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Figure S1. Cross-sectional SEM images of PSC structure (a) the control one, (b) the GUI modified
one, and (c) the DIFA modified one.
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Figure S2. AFM (atomic force microscopy) height images of the pristine film (a), GUI modified per-
ovskite film (b), and DIFA modified perovskite film (c).
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Figure S3. The calculated bandgaps from Tauc plots of control, GUI and DIFA modified perovskite
films.
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Figure S4. Statistical distribution for a batch of 50 perovskite solar cells for the control ones, GUI
modified ones, and DIFA modified ones.
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Table S1. Fitting parameters of time-resolved PL spectra based on the control, GUI, and DIFA mod-
ified perovskite films.

Amplitude Amplitude
T,(ns T,(ns T_.(ns
Sample 1( ) Al(%) 2( ) Az(%) ave( )
Control 44.07 43.50 17.61 56.48 35.03
GUI 107.37 42.40 24.30 57.60 87.83
DIFA 135.09 42.31 26.70 57.69 112.08

Table S2. The best photovoltaic parameters of the control, GUI, and DIFA modified PSC devices
under reverse scans.

PSCs Voe (V) Jse (MA-cm2) FF (%) PCE (%)
Control 1.08 24.21 71.8 18.85
GUI 1.10 24.64 77.1 20.85
DIFA 1.10 25.04 77.2 21.19

Table S3. Summary of photovoltaic parameters of the control, GUI, and DIFA modified PSC devices
under reverse scan and forward scan and the corresponding hysteresis index.

Voc (V) Jse (MA-cm2) FF (%) PCE (%) Hysteresis
Index (%)
Control  Reverse 1.05 24.45 719 18.45 12.4
Forward 1.01 24.32 66.9 16.41
GUI Reverse 1.09 24.77 76.5 20.73 7.6
Forward 1.06 24.55 73.3 19.15
DIFA Reverse 1.08 25.26 76.4 20.80 5.1

Forward 1.06 25.26 74.2 19.80




