energy
device that can convert solar energy into electrical energy [1,2]. DSSC is attractive for development
due to its low cost, easy fabrication, environmental friendliness, and can be an alternative to
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conventional silicon based solar cells [3-5]. A DSSC has a good performance seen from its efficiency
level determined by the ability of the photoanode to absorb sunlight so that the dye and electron
transfer can achieve the best performance [6].

Generally, DSSC photoanode uses semiconductor materials, one of which is ZnO. ZnO attracts
the attention of researchers because it has large electron mobility, low resistance, can reduce the
recombination rate, and has a suitable light-capturing character in DSSC application [7-9].
However, ZnO also has a weakness of low optical and electrical properties that results in low
efficiency of DSSC [10]. This can be resolved by doping efforts to adjust the optical and electrical
properties of ZnO, also expanding the absorption of solar energy to increase the electron transfer
rate to increase the efficiency of DSSC [11]. Mehmood et al. [6] showed an increased efficiency of
DSSC from the combination of two types of transition metals, titanium (Ti) and copper (Cu) doped
on ZnO, with the highest efficiency reaching 2.38%. These results underlie this research to modify
the combination of two types of dopants, namely copper (Cu) and silver (Ag) in ZnO.

The combination of two doping copper (Cu) and silver (Ag) on ZnO is done to complement
each other’s deficiencies in carrying electric charges to optimize the performance of the photoanode,
which will increase the efficiency of the DSSC. It is because the transition metal types copper (Cu)
and silver (Ag) have high conductivity, can suppress the ZnO recombination rate, increase the rate
of electron injection into the conduction band, and can stimulate the interface electron transfer
process [12-16]. Research by Alqgadi et al. [17] and Kant et al [18] were able to show the effect of a
combination of copper (Cu) and silver (Ag) dopants on improving the electrical properties and
optical absorption of ZnO so that ZnO can be applied as a photovoltaic device, while Windayani et
al. [19] found that adding Ag to ZnO:Cu enhanced DSSC efficiency, though not surpassing the
efficiency without Ag doping. This highlights the need for further exploration of Cu-Ag doping
combinations for DSSC optimization by combining both doping together.

This research focuses on improving the optical and electrical properties with a combination of
copper (Cu) and silver (Ag) doping on ZnO photoanode in DSSC applications. The improvement
of optical and electrical properties can have an impact on the high efficiency of DSSC. In this
research, a comparison was also made between the results of absorption, conductivity, and
efficiency of DSSC with double-doped ZnO photoanode of copper (Cu) and silver (Ag) so that the
optimum doping concentration can be obtained for the photovoltaic properties of DSSC.

METHOD

The ZnO/Cu-Ag photoanodes were synthesized by sol-gel spin coating method. The materials
used in this research include CuSO4.5H20 (Merck, 99%), AgNO3 (Merck, 99,8%),
Zn(CH3COOH)2.2H20 (Merck, 99%). Cu doping was obtained from CuSO4.5H20 dissolved in
ethanol, acetic acid, and distilled water. Meanwhile, Ag doping was obtained from AgNO3
dissolved in ammonia and ethanol. ZnO/Cu-Ag photoanode solution was prepared by dissolving
Zn(CH3COOH)2.2H20 into 2-propanol at 70 °C — 85 °C for 15 minutes. After 15 minutes,
diethanolamine (DEA) and Cu-Ag doping was added with concentration of each 0%, 1%, 2%, and
3% until a homogenous sol solution formed. Dye was obtained from a mixed anthocyanin-
chlorophyll with a ratio 2:1. Electrolyte solution was prepared from a mixture of KI and I2.

The working electrode was deposited from the ZnO/Cu-Ag photoanode solution on FTO glass
with an active area 1 x 1 cm 3 times using spin coating method. Then, an annealing process was
carried out using a furnace at 250 °C for 60 minutes. The working electrode is then immersed in the
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dye mixture solution for 24 hours until dye is absorbed into the ZnO. The counter electrode was
prepared by depositing a platinum paste using the brush painting method on the FTO glass, placed
on the hotplate at 200 °C for 15 minutes, then continued annealing process at 300 °C fot 15 minutes.

