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Figure S1. Absorption spectra of the perovskite film with and without EPC 
passivation.

Figure S2. The grain size distribution of the perovskite thin films with and without 
EPC passivation.

Figure S3. AFM topographical images of perovskite film without (a) and with (b) EPC 
passivation.



Figure S4. EDX mapping of I, C, N, Pb, and Br in perovskite film with and without 
EPC passivation.

Figure S5. XRD pattern of the perovskite film without (a) and with (b) EPC passivation 
aging in ambient air condition (30~40 RH%).

Table S1. Fitting parameters of TRPL spectroscopy of the perovskite film without and 
with EPC passivation.
Sample τave (ns) τ1 (ns) A1 (%) τ2 (ns) A2 (%)
w/o EPC 126.9 31.46 9.06 129.21 90.94
with EPC 314.8 10.39 0.38 314.84 99.62

Table S2. Fitting parameters of TRPL spectroscopy of the perovskite/spiro-OMeTAD 
film without and with EPC passivation.
Sample τave (ns) τ1 (ns) A1 (%) τ2 (ns) A2 (%)
w/o EPC 58.08 3.73 12.61 58.58 87.39
with EPC 45.16 1.63 16.28 45.46 83.72



Figure S6. The relaxation dynamics as function of the pump fluence. 

Table S3. Fitting parameters of TA spectroscopy of the perovskite/spiro-OMeTAD 
film without and with EPC passivation.
Sample τ1 (ps) A1 (%) τ2 (ns) A2 (%)
w/o EPC 54.56 31.63 1.19 68.37
with EPC 54.39 32.52 1.20 67.48

Table S4. Photovoltaic parameters in forward and reverse scans of the champion PSCs 
with and without EPC concentration.

Jsc 

(mA cm-2)
Voc 

(V)
PCE 
(%)

FF Rs
(Ω)

Rsh
(kΩ)

HI

w/o EPC Reverse 24.28 1.044 19.52 0.769 46.3 31.84 0.079
Forward 24.06 1.035 17.26 0.693 75.94 19.17

with EPC Reverse 25.02 1.053 21.19 0.805 47.71 75.76 0.023
Forward 24.87 1.049 20.28 0.777 51.29 46.31

Figure S7. EPC concentration dependence of photovoltaic parameters: (a) open-circuit 



voltage (VOC); (b) short-circuit current density (JSC); (c) PCE; (d) fill factor (FF). 
Results are shown with statistical distributions based on observations from 15 cells for 
each group. 

Table S5. Photovoltaic parameters of the PSCs fabricated with different EPC 
concentration.

EPC concentration
(mg mL-1)

Jsc

(mA cm-2)
Voc

(V)
PCE
(%)

FF

0 Max 24.28 1.044 19.52 0.753
Averag

e
23.79 ± 0.35 1.045 ± 0.01 18.75 ± 0.37 0.769 ± 0.012

0.5 Max 24.40 1.059 20.27 0.785
Averag

e
24.16 ± 0.21 1.057 ± 0.004 19.80 ± 0.30 0.775 ± 0.006

1.0 Max 25.02 1.053 21.19 0.805
Averag

e
24.65 ± 0.33 1.059 ± 0.005 20.64 ± 0.36 0.789 ± 0.008 

2.0 Max 24.86 1.046 20.34 0.782
Averag

e
24.30 ± 0.32 1.048 ± 0.004 19.86 ± 0.42 0.777 ± 0.010

Figure S8 (a) JSC vs. light intensity and (b) VOC vs. light intensity with and without 
EPC passivation.


