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1. Supplementary Characterizations and Measurements.

Absorption spectra were measured on a Hitachi U-3900/3900H UV-vis

spectrophotometer.

Surface morphological characterizations of the perovskite films were performed

by Field emission scanning electron microscope (SEM) (Nova NanoSEM450).

Thermal admittance spectroscopy analysis could be obtained by capacitance-
frequency curve using PARSTAT 4000 was used to measure the capacitance-
frequency curve. The energy profile of trap density of states could be fitted from the
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equation: . Where V,; is the built in voltage, o is angular

frequency, e is the elementary charge, ¥ is the depletion width, C is the capacitance,

kg 1s the Boltzmann constant and 7 is the temperature.

The contact angle of perovskite film was measured by Micro Capture Pro and

analyzed by Image J software.



2. Supplementary Figures
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Fig. S1. The laser confocal microscope images of in-situ crystallization kinetics of
perovskite precursor solution (a) at 2 min and (b) at 5 min. The laser confocal
microscope images of in-situ crystallization kinetics of perovskite precursor solution

with BF, (c¢) at 2min and (d) at 5 min
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Fig. S2. (a) SEM imags of control perovskite films and (b) with BF,.



(001)
—BF,
(002)
3
K (011) i)
2 | (012
g w J} ( )(022)
£
10 20 30 40

2 Theta (degree)
Fig. S3. XRD patterns of the perovskite films.
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Fig. S4. (a) UV-vis absorbance spectra and (b) the relevant Tauc plot of the

perovskite films.
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Fig. S5. Dark J-V Curves of ITO/PTAA/perovskite/Spiro-OMeTAD/Au structure.
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Fig. S6. Thermal admittance spectroscopy of wide-bandgap perovskite films.
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Fig. S7. (a) The electron mobility of the perovskite films using the SCLC model. (b)

The hole mobility of the perovskite films using the SCLC model.

-

Qo

]
1

-
<
et

-
<
"N

Normalized TRPL Intensity (a.u.)

—a—Control
—o—BF,

—
2
of &

400 60
Time (ns)

0

800 1000

Fig. S8. TRPL spectra of the perovskite films.



Fig. S9. (a) Schematic diagram of the device structure and (b) corresponding SEM

sectional view.
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Fig. S10. The J-V curves of perovskite photovoltaics for different scanning directions
of (a) without and (b) with BF,. (¢) PCE distribution of perovskite solar cells without

and with BF 4.
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Fig. S11. Steady-state power output of PSCs at the maximum power point.
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Fig. S12. XRD patterns of control and with BF, at various times with 515 nm laser

(100 mW cm2).



Fig. S13. (a) The water contact angles of control perovskite films and (b) with BF .
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Fig. S14. XRD patterns of perovskite films deposited continuously for 30 days (a)
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control and (b) with BF, ions under an atmospheric environment with 45-50% RH.
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Fig. S15. The concentration optimization of BF,~ in perovskite precursor solution.
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Fig. S16. (a) PCE evolution of encapsulated devices stored in 85% RH and 85°C in

the dark. (b) PCE evolution of unencapsulated PSCs under an atmospheric

environment with 45-50% RH.




3. Supplementary Tables

Table S1. The FWHM values of (001) plan of perovskite films.

Sample 2Theta(0) of 001 FWHM
Control 14.31 0.133
BF, 14.27 0.127

Table S2. Parameters of u, i, tn/ite, and Trap Density (n,,) of Perovskite Films.

Sample Hn (Cl’l’l2 v S-l) He (Cl’l’l2 v s-l) Hn //ue Nirap-¢ (Cl’l’l'3) Ntrap-h (Cm-3)

Control 2.69%x10* 1.79x104 1.50 1.55x10'6 5.97x10"
BF4 1.74x104 1.50x10 1.16 4.44x1015 3.48x10%

Table S3. Photovoltaic parameters and hysteresis index of PSCs.

Devices Direction Voe (V) Jse (MA cm?) FF PCE (%) HI
FS 1.11 19.42 80.27 17.31
Control 0.04
RS 1.13 19.73 80.87 18.03
FS 1.18 20.43 83.33 20.09
BF4 0.01

RS 1.19 20.46 83.34 20.29




Table S4. The parameters of the TRPL spectra of perovskite films.

Sample A; (%) 71(ns) Ay (%) 1 (nS)  Taye (NS)

Control 59.39 236  40.61 63.82  60.67

BFs 25.21 7.79 7479 380.42 377.45

Table SS. EIS parameters for the PSCs.

Device R (Q) Cy (F) Ry (Q) Crec (F) Riec (Q)

Control 30.84 3.03x107 958.82 9.27x107° 5558.09
BFs 35.98 2.18x10¢ 928.31 7.53x107 8560.11