Characterization of the optical properties of ZnO/Cu-Ag photoanode using UV-Vis
spectrophotometer at a wavelength of 300 — 800 nm to determine the absorption and band gap
energy of ZnO/Cu-Ag photoanodes. Conductivity characterization was retrieved on the ZnO/Cu-
Ag photoanodes solution using an I-V Keithley meter 2620A to determine the current and voltage
variations. Characterization J-V DSSC was carried out on the DSSC device using an I-V Keithley
meter 2620A to determine current density and voltage produced in determine the efficiency value
of the DSSC.

RESULTS AND DISCUSSION
Conductivity Characterization of ZnO/Cu-Ag Photoanode Solution

Conductivity characterization of the ZnO/Cu-Ag photoanode solution displayed a
photoconductivity response indicated by an increase in electric current due to a semiconductor
material capturing electromagnetic waves [20]. The photoconductivity response is displayed in the
current and voltage relationship curves as shown in Figure 1a. Figure la displays an increasing
current value with increasing doping concentration and an increasingly linear curve.
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Figure 1. a) Conductivity graph of Zno/Cu-Ag Photoanode solution and b) Solution Conductivity
as a Function of Doping Concentration

Based on Ohm’s law, an increasingly linear curve shows that the value of constant electrical
resistance does not depend on voltage and current. The resistance value of this sample can be
determined using a linear graphic method where the slope of the curve determines the size of this
value. The smaller resistance value indicates that most charge carriers in the semiconductor can
move freely without much resistance. It shows that the material has good quality and can be applied
as an active layer for photoanodes. The electrical values that have been obtained will determine the
conductivity value of the sample.

The presence of photoconductivity response is due to the phenomenon of electron transport
from the valence band to the conduction band, which is the effect of the addition of Cu-Ag double
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doping on ZnO photoanode. Figure 1b clearly shows the relationship obtained from the effect of
the addition of Cu-Ag double doping on ZnO photoanode on the conductivity value is directly
proportional where the conductivity increases with the addition of doping. This happens because
the addition of Cu-Ag doping affects increasing the majority carrier charge of ZnO semiconductors,
namely holes, which affect the electrical conductivity of ZnO [17,18]. According to theory, the
conductivity value of a semiconductor is affected by the concentration of most charge carriers. The
greater the concentration of the majority of charge carriers due to the addition of doping, the greater
the electrical conductivity value obtained from this research. The electrical conductivity values
obtained from the overall ZnO/Cu-Ag solution are shown in Table 1.

Table 1. The Values of the Conductivity of Pure Zno and Zno/Cu-Ag Photoanode Solution

Solution Sample Conductivity (Q1 m™)
Zn0O (0%) 0.0163
ZnO/Cu-Ag (1%) 0.0409
ZnO/Cu-Ag (2%) 0.0875
ZnO/Cu-Ag (3%) 0.1006

According on Table 1, the conductivity value in the sample of pure ZnO photoanode solution
is equal to 0.0163 o-1 m-1. The addition of Cu-Ag double doping with concentrations of 1%, 2%,
and 3% resulted in the conductivity value of ZnO/Cu-Ag photoanode conductivity values that
increased as the doping concentration increased. These results prove that the addition of Cu-Ag
double doping can increase the conductivity of ZnO photoanode with an increase of about 2.5
times, 5 times, and, 6 times compared to the conductivity value of pure ZnO photoanode solution.

