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Abstract: SnO, is widely used in perovskite solar cells (PSCs) due to its high electron mobility, suitable conduction
band and low-temperature preparation characteristics. Currently, the two most commonly used methods for
preparing SnO, are SnCl, hydrolysis oxidation or SnO, sol-gel preparation. However, although SnCl, hydrolysis
oxidation can produce well-crystallized SnO,, its controllability is poor, resulting in low device performance repeat-
ability. On the other hand, the devices based on SnO, electronic transport layer prepared by the sol-gel method
have good repeatability, but usually have poor crystallinity, leading to a decrease in electron transport performance.
In this study, a combination of hydrolysis oxidation and sol-gel methods was used to prepare SnO, electronic
transport layers. The results of the study demonstrate that using SnCl, hydrolysis oxidation to prepare high-quality
SnO, crystalline layers can serve as a pre-growth template to improve the crystalline quality of sol-gel generated

Sn0,. Additionally, covering the hydrolysis oxidation-based SnO, layer with sol-gel prepared SnO, crystalline layer
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can improves the repeatability of device preparation. The electron transport layers prepared by this method can

effectively enhance the quality of thin film crystal growth and charge extraction capability, ultimately contributing

to improving the efficiency, stability, and reducing hysteresis of the devices.

Keywords: SnO,; composite electron transport layer; hydrolysis oxidation; sol-gel method; hybrid PSCs
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Fig.1 XRD patterns of SnO, electron transport layers (ETL) prepared

by different methods
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Fig.2 Transmission curves of SnO, ETL obtained by different

methods on ITO
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Fig.3 SEM images of (FAPbI;), g5(MAPDBr3), 17 perovskite films prepared on ITO/SnCl,/Sn0O, (a), ITO/SnCl, (b), ITO/SnO, (c) substrate
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Fig.4 Steady-state fluorescence spectra (a) and transient fluorescence spectra (b) of (FAPb;), g5(MAPbBr3), ;7 films prepared on Glass,
ITO/SnCl,/Sn0,, ITO/SnCl, and ITO/SnO, substrates
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Table 1 Transient photoluminescence spectroscopy (TRPL) fitting parameters of (FAPbI3)0'83(MAPbBr3)0.17 films

prepared on different substrates

Sample Tl,Value/nS Tl,Rel./% T2,Value/ns TZ,RBL/% Tave,Value/nS
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SnCl, 4.32 55.79 25.56 44.21 21.83
SnO, 4.04 58.24 29.91 41.76 25.81
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Table 2 Optoelectronic parameters of (FAPbI;), ¢s(MAPDbBr3), 1, devices prepared using different preparation methods
as electron transport layers

ETLs VooV Jye/(mA-cm™) FF/% PCE/%
SnCl,-revese 0.99 21.31 62.90 13.30
SnCl,-forward 0.90 21.25 45.95 8.78
SnO,-reverse 0.89 21.92 63.43 12.38
SnO,-forward 0.87 21.44 59.74 11.16
SnCl,/SnO,-reverse 1.08 20.81 72.56 16.32
SnCl,/Sn0O,-forward 1.07 20.75 70.51 15.64

Notes: V,.—Open circuit voltage; J,,—Short-circuit current; FF—Fill factor; PCE—Photoelectric conversion efficiency of perovskite solar

cells.
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Fig. 8 Efficiency changes of devices prepared on ITO/SnCl,/SnO,,
ITO/SnCl, and ITO/SnO, substrates stored in inert environment
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