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Solution-Processed Cu,ZnSn(S,Se)4 Thin Film Solar Cells
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Abstract: Solution-based approaches are regarded as one of great potential methods for preparing Cu,ZnSn(S,Se), thin film solar
cells due to the advantages of simple operation, high material utilization, and low material cost. This review systematically
summarized recent development on the solution-based approaches for preparing Cu,ZnSn(S,Se), thin film solar cells, i.e., spray
pyrolysis, bath-based aqueous solution, nanoparticle solution and direct solution coating methods. Recent research results on
solution-based high-efficient Cu,ZnSn(S,Se), thin film solar cells based on the optimization of cation ratio, sintering conditions and
selenium conditions, as well as Na, Ge and other metal elements doping were represented. This review gave the advantages and
problems in the process of solution-based preparation. t In addition, the future research could also focus on membrane composition
and reaction pathway, as well as some effective methods to reduce the intrinsic defects of Cu,ZnSn(S,Se)4 absorber layer.
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Table 1 Photovoltaic parameters of CZTS solar cell prepared
by spray pyrolysis with different solvents!"™!

pik: Y

Solvent Voe/mV Ji/(mA-cm™?) PCE/%
DMSO 117 10.17 0.46
DMF 267 22.76 2.04
H,0-EtOH 126 5.82 0.22

Voc—open-circuit voltage; J—short-circuit current density; PCE—Photoelectric

conversion efficiency.
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Fig. 4 Photograph of a hydrazine CZTS precursor solution
(The zinc precursor was synthesized through the
reaction of metallic zinc and hydrazinocarboxylic
acid (HD) derived from hydrazine and carbon
dioxide)?™”
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Table 2 Device parameters of CZTSSe thin film solar cell toward various solutions

Method Material Voo/mV Jsc/(mA~cm’2) Fill factor/% n/% References
Spray pyrolysis CZTSSe 524 30.69 62.38 10.04 [14]
Electrodeposition CZTSSe 480 33.70 61.00 9.90 [30]
Electrodeposition CZTSe 404 38.42 58.70 9.10 [26]
CBD CZTS 562 11.37 34.60 2.20 [33]
CBD CZTSSe 310 27.25 35.60 3.00 [33]
SILAR CZTS 404 12.43 39.00 1.96 [21]
SILAR CZTSSe 359 23.19 45.00 3.74 [21]
Nanoparticles CZTSSe 404 35.10 63.70 9.00 [42]
Slurry CZTSSe 516 28.61 65.40 9.60 [47]
Sol-gel CZTSSe 451 31.70 57.70 8.25 [54]
Hydrazine CZTSSe 513.4 35.20 69.80 12.60 [61]
DMF CZTSSe 417 36.70 52.27 8.01 [63]
DMSO CZTSSe 479 36.50 63.80 11.20 [69]
Thiol-amine CZTSSe 487 36.50 69.30 12.30 [84]
EGME CZTSSe 578 30.50 63.00 11.10 [88]

Voc—Open-circuit voltage; Ji—Short-circuit current density; 7—Transfer efficiency.
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