Optical Characterization of ZnO/Cu-Ag Photoanodes
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Figure 2. Absorption Spectra of Pure Zno and Zno/Cu-Ag Photoanode

The optical characterization aims to determine the absorption area and the band gap energy of
the ZnO/Cu-Ag photoanode sample. The absorption spectrum of each sample shown in Figure 2
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shows strong absorption in the UV and visible light region [18,21]. The absorption in the UV light
region (<400 nm) occurs due to the effect of using pure ZnO as a semiconductor material [22,23],
and absorption in the visible light region (420 — 600 nm) occurs due to the strong interaction
between Zn ions with Cu ions and Ag ions also the scattering of light [24,25]. In addition, in the
visible light region there is also a wavelength shift toward the redshift. The redshift indicates a

decrease in the band gap energy value [17], whose value can be determined using the Tauc Plot
method, as shown in Figure 3.
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Figure 3. Band Gap Energy of a Zno and Zno/Cu-Ag Photoande

Table 2. The Value of the Eg of a Pure Zno and Zno/Cu-Ag Photoanode

Sample Band Gap Energy (eV)
ZnO 3.29
ZnO/Cu-Ag (1%) 3.24
ZnO/Cu-Ag (2%) 2.44
ZnO/Cu-Ag (3%) 2.40
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Figure 4. Band Gap Energy as a Function of Doping Concentration
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Table 2 displays the band gap energy value of pure ZnO and ZnO/Cu-Ag photoanode. These
results based on Figure 4 show a decrease in the band gap energy value as the concentration of Cu-
Ag double doping applied to ZnO photoanodes increases. The decrease in the band gap energy
value occurs due to the replacement of Zn ions by Cu ions and Ag ions, resulting in the emergence
of attractive forces that makes the distance between atoms tighter [12,26]. In addition, Cu-Ag
double-doped semiconductors make semiconductors have excess holes so that the acceptor energy
appears, which makes it easier for electrons to be excited from the valence band to the conduction
band due to the decrease in the required energy value [18]. This ease helps the performance of ZnO

photoanodes due to the high number of electrons that can move around [27].

J-V Characterization

A DSSC device shows good performance results in terms of its efficiency in converting solar
energy into electrical energy. J-V characterization of DSSC displays the relationship curve between
current density and voltage. Figure 5 shows the J-V test results on each ZnO/Cu-Ag photoanode
sample.
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Figure 5. J-V Curve of DSSC

Figure 5 shows the acquisition of photovoltaic parameters of the DSSC, including short circuit
current density (Ji), open circuit voltage (Voc), maximum current density (Jmax), and maximum
voltage (Vmx), then calculated to obtain the fill factor value and efficiency of the DSSC as shown in
Table 3.
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Table 3. DSSC Efficiency Based on Zno/Cu-Ag Photoanode

Cu-Ag doping Voc Jse Vinax Jimax FF n
concentration (%) (V) (@mA/cm?) (V) (mA/cm?) (%)
0 0.090 0.088 0.045 0.040 0.225  0.0018
1 0.820 0.085 0.045 0.065 0416 0.0291
2 0.303 0.094 0.151 0.055 0.291 0.0083
3 0.667 0.101 0.303 0.051 0.232  0.0156

The addition of Cu-Ag double doping on ZnO photoanode increases the value of short circuit
current density (Ji) and open circuit voltage (Vo) as shown in table 3 regarding the characteristic of
DSSC samples for each variation in the use of ZnO/Cu-Ag. This increase in value of . shown in
table 3 indicates that electron mobility from ZnO/Cu-Ag photoanode occur well because the Cu-Ag
doping has high conductivity so it is easy to conduct electrons [28-30]. Meanwhile, the increase in
the Vo value indicates that light scattering from ZnO/Cu-Ag photoanode occurs well and this is
related to a decrease in the energy banda gap value [31]. The Jic and V. values produced on each
DSSC device with the use of ZnO/Cu-Ag photoanodes 0-3% determine the efficiency value of the
DSSC. Each 0-3% Cu-Ag double doping concentration gives different efficiency results depending
on the amount of doping concentration. The difference in the efficiency value of each DSSC device
due to the addition of Cu-Ag double doping is inseparable from the influence of the absorption
value, band gap energy, and conductivity on the ZnO photoanode. The increasingly widening
absorption value towards higher wavelengths results in a decrease in the energy band gap value.
This decrease makes it easier for electrons to move from the valence band to the conduction band.
This easy excitation of electrons certainly impacts the increasing number of electrons acting as
conduction along with the high conductivity test results obtained, which help in the productivity
of the current produced in the DSSC.

