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Fig. S1 SEM images of perovskite films (a) without and with (b) 1 mg-mL™, (¢) 2.5 mg-mL™, (d) 5 mg-mL™,
(e) 10 mg-mL™"' TBAI passivation layer.
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Fig. S2 Cross-sectional SEM image of PSCs.

s2



3 Sn0O; =3 SnO;
(a) [ TBAC/SnO; (b) 24 | 3 TBAC/SnO;
TBAB/SNO; — TBAB/SnO
1.2 - 3 TRANSNO, N'E L O3 TRAISNO,
I 2 223+ T T "
1.1 * 322
E g T
I g21 |
s L
1| (@]
20
3 Sno. 3 SnO.
(Clos| 3 TBAC/SNO; (d) 20 "3 TBAC/SnO;
TBAB/SnO; - 3 TBAB/SNO,
O TBAIISO, 19 O3 TBAIISNO: T
18 -
1 | 1 2| o T
W o
0.7 H o wqz ¢
" E — - 8 - & o
15
06 14 +

B S3 LHWBEMMARFRILEE 10 HE5EKE K FH 8 44 1 (a) T B B (Voo) ZE 1t B
OEBRBERJIsoZiHHE. (FEZETFFZE B () AREERNEPCE)ZTE
Fig. S3 Statistical distribution of (a) Voc, (b) Jsc, (¢) FF, and (d) PCE of PSCs without and with different

passivation layers (each condition has 10 cells).
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Fig. S4 J-V curves of PSCs without and with TBAC passivation layer treated by different concentrations.
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Table S1 Photovoltaic parameters of PSCs without and with TBAC passivation layer treated by different concentrations.

Sample Vod/V Jso/(mA-cm™2) FF PCE/%

SnO; 1.120 22.206 0.690 17.150

TBAC (1 mg'-mL™")/SnO, 1.120 23.387 0.674 17.667

TBAC (2.5 mg-mL')/Sn0O; 1.130 23.502 0.659 17.492
TBAC (5 mg'-mL™")/SnO, 1.140 22.256 0.737 18.693

TBAC (10 mg'mL')/SnO, 1.160 23.111 0.715 19.170
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Fig. S5 SSPL spectra of perovskite films without and with TBAC passivation layer treated by different concentrations.
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Fig. S6  EIS spectra of PSCs with no bias without and with different passivation layers.
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Table S2 Parameters of the equivalent circuit of PSCs without and with different passivation layers.

Sample RJ/(Q-cm?) Reo/(Q-cm?) CPE|-T/(F-~em™?)  CPE,;-P/(F-cm™?) Riec/(Q-cm?) CPE,-T/(F-em™?)  CPEy-P/(F-cm™?)
SnO, 7.87 123580 1.02E-8 0.96 131550 9.53E-8 0.87
TBAC/SnO, 7.34 210550 1.73E-8 0.99 499010 2.78E-8 0.86
TBAB/SnO, 7.88 246680 1.04E-8 0.98 279920 4.84E-8 0.86
TBAI/SnO, 7.46 140240 7.83E-9 1.03 145430 4.72E-8 0.85
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Fig. S7 (a) C—f curves of PSCs with no bias without and with different passivation layers; (b) C—f curves of

Au/Perovskite/ITO devices with no bias without and with TBAC passivation layers.
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Fig. S8 The logarithmic I-V curves of Au/Perovskite/ITO devices without and with different passivation layers.
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Fig. S9 C2-V curves of PSCs without and with different passivation layers.
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Table S3 Vi, Slope of the C~ 2_V curves and doping densities (/V) of ETLs of PSCs without and with

different passivation layers.

Sample Vil V Slope/(F2 V™) N/(ecm™)

SnO, 0.895 18.81 x 10'® 10.00 x 10'*
TBAC/SnO, 0.915 19.34 x 106 9.73 x 10"3
TBAB/SnO, 0.910 18.13 x 10'® 10.38 x 10'*
TBAI/SnO, 0.914 17.66 x 10'6 10.65 x 10"3
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Table S4 VrrL and n¢ of electron-only devices without and with different passivation layers.

Sample Verl/V n/(cm™)
SnO, 0.975 16.73 x10'5
TBAC/SnO, 0.351 6.02 x10'5
TBAB/SnO, 0.480 8.24 x10'5
TBAI/SnO, 0.577 9.90 x10'5
#S5 [PoXyHIES Sn0: MOREHEERAEZESH

Table S5 Interaction between the [PbX4] clusters and the SnO: (110) surface.

[PbCl,] [PbBr] [Pbl,]
AE/eV ~4.68 -448 ~4.26
dx.si/A 2.58 274 2.97
dpo-su/A 341 3.49 3.50
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Table S6 Workfunction of interfaces.

SnO, Sn0, + [PbCly] Sn0, + [PbBry] Sn0, + [Pbly]
Egermi/eV -0.9585 ~1.1746 ~1.1744 ~1.0856
Eva/eV 3.3498 3.6089 3.6044 3.6583
EwrleV 4308 4.783 4.779 4.744
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