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Fig. S1 The SEM images of SnO, and SnO,:Eu** films.
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Fig. S2 Atomic force microscopy (AFM) images of SnO, and SnO,:Eu®* films

deposited on FTO substrates
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Fig. S3 The contact angles of SnO, and SnO,:Eu®* films.
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Fig. S5 Dark I-V curves of the electron-only devices with different ETL

Au/Spiro/MAPbI,/SnO,/FTO Au/Spiro/ MAPbL; /Sn0,:20% Eu**/FTO

8

I
SU8020 3.0kV 10.4mm x60.0k SE(UL) 5/14/2019 21:03 500nm SUB020 5.0kV 8.7mm x60.0k SE(UL) 5/14/2019 21:49 500nm

bl

Fig. S6 The cross-sectional SEM images of PSCs with different ETL.
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Fig.S7 J-V curves of the PSCs with different ETLS substrates.
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Fig.S8 EIS of planar-type PSCs with various ETLS.
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Fig.S9 Equivalent circuit in PSCs.
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Fig.S10 Stable output curves of current densities of the device with SnO,:Eu** at the

maximum power point.
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Thermal stability @ 80 °C
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Fig.S11 Stability test for planar-type PSC devices with different ETLs without any
encapsulation (a) at 80 °C in dry N, atmosphere; (b) under 100 mW cm? illumination

and 40-50% humidity at 60 °C.

Supplementary Table 1 The average Hall coefficient, resistivity, mobility and carrier

concentration of SnO, and Sn0,:20% Eu films.

Average Hall Resistivity  Mobility Carrier concentration
Sample . 3 A1 2yl 1 -3

coefficient (cm® C™) (Q-cm) (cm*V=s7)  (ecm™)
Sno, -2.59x10° 6.24x10°  4.14x10° -2.41x10"
Sn0,:20% Eu  -3.18x10° 3.36x10°  9.44x10° -1.97x10"




Supplementary Table 2 Parameters of the TRPL spectra of perovskite films
deposited on different substrates.

Sample (T;:) (r:;) % of 11 (;Z) % of 1,
FTO/SnO,/Perovskite 3520 438 395% 3755 60.5%
FTO/Sn0,:5% Eu/Perovskite 17.45 394 33.08% 18.85 66.9%
FTO/Sn0,:10% Eu/Perovskite 6.07 293 4359% 7.07 56.41%
FTO/Sn0,:15% Eu/Perovskite 6.16 276 38.71% 7.01 61.29%

FTO/Sn0,:20% Eu/Perovskite 4.54 765 13.05% 3,53 86.95%

FTO/Sn0O,:25% Eu/Perovskite 9.85 3.04 36.32% 10.93 63.68%

Supplementary Table 3 Parameters of PSCs deposited on different substrates.

The amount of Eu® in Voe Jsc FF PCE (%)
SnO,:Eu** (mol%) V) (mAcm?)
0 1.06 22.57 77.77 18.66
5 1.07 22.75 76.73 18.84
10 1.10 22.41 76.77 19.08
15 1.10 22.25 78.76 19.28
20 1.13 22.61 78.76 20.14

25 1.08 2341 76.68 19.46