On average, the addition of Cu-Ag double doping on ZnO photoanodes 1-3% in DSSC
applications has increased compared to the use of pure ZnO photoanodes. The highest efficiency
was achieved in DSSC with a 1% ZnO/Cu-Ag photoanode of 0.0291%, with an increase of about 16
times compared to DSSC with a pure ZnO photoanode. The high efficiency obtained by DSSC
indicates the high performance of DSSC in converting solar energy into electrical energy. However,
these results are compared with research by Windayani et al. (2019) with the efficiency obtained,
namely 0.38%, which is indeed lower [19]. This is due to the use of synthetic dyes, which have a
much longer dye life compared to natural dyes. Based on the research results, the efficiency
obtained still tends to be low. Apart from that, this can also be caused by limitations in determining
effective methods to increase efficiency. Although it cannot yet be used commercially due to low
efficiency, this research has the potential to help in the development of DSSCs that are cheap,
environmentally friendly, and have high efficiency through more effective experimental methods.

CONCLUSION

Adding Cu-Ag double doping on the ZnO photoanode successfully improved its optical and
electrical properties. The improvement of optical properties is indicated by the expansion of the
absorption region (redshift) and a decrease in the energy band gap value. Meanwhile, the improved
electrical properties are shown by the increased conductivity value of ZnO/Cu-Ag photoanodes
achieved at certain doping concentrations. The improvement of these properties impacts increasing
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the efficiency value of DSSC. The results obtained provide the potential for further development on
doping concentration variation, synthesis method optimization, and DSSC stability testing to
develop DSSCs with high efficiency and environmentally friendly commercially.

ACKNOWLEDGMENT

This research was fully funded by the Indonesian Ministry of Research and Technology/
National Agency of Education and Culture through Program Kreativitas Mahasiswa with contact
number 072/E2/PPK/SPPK/PKM/2023.

AUTHOR CONTRIBUTIONS

Rhiska Aria Berliani: Conceptualization, Methodology, Visualization, Writing — Original Draft,
Resources, Investigation, Formal Analysis; Fat Hana Rizqi Haq: Methodology, Investigation
Resources, Eka Silvia Ningrum: Methodology, Investigation, Resources; Putri Lestari:
Investigation; Yofentina Iriani: Supervision, Review & Editing and Fahru Nurosyid: Supervision,
Review & Editing.

DECLARATION OF COMPETING INTEREST
The authors declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this paper.

REFERENCES

[1] Esgin H, Caglar Y, and Caglar M. Photovoltaic Performance and Physical Characterization of
Cu Doped ZnO Nanopowders as Photoanode for DSSC. Journal of Alloys and Compounds. 2022;
890: 161848. DOI: https://doi.org/10.1016/j.jallcom.2021.161848.

[2] Warman JF and Dahlan D. Sintesis Lapisan Titanium Dioxide dengan Doping Ganda Copper-
Silver untuk Aplikasi Fotoanoda Dye Sensitized Solar Cell. Jurnal Fisika Unand. 2020; 9: 415-
420. DOI: https://doi.org/10.25077/jfu.9.3.415-420.2020.

[3] Joseph I, Louis H, Unimuke TO, Etim IS, Orosun MM, and Odey J. An Overview of the
Operational Principles, Light Harvesting and Trapping Technologies, and Recent Advances
of the Dye Sensitized Solar Cells (Review). Applied Solar Energy. 2020; 56: 334-363. DOI:
https://doi.org/10.3103/S0003701X20050072.

[4] Nursam NM. Pengaruh Material Counter Electrode Pada Dye-Sensitized Solar Cell. Metalurgi.
2020; 34: 109-130. DOI: https://doi.org/10.14203/metalurgi.v34i3.489.

