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ABSTRAK 

 

PENGARUH KONSENTRASI Ag PADA SINTESIS 

Ag2ZnSnS4  SEBAGAI LAPISAN BUFFER SEL SURYA BERBASIS 

KESTERIT 
Oleh  

Tashya Anandita 

NIM 1802082 

Program Studi Fisika  

 

 

Inovasi terus dikembangkan untuk membuat sel surya, termasuk material yang 

digunakan. Ag2ZnSnS4 (AZTS) adalah material yang memungkinkan untuk 

meningkatkan efisiensi sel fotovoltaik. Pada penelitian ini, konsentrasi Ag pada 

sintesis Ag2ZnSnS4 pada lapisan tipis dan dijadikan lapisan buffer pada sel surya 

berbasis CZTS dengan menggunakan metode berbasis larutan. Untuk 

mendapatkan lapisan tipis Ag2ZnSnS4 yang optimal, konsentrasi Ag 

divariasikan dengan rasio Ag/(Zn+Sn) 0,75;0,80;0,85; dan 0,90. Dari hasil 

pengukuran diperoleh bahwa struktur mikro menggunakan SEM dan XRD 

menghasilkan morfologi permukaan berupa pelat berukuran kurang dari 2μm 

dan memperoleh fasa AZTS dengan struktur kristal pirquitasit. Pengukuran sifat 

optik dilakukan untuk mengetahui energi bandgap terendah 2,45 eV dan LHE 

tertinggi sebesar 63,10%. Sintesis material AZTS sebagai lapisan buffer 

dimasukkan ke dalam sel surya dengan struktur 

ITO/CZTS/AZTS/HTM/rGO/ITO menghasilkan efisiensi tertinggi sebesar 

4,41%, Jsc 3,11 mA/cm2, Voc sebesar 3,35 volt dan Fill Factor (FF) sebesar 

67,96%. 

 

Kata Kunci : AZTS, lapisan buffer, sel surya, CZTS, dan konsentasi Ag 
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ABSTRACT 

 

EFFECT OF Ag CONCENTRATION ON THE SYNTHESIS OF 

Ag2ZnSnS4 AS BUFFER LAYER IN SOLAR CELL BASED ON KESTERITE 

by 

Tashya Anandita  

NIM 1802082 

Physics Study Program 

 

Innovations continue to be developed to make solar cells, including the materials 

used. Ag2ZnSnS4 (AZTS) is a material that makes it possible to increase the 

efficiency of photovoltaic cells. In this study, the concentration of Ag in the synthesis 

of Ag2ZnSnS4 was made in a thin layer and used as a buffer layer in CZTS-based 

solar cells using a solution-based method. To obtain an optimal Ag2ZnSnS4 thin 

film, the Ag concentration was varied with the ratio Ag/(Zn+Sn) 0,75;0,80;0,85; 

and 0,90. From the measurement results, it was found that the microstructure using 

SEM and XRD resulted in surface morphology in the form of plates measuring less 

than 2μm and obtained the AZTS phase with a pirquitasite crystal structure. 

Measurement of optical properties was carried out to determine the lowest bandgap 

energy of 2,45 eV and the highest LHE of 63,10%. Synthesis of AZTS material as a 

buffer layer is inserted into a solar cell with the structure 

ITO/CZTS/AZTS/HTM/rGO/ITO resulting in the highest efficiency of 4,41%, Jsc 

3,11 mA/cm2, Voc of 3,35 volts and Fill Factor (FF) of 67,96%. 

 

Keywords: AZTS, buffer layer, solar cells, CZTS, and Ag concentration 



 
 

vii 
Tashya Anandita, 2022 
PENGARUH KONSENTRASI Ag PADA SINTESIS Ag2ZnSnS4 SEBAGAI LAPISAN BUFFER SEL SURYA BERBASIS CZTS 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

DAFTAR ISI 

LEMBAR PENGESAHAN ................................. Error! Bookmark not defined. 

PERNYATAAN ................................................................................................... i 

KATA PENGANTAR ......................................................................................... ii 

UCAPAN TERIMAKASIH ................................................................................ iii 

ABSTRAK .......................................................................................................... v 

ABSTRACT ....................................................................................................... vi 

DAFTAR ISI ..................................................................................................... vii 

DAFTAR GAMBAR ........................................................................................... x 

DAFTAR TABEL ............................................................................................. xii 

