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Figure S1. Top-view SEM images of all the (FAPbI3)1-x(FAPbBr3)x compositions. Scale bar is 1 

m. 
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Figure S2. XRD patterns for all the (FAPbI3)1-x(FAPbBr3)x compositions. 

 

 

 

 

Figure S3. UV-Vis absorption spectra in the region around the band edge for samples X = 0, 

0.04, 0.08, 0.16. and 0.24. The spectra were normalized at 750 nm for a better comparison of the 

band edge shift upon Br incorporation. 
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Figure S4. (A) Photoluminescence spectra of all the (FAPbI3)1-x(FAPbBr3)x compositions under 

a 450 nm excitation. (B) Normalized PL spectra for the samples X = 0, 0.04, 0.08, 0.16, and 0.24 

for a better appreciation of the PL peak shift to higher energies with Br incorporation. 

 

 

 
Figure S5. (A) UV-Vis absorption spectra around the band edge of the samples X= 0, 0.08, 0.16, 

and 0.24, fabricated using PbBr2 as the only Br source. (B) Normalized PL spectra of the samples 

X= 0, 0.08, 0.16, and 0.24, fabricated using PbBr2 as the only Br source. (C) Comparison of the 



  

5 

 

PL peak position of the samples prepared with excess FABr (blue squares) and using PbBr2 as 

the only Br
-
 source (orange triangles). The dotted line indicates the linear trend that PL was 

expected to follow. 

 

 
Figure S6. Absorption spectra measured with photothermal deflection spectroscopy. The dotted 

lines indicate the fittings to obtain the values of Urbach energies (EU). 
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Figure S7. PL mapping showing the homogeneous emission across the film, without the 

formation of different phases for X = 0 (top left), X = 0.08 (top right), X = 0.16 (bottom left), 

and X = 0.24 (bottom right). The colorscale represents the maximum of the emission peak in a 

range from 780 to 795 nm. 
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Figure S8. (A)(C)(E)(G)(I) Spectral photoluminescence stability over time and (B)(D)(F)(H)(J) 

extracted initial and final PL spectra for X = 0 (A)(B), X = 0.08 (C)(D), X = 0.16 (E)(F), X = 

0.24 (G)(H), and X = 0.5 (I)(J). Samples were excited with a 515 nm excitation wavelength.  
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Figure S9. Photoluminescence spectra under continuous illumination with a 450 nm laser over 

10 minutes for (A) X = 0.24 and (B) X = 0.5. 

 

 

 

 

Figure S10. Fluence dependent PL measurements of the samples with compositions (FAPbI3)1-

x(FAPbBr3)x, where X = 0, 0.08, 0.16, and 0.24, in the fluence range 4-40 J cm
-2

. Samples were 

excited with a 532 nm laser pulse. 
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Figure S11.  PL measurements of the samples with compositions (FAPbI3)1-x(FAPbBr3)x, where 

X = 0, 0.08, 0.16, and 0.24, using 12 J·cm
-2

 (A) and 14 J·cm
-2

 (B) under a 532 nm excitation 

laser pulse. 

 
Figure S12. (Left) Scheme showing the PeLED architecture employed. (Right) SEM cross-

section image of a device showing the different layers employed. 
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Figure S13. Electroluminescence spectra acquired from 2.25 V to 3 V for X = 0.24. 

 

 

 

Figure S14. Current density and radiance dependence with the driving voltage. 
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Figure S15. Scheme representing the experimental set-up for the acquisition of ASE under 

appplied bias (A). Current density-voltage dependence of the PeLED with composition X = 0.24 

used for the characterization (B). Emission spectra measured in a X = 0.24 PeLED under 

continuous laser pumping for 20 minutes (C) and the associated peak PL intensity as a function 

of time (D). Electroluminescence spectra of the PeLED with X = 0.24 composition (E). 

Comparison between the electroluminescence at V = 10 V and the photoluminescence obtained 

at the experiment conditions. 
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Figure S16. Photoluminescence spectra of X = 0.24 using a LED architecture acquired with an 

applied positive bias V = 3.5 - 10 V, and using a 532 nm laser pulse as the excitation source. The 

decrease in emission intensity coincides with the emergence of EL, as observed in Figure S10E. 
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Figure S17. (A)(C)(E) Normalized local photoemission spectra for X = 0 (A), X = 0.08 (C), and 

X = 0.24 (E). The spectra were acquired in the areas highlighted in red in (B), (D), and (F). 

(B)(D)(F) Spatially resolved PEEM image of X = 0 at a binding energy of -2.1 eV (B), X = 0.08 

at a binding energy of -2.2 eV (D), and X = 0.24 at a binding energy of -2.6 eV (right). Scale bar 

is 1 m. 
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Figure S18. (A) Normalized local photoemission spectra of the regions highlighted in red in (B) 

for X = 0, X = 0.08, and X = 0.24. (B) Spatially resolved PEEM image of X = 0 at a binding 

energy of -1.9 eV (left), X = 0.08 at a binding energy of -2.2 eV (center), and X = 0.24 at a 

binding energy of -2.6 eV (right). The red squares indicate the regions in which the 

photoemission spectra was acquired for (A). Scale bar is 1 m. 
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Figure S19. Time resolved photoluminescence maps of X = 0 (A), X = 0.08 (B), and  X = 0.24 

(C) under a 532 nm laser excitation pulse and a 3 · 10
15

 cm
-3

 excitation density. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure S20. Time resolved photoluminescence decays of X = 0, X = 0.08 and X = 0.24 using a 

532 nm excitation and 1 kHz repetition rate, and the monoexponential decay fitting used to 

extract the PL lifetime. 
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Supplementary note 1 

The photoluminescence energy of mixed-halide pero skite follows Ve ard’s law (Equation S1): 

   ( )          (   )             (   )                   (  )  

Where EPL is the PL peak energy of the mixed halide composition, EPL,X=0 is the PL peak energy 

of the pure iodide phase, EPL,X=1 is the PL peak energy of the pure bromide phase, X is the 

bromide content and b is the bowing parameter that accounts for deviations from linearity. We 

obtained b = 0.9, however, one would expect smaller deviations from linearity of the PL peak 

with the Br
- 
content.
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