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Figure S1. XRD patterns showing a peak shift between the controlled α-FAPbI3 and the FAPb0.95Bi0.05I3 film.
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Figure S2. Photograph showing the phase transitions of (a) the controlled FAPbI3 and (b) the FAPb0.95Bi0.05I3 films after heating for 10 min at 
different temperatures. XRD patterns of (c) FAPbI3 and (d) FAPb0.95Bi0.05I3 films heated at different temperatures for 10 min. δ and α 
indicate representative peaks for δ-FAPbI3 and α-FAPbI3, respectively.

Figure S3. EDS results of the controlled -FAPbI3 and the Bi-incorporated FAPb1–xBixI3 films. (a) -FAPbI3, (b) FAPb0.95Bi0.05I3, (c) 
FAPb0.9Bi0.1I3, (d) FAPb0.8Bi0.2I3, (e) FAPb0.75Bi0.25I3, (f) FAPb0.5Bi0.5I3.

 



Figure S4. PL spectra of the controlled -FAPbI3 and the FAPb1–xBixI3 perovskite films. 

Figure S5. XRD patterns of perovskite films freshly coated and exposed in air for 5 day, 10 day, and 15 day, respectively. (a) The controlled 
-FAPbI3 and (b) the FAPb0.95Bi0.05I3 film, respectively.



Figure S6. Top-view SEM images of (a) -FAPbI3, (b) FAPb0.95Bi0.05I3, (c) FAPb0.9Bi0.1I3, (d) FAPb0.8Bi0.2I3, (e) FAPb0.75Bi0.25I3, (f) FAPb0.5Bi0.5I3 
capping layers on compact TiO2 (c-TiO2) layer-coated FTO glass. Scale bar: 500 nm.

Figure S7. Overview XPS spectra of the controlled -FAPbI3 and Bi-incorporated FAPb1–xBixI3 films.

Figure S8. Nyquist plots of the controlled -FAPbI3 and FAPb1-xBixI3 perovskite films under different conditions (the measured results was 
shown as dots while the fitted results shown as solid lines). (a) Dark and (b) AM 1.5G illumination. The insets in (a) and (b) is equivalent circuit 
model, respectively.



Figure S9. (a) Photographs of solar cells based on the controlled -FAPbI3 and Bi-incorporated FAPb1–xBixI3 perovskite films. (b) Representative 
J-V curves of solar cells based on the controlled -FAPbI3 and Bi-incorporated FAPb1–xBixI3.



Figure S10. (a) Photograph and corresponding cross-sectional SEM image of based on the controlled -FAPbI3 solar cells. (b) Photocurrent 
density and power conversion efficiency as functions of time of the champion solar cell based on the controlled -FAPbI3 film at the bias of 
0.72 V.

Figure S11. Photovoltaic parameter statistics of the solar cells based on the controlled -FAPbI3 and Bi-incorporated FAPb1–xBixI3 perovskites.



Figure S12. (a) Photographs of solar cell based on the controlled -FAPbI3 film while exposed in air for 0h, 500h, and 1000 h. (b) Normalized 
Jsc, Voc, FF, and PCE for pure -FAPbI3 and FAPb0.95Bi0.05I3 planar-architecture perovskite solar cells without encapsulation.



Table S1. The corresponding atomic percentages of the controlled -FAPbI3 and FAPb1-xBixI3 films got from XPS spectra.

Table S2. The extracted equivalent circuit element parameters of series of devices based on pure -FAPbI3 and FAPb1-xBixI3 

films under different conditions.



Table S3. Photovoltaic parameters of solar cell devices based on the controlled -FAPbI3 and FAPb1-xBixI3 perovskites.


