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Fig. S1. Cross-sectional SEM images of the control, TS (05:95), TS (10:90), and TS (20:80) 

devices.

Fig. S2. (a) Absorption coefficient of the perovskite layer and (b) transmitted light intensity 

for different wavelengths.
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Fig. S3. Atomic force microscopy images of the control, TS (05:95), TS (10:90), and TS 

(20:80) perovskite thin films.

Fig. S4. Williamson-Hall plots of the control, TS (05:95), TS (10:90), and TS (20:80) 

perovskite thin films.
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Fig. S5. Cross-sectional SEM images of the perovskite film for different perovskite 

precursor concentrations.
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Fig. S6. XRD patterns and individual Williamson-Hall plot of the perovskite thin films 

prepared with 1.40 M, 1.12 M, 1.05 M, 0.92 M, and 0.70 M of FAPbI3.
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Fig. S7. GIXRD patterns of the control, TS (05:95), TS (10:90), and TS (20:80) perovskite 

thin films at different incidence angles.
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Fig. S8. Magnified GIXRD peaks corresponding to the (100) plane of the control, TS 

(05:95), TS (10:90), and TS (20:80) perovskite films at varying incidence angles.
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Fig. S9. X-ray penetration depth  into the FAPbI3 layer at different incidence angles, Λ

calculated as:

Λ=
𝜆
2𝜋

×
1

(𝛼2𝑖 ‒ 𝛼2𝑐)2 + 4𝛽2 ‒ (𝛼2𝑖 ‒ 𝛼2𝑐)

where  is the incidence angle,  is the critical angle of the sample, λ is the X-ray 𝛼𝑖 𝛼𝑐

wavelength, and β is the imaginary part of the refraction index, defined as n = 1 - δ + iβ. 

The δ and β parameters for FAPbI3 at 8.04 keV (λ = 1.54 Å) were 1.08329 × 10-5 and 

1.22906 × 10-6, respectively, as determined using the online toolbox available at 

https://henke.lbl.gov/optical_constants/getdb2.html.
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Table S1. Microstrains calculated from the GIXRD patterns of the control, TS (05:95), TS 
(10:90), and TS (20:80) thin films at different incidence angles.
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Fig. S10. (a) Perovskite film peeled-off from the substrate. (b-c) Magnified GIXRD diffraction 
peaks corresponding to the (100) plane of the buried interface. (d-g) WH plots of the buried 
interface of the control and TS (05:95).

Table S2. Microstrains calculated from the GIXRD patterns of the buried interface of the 
control and TS (05:95) thin films at different incidence angles.
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Fig. S11. Statistics of key performance parameters of the control, TS (05:95), TS (10:90), 

and TS (20:80) devices.

Fig. S12. Independent PCE certification issued by the Korea Institute of Energy 

Research.
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Fig. S13. Stabilized power output and current density at the maximum power point for the 

control and TS (05:95) devices.
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Fig. S14. UV-vis absorption spectra and bandgaps of the control, TS (05:95), TS (10:90), 

and TS (20:80) perovskite thin films.
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Fig. S15. Semilog EQE vs photon energy for the control and TS (05:95) devices.


