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Films Preparation and Solar Cell Fabrication

Fluorine-doped tin oxide (FTO) glass was immersed in glass cleaning solution (The 

ratio of glass cleaning agent and ultrapure water is 1:100) and ultrasonically cleaned 

for 30 min, followed by ultrasonic cleaning with ultrapure water twice, each time for 

30 min. The cleaned substrate was dried by nitrogen flow. TiO2 as the electron transport 

layer was deposited on the FTO glass substrate via chemical bath approach. First, the 

dried FTO glass substrate was treated in a UV-ozone cleaner for 15 min, and then 

soaked in 0.2 M TiCl4 aqueous solution at 70℃ for 1 h. Finally, the TiO2/FTO substrate 

was washed with deionized water, dried with N2 and annealed at 200℃ for 30 min, and 

then UV-ozone treated for 15 min to increase surface wettability. 

(FAPbI3)0.95(MAPbBr3)0.05 perovskite precursor solution was prepared by dissolving a 

mixture of 1.23 mmol PbI2, 1.23 mmol FAI, 0.07 mmol PbBr2, 0.07 mmol MABr, and 

4.5 mmol MACl in 1 mL of solvent of DMF and DMSO (9:1, v/v), and stirred at 25℃ 

for 6 h. ACB was dissolved in chlorobenzene (CB) with different concentrations (3.0, 

6.0, and 9.0/mg mL). 90 mg Spiro-OMeTAD was dissolved in 1 mL CB mixed with 22 

µL Li-TFSI (520mg/mL in acetonitrile) and 36 µL 4-tert-butylpyridine. 50 µL 

perovskite precursor solution was spin-coated onto the TiO2/FTO glass substrates by 

one-step spin coating (5000 rpm for 50 s). 200 µL CB was dropped onto the surface at 

10 s after the start of spin coating with CB as the anti-solvent, and then the films were 

annealed at 150℃ for 20 min. The ACB solution was spin-coated onto the annealed 

perovskite films at 4000 rpm for 30 s and then annealed at 90℃ for 10 min. The Spiro-

OMeTAD was deposited on the perovskite films as hole transport layer (HTL) by spin 

coating (5000 rpm for 30 s). Finally, 80 nm thick gold electrode was deposited on the 

surface of HTL by vacuum thermal evaporation. The active area of each PSC is 0.09 

cm2.
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Characterization and Measurement

X-ray diffraction (XRD) patterns of perovskite films were obtained by a Bruker D8 

GADDS diffractometer using Cu Kα radiation (λ = 0. 154 nm). Scanning electron 

microscopy (FESEM, HITACHI, SU-8020) were applied to acquire the surface 

morphology of perovskite films and cross-section structures of PSCs. Atomic force 

microscopy (AFM) images were obtained by a Bruker Dimension Icon instrument. 

Absorption spectra of the perovskite films were measured via UV-Vis spectrometer. 

Steady-state photoluminescence (PL) and time-resolved PL (TRPL) spectra were 

measured using Edinburgh Instruments FLS920 fluorescence spectrometer. The space-

charge limited current (SCLC) measurements and dark J-V test were performed through 

Keithley 2400 source. Mott-Schottky analysis and the electrochemical impedance 

spectroscopy (EIS) were measured in dark using an electrochemical workstation 

(AMETEK-Modulab XM). Kelvin probe force microscopy (KPFM) images were 

collected by BRUKER-NanoScope. X-ray photoelectron spectroscopy (XPS, 

ESCALAB250Xi, Thermo Fisher Scientific), Fourier transform infrared spectroscopy 

(FTIR, Bruker Vertex 70), and 1H and 13C nuclear magnetic resonance (NMR, Bruker 

AVANCE Ⅲ 600) were used to study the interaction between ACB and perovskite. The 

J-V curves of the PSCs were measured with a Keithley 2400 under AM 1.5 G 

illumination under 100 mW/cm2 conditions. External quantum efficiency (EQE) 

spectra were obtained through a Q Test Station 500TI system (Crowntech, Inc. USA) 

and the intensity of monochromatic light is calibrated by a reference silicon photodiode. 

Water contact angles of perovskite films were measured using a DataPhysics OCA 20.
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Figure S1 (a) Intensity and (b) full width at half maximum of the (110) peak of 

perovskite films treated with different concentrations of ACB.

Figure S2 XPS spectra of I 3d of the untreated and ACB treated perovskite.
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Figure S3 1H NMR spectra of (a) ACB and ACB+PbI2. (b) 13C NMR spectra of ACB 

and ACB+PbI2. (c) 1H NMR spectra of ACB and ACB+FAI.
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Figure S4 Statistical distributions of (a) Voc, (b) Jsc and (c) FF of the PSCs without and 

with ACB treatment.

Table S1 Fitted values of τ1, τ2, A1, A2 and calculated τave for TRPL of perovskite films 

without and with ACB treatment.
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Table S2 Photovoltaic parameters of PSCs treated with different concentrations of 

ACB.

Table S3 Photovoltaic parameters of PSC without ACB treatment in forward and 

reverse scanning.

Table S4 Photovoltaic parameters of ACB treated PSC in forward and reverse 

scanning.
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Table S5 Fitted parameters of PSCs without and with ACB treatment from Nyquist 

plots.


