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Fig. S1. Morphology and thickness of the epitaxial CH3NH3PbI3 thin films grown at 

different laser pulses.  

Fig. S2. Rocking Curve of KCl substrate and XRD pattern of CH3NH3PbI3 thin film of    

three different thickness with a longer scan range. 

Fig. S3. XRD pattern, RSM and IPF a different polar angles of CH3NH3PbI3 thin film 

grown higher deposition rate of 5 nm/min.  

Fig. S4. EBSD Kikuchi patterns of KCl substrate, 13 nm , 70 nm and 100 nm 

CH3NH3PbI3 film on KCl, respectively and depth penetration histogram for BSE. 

Fig. S5. TEM measurements of the interface between CH3NH3PbI3 thin film and KCl 

substrate. 

Fig. S6. Rocking curve measurements of CH3NH3PbI3 on BaF2 for different 

thicknesses and PL measurements of 13 nm CH3NH3PbI3 on KCl, BaF2 and Quartz. 

Fig. S7. DFT band gaps of HSE06, averaged over five low-energy MA+ 

configurations. 

Fig. S8. Band gaps of strained orthogonal, tetragonal, and cubic CsPbI3 calculated 

with the PBE functional including spin-orbit coupling (SOC) self-consistently and 

band gaps of strained cubic CsPbI3 calculated with PBE+SOC, HSE06+SOC, and 

PBE0+SOC. 
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Fig. S1. 

 
Morphology and thickness of the epitaxial CH3NH3PbI3 thin films grown at different 

laser pulses.  

(A-C) shows top-view from SEM and AFM of 13 nm, 40 nm, 70 nm thick epitaxial 

CH3NH3PbI3 thin films, respectively. AFM image in (A) has a distortion in the image due to 

drift while performing the scan. (D-F) shows the cross-section SEM images of  CH3NH3PbI3 

thin films grown at 1500, 3000 and 6000 pulses. 

 

Fig. S2. 

 

(A) Rocking Curve of KCl substrate and (B) XRD pattern of CH3NH3PbI3 thin film of 

three different thickness with a longer scan range. 

 

 

 

 

 

 

 

 

 

 

 



Fig. S3. 

 

 

(A) XRD pattern and (B) RSM of CH3NH3PbI3 thin film grown higher deposition rate of 

5 nm/min. Inverse pole figure of the 100 nm CH3NH3PbI3 film on KCl. (C) Maximum 

polar angle is 90°, (D) Maximum polar angle is 4° (the chosen threshold for grain boundaries) 

 

Fig. S4. 

(A-D) EBSD Kikuchi patterns of KCl substrate, 13 nm , 70 nm and 100 nm CH3NH3PbI3 

film on KCl, respectively. (E) Depth penetration histogram for BSE (5 kV, KCl substrate 

and 13 nm CH3NH3PbI3 layer, red dashed line corresponds to the thickness of the 

CH3NH3PbI3 film). 



 

 

Fig. S5. 

TEM measurements of the interface between CH3NH3PbI3 thin film and KCl substrate 

(less damaged regions show the epitaxial relationship between the substrate and film.) 



Fig. S6. 

Rocking curve measurements of CH3NH3PbI3 on BaF2 for different thicknesses (A-C) 

and (D) PL measurements of 13 nm CH3NH3PbI3 on KCl, BaF2 and Quartz. 

 

Fig. S7.  

DFT band gaps of HSE06, averaged over five low-energy MA configurations. 



 

 

Fig. S8 

(A) Band gaps of strained orthogonal, tetragonal, and cubic CsPbI3 calculated with the 

PBE functional including spin-orbit coupling (SOC) self-consistently. (B) Band gaps of 

strained cubic CsPbI3 calculated with PBE+SOC, HSE06+SOC, and PBE0+SOC.  
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