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Fig. S1 Chemical structure used in this work.
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Fig. S2 EDS test of the sample with the structure ITO/SnO; and ITO/SnO2/EPN.
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Fig. S3. Full XPS spectra of the SnO; and SnO2/EPN films.
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Fig. S4. UV-Vis absorption spectra of perovskite films deposited on SnO; (control) and

SnO2/EPN (target).
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Fig. S5. Tauc plot of the control and target perovskite film obtain from the UV-vis data.
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Fig. S6 Contact angle of the perovskite solution deposited on the (a) ITO/SnO2 and (b)
ITO/Sn02/EPN.
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Fig. S7 Grain sizes statistics of the perovskite film deposited on SnO; with or without EPN

modification.
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Fig. S8 UV—vis absorption spectra of the perovskite films ¢) without and d) with EPN annealed

for different times.
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Fig. S9. PL curves of the perovskite film with the structure of glass/perovskite (treated

with or without EPN).
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Fig. S10. TRPL curves of the perovskite film with the structure of glass/perovskite

(treated with or without EPN).
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Fig. S11 Depth-dependent GIXRD patterns of the perovskite films with the structure of (a)
ITO/Sn0Oz/perovskite and (b) ITO/SnO2/EPN /perovskite.
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Fig. S12 d-spacing values obtained from {001} plane as a function of incidence angles.
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Fig. S13. TRPL curves of the perovskite film with the structure of ITO/Sn02/perovskite

(treated with or without EPN).
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Fig. S14. Mott-Schottky analysis of SnO; and SnO2/EPN based devices.
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Fig. S15. UPS spectra of the unmodified SnO; and the EPN-modified SnO2 (Sn02/EPN) (a

and c) the cut-off energy (Ecut.off) and (b and d) Fermi edge (EF edge).
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Fig. S16. (a) IMPS plot and (b) IMVS plot of PSCs with or without EPN modification.
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Fig. S17. Statistical photovoltaic parameters (Jsc, Voc and FF) of solar cells at various

concentrations of EPN.
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Fig. S18. (a) Chemical structures of the reference passivation molecules employed in this
work. (b) J-V curves of the devices based on different modifiers. J-V curves were measured

FS at a scan rate of 100 mV/s under simulated AM 1.5G one sun illumination of 100

mW/cm?2.
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Fig. S19. The differential charge densities of (a) NB, (b) pDL and (c) 4NBL contact with

SnO; and perovskite with different contact mode.
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Fig. S20. Binding energy of NB, pDL, 4NBL and EPN contact with SnO; and perovskite with

different contact mode.
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Fig. S21 Statistical hysteresis index (HI) distribution calculated from individual 15 cells.
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Table S1. Fitted results of TRPL curves of the perovskite films deposited on glass or

glass/EPN.
Glass/PVSK Glass/EPN/PVSK
71 (ns) 32.511 68.436
% 0.234 0.241
72 (ns) 129.850 243.453
% 0.729 0.704

Zave (NS) 122.529 228.096
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Table S2. Fitted results of TRPL curves of the perovskite films deposited on ITO/Sn0O2 or

ITO/SnO2/EPN.
ITO/Sn02 ITO/Sn02/EPN
71 (ns) 1.858 1.178
% 0.380 0.518
72 (ns) 11.714 8.095
% 0.590 0.239

Zave (1S) 10.801 6.434
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Table S3. The fitted EIS parameters of the devices based on SnO; and SnO2/EPN ETLs.

ETL R (Q) Rrec (k)
Sno0; 8.93 31.4
Sn0z/EPN 8.41 41.8
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