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Figure S1. Progress and representative achievements in p-i-n NIR PeLEDs from 2014 to 
present.1–10 

Figure S2. Schematic illustration of deposition process of perovskite emitter layers. (A) 
Conventional deposition process without antisolvent, (B) Conventional deposition process with 
antisolvent, and (C) Antisolvent-free with substrate preheating.



 

Figure S3. Cross-sectional SEM image of the antisolvent-free NIR PeLEDs.

Figure S4. Comparative diffraction intensity at prominent diffraction peaks from XRD pattern.



Figure S5. Tauc plot and (αhν)2 vs. photon energy (hν) for the perovskite film with different 
preheating rate (A) Reference, (B) Rate P, (C) Rate Q, (D) Rate R, and (E) Rate S.



Figure S6. TRPL decay profiles comparison of optimal Rate Q with other samples.

Figure S7. Plot of ln (α) vs photon energy used to extract the Urbach energy of perovskite films.



Figure S8. PL mapping of perovskite film with Rate P, R and S.

Figure S9. PL emission of Reference perovskite film, according to temperature from 70 K to 130 
K. The peaks were deconvoluted into exciton emission and trap-mediated emission.



Figure S10. Operating lifetime of the antisolvent-free NIR PeLEDs with encapsulation tested at a 
constant current density of 5 mA cm−2.

Figure S11. Performance of antisolvent- and annealing-free NIR PeLEDs fabricated with Rate Q 
(A) J-V-L curves and (B) EQE curves.



The carrier lifetime of the perovskite films is fitted using a bi-exponential decay model as 
follows (where B1 and B2 are the decay amplitudes with lifetimes τ1 and τ2, respectively).11 
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The carrier lifetimes and the decay amplitudes are shown in Table S1.

Table S1. Fitting parameters of time-resolved photoluminescence decay curve.

Sample B1 ±  err τ1 ±  err (ns) B2 ±  err τ2 ±  err (ns) 

Reference 23.44 ± 4.84 0.74 ± 0.28 76.56 ± 0.14 18.71 ± 0.13

Rate P 21.08 ± 1.63 1.16 ± 0.83 78.92 ± 0.17 21.67 ± 0.47

Rate Q 9.30 ± 3.97 2.15 ± 0.64 90.7 ± 0.29 29.18 ± 0.51

Rate R 13.78 ± 3.52 1.53 ± 0.49 86.22 ± 0.44 28.27 ± 0.67

Rate S 13.01 ± 1.15 1.77 ± 0.61 86.99 ± 0.62 27.95 ± 0.44
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