DAFTAR LAMPIRAN ...................................................................................... xii 

BAB I PENDAHULUAN .................................................................................... 1 

1.1 Latar Belakang ........................................................................................... 1 

1.2 Rumusan Masalah ...................................................................................... 3 

1.3 Tujuan Penelitian ....................................................................................... 3 

1.4 Batasan Masalah ........................................................................................ 3 

1.5 Manfaat Penelitian ..................................................................................... 4 

1.6 Struktur Organisasi Skripsi ......................................................................... 4 

BAB II KAJIAN PUSTAKA ............................................................................... 6 

2.1 Sel Surya .................................................................................................... 6 

2.2 Sel Surya Berbasis Kesterit ...................................................................... 10 

2.2.1 Komponen Penyusun Sel Surya Berbasis Kesterit .............................. 13 

2.3 Pengaruh Konsentrasi Ag pada Rasio Konsentrasi Ag/(Zn+Sn) Sintesis 

Lapisan Buffer Ag2ZnSnS4 terhadap Performa ................................................ 16 

BAB III METODOLOGI PENELITIAN ........................................................... 18 

3.1 Waktu dan Tempat Penelitian ................................................................... 18 

3.2 Desain Penelitian ..................................................................................... 18 



 
 

viii 
Tashya Anandita, 2022 
PENGARUH KONSENTRASI Ag PADA SINTESIS Ag2ZnSnS4 SEBAGAI LAPISAN BUFFER SEL SURYA BERBASIS CZTS 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

3.3 Instrumen Penelitian................................................................................. 20 

3.4 Prosedur Pembuatan Sel Surya ................................................................. 20 

3.4.1 Alat dan Bahan Penelitian ................................................................. 21 

3.4.2 Sintesis CZTS ................................................................................... 23 

3.4.3 Sintesis AZTS ................................................................................... 25 

3.4.4 Deposisi Prekursor CZTS sebagai lapisan absorber ........................... 27 

3.4.5 Deposisi Prekursor AZTS sebagai lapisan buffer ............................... 27 

3.4.6 Pelapisan Kontak Hole Transport Layer dan Deposisi reduced Graphene 

Oxide ......................................................................................................... 28 

3.4.7 Fabrikasi Sel Surya ............................................................................ 28 

3.5 Karakterisasi Sampel Penelitian ............................................................... 29 

3.5.1 Karakterisasi Struktur Mikro AZTS ................................................... 29 

3.5.2 Karakterisasi Optik AZTS ................................................................. 29 

3.5.3 Performansi Sel Surya Berbasis Kesterit ............................................ 30 

3.6 Analisis Data Penelitian ........................................................................... 31 

3.6.1 Analisis Struktur Mikro AZTS .......................................................... 31 

3.6.2 Analisis Sifat Optik ........................................................................... 31 

3.6.3 Analisis Performansi Sel Surya Berbasis Kesterit .............................. 33 

BAB IV TEMUAN DAN PEMBAHASAN ....................................................... 34 

4.1 Struktur Mikro Ag2ZnSnS4 (AZTS) .......................................................... 34 

4.2 Sifat Optik Ag2ZnSnS4 (AZTS) ................................................................ 38 

4.3 Performa Sel Surya Berbasis CZTS .......................................................... 42 

BAB V SIMPULAN, IMPLIKASI DAN REKOMENDASI .............................. 45 

5.1 Simpulan .................................................................................................. 45 

5.2 Implikasi .................................................................................................. 45 

5.3 Rekomendasi............................................................................................ 45 



 
 

ix 
Tashya Anandita, 2022 
PENGARUH KONSENTRASI Ag PADA SINTESIS Ag2ZnSnS4 SEBAGAI LAPISAN BUFFER SEL SURYA BERBASIS CZTS 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

DAFTAR PUSTAKA ........................................................................................ 47 

LAMPIRAN ...................................................................................................... 56 

 

  



 
 

x 
Tashya Anandita, 2022 
PENGARUH KONSENTRASI Ag PADA SINTESIS Ag2ZnSnS4 SEBAGAI LAPISAN BUFFER SEL SURYA BERBASIS CZTS 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

DAFTAR GAMBAR 

 

Gambar 2.1 Struktur dasar sel surya ..................................................................... 6 

Gambar 2.2 Daerah deplesi pada sambungan p-n semikonduktor (Morko, 2009).. 7 

Gambar 2.3 Energi foton dibandingkan dengan nergi celah pita semikonduktor ... 8 

Gambar 2.4 Perkembangan Sel Surya .................................................................. 9 

Gambar 2.5 Perbedaan struktur kristal kesterit dan stannit pada CZTS  (M. Jiang & 

Yan, 2014) ......................................................................................................... 11 

Gambar 2.6 Struktur kristal AZTS, disintesis dengan ZnCl sebaga ageni transpor 

(Pietak et al., 2020) ............................................................................................ 14 

Gambar 3.1 Desain Penelitian ............................................................................ 18 

Gambar 3.2 Diagram Alir Penelitian .................................................................. 19 

Gambar 3.3  Desain struktur lapisan sel surya CZTS .......................................... 21 

Gambar 3.4 Bahan Utama AZTS (kiri ke kanan : AgCl, Zinc Acetate Dihydrate, 

Tin Chloride Dihydrate, Thiourea) ..................................................................... 22 

