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Supplementary Figures and Tables

Fig. S1 Structure models of g-CN, cPCN
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Fig. S2 XRD spectra of FTO, SnO; and SnO2-cPCN
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Fig. S3 XPS spectra of N 1s of (a) SnO; and (b) SnO2-cPCN
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Fig. S4 UPS spectra for SnO,-cPCN film and perovskite film deposited on glass
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Fig. S5 Contact angle measurements of water and perovskite solution on SnO> and
SnO;-cPCN films
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Fig. S6 Contact angle measurements of perovskite solution on SnO> and SnO>-cPCN

films after UV-ozone treatment

Fig. S7 SEM images of SnO; (Left) and SnO,-cPCN film (Right)
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Fig. S8 Average grain size of the perovskite films on SnO; and SnO2-cPCN derived
from Fig 3a, b
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Fig. S9 (a-d) PCE, FF, Voc, and Jsc extracted from their corresponding J-V curves as
functions of the cPCN concentration in the SnO> solution for the preparation of SnO»-
cPCN ETL
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Fig. S10 (a) Normalized transient photocurrent decay and (b) normalized transient
photovoltage decay of PSCs with SnO> and SnO>-cPCN as ETL
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Fig. S11 Charge transport mechanism. (a) Planar-type PSCs with SnO> and (b) SnO»-

cPCN
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Fig. S12 Dark I-V curves of the electron-only devices with the VtrL kink points. The
inset shows the structure of the electron-only device
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Fig. S13 Contact angle of perovskite film based on (a) SnO; and (b) SnO2-cPCN

Table S1 Device performance of Voc, Jsc, FF, and PCE of devices at different cPCN

concentrations
Concentration(mg/ml) Voc (V) Jsc (mAcm2) FF (%) PCE (%)
0 1.11 23.2 82 21
0.2 1.11 23.5 81.5 21.5
0.4 1.115 23.9 82 21.75
0.6 1.126 24.9 82.5 23.17
0.8 1.119 24.3 81.8 22.24

Table S2 Summary of the modified SnO; based perovskite solar cells

ETL Type He (SnO») U (modified SnO,)  Perovskite type Year PCE Refs.
EDTA- SnO» 9.92x 1074 227 %1073 FACsl 2018.8 21.6 [S1]

Nb-SnO» 1.02x 1074 2.16 x 107# FAMAPbBIBr 2016.12 17.57 [S2]

SnO>-HP 1.52x 1073 2.76x 1073 CsFAMAPbDIBr 2020.7 23.06 [S3]
SnOx: NdCls 1.46 x 1073 6.29 x 1073 FA L, .MAPbI3 2020.9 21.49 [S4]
Sn02:GQDs 6.72 x 1074 1.01 x 1073 MAPbI;3 2017.8 20.31 [S5]
Sn02-RCQs 9.32x 107 1.73 x 1072 CsFAMAPbDIBr 2019.11 22.77 [S6]

G- SnO; 52x1073 7.5% 1073 CsFAMAPbDIBr 2019.12 22.13 [S7]

S-Sn0O; 3.37 x 10 3.46 x 1073 FAMAPbBIBr 2020.9 22.84

Nd- SnO; 12.1x10* 36.1x104 CsFAMAPDIBr 2020.6 20.92 [S8]
c¢PCN-Sn0O, 9.95x10* 3.3x10°3 FAMAPDIBr 2020.12 23.17  This work
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