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1. Thickness of perovskite films determined by AFM and XPS

To elucidate the electronic structure at the perovskite/Au interfaces, it is necessary to know
the exact thicknesses of perovskite layers. Although the thickness of spin-coated films has been
generally determined by AFM, it is hard to measure accurately the thickness of films over few
nanometers. To more exact estimation of thicknesses, we have performed by both AFM and
XPS measurements. The XPS method was examined the attenuation of the substrate-related

Au 4f emission lines. The layer thickness (d) for each deposition was estimated from!%?!

Concentration Thickness (nm)
of Solutions

(Wt%) AFM XPS
3.2 30.9 3.93
6.3 33.9 12.71
12.5 71.4 33.44
25 112.2 5700
50 125 116.34

Table S1. The film thicknesses of all perovskite films measured by AFM and XPS.
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where / is the mean free path of the emitted electrons, / is the intensity measured on each

. . . . .1
perovskite layer and Iy is the intensity measured on the bare Au substrate. The ratio T was
0

obtained from the Au 4f peak areas. The mismatch of AFM and XPS results observed is



probably due to the big grain sizes of perovskite crystalline as the perovskite thickness is
increased. The thicknesses are an average measurement of coverage and the thickness error is

approximately + 20% of the last digit.

2. Cl12p XPS spectra of perovskite films

Cl2p

116.3 nm
57.0 nm

Intensity (Arb. Unit)

33.4 nm

202 20 198 196
Binding Energy (eV)

Figure S1. Cl 2p XPs spectra of perovskite films.



3. Supplemental AFM images
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Figure S2. Topographic images (size: 2 um x 2 um) of (a) 3.9, (b) 12.7, (c) 33.4, (d) 57.0, and (e) 116.3 nm
CH3NH3PbI3_xC1x films.
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Figure S3 Phase images (size: 5 um x 5 um) of (a) 3.9, (b) 12.7, (c) 33.4, (d) 57.0, and (¢) 116.3 nm CH3sNH;PbIs.
«Cl films.



4. Grain Size Analysis of AFM images

Grain sizes were analyzed using Gwyddion 2.52 data analysis software,® which has been
reported in the literature as a functional, open-source software package capable of performing
quantitative analyses of AFM data.* Grain sizes were calculated by opening topographic AFM
image files were with width: 5 pm and height: 5 pum; assigning grain areas using the “mark by
threshold” tool; adjusting height ratios to match the grain areas in the images and calculating

average grain sizes using the summary tool (Data Process-Grains-Summary).

The results of the grain size analysis are shown as images in Figure S4.
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Figure S4 AFM images used to calculate grain sizes (size: 5 um x 5 um) for (a) 3.9, (b) 12.7, (c) 33.4, (d) 57.0,
and (e) 116.3 nm thick CH3NH3Pbls«Cly films.



Table S2. Summary of grain sizes for CH3NH3Pbl3.«Cly films with different thickness.

Thickness [nm]

Mean grain size [nm]

3.9
12.7
334
57.0

116.3
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