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Fig. S1 FITR spectra of PEA and the MAPbI3 films with and without PEA
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Fig. S2 XPS of the overview spectrum for the MAPDI3 films with and without PEA
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Fig. S3 XPS spectra of (a) C 1s, (b) O 1s, (¢) [ 3d, and (d) N 1s for the MAPbI3 films with
and without PEA

Fig. S4 Cross-section SEM images of the MAPbI3 films (a) without and (b) with PEA
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Fig. S5 J-V curves of MAPDI3 solar cells with various PEA concentration
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Fig. S6 Steady-state current density and PCE for the MAPbI; device withou PEA
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Fig. S7 TRPL spectra of the MAPDI3 films with and without PEA on glass substrates
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Fig. S8 TRPL spectra of the MAPDI3 films with and without PEA interfaced with (a) PCBM
and (b) Spiro-OMeTAD
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Fig. S9 Dark Current-voltage curves for (a, b) hole-only devices and (c, d) electron-only
devices
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Fig. S10 Water contact angle. (a) MAPDI3 film without PEA. (b) MAPDI3 film with PEA
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Table S1 Device parameters of the MAPbDI3 devices with various PEA concentration

Content Jsc(MAcm?)  Voc(V) FF (%) PCE (%)
Control 22.63 1.08 70.3 17.18

0.1 wt% 22.82 1.09 70.3 17.49
1 wt% 22.89 1.08 76.3 18.87
3 wt% 22.74 1.08 62.7 1541

Table S2 Device parameters of the MAPbI3 devices with and without PEA

Device Jsc(mMAcm?®)  Voc(V) FF (%) PCE (%) HI
Control-Reverse 22.63 1.08 70.3 17.18 0.091
Control-Forward 22.63 1.05 65.7 15.61

With PEA-Reverse 22.89 1.08 76.3 18.87 0.011
With PEA-Forward 22.89 1.08 75.5 18.67

Table S3 Fitting parameters for TRPL of the MAPbIs films with and without PEA

Sample A1 11 (NS) Ao 12 (NS)
Control film 0.35 4.2 0.65 42.5
PEA-MAPDI; film 0.41 6.0 0.59 69.3

Table S4 Fitting parameters for TRPL of the MAPDIs films with and without PEA interfaced
with PCBM and Spiro-OMeTAD

Sample A1 11 (NS) A 12 (NS)
Control film/PCBM 0.70 3.9 0.30 9.4
PEA-MAPDI; film/PCBM 0.78 2.8 0.22 6.8
Control film/ Spiro-OMeTAD 0.67 5.3 0.33 33.1
PEA-MAPDI; film/ Spiro-OMeTAD 0.90 6.2 0.10 22.2

Table S5 Device parameters of the (FAPDbI3)1x(MAPbBr3)x devices with and without PEA

Device Jsc(MAcm?)  Voc(V) FF (%) PCE(%) HI
Control-Reverse 23.51 1.13 73.73 19.66 0.154
Control-Forward 23.30 1.09 65.38 16.64

With PEA-Reverse 24.42 1.15 76.94 21.60 0.020
With PEA-Forward 24.40 1.13 76.49 21.16
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