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ABSTRACT: Perovskite solar cells (PSCs) have attracted
extensive attentions due to their high-efficiency, simple
preparation process and low-cost. The efficiency of the
PSCs has increased from 3.8% to 25.7%. So far, more and
more studies focus on n-i-p structured PSCs using SnO, as
electron  transport layer. However, its process
reproducibility is relatively poor, and efficiency is still low.
This report conducted a systematic study of planar n-i-p
PSCs, mainly including the selection of transparent
conductive oxide (TCO) glass, optimization of preparation
parameters and the influence of storage conditions on
device performance. Experimental results show that these
parameters have an important impact on the device
performance. At the same time, it was analyzed by
scanning electron microscope, X-ray diffraction, absorption
spectrum. The devices achieved an average efficiency of
21.85% and a highest efficiency of 23.47% with good
reproducibility under the optimal conditions (Indium Tin
oxide substrate, Pbl, annealed at 70 C for 1 min, standing
time after dropping amine salt solution is less than 5 s, and
stored in 4.5% humidity environment). This work provides
scientific support for the preparation of high-efficiency and
repeatable PSCs.

KEY WORDS: perovskite solar cells (PSCs); n-i-p; SnO,;
high-efficiency; reproducibility
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30 pL t-BP F118 pL Li-TFSI ¥ #i (520 mg/mL f] 2.
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Fig. 1 Schematic diagram of PSCs structure
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Fig. 2 Box comparison diagram of performance
parameters of PSCs based on FTO and ITO substrates
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Tab. 1 Best performing photovoltaic parameters of PSCs
based on FTO and ITO substrates

TCO  JJ(mA/cm?) VIV Fel% Pecl%
FTO 22.34 111 7173 17.78
ITO 23.27 111 75.43 19.47
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Fig. 6 Perovskite film SEM images based on Pbl, at
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Fig. 10 J-V curves of the optimal PSCs under different
annealing time of Pbl, at 70 'C
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Tab. 3 Best performing photovoltaic parameters of
PSCs based on Pbl, annealed at 70 “C with different
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is JJ(mAfcm?) Vo IV F.% Pl%
55 23.27 111 75.43 19.47
60 23.77 114 75.05 20.26
65 23.73 1.10 75.11 19.54
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g.11 Perovskite film SEM images based on Pbl, at
different annealing time of 70 'C
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Fig. 12 Absorption spectra of perovskite thin films based
on Pbl, annealed at 70 °C with different annealing time
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Fig. 13 Perovskite XRD spectrum under different
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Tab. 4 Best performing photovoltaic parameters of
PSCs under different standing time after
dropping amine salt solution

ts J/(mA/cm?) VIV Fil% P/%
0 24.17 1.16 79.57 22.26
5 2421 1.16 78.80 22.07
10 2421 111 79.56 21.29
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Fig. 16 Perovskite film SEM images under different
standing time after dropping amine salt solution
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