Gambar 3.5 Alat yang digunakan untuk sintesis Ag2ZnSnS4 .............................. 23 

Gambar 3.6 Prosedur sintesis CZTS: (dari kiri ke kanan) Penimbangan bahan, 

pengadukan prekursor, hasil sentrifugasi, penyaringan prekursor CZTS ............. 24 

Gambar 3.7 Hasil sintesis larutan Cu2ZnSnS4 (CZTS) ...................................... 24 

Gambar 3.8 Proses pembuatan prekursor AZTS ................................................. 26 

Gambar 3.9 Hasil sintesis prekursor AZTS dengan variasi konsentrasi Ag/Zn+Sn 

(dari kiri ke kanan : rasio 0,75; 0,80; 0,85; dan 0.90).......................................... 27 

Gambar 3.10 UV-Vis Spectrophotometer (UV 1240 Shimadzu Co. Japan) ........ 30 

Gambar 3.11 Pengukuran sel surya CZTS di bawah solar simulator .................. 30 

Gambar 4.1 Sampel sel surya yang telah dibuat berdasarkan rasio konsentrasi 

Ag/(Zn+Sn) (a) 0.75, (b) 0.80, (c) 0.85, dan (d) 0.90 .......................................... 34 

Gambar 4.2 Morfologi permukaan AZTS yang diperoleh dari karakterisasi SEM

 .......................................................................................................................... 34 

Gambar 4.3 Perbandingan Pola Difraksi Sinar-X dari Ag2ZnSnS4 ...................... 36 

Gambar 4.4 Spektrum Absorpsi AZTS terhadap Panjang Gelombang ................ 38 

Gambar 4.5 Light Harvesting Efficiency (LHE) dari sampel .............................. 39 



 
 

xi 
Tashya Anandita, 2022 
PENGARUH KONSENTRASI Ag PADA SINTESIS Ag2ZnSnS4 SEBAGAI LAPISAN BUFFER SEL SURYA BERBASIS CZTS 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Gambar 4.6 Pengaruh Ag dalam rasio Ag/(Zn+Sn) terhadap sifat optik pada 

panjang gelombang dengan puncak tertinggi ...................................................... 40 

Gambar 4.7 Analisis Band Gap AZTS dengan metode Tauc Plot ....................... 41 

Gambar 4.8 Pengaruh bandgap terhadap konsentrasi Ag .................................... 41 

Gambar 4.9 Kurva karakteristik J-V sel surya CZTS .......................................... 43 

Gambar 4.10 Pengaruh Bandgap dan LHE terhadap Efisiensi Sel Surya CZTS .. 44 

 

  



 
 

xii 
Tashya Anandita, 2022 
PENGARUH KONSENTRASI Ag PADA SINTESIS Ag2ZnSnS4 SEBAGAI LAPISAN BUFFER SEL SURYA BERBASIS CZTS 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

DAFTAR TABEL 

 

Tabel 3.1 Variasi rasio molar Ag/(Zn+Sn) untuk lapisan buffer AZTS ............... 19 

Tabel 3.2 Instrumen Penelitian ........................................................................... 20 

Tabel 3.3 Bahan yang digunakan pada Penelitian ............................................... 21 

Tabel 3.4 Alat yang digunakan pada penelitian .................................................. 22 

Tabel 3.5 Massa relatif dan konsentrasi bahan CZTS ......................................... 23 

Tabel 3.6 Rasio konsentrasi Ag/(Zn+Sn) sampel AZTS ..................................... 25 

Tabel 3.7 Berat bahan yang digunakan untuk sampel AZTS ............................... 25 

Tabel 4.1 Distribusi Ukuran Partikel AZTS dengan menggunakan ImageJ (satuan 

mikrometer) ....................................................................................................... 35 

Tabel 4.2 Analisis Fase Sekunder melalui Data Puncak Difraksi XRD dengan 

Menggunakan Match! ........................................................................................ 37 

Tabel 4.3 Ukuran kristal berdasarkan bidang yang terorientasi dengan kristal 

Pirquitasit menggunakan persamaan Scherrer .................................................... 37 

Tabel 4.4 Puncak Absorbansi dari Setiap Sampel ............................................... 39 

Tabel 4.5 Analisis Karakteristik Optik Tiap Sampel ........................................... 42 

Tabel 4.6 Performa sel surya berbasis CZTS ...................................................... 43 

 

 

 

DAFTAR LAMPIRAN 

 

Lampiran 1. Data XRD Ag2ZnSnS4 melalui software Match! ............................. 56 

Lampiran 2. Energi bandgap lapisan absorber CZTS ......................................... 59 

Lampiran 3. Pengolahan Data Energi Band Gap ................................................ 59 

Lampiran 4. Data reduced Graphene Oxide ....................................................... 60 

Lampiran 5. Pengaruh Bandgap dan LHE terhadap Efisiensi .............................. 61 

Lampiran 6. Dokumentasi Penelitian ................................................................. 62 