[5] Omar A, Ali MS, and Rahim NA. Electron Transport Properties Analysis of Titanium Dioxide
Dye-Sensitized Solar Cells (TiO2-DSSCs) Based Natural Dyes Using Electrochemical
Impedance Spectroscopy Concept: A Review. Solar Energy. 2020; 207: 1088-1121. DOI:
https://doi.org/10.1016/j.solener.2020.07.028.

[6] Mehmood B, Khan MI, Igbal M, Mahmood A, and Al-Masry W. Structural and Optical
Properties of Ti and Cu Co-Doped ZnO Thin Films for Photovoltaic Applications of Dye
Sensitized Solar Cells. International Journal of Energy Research. 2021; 45: 2445-2459. DOI:
https://doi.org/10.1002/er.5939.

[7] Lanjewar M and Gohel JV. Enhanced Performance of Ag-Doped ZnO and Pure ZnO Thin
Films DSSCs Prepared by Sol-Gel Spin Coating. Inorganic and Nano-Metal Chemistry. 2017; 47:
1090-1096. DOI: https://doi.org/10.1080/24701556.2016.1241275.

Rhiska Aria Berliani, et al 151


https://doi.org/10.1016/j.jallcom.2021.161848
https://doi.org/10.25077/jfu.9.3.415-420.2020
https://doi.org/10.3103/S0003701X20050072
https://doi.org/10.14203/metalurgi.v34i3.489
https://doi.org/10.1016/j.solener.2020.07.028
https://doi.org/10.1002/er.5939
https://doi.org/10.1080/24701556.2016.1241275

