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Abstract: Red perovskite light emitting diodes (PeLLEDs) have attracted much attention for their excellent energy sav-
ing properties, which can promote plant growth, cell regeneration and metabolic processes, and show a wide range of ap-
plications in display technology, lighting systems, agricultural cultivation and medical fields. In this paper, the essential
characteristics of materials used in red PeLEDs are reviewed, the current technical bottlenecks are analyzed, and a se-
ries of innovative solutions are explored to achieve high efficiency red PeLEDs. Special focus is on strategies such as co-
spacer cation regulation, fine molecular engineering, efficient passivation technology, in situ inorganic ligand introduc-
tion, migration activation energy enhancement method, metastable phase crystallization optimization approach, additive
induced crystal reconstruction strategy. In addition, the urgent need and challenges of developing lead-free PeLEDs with
low toxicity and low environmental burden are discussed in depth, trying to improve performance of the lead-free red
PeLEDs by inhibiting the oxidation tendency of Sn™ ions, exploring new alternative elements to replace lead, and devel-
oping lead-free double perovskite materials. At the same time, the practical application cases of red PeLEDs in the spe-
cific fields such as promoting the healthy growth of indoor plants and advancing the innovation of flexible display technolo-
gy. Finally, the future challenges and potential development direction in the field of red PeLEDs are prospected, which

provide valuable reference and inspiration for researchers and practitioners in related fields.
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Tab. 1  The performance of red PeLEDs with different emitters
Emitters EL peak/nm  FWHM/nm L _/(ed-m™) EQE,_ /% Lifetime References
(FA/Cs)Pb(1/Br/SCN), 649 25.4 35149 13.1 6h (45 mA/cm®) [18]
Gual-CsPbl,_ Br_ 655 26. 1 33 549 18.8 50.3h [19]
CsPbI,_Br, 671 28.0 10 745 17.03  15.4h (20 mA/em®)  [20]
FA, ,Cs, Pb(1,  Br, ), 662 27.3 8 547 8.7 8h [21]
PEABr-CsPbl, 672 31.2 6078 19.6 300 min [22]
125 000 000 h
ZnSe S QDs 615 16 330 000 20.7 . [23]
. (100 ed/m*)
(PEA/m-F-PEA) NMA,_),CsPb,I, 680 34 1300 25.8 — [24]
MM-MOPA perovskite 638 — >1 000 28.17 7 600 min [7]
FAPDI, 805 — — 32.0 17h (8]
CdSe-based col-loidal red QDs 627.8 — — 44.5 — [25]
POEA-based red perovskite 653 41 1052 10.3 32 min [26]
quasi-2D perovskite/PEO 680 39 1392 6.23 — [27]
FDPA-POEACs_Ph1, 653 — 2 545 18.5 131 min [28]
CsPbI,:Sr NC 687 37 576 21.8 69 min [29]
CsPbI,_Br QDs 637 36 2653 21.8 70 min (150 cd/m?) [30]
CsPh(Br/1), PNCs 648 — 11233 13.2 — [31]
CsPh(Br/1), NCs 635 33 12910 22.8 63 min [32]
2D PEA Snl, 633 29.7 98.7 1.87 — [33]
GSH-PEA Snl, 625 33 328.2 9.32 — [34]
Cs,PbI/FA Cs,_PbI, 705 34 1400 21.0 — [35]
729 min
CsPbl, QDs 623 33 4203 26. 4 ) [36]
(1000 cd/m*)
(PEA,NMA,), ,CsPb,I, 639 45 2508 21.8 — [37]
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Fig. 1 Summary of strategies for improving the performance of red PeLEDs
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precipitate(d) in MHP films"™'. (e)Schematic of halide vacancies at the MHP NC surfaces ™
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Fig. 5 The 12 types of native point defects(a) , impurity defects(b) , Frenkel and Schottky defects(c) , dislocation, GB and
)
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Human skin
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PeLED JZ JE7E M T L ; (o) i PeLED Ay it K 74 78 3

Fig. 6 (a)Photo of ultra-thin multi-color PeLED attached to human skin. (b)=(¢) Ultra-thin PeLED attached to human skin un-
der various deformations. (d) Ultra-thin PeLED laminated on a leaf. (e) Water resistance demonstration of ultra-thin
PeLED "
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Fig. 7

(a) Application schematic diagram of flexible and stretchable LED devices™'. (b)Schematic diagram of heart rate moni-

tor. (¢)Cardiac pulse monitors and photographs based on PeLED"
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