 

 



47 
Tashya Anandita, 2022 
PENGARUH KONSENTRASI Ag PADA SINTESIS Ag2ZnSnS4 SEBAGAI LAPISAN BUFFER SEL SURYA BERBASIS CZTS 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

DAFTAR PUSTAKA 

Abermann, S. (2013). Non-vacuum processed next generation thin film 

photovoltaics: Towards marketable efficiency and production of CZTS based 

solar cells. Solar Energy, 94, 37–70. 

https://doi.org/10.1016/j.solener.2013.04.017 

Ali, A. H., Abu Bakar, A. S., & Hassan, Z. (2014). Improved optoelectronics 

properties of ITO-based transparent conductive electrodes with the insertion 

of Ag/Ni under-layer. Applied Surface Science, 315(1), 387–391. 

https://doi.org/10.1016/j.apsusc.2014.07.172 

Battersby, S. (2019). News Feature: The solar cell of the future. Proceedings of the 

National Academy of Sciences of the United States of America, 116(1), 7–10. 

https://doi.org/10.1073/pnas.1820406116 

Bourdais, S., Choné, C., Delatouche, B., Jacob, A., Larramona, G., Moisan, C., 

Lafond, A., Donatini, F., Rey, G., Siebentritt, S., Walsh, A., & Dennler, G. 

(2016). Is the Cu/Zn Disorder the Main Culprit for the Voltage Deficit in 

Kesterite Solar Cells? Advanced Energy Materials, 6(12), 1–21. 

https://doi.org/10.1002/aenm.201502276 

Buwarda, S. (2019). Azts Dengan Metode Sol-Gel Sebagai Lapisan Buffer Bebas 

Cadmium Pada Sel Surya Czts. Jurnal Keteknikan dan Sains (JUTEKS), 2(Vol 

2, No 1 (2019): Jurnal Keteknikan dan Sains-Februari 2019), 1–7. 

http://journal.unhas.ac.id/index.php/juteks/article/view/6117 

Chagarov, E., Sardashti, K., Kummel, A. C., Lee, Y. S., Haight, R., & Gershon, T. 

S. (2016). Ag2ZnSn(S,Se)4: A highly promising absorber for thin film 

photovoltaics. Journal of Chemical Physics, 144(10). 

https://doi.org/10.1063/1.4943270 

Chamekh, S., Khemiri, N., & Kanzari, M. (2020). Effect of annealing under 

different atmospheres of CZTS thin films as absorber layer for solar cell 

application. SN Applied Sciences, 2(9), 1–8. https://doi.org/10.1007/s42452-

020-03287-9 



48 
 

 
Tashya Anandita, 2022 
PENGARUH KONSENTRASI Ag PADA SINTESIS Ag2ZnSnS4 SEBAGAI LAPISAN BUFFER SEL SURYA BERBASIS CZTS 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Chirilǎ, A., Reinhard, P., Pianezzi, F., Bloesch, P., Uhl, A. R., Fella, C., Kranz, L., 

Keller, D., Gretener, C., Hagendorfer, H., Jaeger, D., Erni, R., Nishiwaki, S., 

Buecheler, S., & Tiwari, A. N. (2013). Potassium-induced surface 

modification of Cu(In,Ga)Se2 thin films for high-efficiency solar cells. Nature 

Materials, 12(12), 1107–1111. https://doi.org/10.1038/nmat3789 

Cui, X., Sun, K., Huang, J., Yun, J. S., Lee, C. Y., Yan, C., Sun, H., Zhang, Y., 

Xue, C., Eder, K., Yang, L., Cairney, J. M., Seidel, J., Ekins-Daukes, N. J., 

Green, M., Hoex, B., & Hao, X. (2019). Cd-Free Cu2ZnSnS4 solar cell with 

an efficiency greater than 10% enabled by Al2O3 passivation layers. Energy 

and Environmental Science, 12(9), 2751–2764. 

https://doi.org/10.1039/c9ee01726g 

ESDM, E., & Agency, D. E. (2021). Renewable Energy Pipeline. 

https://ens.dk/sites/ens.dk/files/Globalcooperation/renewable_energy_pipelin

e.pdf 

Ferry, V. E., Verschuuren, M. A., Li, H. B. T., Verhagen, E., Walters, R. J., 

Schropp, R. E. I., Atwater, H. A., Polman, A., Li, H., Van Der Werf, C. H. M., 

& Rath, J. K. (2010). Light trapping in ultrathin plasmonic solar cells. Optics 

Express, Vol. 18, Issue S2, pp. A237-A245, 18(102), A237–A245. 

https://doi.org/10.1364/OE.18.00A237 

Gershon, T., Sardashti, K., Gunawan, O., Mankad, R., Singh, S., Lee, Y. S., Ott, J. 

