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Figure S1. UV-Vis absorption spectra and plot of (n(4) vs E(=hv) used to extract the Urbach
energy of MAPbI; perovskite films prepared by using MAl-excess and stoichiometric precursor

solutions: (a) absorption spectra; (b) 3% MAI-excess; (c) 2% MAI-excess; (d) stoichiometric.
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Figure S2. Time-resolved PL decay spectra of MAPDbI; perovskite films prepared using precursors

with different molar ratio of MAI and Pbl,
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Figure S3. Light intensity-dependent Jse for perovskite solar cells fabricated using MAI-excess
and stoichiometric precursor solutions measured from short-circuit to open-circuit (FS) and open-

circuit to short-circuit (RS) directions.
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Figure S4. Reverse and forward scanning J-V curves of MAPbI; perovskite solar cells fabricated
using MAl-excess and stoichiometric precursor solutions under one sun illumination: (a) 3% MAI

excess; (b) 2% MALI excess; (c) stoichiometric.



Table S1 Device parameters of MAPbI; perovskite solar cells with different grain sizes under one

sun illumination

Ratio of MAI

JSC

Hysteresis Index

V) V) . 2
and Pbl, Vo) | (majeme) | FFO0) | PCECR) | Ri(@em’) | 7 yp) (05

FS | 0.846 5.97 0648 327 15.7

1.03:1 137
RS | 0.848 5.84 0688 334 14.2
FS | 0885 1462 0739 956 6.28

1.02:1 1.02
RS | 0891 1456 0747 9.68 622
FS | 0.948 17 077 1237 5.14

11 0.67
RS | 0949 1704 0779 1253 5.24

S
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Figure S5. The current-voltage characteristics of the MAl-excess and stoichiometric perovskite

solar cells measured under dark.
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Figure S6. Light intensity-dependent Voc for perovskite solar cells fabricated using MAI-excess
and stoichiometric precursor solutions measured from short-circuit to open-circuit (FS) and open-

circuit to short-circuit (RS) directions.
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