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Supplementary Fig. 1 Characterizations of Pb and Pb/Sr blue perovskite films. a, 

PL spectra of blue perovskite films. b, Absorption spectra of blue perovskite films.  
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Supplementary Fig. 2 Stability characterization of blue perovskite LEDs. a, 

Stability data of devices measured at an initial luminance of 50 cd m2 (near the peak 

EQE position). b,c, EL spectra of Pb/Sr device (b) and Pb device (c) during stability 

measurement. The EL spectra of the Pb/Sr perovskite LED show minimal change after 

aging for 42 min, while the Pb perovskite LED exhibits a significant red-shifted and 

broadening spectrum after aging for 11 min.  
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Supplementary Fig. 3 Characteristics of deep-blue (464 nm) perovskite films and 

LEDs. a, Absorption spectra of the deep-blue perovskite films, showing no absorption 

peaks from low-dimensional perovskites. b, XRD patterns of the deep-blue perovskite 

film. There are no diffraction peaks from low-dimensional perovskites, suggesting that 

the deep-blue perovskites are 3D crystals. c, Excitation-intensity-dependent PLQEs. d, 

Transient PL decays of Pb or Pb/Sr perovskites at a carrier density of 1.71015 cm3. e, 

EL spectrum of the device without SrBr2. f, Current density and luminance versus 

voltage of the device without SrBr2. g, Dependence of the EQE on the current density 

of the device without SrBr2.  
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Supplementary Fig. 4 In situ PL measurements of perovskites during the growth 

process. a,b, Contour plot of PL spectra of Pb (a) and Pb/Sr (b) perovskites during the 

spin-coating process. c,d, Contour plot of PL spectra of Pb (c) and Pb/Sr (d) perovskites 

during the initial 15 s annealing process. The reduction of PL intensity is due to thermal 

quenching, while the Pb/Sr perovskite can maintain higher PL intensity. e, PL peak 

position extracted from in situ PL measurements of perovskites during the initial 15 s 

annealing process.  
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Supplementary Fig. 5 Characterization of perovskite films with different 

annealing times. a,b, SEM images of Pb/Sr (a) and Pb (b) perovskites. The 'mud bank-

like' areas in the 0 s Pb/Sr perovskite film are circled by blue lines. The Pb perovskite 

films maintain similar morphology during the annealing process. Scale bar, 500 nm. 

c,d, XRD patterns of Pb/Sr (c) and Pb (d) perovskites. All Pb perovskites exhibit a 

diffraction peak at 30.9o. e,f, Analysis of C and Cs elements for AES measurements of 

Pb/Sr perovskites annealed for 0 s (e) and 10 min (f). It shows that the large grain in the 

as prepared perovskite is FA-rich phase, and the 'mud bank-like' part is Cs-rich phase. 

After being annealed for 10 min, the perovskite grains exhibit similar C and Cs signals, 

suggesting a uniform distribution of perovskites. Scale bar, 1 m.  
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Supplementary Fig. 6 Characterization of (FA/Cs/Rb)(Pb/Sr)Br3 perovskite film 

with different annealing times. a, Normalized PL spectra. The perovskite shows a 

blue-shifted PL peak with increasing annealing time. b, XRD patterns. As the annealing 

time increases, the XRD peak at 30.3o gradually shifts to a larger diffraction angle at 

30.4o.  
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Supplementary Fig. 7 Understanding the interaction between CsBr and SrBr2. a, 

XPS spectra. Upon addition of FABr or CsBr to SrBr2, the Sr 3d peaks exhibit a shift 

to higher binding energy by 0.1 eV and 0.2 eV, respectively. b, ESI-TOF-MS spectrum 

of SrBr2 solution in DMSO. The SrBr2 solution shows typical [SrBr3]
– peaks. c,d, 

Schematic illustration of interactions between Sr2+-based anions and Cs+ (c) or FA+ (d) 

cations in the solvent environment with [SrBr3]. e,f, Schematic illustration of 

interactions between Sr2+-based anions and Cs+ (e) or FA+ (f) cations in the solid-state 

structures.  
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Supplementary Fig. 8 Characterization of perovskite films and LEDs prepared 

with various SrBr2 amounts. a, SEM images. Scale bar, 500 nm. b, XRD patterns. c, 

Excitation-intensity-dependent PLQEs. d, EL spectra. e, Dependence of the current 

density and luminance on the driving voltage. f, EQE versus current density. g-i, 

Cathodoluminescence characterizations of perovskite film with a 0.1 ratio of SrBr2. 

Scale bar, 700 nm. SEM image (g), corresponding CL peak intensity (h), and CL peak 

wavelength map (i).  
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Supplementary Table 1 Comparison of our devices with other high-performance 

blue perovskite LEDs with PL peak below 490 nm. 

Perovskite 

EL 

peak 

(nm) 

CIE 
EQE 

(%) 

Lmax 

(cd m2) 

Luminous 

efficacy 

(lm W1) 

Reference 

3D perovskite 

487 (0.070, 0.246) 23.3 5,700 33.4 
Our 

work 

487 (0.096, 0.119) 13.6 18,748  1 

482 (0.09, 0.17) 19.28 1,457  2 

468 (0.126, 0.061) 11.9 668 7.33 
Our 

work 

464 (0.132, 0.046) 7.5 317 3.87 
Our 

work 

463 (0.136, 0.046) 4.1 150  3 

Quasi-2D perovskite 

488 (0.084, 0.283) 14.2 4,700 17 4 

488 (0.074, 0.277) 21.6 10,030  5 

488 (0.085, 0.230) 23.6 ~1,000a)  6 

483 (0.090, 0.180) 21.4 1,981  7 

478 (0.106, 0.134) 21.9 640  8 

469 (0.13, 0.06) 10.4 2,428  9 

459 (0.136, 0.051) 15.36 ~120a)  10 

Perovskite NCs 

480 (0.085, 0.205) 26.4 1,601  11 

478 (0.11, 0.13) 17.9 2,910  12 

465 (0.127, 0.069) 16.7 430  11 

460 (0.138, 0.045) 12 255  11 

a)This data was estimated from the figures in the reference. 
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