A., Kummel, A., & Haight, R. (2016). Photovoltaic Device with over 5% 

Efficiency Based on an n-Type Ag2ZnSnSe4 Absorber. Advanced Energy 

Materials, 6(22). https://doi.org/10.1002/aenm.201601182 

Gong, J., Liang, J., & Sumathy, K. (2012). Review on dye-sensitized solar cells 

(DSSCs): Fundamental concepts and novel materials. Renewable and 

Sustainable Energy Reviews, 16(8), 5848–5860. 

https://doi.org/10.1016/j.rser.2012.04.044 

Gong, W., Tabata, T., Takei, K., Morihama, M., Maeda, T., & Wada, T. (2015). 

Crystallographic and optical properties of (Cu, Ag)2ZnSnS4 and (Cu, 

Ag)2ZnSnSe4 solid solutions. Physica Status Solidi (C) Current Topics in 



49 
 

 
Tashya Anandita, 2022 
PENGARUH KONSENTRASI Ag PADA SINTESIS Ag2ZnSnS4 SEBAGAI LAPISAN BUFFER SEL SURYA BERBASIS CZTS 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Solid State Physics, 12(6), 700–703. https://doi.org/10.1002/pssc.201400343 

Gu, Y., Yin, X., Han, J., Zhou, Y., Tai, M., Zhang, Q., Li, J., Hao, X., & Lin, H. 

(2019). All Solution-Processed Cu2ZnSnS4 Solar Cell by Using High-

Boiling-Point Solvent Treated Ball-Milling Process with Efficiency 

Exceeding 6%. ChemistrySelect, 4(3), 982–989. 

https://doi.org/10.1002/slct.201804028 

Guchhait, A., Su, Z., Tay, Y. F., Shukla, S., Li, W., Leow, S. W., Tan, J. M. R., Lie, 

S., Gunawan, O., & Wong, L. H. (2016). Enhancement of Open-Circuit 

Voltage of Solution-Processed Cu2ZnSnS4 Solar Cells with 7.2% Efficiency 

by Incorporation of Silver. ACS Energy Letters, 1(6), 1256–1261. 

https://doi.org/10.1021/acsenergylett.6b00509 

Guo, H., Ma, C., Zhang, K., Jia, X., Li, Y., Yuan, N., & Ding, J. (2018). The 

fabrication of Cd-free Cu2ZnSnS4-Ag2ZnSnS4 heterojunction photovoltaic 

devices. Solar Energy Materials and Solar Cells, 178(December 2017), 146–

153. https://doi.org/10.1016/j.solmat.2018.01.022 

Hages, C. J., Redinger, A., Levcenko, S., Hempel, H., Koeper, M. J., Agrawal, R., 

Greiner, D., Kaufmann, C. A., & Unold, T. (2017). Identifying the Real 

Minority Carrier Lifetime in Nonideal Semiconductors: A Case Study of 

Kesterite Materials. Advanced Energy Materials, 7(18), 1–10. 

https://doi.org/10.1002/aenm.201700167 

Hu, W. Q., Shi, Y. F., & Wu, L. M. (2012). Synthesis and shape control of Ag 8SnS 

6 submicropyramids with high surface energy. Crystal Growth and Design, 

12(7), 3458–3464. https://doi.org/10.1021/cg201649d 

Hu, X., Pritchett-Montavon, S., Handwerker, C., & Agrawal, R. (2019). Reaction 

pathways and optoelectronic characterization of single-phase Ag2ZnSnS4 

nanoparticles. Journal of Materials Research, 34(22), 3810–3818. 

https://doi.org/10.1557/jmr.2019.328 

Iqbal, M. A., Malik, M., Shahid, W., Din, S. Z. U., Anwar, N., Ikram, M., & Idrees, 

F. (2022). Materials for Photovoltaics: Overview, Generations, Recent 

Advancements and Future Prospects. Thin Films Photovoltaics. 



50 
 

 
Tashya Anandita, 2022 
PENGARUH KONSENTRASI Ag PADA SINTESIS Ag2ZnSnS4 SEBAGAI LAPISAN BUFFER SEL SURYA BERBASIS CZTS 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

https://doi.org/10.5772/INTECHOPEN.101449 

Jamil, M., Amami, M., Ali, A., Mahmood, K., & Amin, N. (2022). Numerical 

modeling of AZTS as buffer layer in CZTS solar cells with back surface field 

for the improvement of cell performance. Solar Energy, 231, 41–46. 

https://doi.org/10.1016/J.SOLENER.2021.11.025 

Jhuma, F. A., Shaily, M. Z., & Rashid, M. J. (2019). Towards high-efficiency CZTS 

solar cell through buffer layer optimization. Materials for Renewable and 

Sustainable Energy, 8(1), 1–7. https://doi.org/10.1007/s40243-019-0144-1 

Jiang, M., & Yan, X. (2014). Cu 2 ZnSnS 4 Thin Film Solar Cells : Present Status 

and Future Prospects. May. 

