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1. Electrical resistance measurement of ZnO films
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Figure S1. J-V characteristics of ZnO films sandwiched by ITO and Ag electrodes (ITO/ZnO/Ag).

2. Water-contact angle measurement of ZnO films

Figure S2. Water-contact angle measurement of ZnO"% (a) and ZnO¥" (b) prepared by 60 minutes of

thermal annealing (100°C), ZnOv# prepared by 5 minutes of thermal annealing (c).

3. Summarized photovoltaic properties

Table S1. Summary of photovoltaic properties of OSCs based on ZnO?" and ZnOVee,

ZnO Preparation

Jsc Voc

FF PCE /
/ mAcm 2 A CE /%

in air

9.1(x0.2) 057 (+0.0) 0.61 (x0.0) 3.1 (x0.1)

under vacuum

9.0 (£0.3)  0.57 (+0.1)  0.61 (£0.1) 3.1 (x0.2)
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4. Changes of Photovoltaic properties with photo-irradiation time
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Figure S3. Changes in typical J-V characteristics of OSCs based on ZnO¥* (a) and ZnO?" (b) with
photoirradiation time (0—100 h).
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Figure S4. Changes in Jsc (a), Voc (b), and FF (c) values with continuous photoirradiation of OSCs
based on ZnOa',
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Figure S5. Changes in Jsc (a), Voc (b), and FF (c) values with continuous photoirradiation of OSCs
based on ZnOv¥.

S3



5. Changes of Rz, with photo-irradiation time
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Figure S6. Changes in Ry,0 of OSCs based on ZnO'* (blue trace) and ZnO?" (red trace) with photo-
irradiation time (0—100 h).
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6. Thermal stability testing of ZnOair-based OSCs

The thermal stability of ZnO?"-based OSCs was investigated under dark conditions at 65°C
which is similar temperature during continuous photoirradiation. The ZnO?"-based device showed
good thermal stability; the PCE value of the ZnO?"-based OSC was kept 97% of the initial value
after 50 h of thermal stability testing (Figure S7). Moreover, AC-impedance measurement of the
ZnO%-based device indicates that the active layer does not decompose by thermal heating without
photo-irradiation (Figure S8). Considering the poor stability of ZnO2-based devices under
continuous photo-irradiation, the photo-degradation of active layer materials on ZnO?" should be

caused by photo-catalytic reaction.
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Figure S7. Changes of PCE of ZnO%"-based OSC under dark conditions at 65°C.
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Figure S8. Nyquist plots of the ZnO*"-based OSC (a) and changes in resistance values of the active

layer of the ZnO?"-based OSC with continuous thermal annealing (65°C) without photo-irradiation.
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