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Table S1. Lifetime parameters of TR-PL curves of the perovskite on the FTO substrate, PTAA, Ni-
Ox thin film/PTAA, and NiOx nanoflakes/PTAA.

Substrate A (%) T, (ns) A, (%) T, (ns) T (09)
FTO 54.9 10.56 453 147.13 139.5
PTAA 50.69 16.07 4931 103.02 91
NiOy thin
AM/PTAA 51.29 16.51 48.71 83.9 72.34
NiOx
nanoflakes PTAA 55.61 13.95 44.39 64.04 533

Figure S1. Cross-sectional and top-view SEM images of (a,d) ZnO nanorods, (b,e) mesoporous
NiOx before ZnO etching, and (c,f) NiOx nanoflakes after ZnO etching.
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Figure S2. EDS spectrum of the NiOx nanoflakes.
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Figure S3. AFM topographic images of the NiOx (a) thin film and (b) nanoflakes.
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Figure S4. AFM topographic images of the perovskite on the (a) NiOx thin film/PTAA and (b) NiOx
nanoflakes/PTAA.
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Figure S5. Absorption spectra of the perovskite on PTAA, NiOx thin film/PTAA, and NiOx
nanoflakes/PTAA.
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Figure S6. -V characteristics and PCE values of the devices using (a) PTAA, (b) NiOx thin film,
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Figure S7. (a) Current-voltage characteristics of hole-only devices FTO/NiOx thin film or
nanoflakes/Ag and electron-only device FTO/PCBM+TBABEF4/PEI/Ag; (b) hole mobility of the Ni-
Ox thin film or nanoflakes versus electric field (V/L)°5.
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Figure S8. Performance variation represented as a standard box plot in (a) PCE, (b) Jsc, (c) FF, and
(d) Voc from 20 devices based on the NiOx thin film and nanoflakes in the forward and reverse
scans.
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