Jiang, Y., Yao, B., Jia, J., Ding, Z., Deng, R., Liu, D., Sui, Y., Wang, H., & Li, Y. 

(2019). Structural, electrical, and optical properties of Ag 2 ZnSnSe 4 for 

photodetection application. Journal of Applied Physics, 125(2). 

https://doi.org/10.1063/1.5055895 

Joël Tchognia Nkuissi, H., Kouadio Konan, F., Hartiti, B., & Ndjaka, J.-M. (2020). 

Toxic Materials Used in Thin Film Photovoltaics and Their Impacts on 

Environment. Reliability and Ecological Aspects of Photovoltaic Modules, 1–

18. https://doi.org/10.5772/intechopen.88326 

Kattan, N., Hou, B., Fermín, D. J., & Cherns, D. (2015). Crystal structure and 

defects visualization of Cu2ZnSnS4 nanoparticles employing transmission 

electron microscopy and electron diffraction. Applied Materials Today, 1(1), 

52–59. https://doi.org/10.1016/j.apmt.2015.08.004 

Kong, L. B., Ma, J., Zhu, W., & Tan, O. K. (2001). Preparation of Bi Ti O ceramics 

via a high-energy ball 4 3 12 milling process. Materials Letters, 51(October), 

108–114. www.elsevier.comrlocatermatlet 

Li, B., Wang, L., Kang, B., Wang, P., & Qiu, Y. (2006). Review of recent progress 

in solid-state dye-sensitized solar cells. Solar Energy Materials and Solar 

Cells, 90(5), 549–573. https://doi.org/10.1016/j.solmat.2005.04.039 

Li, W., Liu, X., Cui, H., Huang, S., & Hao, X. (2015). The role of Ag in 



51 
 

 
Tashya Anandita, 2022 
PENGARUH KONSENTRASI Ag PADA SINTESIS Ag2ZnSnS4 SEBAGAI LAPISAN BUFFER SEL SURYA BERBASIS CZTS 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

(Ag,Cu)2ZnSnS4 thin film for solar cell application. Journal of Alloys and 

Compounds, 625, 277–283. https://doi.org/10.1016/j.jallcom.2014.11.136 

Liu, X., Huang, J., Zhou, F., Liu, F., Sun, K., Yan, C., Stride, J. A., & Hao, X. 

(2016). Understanding the Key Factors of Enhancing Phase and 

Compositional Controllability for 6% Efficient Pure-Sulfide Cu2ZnSnS4 

Solar Cells Prepared from Quaternary Wurtzite Nanocrystals. Chemistry of 

Materials, 28(11), 3649–3658. 

https://doi.org/10.1021/acs.chemmater.5b04620 

Lu, X., Xu, B., Qin, X., Chen, Y., Yang, P., Chu, J., & Sun, L. (2020). Modification 

of Back Contact in Cu2ZnSnS4Solar Cell by Inserting Al-Doped ZnO 

Intermediate Layer. ACS Applied Materials and Interfaces, 12(52), 58060–

58071. https://doi.org/10.1021/acsami.0c18799 

Ma, C., Lu, X., Xu, B., Zhao, F., An, X., Li, B., Yue, F., Jiang, J., Chen, Y., Sun, 

L., & Chu, J. (2020a). Effect of CZTS/CdS interfaces deposited with 

sputtering and CBD methods on Voc deficit and efficiency of CZTS solar 

cells. Journal of Alloys and Compounds, 817. 

https://doi.org/10.1016/j.jallcom.2019.153329 

Ma, C., Lu, X., Xu, B., Zhao, F., An, X., Li, B., Yue, F., Jiang, J., Chen, Y., Sun, 

L., & Chu, J. (2020b). Effect of CZTS/CdS interfaces deposited with 

sputtering and CBD methods on Voc deficit and efficiency of CZTS solar 

cells. Journal of Alloys and Compounds, 817, 153329. 

https://doi.org/10.1016/J.JALLCOM.2019.153329 

Morko, H. (2009). The p–n Junction. In Handbook of Nitride Semiconductors and 

Devices (hal. 409–490). https://doi.org/10.1002/9783527628414.ch4 

Nagaoka, A., Yoshino, K., Kakimoto, K., & Nishioka, K. (2021). Phase diagram of 

the Ag2SnS3–ZnS pseudobinary system for Ag2ZnSnS4 crystal growth. 

Journal of Crystal Growth, 555(October 2020), 125967. 

https://doi.org/10.1016/j.jcrysgro.2020.125967 

Nguyen, M., Ernits, K., Tai, K. F., Ng, C. F., Pramana, S. S., Sasangka, W. A., 

Batabyal, S. K., Holopainen, T., Meissner, D., Neisser, A., & H.Wong, L. 