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Jurnal Penelitian Fisika dan Aplikasinya (JPFA), 2024; 14(2): 144-153
Hanavi DP, Afrilia CG, Safriani L, and Aprilia A. Sintesis ZnO Serbuk dan Penggunaannya
Sebagai Fotoanoda Pada Sel Surya Tersensitisasi Warna. JMEI: Jurnal Material dan Energi
Indonesia. 2019; 09: 44-52. DOI: https://doi.org/10.24198/jmei.v9i01.24323.
Syahra NC and Iwantono. Pengaruh Doping Ti terhadap Sifat Fisis Nanorod ZnO dan Untuk
Kerja Dye Sensitized Solar Sell. Prosiding SNFA (Seminar Nasional Fisika dan Aplikasinya). 2020;
5:15-17.
Supu I, Setiawan DGE, Latief MF, Ismail SYN, and Sari YI. Morphology and Optical
Properties Analysis of Cu2+ Doped ZnO for Preparation Dye Sensitized Solar Cell (DSSC).
EKSAKTA Berkala Ilmiah Bidang MIPA. 2022; 23(3): 211-222. DOI:
https://doi.org/10.24036/eksakta/vol23-iss03/330.
Siagian SM. Analisis Semikonduktor zno:cu Terhadap Efisiensi Dye Sensitized Solar Cell
Menggunakan Ekstrak Alami. Jurnal Elektro dan Mesin Terapan. 2021; 7: 51-57. DOI:
https://doi.org/10.35143/elementer.v7i2.5145.
Ekmekci M, Ela C, Erten-Ela S, and Yavuz C. Synthesis of Ag-Doped ZnO Nanomaterials for
Dye Sensitized Solar Cells and Investigation of The Optimum Ag Doping Rate. Usak University
Journal of Engineering Sciences. 2021; 4: 104-123. DOI: https://doi.org/10.47137/uujes.1016758.
Pan C, Gaur APS, Lynn M, Olson MP, Ouyang G, and Cui J. Enhanced Electrical Conductivity
in Graphene-Copper Multilayer Composite. AIP Advances. 2022; 12: 015310. DOI:
https://doi.org/10.1063/5.0073879.
Das A, Wary RR, and Nair RG. Cu Modified ZnO Nanoflakes: An Efficient Visible Light-
Driven Photocatalyst and A Promising Photoanode for Dye Sensitized Solar Cell (DSSC).
Solid States Sciences. 2020; 104: 106290. DOI:
https://doi.org/10.1016/].solidstatesciences.2020.106290.
Zhuang G, Liu H, and Chen X. High-Performance Dye-Sensitized Solar Cells Using Ag-Doped
CoS Counter Electrodes. RSC  Advances. 2018; 8: 18792-18799. DOI:
https://doi.org/10.1039/C8RA02765].
Meldayani R, Iwantono I, Rini AS, and Rati Y. Analisa Sifat Fisis Nanopartikel ZnO di-Doping
Ag Yang Disintesis Menggunakan Metode Biosintesis. Komunikasi Fisika Indonesia. 2022; 19: 7-
10. DOI https://doi.org/10.31258/jkfi.19.1.7-10.
Algadi MK, Migdadi AB, Alzoubi FY, Al-Khateeb HM, and Almasri AA. Influence of (Ag—-Cu)
Co-Doping on The Optical, Structural, Electrical, and Morphological Properties of ZnO Thin
Films. Journal of Sol-Gel Science and Technology. 2022; 103: 319-34. DOI:
https://doi.org/10.1007/s10971-022-05785-1.
Kant R, Jakhar R, and Sharma A. Enhanced Dielectric and Optical Performance of (Cu, Ag)
Co-Doped ZnO Nanostructures for Electronic Applications. Materials Technology. 2022; 37:
2679-2691. DOI: https://doi.org/10.1080/10667857.2022.2058835.
Windayani W, Iwantono I, Awitdrus A, and Zulkarnain Z. Efek Penambahan Atom Tembaga
(Cu) dan Perak (Ag) Pada Material Aktif Nanomaterial ZnO Sel Surya Fotoelektrokimia.
Komunikasi Fisika Indonesia. 2019; 16: 20-24. DOI: https://doi.org/10.31258/kfi.16.1.20-24.
Dhamodharan P, Manoharan C, Bououdina M, Venkadachalapathy R, and Ramalingam S. Al-
Doped ZnO Thin Films Grown onto ITO Substrates as Photoanode in Dye Sensitized Solar
Cell. Solar Energy. 2017; 141: 127-144. DOI: https://doi.org/10.1016/j.solener.2016.11.029.
Sahumena MH, Ruslin R, Asriyanti A, and Djuwarno EN. Identifikasi Jamu Yang Beredar Di
Kota Kendari Menggunakan Metode Spektrofotometri Uv-Vis. Journal Syifa Sciences and

Rhiska Aria Berliani, et al 152


https://doi.org/10.24198/jmei.v9i01.24323
https://doi.org/10.24036/eksakta/vol23-iss03/330
https://doi.org/10.35143/elementer.v7i2.5145
https://doi.org/10.47137/uujes.1016758
https://doi.org/10.1063/5.0073879
https://doi.org/10.1016/j.solidstatesciences.2020.106290
https://doi.org/10.1039/C8RA02765J
https://doi.org/10.31258/jkfi.19.1.7-10
https://doi.org/10.1007/s10971-022-05785-1
https://doi.org/10.1080/10667857.2022.2058835
https://doi.org/10.31258/jkfi.16.1.20-24
https://doi.org/10.1016/j.solener.2016.11.029

