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Figure S1. (a) Prepared powders with different compositions. SEM images of powders with 

different compositions (b) FA0.85Cs0.15, (c) FA2.0Cs0.15 and (d) FA2.5Cs0.15. 
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Figure S2. Images of sputtered thin films with different compositions (a) FA0.85Cs0.15, (b) 

FA2.0Cs0.15 and (c) FA2.5Cs0.15. 
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Figure S3. X-ray diffraction (XRD) pattern of sputtered thin films at (a) different applied 

power, and (b) different argon gas pressure for FA0.85Cs0.15 composition. Inset of (a) and (b) 

shows the images of sputtered thin films at the mentioned sputtering process parameters. 
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Figure S4. PL emission spectrum of films with different compositions. 
 

 

Figure S5. X-ray diffraction (XRD) pattern of (a) ball-milled dry powders, and (b) sputtered 

thin films sputtered at an applied power of 45 W and an Argon gas pressure of 20 µbar 

corresponding to different compositions. (c) UV-vis-NIR absorption spectra of sputtered thin 

films corresponding to different compositions. 
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Figure S6. X-ray diffraction (XRD) pattern of sputtered thin films at (a) different applied 

power, and (b) different argon gas pressure for Cs1.0 composition.  
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Figure S7. Absorption spectrum of sputtered thin films at (a) different applied power, and (b) 

different argon gas pressure for Cs1.0 composition.  
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Figure S8. Element ratios with respect to Pb in (a) powders and (b) films with different 
compositions. 
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Figure S9. (a) Cs 3d, (b) Br 3d, and (c) I 3d core level spectra in different compositions of 

powders. (d) Cs 3d, (e) Br 3d and (c) I 3d core level spectra in sputtered thin films corresponding 

to different powder compositions. 
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Figure S10. (a) C 1s, (b) N 1s, (c) Br 3d, (d) Cs 3d, (e) Pb 4f, and (f) I 3d core level spectra in 

sputtered thin films at different powers and fixed pressure. 
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Figure S11. (a) C 1s, (b) N 1s, (c) Br 3d, (d) Cs 3d, (e) Pb 4f, and (f) I 3d core level spectra in 

sputtered thin films at different pressures and fixed power. 
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Figure S12. Cross-section scanning electron microscopy (SEM) images of (a) FA0.85Cs0.15, (b) 

FA2.0Cs0.15, and (c) FA2.5Cs0.15 composition-based sputtered thin films.  
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Figure S13. Optical and scanning electron microscopy (SEM) images of sputtered thin films at 

different deposition powers (a)-(c) 30 W, (d)-(f) 45 W, and (g)-(i) 75 W, where pressure was 

kept fixed at 20 µbar.  
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Figure S14. Optical and scanning electron microscopy (SEM) images of sputtered thin films at 

different deposition pressures (a)-(c) 20 µbar, (d)-(f) 50 µbar, and (g)-(i) 75 µbar, where power 

was kept fixed at 75 W.  
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Figure S15. Scanning electron microscopy (SEM) images of (a) & (b) Cs1.0, (c) & (d) Cs1.5, 

and (e) & (f) Cs2.0 composition-based sputtered thin films.  
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Figure S16. Scanning electron microscopy (SEM) images of sputtered thin films of Cs1.0 

composition at different deposition powers (a) & (b) 30 W, (c) & (d) 45 W, and (e) & (f) 75 W, 

where pressure was kept fixed at 20 µbar.  
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Figure S17. Scanning electron microscopy (SEM) images of sputtered thin films of Cs1.0 

composition at different deposition pressures (a) & (b) 20 µbar, (c) & (d) 45 µbar, and (e) & (f) 

75 µbar, where power was kept fixed at 75 W.  
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Figure S18.  Pictures of target with FA0.85Cs0.15 composition at different power (a) & (b) 30 W, 

(c) & (d) 45 W, and (e) & (f) 75 W, argon gas pressure is fixed at 20 µbar, left panel (before 

sputtering) and right panel (after sputtering). 
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Figure S19.  Pictures of target with FA0.85Cs0.15 composition at different argon gas pressure (a) 

& (b) 20 µbar, (c) & (d) 50 µbar, and (e) & (f) 75 µbar, applied power is fixed at 75 W, left 

panel (before sputtering) and right panel (after sputtering). 
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Figure S20.  Pictures of target with FA0.85Cs0.15 composition at different argon gas pressure (a) 

& (b) 30 µbar, and (c) & (d) 95 µbar, applied power is fixed at 75 W, left panel (before 

sputtering) and right panel (after sputtering). 
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Figure S21.  Pictures of target with different compositions (a) & (b) Cs1.0, (c) & (d) Cs1.5, and 

(e) & (f) Cs2.0, left panel (before sputtering) and right panel (after sputtering). 
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Figure S22.  Pictures of target with Cs1.0 composition at different power (a) & (b) 30 W, (c) & 

(d) 45 W, and (e) & (f) 75 W, argon gas pressure is fixed at 20 µbar, left panel (before sputtering) 

and right panel (after sputtering). 
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Figure S23.  Pictures of target with Cs1.0 composition at different argon gas pressure (a) & (b) 

20 µbar, (c) & (d) 50 µbar, and (e) & (f) 75 µbar, applied power is fixed at 75 W, left panel 

(before sputtering) and right panel (after sputtering). 
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Figure S24. Sputtering mechanism in case of (a) low RF Power (30 W) and (b) high RF power 

(75 W) for stoichiometric target composition. Based on the results of the sputtered thin films, 

we hypothesize that at low power, sputtering occurs gently and the organic cation continuously 

escapes from the target. When we exceed a specific power limit, the target becomes very hot 

and starts cracking, possibly accompanied by thermal evaporation. At the high-power regime, 

the deposition rate is uncontrollable due to target cracking, and the resultant film is 

comparatively less organic-deficient because the chamber is completely filled with excess 

organic vapor. 

 

 

Figure S25.  A Nano PVD tabletop sputtering machine is used for depositing thin films. 
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