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Supplementary Fig. 1. GIWAXS patterns of DJ thin film. (a-f) GIWAXS patterns of DJ thin films with n values of 1-6, respectively. 

Supplementary Fig. 2. XRD patterns of BDA-DJ thin films. XRD patterns of the BDAFAn-1PbnI3n+1 DJ thin films with different n values (n=1-6) after annealing at 100 and 140 °C, respectively. High annealing temperature 140 °C can significantly optimize the crystallinity. 


Supplementary Fig. 3. PL characterization of DJ thin films. PL spectra of the BDAFAn-1PbnI3n+1 DJ thin films with different n values after annealing at 140 °C. PL peak positions of BDAFAn-1PbnI3n+1 perovskite thin films after annealing at 140 °C shift to 788 nm, 791 nm, 794 nm for n=2, 3 and 4 DJ phases, and to 801 nm for n=5 and n=6 films, respectively. The PL peak position for FAPbI3 is 803 nm. 






Supplementary Fig. 4. Device structure and cross section image. (a) Configuration of PeLED structure (ITO/ZnO/PEIE/Perovskite emitting layer/TFB/MoO3/Au) (b) Cross sectional SEM image of the structure ITO/ZnO/PEIE/perovskite layer. The thickness of the perovskite layer is around 55 nm. 




Supplementary Fig. 5. Current density-voltage and radiance-voltage curves. (a) Current density-voltage curves and (b) radiance-current density curves for PeLED samples with different-n DJ thin films. Voltage-current density curves of BDA-PeLEDs with different n values (n=2-6) are compared.


Supplementary Fig. 6. SEM images of BDA-DJ perovskite with different n values. Scanning electron microscopy (SEM) images of BDA-DJ perovskite thin films of n=1-6, respectively. The SEM images of the BDA-DJ thin films deposited on ZnO/PEIE surface show that the n=1 DJ film is much more compact than n=2-6 thin films, but there is not any observed EL performance for the n=1 BDA-PeLEDs. 




Supplementary Fig. 7. (a-c) TEM images of 1.8FA n=5 thin film. 

Supplementary Fig. 8. Histogram of the peak EQE values for the champion 1.8FA BDA-PeLEDs with PA addition (65 devices) and control 3D-PeLEDs devices (62 devices).


Supplementary Fig. 9. (a) XRD patterns and (b-f) SEM images of the 1.8FA n=5 DJ thin films with different amount of PA addition.

Supplementary Fig. 10. Carrier dynamics of BDA-DJ thin films. TA spectra of 1.8 FA n=5 without (a) and with (b) PA DJ thin films. (c) Normalized bleaching kinetics at 578 nm, 635 nm, 674 nm and 765 nm (excitation wavelength of 400 nm and excitation intensity of 1.1 J cm2). (d) TRPL results of the n=5, 1.8 FA n=5 thin films without/with PA addition. 


[bookmark: _GoBack]Supplementary Fig. 11. (a) Voltage tendency as a function of time under constant current of 100 mA cm2. (b) Radiance tracking under a constant current of 50 mA cm2 (sampling interval is 0.3 s). T50 is 589 h. 



Supplementary Table 1. Performance summary of the reported near-infrared PeLEDs. 





Supplementary Fig. 12. EL performances of 3D-PeLEDs based on FAPbI3. Current density-voltage curve, EQE-current density curve and radiance-current density curve of 3D FAPbI3 based PeLED with FA to Pb ratio of 1.8. The current density is much larger at 4 V than that of BDA-PeLEDs. The maximum EQE is 7.0% at current density of 432 mA cm2 and radiance reaches to the highest at current density of 1860 mA cm2.


Supplementary Fig. 13. EQE tendency during 10000 times of ON-OFF switching. EQE tracking curve during 10000 times of turning on-off under a periodic pulse of 2.5 V. The pulse curve is shown in the inset with periodic time of 0.4 s. 



Supplementary Fig. 14. Degraded Au electrode. Degraded Au electrode (area of 1.5 mm×2 mm) of 3D FAPbI3 PeLEDs with complete EQE loss after operation under a constant current density of 100 mA cm2







Supplementary Fig. 15. Temperature dependent conductivity of perovskite thin films. Temperature dependent current-voltage curves with temperature ranging from 183 K to 383 K under both forward and backward voltage scanning. The slightly larger current density for BDA-DJ perovskite thin film than that of 3D FAPbI3 indicates high carrier mobility despite the incorporation of insulating bulky cation. 





Supplementary Fig. 16. The EQE and radiance values from forward and reverse voltage scans. The tendency of EQE (a) and radiance (b) during the repeated forward and reverse voltage scans (total of 1300 scan cycles). Current density-voltage curves for the 100th scan (c) and 1000th scan (d). The EQE and radiance values obtained from the forward and reverse forward scan do not show any difference. 


Supplementary Fig. 17. Degradation process of BDA-DJ perovskite thin film under electric stress. The channel length is 80 μm and electric field is 35 V (0.44 V μm1). The three figures present the perovskite thin film after bias time of 0, 15 min and 30 min (from top to bottom), respectively. Scale bar is 20 μm. 



Supplementary Fig. 18. XPS spectra of iodide from different etching times of BDA-PeLEDs. Different etching times represent different depths and layers of the device, with 0 s and 290.3 s representing the iodide in Au electrode, 380.4 s representing TFB organic layer, 410.5 sand 740.9 s representing perovskite layer, 800.9 s, 861.0 s and 921.1 s representing ZnO layer. 

Supplementary Fig. 19. XPS spectra of Pb at different etching times. With the increase of etching time, the intensity of Pb0 is gradually increased, which can be attributed to the increased decomposition near the interface between perovskite and ZnO layer. 

Supplementary Fig. 20. Thermal stability. Thermal stability comparison at 85 °C of BDA-DJ and 3D-FAPbI3 perovskite materials deposited on ZnO/PEIE surface. Despite FAPbI3 has an excellent thermal stability, it decomposes after storing at 85 °C for 24 h. 
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