52 
 

 
Tashya Anandita, 2022 
PENGARUH KONSENTRASI Ag PADA SINTESIS Ag2ZnSnS4 SEBAGAI LAPISAN BUFFER SEL SURYA BERBASIS CZTS 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

(2015). ZnS buffer layer for Cu2ZnSn(SSe)4 monograin layer solar cell. Solar 

Energy, 111, 344–349. https://doi.org/10.1016/j.solener.2014.11.006 

Nisika, Kaur, K., & Kumar, M. (2020). Progress and prospects of CZTSSe/CdS 

interface engineering to combat high open-circuit voltage deficit of kesterite 

photovoltaics: A critical review. Journal of Materials Chemistry A, 8(41), 

21547–21584. https://doi.org/10.1039/d0ta06450e 

Pietak, K., Jastrzebski, C., Zberecki, K., Jastrzebski, D. J., Paszkowicz, W., & 

Podsiadlo, S. (2020). Synthesis and structural characterization of Ag2ZnSnS4 

crystals. Journal of Solid State Chemistry, 290, 121467. 

https://doi.org/10.1016/j.jssc.2020.121467 

Po, R., Carbonera, C., Bernardi, A., & Camaioni, N. (2011). The role of buffer 

layers in polymer solar cells. Energy and Environmental Science, 4(2), 285–

310. https://doi.org/10.1039/c0ee00273a 

Prima, E. C., Wong, L. H., Ibrahim, A., Nugraha, & Yuliarto, B. (2021). Solution-

processed pure Cu2ZnSnS4/CdS thin film solar cell with 7.5% efficiency. 

Optical Materials, 114(February), 110947. 

https://doi.org/10.1016/j.optmat.2021.110947 

Rahmat, A. D. (2020). PENGARUH KONSENTRASI Cu TERHADAP 

KARAKTERISTIK LAPISAN ABSORBER DAN PERFORMANSI SEL SURYA 

FILM TIPIS Cu2ZnSnS4 SKRIPSI (Vol. 15, Nomor 2). Universitas Pendidikan 

Indonesia. 

Rajeshmon, V. G., Kartha, C. S., & Vijayakumar, K. P. (2011). Spray pyrolysed 

Cu2ZnSnS4 solar cell using cadmium free buffer layer. AIP Conference 

Proceedings, 1349(PART A), 683–684. https://doi.org/10.1063/1.3606042 

Rondiya, S., Jadhav, Y., Nasane, M., Jadkar, S., & Dzade, N. Y. (2019). 

Heterojunction : An Experimental and First-Principles. 2. 

Saha, A., Figueroba, A., & Konstantatos, G. (2020). Ag2ZnSnS4 Nanocrystals 

Expand the Availability of RoHS Compliant Colloidal Quantum Dots. 

Chemistry of Materials, 32(5), 2148–2155. 



53 
 

 
Tashya Anandita, 2022 
PENGARUH KONSENTRASI Ag PADA SINTESIS Ag2ZnSnS4 SEBAGAI LAPISAN BUFFER SEL SURYA BERBASIS CZTS 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

https://doi.org/10.1021/acs.chemmater.9b05370 

Saha, A., & Konstantatos, G. (2021). Ag2ZnSnS4-ZnS core-shell colloidal 

quantum dots: A near-infrared luminescent material based on environmentally 

friendly elements. Journal of Materials Chemistry C, 9(17), 5682–5688. 

https://doi.org/10.1039/d1tc00421b 

Sasamura, T., Osaki, T., Kameyama, T., Shibayama, T., Kudo, A., Kuwabata, S., 

& Torimoto, T. (2012). Solution-phase synthesis of stannite-type Ag 2ZnSnS 

4 nanoparticles for application to photoelectrode materials. Chemistry Letters, 

41(9), 1009–1011. https://doi.org/10.1246/cl.2012.1009 

Satale, V. V., & Bhat, S. V. (2020). Superstrate type CZTS solar cell with all 

solution processed functional layers at low temperature. Solar Energy, 

208(March), 220–226. https://doi.org/10.1016/j.solener.2020.07.055 

Schneider, K., & Benick, J. (2017). Multicrystalline Silicon Solar Cell with 21.9 

Percent Efficiency: Fraunhofer ISE Again Holds World Record. Fraunhofer 

Institute for Solar Energy Systems ISE, 3–5. 

Siebentritt, S., & Schorr, S. (2012). Kesterites—a challenging material for solar 

cells. PROGRESS IN PHOTOVOLTAICS: RESEARCH AND 

APPLICATIONS. https://doi.org/10.1002/pip.2156 

Song, X., Ji, X., Li, M., Lin, W., Luo, X., & Zhang, H. (2014). A review on 

development prospect of CZTS based thin film solar cells. International 

Journal of Photoenergy, 2014. https://doi.org/10.1155/2014/613173 

Su, Z., Liang, G., Fan, P., Luo, J., Zheng, Z., Xie, Z., Wang, W., Chen, S., Hu, J., 

Wei, Y., Yan, C., Huang, J., Hao, X., & Liu, F. (2020). Device Postannealing 

Enabling over 12% Efficient Solution-Processed Cu2ZnSnS4 Solar Cells with 

Cd2+ Substitution. Advanced Materials, 32(32), 1–12. 

https://doi.org/10.1002/adma.202000121 

Sunny, G. (2019). Copper Tin Sulfide thin film through Chemical Spray Pyrolysis : 

Material characterization and trials on device fabrication Thesis submitted 

by. March. 