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Jurnal Penelitian Fisika dan Aplikasinya (JPFA), 2024; 14(2): 144-153
Clinical Research. 2020; 2: 65-72. DOI: https://doi.org/10.37311/jsscr.v2i2.6977.
Munandar MR, Hakim ASR, Puspitadindha HA, Andiyani SP, and Nurosyid F. The Effect of
Mixing Chlorophyll-Antocyanin as A Natural Source Dye on The Efficiency of Dye-Sensitized
Solar Cell (DSSC). Journal of Physics: Conference Series. 2022; 2190: 012042. DOI:
https://doi.org/10.1088/1742-6596/2190/1/012042.
Ge Z, Wang C, Chen T, Chen Z, Wang T, Guo L, et al. Preparation of Cu-doped ZnO
Nanoparticles Via Layered Double Hydroxide and Application for Dye-Sensitized Solar Cells.
Journal ~— of  Physics and  Chemistry  of  Solids.  2021; 150: 109833. DOI:
https://doi.org/10.1016/].jpcs.2020.109833.
Chitradevi T, Lenus AJ, and Jaya NV. Structure, Morphology and Luminescence Properties of
Sol-Gel Method Synthesized Pure and Ag-Doped ZnO Nanoparticles. Materials Research
Express. 2019; 7(1): 015011. DOI: https://doi.org/10.1088/2053-1591/ab5c53.
Rehman AU, Aslam M, Shahid I, Idrees M, Khan AD, Batool S, et al. Enhancing The Light
Absorption in Dye-Sensitized Solar Cell By Using Bilayer Composite Materials Based Photo-
Anode. Optics Communications. 2020; 477. 126353. DOI:
https://doi.org/10.1016/j.0ptcom.2020.126353.
Siagian SM, Khairani S, Chrisna HSS, and Tampubolon FR. Sintesis dan Karakteristik Sifat
Optik Semikonduktor ZnO dan ZnO Dopping Cu. Orbita Jurnal Pendidikan dan Ilmu Fisika.
2022; 8(1): 79-83. DOI: https://doi.org/10.31764/orbita.v8i1.8406.
Singh A, Mohan D, Ahlawat DS, and Richa. Performances of Spin Coated Silver Doped ZnO
Photoanode Based Dye Sensitized Solar Cell. Processing and Application of Ceramics. 2017; 11(3):
213-219. DOI: https://doi.org/10.2298/PAC1703213S.
Amjad M, Khan MI, Alwadai N, Irfan M, Ikram-Ul-haq, Albalawi H, et al. Photovoltaic
Properties of ZnO Films Co-Doped with Mn and La to Enhance Solar Cell Efficiency.
Nanomaterials. 2022; 12: 1-17. DOI: https://doi.org/10.3390/nano12071057.
Nguyen DT, Kurokawa Y, and Taguchi K. Enhancing DSSC Photoanode Performance by
Using Ni-Doped TiO2 to Fabricate Scattering Layers. Journal of Electronic Material. 2020; 49:
2578-2583. DOI: https://doi.org/10.1007/s11664-020-07965-7.
Saputrina TT and Umar AA. Performances of Dye-Sensitized Solar Cell (DSSC) with Working
Electrode of Aluminum-Doped ZnO Nanorods. Sintechcom Science, Technology and
Communication Journal. 2020; 1(1): 1-7. DOI: https://doi.org/10.59190/stc.v1i1.22.
Habibi MH, Mardani M, Habibi M, and Zendehdel M. Enhanced Photovoltage (Voc) of Nano-
Structured Zinc Tin Oxide (ZTO) Working Electrode Prepared By A Green Hydrothermal
Route for Dye-Sensitized Solar Cell (DSSC). Journal of Materials Science: Materials in Electronics.
2017; 28: 3789-3795. DOI: https://doi.org/10.1007/510854-016-5989-9.

Rhiska Aria Berliani, et al 153


https://doi.org/10.37311/jsscr.v2i2.6977
https://doi.org/10.1088/1742-6596/2190/1/012042
https://doi.org/10.1016/j.jpcs.2020.109833
https://doi.org/10.1088/2053-1591/ab5c53
https://doi.org/10.1016/j.optcom.2020.126353
https://doi.org/10.31764/orbita.v8i1.8406
https://doi.org/10.2298/PAC1703213S
https://doi.org/10.3390/nano12071057
https://doi.org/10.1007/s11664-020-07965-7
https://doi.org/10.59190/stc.v1i1.22
https://doi.org/10.1007/s10854-016-5989-9

