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Figure S1. (a)-(d) and (i)-(1) The top-view SEM images of MAPbI3 films prepared in different

post-annealing atmospheres. (e)-(h) and (m)-(p) are the corresponding zoom-in images.
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Figure S2. Perovskite films annealed in (a) water vapor-only atmosphere in N2 and (b) 2 vol. %

H2O/DMF vapor in air.
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Figure S3. Statistical analysis of average pinhole area on MAPbI3 films post-annealed in different
atmospheres.
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Figure S4. Comparison of PCE, FF, Jsc and Voc on the devices with MAPDbI;3 films prepared in

different post-annealing atmospheres
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Figure SS5. Histograms of each photovoltaic parameter (Jse, Voc, and FF) of the devices with

MAPDI; films post-annealed in DMF/2% H20 and DMF only atmospheres.
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Figure S6. The external quantum efficiency spectra measured at different locations on the device

with a 5 cm x 5 cm MAPbDIs film post-annealed in DMF/2 vol. % H20 film, showing the small

deviation.

Table S1. Statistical analysis of grain sizes, pinhole number and area per 100 um? for MAPbI3

films prepared in different post-annealing atmospheres

Pinhole Area per 100 pm?

‘:j[zloe :;Lrﬁe Grain sizes (um) nuI;Lrgglger (um?)

Max Min Mean 100 pm? Total Average
DMF only 1.12 0.184 0.523 157 3.61 0.0229
DMF+0.5 vol. % H,O 1.49 0.216 0.592 98 2.25 0.0228
DMF+1 vol. % H,O 1.29 0.251 0.660 33 0.744 0.0226
DMF+2 vol. % H,0O 5.98 0.460 2.11 0 0 0
DMF+4 vol. % H,O 5.64 0.247 1.90 17 0.175 0.0100
DMF+8 vol. % H,O 5.91 0.543 1.91 24 0.350 0.0145
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