54 
 

 
Tashya Anandita, 2022 
PENGARUH KONSENTRASI Ag PADA SINTESIS Ag2ZnSnS4 SEBAGAI LAPISAN BUFFER SEL SURYA BERBASIS CZTS 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Syamsul, H., Purwanto, P., & D.P, N. M. (2013). DEPOSISI DAN 

KARAKTERISASI FILM TIPIS CdS/CdTe:Cu YANG DITUMBUHKAN 

DENGAN METODE DC MAGNETRON SPUTTERING. Unnes Physics 

Journal. 

Todorov, T. K., Reuter, K. B., & Mitzi, D. B. (2010). High-efficiency solar cell 

with earth-abundant liquid-processed absorber. Advanced Materials, 22(20), 

156–159. https://doi.org/10.1002/adma.200904155 

Wang, H. (2011). Progress in thin film solar cells based on Cu 2 ZnSnS 4. 

International Journal of Photoenergy, 2011(Figure 2). 

https://doi.org/10.1155/2011/801292 

Wang, W., Winkler, M. T., Gunawan, O., Gokmen, T., Todorov, T. K., Zhu, Y., & 

Mitzi, D. B. (2014). Device characteristics of CZTSSe thin-film solar cells 

with 12.6% efficiency. Advanced Energy Materials, 4(7). 

https://doi.org/10.1002/aenm.201301465 

Wardani, A. R. K. (2020). STUDI STRUKTUR FILM TIPIS Cu 2 ZnSnS 4 YANG 

DITUMBUHKAN DENGAN TEKNIK IMMERSE DAN SULFURISASI. 

Xu, H., Xu, H., Yuan, F., Zhou, D., Liao, X., Chen, L., Chen, Y., & Chen, Y. (2020). 

Hole transport layers for organic solar cells: Recent progress and prospects. 

Journal of Materials Chemistry A, 8(23), 11478–11492. 

https://doi.org/10.1039/d0ta03511d 

Yan, C., Huang, J., Sun, K., Johnston, S., Zhang, Y., Sun, H., Pu, A., He, M., Liu, 

F., Eder, K., Yang, L., Cairney, J. M., Ekins-Daukes, N. J., Hameiri, Z., Stride, 

J. A., Chen, S., Green, M. A., & Hao, X. (2018). Cu2ZnSnS4 solar cells with 

over 10% power conversion efficiency enabled by heterojunction heat 

treatment. Nature Energy, 3(9), 764–772. https://doi.org/10.1038/s41560-018-

0206-0 

Yang, S., Wang, S., Liao, H., Xu, X., Tang, Z., Li, X., Li, X., Wang, T., & Liu, D. 

(2019). Sulfurizing Sputtered-ZnO as buffer layer for cadmium-free 

Cu2ZnSnS4 solar cells. Materials Science in Semiconductor Processing, 101, 

87–94. https://doi.org/10.1016/j.mssp.2019.05.021 



55 
 

 
Tashya Anandita, 2022 
PENGARUH KONSENTRASI Ag PADA SINTESIS Ag2ZnSnS4 SEBAGAI LAPISAN BUFFER SEL SURYA BERBASIS CZTS 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Yeh, L. Y., & Cheng, K. W. (2014). Preparation of the Ag-Zn-Sn-S quaternary 

photoelectrodes using chemical bath deposition for photoelectrochemical 

applications. Thin Solid Films, 558, 289–293. 

https://doi.org/10.1016/j.tsf.2014.02.046 

Yuan, Z. K., Chen, S., Xiang, H., Gong, X. G., Walsh, A., Park, J. S., Repins, I., & 

Wei, S. H. (2015). Engineering Solar Cell Absorbers by Exploring the Band 

Alignment and Defect Disparity: The Case of Cu- and Ag-Based Kesterite 

Compounds. Advanced Functional Materials, 25(43), 6733–6743. 

https://doi.org/10.1002/adfm.201502272 

Zhou, T., Huang, J., Wang, Y., Liu, Q., Han, S., Yao, B., Jiang, Y., Li, Y., & Liu, 

Y. (2021). Preparation and characterization of Ag2ZnSn(S,Se)4 and its 

application in improvement of power conversion efficiency of 

Cu2ZnSn(S,Se)4-based solar cells. Ceramics International, 47(24), 34473–

34480. https://doi.org/10.1016/j.ceramint.2021.08.361 

 


