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Abstract In recent years, the emerging metal-halide perovskite materials have shown the great potential of breaking the
technological bottleneck of traditional optoelectronic semiconductors as they enjoy many advantages of both inorganic and
organic light-emitting materials, such as large-area preparation by the solution method, easy band-gap tunability, high
carrier mobility, and high photoluminescence quantum efficiency. Perovskite light-emitting diodes (LEDs) are regarded as
the most promising next-generation lighting and display technology to achieve low-cost, high brightness, large area, and

flexible devices. This paper mainly introduces the progress made by our group in perovskite LEDs, summarizes the main

strategies to improve device performance, and predicts the development directions of perovskite LEDs.
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Fig. 2 Structure of near-infrared perovskite LEDs and dimensional control. (a) Band energy level diagram of perovskite LED

structure™; (b) schematic of cascade energy transfer in multiple quantum wells (MQWs) perovskite'; (c) excitation-intensity-
dependent PLQE of MQW:s film"; (d) schematic of charge recombination in MQW s with different well widths™”

B = 2 5 BK A TE 0 IR 25 LTI B o A
7] AL, 3 o 0 45 ek A 6 3k R AT 4 43 TR R R T
FRYR AT LA b 25 08 5 B 3 R S Ao RS [ A1 3
(a) ], D 75 1) e L i 7 36 R A0 o e | 0% 19 —
R N A o o A [ N e o e
300 mA-cm K HL I B R AR SR AT DLAR HF 14.0%
B AN TR Ak, SR F K P A AL X K
T 1T E AT Al AL, nT DL BE $Y K 3 T X S Bk T 1
B % LA KA S BRI R B TR R M AR R A
100 mA - cm* Y K HL I 8 5 2 A 2% UF T 1 55 i 42
J15)23. 7 h,

eSS4 LED K43 & 6 7t FOh
T DI Re R Wl SR R R AR AR R OROR R

2520% o A TR E ST LED #8448 0t 2 BURR 7
ST OGO — 07 T 1 Purcell 500 12 5 48 5 2
AR, T $E TE 28O B TR 5 — i, R R
S5 N A T 2 6 TV A RO Bl A 3R O R R
BOR & 3(b) BT 3 k F SR TT DR R OF B Ok
U 20 %% B 3 3094, 4% kBT LED Y 4h i
FRORIKF 20.2%

I Ah 3 Sk — ol T S A IR S W A B R T
FLAT 0K 25 4 1 65 ek S 2 T T LA AR
TG R BOSCR . A 3(e) fif s, 38 5 7E /i 4K 4
WP B B AT L B &I R 43 B R R
FR A TE ffORL 22 8] AT 5 S #1408 2% 2% 24 A7) 45 K
W &2, BA KL TANLLED Betit 45+, 3F B it

1733001-3



=425 17 8/2022 £ 9 B/R¥F¥EHR

(@)

(c)
MoO,/Au

B B

. Perovskite
[ Organic layer
M zno-PEIE

B o

Glass substrate

(e)

B3 LA =LEESERT . () VR BE A IR R A5 ER T MR h 3 SR A3 A5 () TRUR S5 6K LED #5145 44 1 14 fig

(b)

(d)

12
~10] /T ——————
E]
]
208
]
e
2
E o8 ——— 45 K and 200 mA cm™
a X

04

0 100 200 300
Time (h)

Stage Ill

(MoK

Bk A S 45 R RN RO R AT (d) 45 KL 200 mA m P A F R BRI ARG E HE 5 (o) AR TRV N 370 i 345 Bk 7 A= K st
Py s B

Fig. 3 Near-infrared three-dimensional perovskites. (a) Grain distribution in perovskite films with different concentration”;

]

(b) structure and performance of top-emitting perovskite LED™; (¢) schematic of device structure and light output with

submicrometre-structured perovskite film™; (d) operation stability of devices at 45 K with a constant current density of 200 mA «

m ™ (e) schematic of growth pathways of perovskites with different additives'
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