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Supplementary Figure1l. Dependence of the Goldschmidt tolerance factor on the MA

fraction ) of MAxFA1.xPbk. Dashed zone means region for cubic structure (0.9 <t <

1),
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Supplementary Figure 2 X-ray diffraction patterns of five different mixed perovskite
films coated on ITO glass (x=0.2 (black), 0.4 (red), 0.6 (blue), 0.8 (green), and 1 (pink))
(a) before and (b) after degradation under one sun illumination at 50 %erelati

humidity for 10 hours.q) Magnified XRD patterns around the peaks originating from

Pbk andnon-perovskitelii phase. (d) Magnified XRD patterns for x=0.2 and 0.4.
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Supplementary Figure 3 Dependence of the normalized PCEs of

ITO/Ced/Perovskite/SpiravieOTAD /A device on(a) the MA+ fraction (x), andk) the

Br- fraction (3y)
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Supplementary Figure 4 Photovoltaic performance characteristics.J(&)curves of

the besiperforming device measured at various sweepydines. (b) Stabilized
photocurrent density (black) and power conversion efficiency (blue) measured at a bias
voltage of 0.91V for 140 seconds. (c) External quantum efficicBQE| spectrum and

the integratedsc estimated from the measured EQE. Hiséogs of (d) shortircuit

current densityJso), (e) opercircuit voltage Vo), () fill factor (FF), and (g) power

conversion efficiencyHCE) of 47 cells
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Supplementary Figure 5 Degradation patterns of thed&(left) TiO- (right) based
devicesemploying MAPbg perovskite, which were aged under one sun illumination in
ambient conditions. Scale bars = 200 nm. As was shown in Fig. 1 for our mixed
perovskite, the cell employing MAPYdlso showed the same pattern of degradation: for
TiO2-based cellthe degradation begins from the interface between MAd&tid TiQ
electron extraction layer, but fos&based cell, the degradation begins from the

opposite side of interface between MAP&hd SpireMeOTAD hole extraction layer.



UV filtered light induced degradation pattern

Cgo-based Device TiO,-based Device

T — P W

Spiro-MeOTAD

Spiro-MeOTAD
Perovskite

Perovskite

TiO,/FTO

Ceo/ ITO

Time

Supplementary Figure6. Time evolution of the FIBSEM crosssectional images of

the Go (left) and TiQ (right) based devices employing MA&-Ao.4Pbb.oBro.1

perovskites, which were aged for 48 h under UV filtered (Edmund Optics, 425nm High
Performance UV Longpass Filter) light illumination in ambient conditions. Scale bars =

200 nm.
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Supplementary Figure 7 XRD patterns of the perovskite film before (redhd after

(black) aged at 90% relative humidity for 2 days.
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Supplementary Figure 8 Absorption spectra dhe perovskitefilm
under(a) continuougpositivenitrogen andb) negativehydrogen ion deposition in

moisturefreedark condition.



Supplementary Figure 9 Comparison of the degradation rates of MARirid
MA 0.6FA0.4Pbb.oBro.1 perovskite films at 40% relative humidity with positive nitrogen

ion deposition. Absorption spectra were measured at an interval of 3 hr.



