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S.1 Instrumentation

X-ray diffraction (XRD) analyzes were performed on a Bruker D8 Advance diffractometer
(CuKa, A = 1.54 A). Field-emission scanning electron microscopy (FESEM) images were
obtained using a JSM-7600F instrument (JEOL). UV-Vis absorption spectra of all samples were
recorded on A JASCO V-670 spectrophotometer. Steady-state photoluminescence (PL) and
time-resolved photoluminescence (TRPL) spectrometers were measured using a Horiba Jobin
Yvon FluorolLog-3 fluorimeter. The valance band levels for the perovskite have been
conducted using a Riken Keiki AC-2 photoelectron spectroscopy in the air (PESA)

spectrometer.
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Table. S1. PL lifetime obtained from fitted TRPL decay and the average lifetime of the
perovskite film with and without BMIMBF, additive. The molar concentration of BMIMBF, is

0.30 mol% (champion device).

71(ns) T, (ns) Tavg (NS)
w/o BMIMBF, 5.79 37.80 8.39
w/ BMIMBF, 6.99 44.13 18.39
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Distance: 4 cm _ Feed rate: 6 ml hr!

Fig. S1 Schematic illustration of large area coating of perovskite film.
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Fig. S2 (a, b) Photographs and (c, d) plane SEM images of perovskite film without (a, c) and

with (b, d) vacuum extraction.
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Fig. S3 Statistics of (a) V,,, (b) Js, (c) FF, and (d) PCE of perovskite solar devices with different
molar ratios BMIMBF, additive. The statistical data were obtained from 15 cells for each molar

ratio.
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Fig. S4 J-V characteristics under AM 1.5G illumination for best-performing perovskite solar

cells with 0.30 mol% BMIMBF, under forward and reverse scan.
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(a) 0 mol% (b) 0.15 mol% (c) 0.30 mol%

Fig. S5 Cross-section SEM images of of perovskite films (a) without BMIMBF,, and with (b)

0.15 mol%, (c) 0.30 mol%, (d) 0.45 mol%, and (e) 0.60 mol% BMIMBF,.
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Fig. S6 (a) UV-Vis absorbance and (b) Taoc plot of the perovskite films with and without

BMIMBF, additive. The molar concentration of BMIMBF, is 0.30 mol% (champion device).
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Fig. S7 (a) PESA of the perovskite films with and without BMIMBF, additive. The molar
concentration of BMIMBF, is 0.30 mol% (champion device). (b) Schematic energy level

diagram of the perovskite solar cells with and without BMIMBF, additive.
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Fig. S8 J-V characteristics associated with the complete device produced from the 8 samples

shown in Fig. 9a.
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