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Preparation of High-Efficiency Zn-Cu-In-Se Quantum Dot-Sensitized
Solar Cells by ZnS/SiO, Synergistic Photoanode Coating
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(Key Laboratory for Biobased Materials and Energy of Ministry of Education, College of Materials
and Energy, South China Agricultural University, Guangzhou 510642, China)

Abstract: The synergistic photoanode coating strategy was applied to inhibit the charge recombination processes at
the photoanode/electrolyte interface and improve the photovoltaic performance of Zn-Cu-In-Se (ZCISe) quantum dot-
sensitized solar cells (QDSC). On the surface of ZCISe QD-sensitized photoanode, ZnS and Si0, layers were succes-
sively coated by the solution route to form double passivation coating layers. This double-layer treatment offers more
effective charge recombination inhibition than the traditional ZnS single coating layer, thus obtaining higher photo-
voltaic performance for the resulting QDSC. The results indicated that with the coating of ZnS/SiO,double passiv-
ation layers, the efficiency was increased from 12.17% corresponding to cells with the traditional single ZnS coating
to 13.23%. This is mainly due to the effective inhibition of the charge recombination processes at the photoanode/

electrolyte interface, and the charge collection efficiency is improved accordingly.
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Fig.1 (a) Schematic showing the sequential overcoating of ZnS and SiO, thin layers around the ZCISe QD-sensitized TiO, film
electrode; HRTEM images of ZCISe QD-sensitized TiO, film electrodes overcoated by 3ZnS (b) and 3ZnS/60Si0, (c)
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Fig.2  XPS spectra of Ti0,/QD, Ti0,/QD/3ZnS, and Ti0,/QD/3ZnS/60Si0, photoanodes
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Table 1 Photovoltaic parameters of QDSC with different surface treatments on photoanodes

Photoanode Jo ! (mA-cm™) V.IV FF PCE /%
Ti0,/QD 19.97 0.536 0.578 6.19
Ti0,/QD/3ZnS 22.78 0.571 0.581 7.56
Ti0,/QD/4ZnS 25.14 0.602 0.597 9.04
Ti0,/QD/5ZnS 26.58 0.618 0.613 10.07
Ti0,/QD/6ZnS 25.45 0.611 0.602 9.36
Ti0,/QD/5ZnS/60Si0, 25.13 0.601 0.604 9.12
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Fig.3 J-V curves of the assembled QDSC with different cycles of ZnS layers (a), and with 5ZnS and 5ZnS/60Si0, coating layers (b)
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Table 2 Performance parameters of QDSC with different ZnS cycles
Photoanode J../ (mA-cm™) V.V FF PCE / %
Ti0,/QD/0ZnS/60Si0, 21.97 0.569 0.586 7.32
Ti0,/QD/1ZnS/60Si0, 24.25 0.597 0.603 8.73
Ti0,/QD/2ZnS/60Si0, 25.74 0.628 0.607 9.81
Ti0,/QD/3ZnS/60Si0, 27.13 0.653 0.618 10.95
Ti0,/QD/4ZnS/60Si0, 26.05 0.660 0.610 10.49
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Fig.4 (a) J-V curves of QDSCs with different thicknesses of ZnS layers with a fixed SiO, deposition time of 60 min;
(b) J-V curves of QDSCs with different SiO, deposition times
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Table 3 Performance parameters of the QDSC with different thicknesses of SiO, layers

Si0, deposition time / min

T/ (mA-cm™) VA FF PCE/ %
30 25.84 0.641 0.600 9.94
60 27.13 0.653 0.618 10.95
90 26.56 0.647 0.614 10.55

120 25.02 0.633 0.606 9.59
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