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Figure S1. Magnified XRD data of region around 14°, the main 3D CFMPIB perovskite peak, 
as annealing time after spin coating PEAI isopropanol solution (10 mg/ml). Full-width at half-
maximum of these CFMPIB perovskite peaks at 14.1° were calculated and listed.   
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Figure S2. XRD spectra for L-CFM/P perovskite films varying annealing time (5, 20, and 30 
min) and a PEAI film deposited on a TiO2/FTO substrate by spin coating PEAI solution (15 
mg/ml). 

Figure S3. XRD spectra of a CFMPIB+PEAI perovskite film. For the CFMPIB+PEAI film, 
another precursor solution was prepared by adding PEAI to the CFMPIB precursor solution, 
where the amount of PEAI was same to the excess molar ratio of PbI2 in the CFMPIB solution. 
The final composition of precursor solution was PEA0.05Cs0.1FA0.73MA0.13PbI2.53Br0.39. The 
perovskite film was fabricated by following same procedure for the CFMPIB perovskite film.  
  



4 
 

 
Figure S4. Steady-state PL spectra of CFMPIB, L-CFM/P, and PEA2PbI4 perovskite films. 
The intensity was not normalized and the PL emission peaks were obtained from top surface 
(A) and bottom side (B) of perovskite films. When prepared samples for (B), the perovskite 
films are coated on microscope glass for removing a quenching effect.  

Figure S5. XRD measurement at fixed incident X-ray angle of 0.3°, 2°, and 5°. (A) XRD data 
were normalized to a main 2D perovskite (PEA2PbI4) peak of 5.44° 2θ. The relative signal 
intensity of the 3D phase at 14.1° increases with the incidence angle (blue - red - green curves). 
This indicates that the 2D perovskite is concentrated rather around the surface. Although we 
cannot tell how the layer is thick, it can be evidence that it is present in surface vicinity. (B) 
XRD data were normalized to a main 3D perovskite peak of 14.1°. (C) Calculated XRD data 
from PEA2PbI4 crystallographic information file obtained from a reference 1.    
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Figure S6. Comparison on roughness of perovskite films from typical AFM measurement. The 
AFM images of CFMPIB (A) and L-CFM/P (B) are taken as 5x5 um2.  

 

 
Figure S7. Cross-sectional SEM images of the complete devices fabricated with CFMPIB 
(A) and L-CFM/P (B). 
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Figure S8. Tauc plot derived from reflectance spectra of CFMPIB, L-CFM/P, and PEA2PbI4 
perovskite films assuming to direct band gap. (A) Magnified on intercept points and 
determination of optical band gaps. (B) Minimized to show the difference between CFMPIB 
and L-CFM/P.  

Figure S9. Open circuit impedance spectra with clear differences toward the low frequency 
range. The solid lines are fitted to the equivalent circuit of the inset. RS and Rb represent 
resistance at surface and bulk, CS and Cb represent capacitance at surface and bulk, 
respectively. 
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Figure S10. Time-resolved PL decays of CFMPIB and L-CFM/P perovskite films at different 
excitation densities from 1015 to 1017 carriers/cm3. Samples have been encapsulated with a 
glass slide to prevent any oxygen induced degradation. The measurement was carried out by 
monitoring the PL from the top side of perovskite films at 770 nm. 
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Figure S11. Time integrated Photoluminescence signal for the two perovskite as indicated in 
the legend as a function of the injected carrier density (cm-3). Below 1017 cm-3 the integrated 
PL grows quadratically. So, the growth of PL signal with increasing pump fluence is dominated 
to the bimolecular radiative recombination rate; for the week pulse fluence corresponding to 
injected carrier density, the rate of carrier trapping is faster than the radiative recombination 2. 
However, when this latter becomes faster than trapping at above 1017 cm-3, the PL signal 
saturates and quantum yield (integrated PL/pulse fluence) will decrease by resulting from non-
radiative recombination. In here, two perovskite films show similar behaviours at saturation 
point and the rate of growth. We can conclude the effect of trap density in two perovskite will 
be little difference. 
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Figure S12. Statistics of VOC, JSC, FF, and PCE of devices more than 100. Showing that the 
main reason behind upgrading PCE lies in the VOC improved from 1.08 to 1.14 V, which can 
be associated with a significant recombination reduction. With respect to the JSC, a scattered 
~0.2 mA cm-2 larger photocurrents were obtained for 2D/3D structures.  

Figure S13. IPCE spectrums and integrated JSC from IPCE. 
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Figure S14. J-V curves of devices based on SnO2 with CFMPIB and L-CFM/P perovskite. 

 

Figure S15. Dark storage stability of devices with CFMPIB and L-CFM/P. All of cells are 
stored in dark and measured in ambient atmosphere. 
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Figure S16. PCE tracking from J-V measurement for 300 h of unencapsulated devices with 
CFMPIB (black) and L-CFM/P (red) under continuous flowing humid air gas and full-sun 
illumination.  

 

 

Figure S17. J-V curve of a homogeneous perovskite mixture of CFMPIB+PEAI device.  
 

 
Table. S1 Decay lifetime from PL fitting in Figure S10 
 1015 carrier/cm3 1016 carrier/cm3 1017 carrier/cm3 

 1 2 1 2 1 2 
CFMPIB  36 790 41 >800 34 >800 
L-CFM/P 29 749 31 >800 33 >800 
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