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Figure S1. Field emission scanning electron microscope (FESEM) images of (a) smooth film (b) 

Formation of micro-islands over a compact perovskite film. The film (textured film) shows the 

presence of smaller (~20-40 nm) crystals at the micro-island site whereas comparatively larger 

(~300nm) crystals away from the micro-islands. The regions of textured film that are away from 

the micro-island could be considered as smooth film. 
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Figure S2. XRD pattern for the controlled and anti-solvent treated film. 
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Figure S3. Atomic force microscope image of (a,b) textured film, (c,d) smooth film. The 

textured film shows the formation of micro-islands (MIs) where the average height of MIs is 

~120 nm and an average distance of two such micro-island is around 3 μm. RMS roughness for 

perovskite films with and without micro-island structure was determined to be 40 nm and 21 nm 

respectively. 
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Figure S4. Figure (a) shows morphology of textured film captured by AFM (b) contour of the 

micro-islands (c)  line profile of a textured morphology showing an average height for the micro-

islands (d) Cross sectional FESEM image of anti-solvent treated film, scale bar is 500 nm.   

Analysis of AFM image of textured film shows that the micro-islands cover 21.45% area of the 

film. The average height of the micro-islands was calculated to be 120 nm, if we consider these 

micro-islands to be semi-ellipsoidal in shape having an average height of 120 nm. Then, the 

textured films contribute additional 23.2 % surface area compared to a planer film, these semi- 

Micro-island 
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ellipsoids over the film contribute only additional 6.8 % volume to the planer films, at the same 

time these micro-islands provide 750 % enhancement in PL intensity. 

  

Figure S5. (a) Steady-state PL spectrum for different perovskite films optimized by antisolvent 

treatment at different delay times, integrated PL spectrum shows at least 7.5 times increase in PL 

intensity when micro-islands are present in the film compared to the planer films. At least 9.85 

fold PL enhancement have been recorded for textured film compared to controlled films. (b) 

Integrated PL versus delay time for antisolvent treatment shows 40
th

 second dripping time can be 

the optimum delay time.  
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Figure S6.  Line plot of PL intensity from perovskite film showing the lateral variation in PL 

intensity. The intensity values are grouped into three regions, intensity values below 90 gray 

scale value (GSV) are from the regions away from the micro-islands, whereas 90-110 GSV mark 

the boundary of the micro-island. Intensity values > 110 are from the micro-islands itself.    
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Figure S7. Analysis of PL spectrum from hyperspectral PL imaging. PL spectrum from different 

locations on textured-film is fitted with a superposition of two Gaussian functions. Shaded 

regions show the contributions of two emitters. 

Hyperspectral PL imaging of controlled films showing that the micro-cubes are not emitting 

homogeneously, the emission from the edges of is approx. 3 times higher than the center of the 

cube although the QFLS at the brightest point is just 5 meV higher than the QFLS at the least 

bright point, which indicates that the intensity variation within the micro-cube could be because 

of out-coupling effect rather than the variations in trap density.   
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Figure S8. Hyperspectral PL imaging: correlated  (a)transmission and (b) PL mode images taken 

by hyperspectral PL microscope (c) PL spectrum taken from different locations of the perovskite 

(d) Normalized PL spectrum showing ~12 meV distribution in the emission spectrum. 
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Figure S9. Calculation of quasi fermi level splitting (QFLS) in (a) anti-solvent treated (textured) 

film  (b) controlled film  using generalized Planck’s law. (c) PL intensity versus QFLS showing 

small variations (~17 meV) within micro-cubes, whereas ~72 meV variation in anti-solvent 

treated film. 

 

To verify that the instrument was properly calibrated to give the value of PL yield (YPL(E)) we 

have fitted -   (
   

( )

      
)        

  

  
 (Figure S10). According to Planck’s generalized law

1
 the 

linear fit is expected to give a value of slope which must approach unity. 
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Figur S10. Fitting of -ln(YPL(E)/10
23

E
2
) versus ħω/KT. Fitting considers that the samples are 

maintained at room temperature (T=300 K). (a) fitting for texture film (b) fitting for controlled 

film. 
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Figure S11. Photoluminescence enhancement of controlled film of microcubes at different time 

snap. Graphical representation of PL enhancement from the edges and the center of the 

microcube obtained from the multiple pixels of different microcubes.  

 

The photoluminescence decay dynamics showed an initially fast component followed by a slow 

component for all three samples, (Figure S12). The fast component for controlled, smooth and 

textured films was were found to be 0.30 ns, 2.20 ns and 6.35 ns respectively, whereas the slow 

components for controlled, smooth and textured films were found to be 5.18 ns, 29.92 and 86.27 

ns respectively. The fast PL decay component is usually associated with fast non-radiative decay 

pathways.
2
 An increased average lifetime in textured film morphologies supports the 

enhancement of PL in textured film. 
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Figure S12. Transient PL decays for CH3NH3PbBr3 thin film, decay profiles for controlled, 

smooth and textured are fitted with a bi-exponential function. 
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Figure S13. External quantum efficiency of smooth and textured perovskite film based PLEDs, 

show at least 2.7 times improvement when textured morphology is employed as emissive layer. 
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Figure S14.  A typical film-area  which is away from the micro-island site a) FESEM image 

showing presence of multi-grain structure (b-d) NSOM images of PL map for 3 different typical 

sample areas showing small variations in PL intensity from grain interior to grain boundary, 

which is an indication of smooth inter-grain diffusion of charge carriers in perovskite films.    

In Figure S14 we have shown that the PL intensity variation at the scale of grain size is minor 

which is an indication of efficient inter-grain diffusion in smooth perovskite film. This efficient 

inter-grain diffusion may help the charge carriers to funnel to the non-radiative sites and decrease 

the PL intensity.  



S16 
 

 

Table 1. Intensity versus QFLS for textured film. 

Location Integrated PL 

intensity 

QFLS  

 

R(PL,QFLS) = 

0.84 

1 1.62E15 1.881 

2 7.91E14 1.868 

3 6.40E14 1.863 

4 2.14E14 1.810 

 

 

Table 2. Intensity versus QFLS for controlled film. 

Location Integrated PL 

intensity 

QFLS  

 

R(PL,QFLS) = 

0.88 

1 1.49E14 1.824 

2 1.46E14 1.827 

3 6.23E13 1.819 

4 4.93E13 1.810 

 

 

Table 3: Time-resolved PL decay parameters of controlled and antisolvent treated (smooth and 

micro-island containing) perovskite films 

 Controlled film Smooth film Micro-island film  

τ (ns) τ1  

0.30 

τ2  

5.18  

τ1  

2.20  

τ2  

29.92 

τ1 

6.35 

τ2 

86.27 

B B1 

1.04 

B2 

0.04 

B1 

0.85 

B2 

0.15 

B1 

0.84 

B2 

0.18 
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