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Abstract: Sn0, has the advantages of the wide bandgap, high optical transparency, high electron mobility, excellent

UV stability, and lower preparation temperature. It is widely used in high-efficiency and stable perovskite solar cells
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(PSCs). However, the surface defects of SnO, can cause serious hysteresis and other adverse effects. In order to
improve the interfacial charge transport characteristics and hysteresis of perovskite solar cells based on the SnO,
electron transport layer. Four different types of Sn0O, electron transport layers were prepared as electron transport
layers (ETLs) for PSCs using low-temperature solution processing technology. SnCl,-5H,0 (Cl,-Sn0,), SnClL,-2H,0
(Cl,-Sn0,), and SnO, nanoparticle (NP -Sn0,) were used to form the bilayer ETL structure with SnO, colloidal
(Col-Sn0,). The effects of different SnO, bilayer ETLs on the photoelectric performance and hysteresis of the device
were systematically studied. Through analysis of scanning electron microscopy (SEM), X -ray diffraction (XRD),
steady-state photoluminescence spectrum (PL), electrochemical impedance (EIS), and stability test, it can be con-
firmed that the surface of Cl,-Sn0,/Col-Sn0O, and CI,-Sn0,/Col-Sn0O, films was smooth and compact with good cover-
age; and inserting a Cl,-Sn0, layer under the Col-Sn0, layer can form better interface contact and fewer interfacial
defects, which is beneficial to reduce the interfacial resistance and charge recombination, and exhibits more excel-
lent electron extraction and transport characteristics. However, the nanostructure composed of the NP-SnO, layer
and the Col-Sn0, layer is not conducive to the growth of perovskite crystals, and the incompatible interface between
the two causes serious charge recombination, which will affect the charge transfer. Compared with the device based
on the Col-Sn0, single ETL device (14.16%), the device based on the Cl,-Sn0,/Col-Sn0O, bilayer structure obtained
a photoelectric conversion efficiency of 15.01%, and the photoelectric conversion efficiency of the forward scan was
increased by about 23.3%, short circuit current density (/) and fill factor (FF) were improved, the hysteresis was

obviously suppressed and showed better stability.

Keywords: bilayer electron transport layer; perovskite solar cells; tin oxide; interface adjustment; hysteresis; stability
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Fig.5 Top-view SEM images of perovskite deposited on (a) Cl,-Sn0,/Col-Sn0, film, (b) C1,-Sn0,/Col-Sn0O, film,

(c) NP-Sn0,/Col-Sn0, film and (d) Col-SnO, film
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Fig.6  (a) XRD patterns, (b) UV-Vis absorption spectra, and (c) PL spectra of perovskite films deposited on four different substrates,

and (d) Nyquist curves of PSCs with different ETLs

®1 ETF4#AREEE SnO, ETL B PSCs 24 1EaESH
Table 1 Device performance of PSCs based on four different types of SnO, ETL

ETL Scan direction V.IV Jo. ! (mA’(:m’z) FF/ % PCE / % R/ Q R,/ Q HI
Forward 0.93 19.99 53.94 9.96

Cl,-5n0,/Col-Sn0, 54.98 90.53 0.31
Reverse 1.00 19.89 73.12 14.49
Forward 0.97 20.80 61.20 12.28

ClL,-5n0,/Col-Sn0, 48.13 85.8 0.18
Reverse 1.01 20.71 71.85 15.01
Forward 0.94 18.06 37.91 6.42

NP-Sn0,/Col-Sn0, 24.83 321.2 0.51
Reverse 1.02 18.05 71.41 13.10
Forward 0.95 20.54 41.64 8.11

Col-Sn0O, 35.35 143.6 0.43
Reverse 1.04 19.95 68.31 14.16
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