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Abstract: Colloidal quantum wells (CQWs) are a class of quasi-two-dimensional colloidal semiconductor nanocrys-

tals, featuring atomically precise thickness control and strong quantum confinement along the thickness direction.

Combining narrow emission linewidths, large absorption cross-sections, and excellent solution processability, CQWs

have emerged as promising candidates for next-generation high-performance optoelectronic and microelectronic mate-

rials. In recent years, significant improvements in the luminescence efficiency and stability of CQWs have been

achieved through heterostructure engineering, shell engineering, alloying, doping, and surface ligand regulation,

promoting the rapid development of CQW light-emitting diodes (CQW-LEDs). This review first introduces the struc-

tural characteristics, optoelectronic properties, synthesis methods, and material engineering strategies of CQWs, fol-

lowed by an overview of their application potential in lasers, photodetectors, and visible light communication, with

particular emphasis on recent advances in red, green, blue, and white CQW-LEDs. Finally, the remaining challeng-

es and future prospects of CQW-LEDs in blue-emitting devices, cadmium-free materials, and industrialization are

discussed.

Keywords: colloidal quantum wells; light-emitting diodes; emission control; working mechanism; heterostructures
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Fig. 3 Gain measurement using the variable stripe length

method."*’
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AL B AT CQW AR R B T2 1Y
B B R W 22—, H 32 A b A T K
A, {8 52 1WA 2R ik ) 5 8 AR FIR L 51 R Ko
WG B, B J 30 2o 4 vk PR v AR K IR AR B e
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Fig. 4 (a) Schematic illustration of CQW synthesis by the hot-injection method; (b) Schematic illustration of the nucleation

and growth processes of nanocrystals by the hot-injection method.""!
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Fig.5 Normalized absorption and PL spectra of CdZnSe

CQWs at different cation exchange reaction times. >’
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Fig. 6 Schematic diagrams and cross-sectional views of
CdSe core, CdSe/CdTe core/crown, and CdSe/CdTe/
CdSe core/multicrown CQWs.™"
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B7 (a) SUBS E CQW i 25K 7% BE IS5 (b) 6 B 4 42
J2 CQW B By R B (o) X B CQW 53 & 4

FoJ2 CQW % LED (W gm0,
Fig.7 (a) Schematic illustration of the structure of doubly
gradient CQWs; ™ (b) Schematic illustration of the

formation of CQWs with a gradient composition
Cd,Zn, - S shell; " (¢) Schematic energy-level dia-
grams of LEDs based on control CQWs and CQWs

with a gradient composition shell.”*’
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B, 175 AR C 57 Se it B T2 BT B2 9 B BF 285, A
MAE R4 2 A o R # L T CQW Rk
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A 45 B 08 A 0 /D R i B RN AR AR O 2 AT
2022 4F, Baruj 4 A4 V-SRI 41K M, 5
P CQW Hf 2 R4 5 1) HE S {180 P SR A A0 A6 L
151 ¥R % 58T Tk B5E 14 67 % $2 1 3 92% , Y6 4R BURIR
i 22% 8 T % 34%, CQW-LED SZ 3 1 18. 1% 1y

Ah i F 3% (external quantum efficiency , EQE) Fll
19800 cd/m* 5% B, 4[] 8 (b.e) B 7R o

E—25 1, Ba 58 AN F 2025 44 H W AH 3K 5 °F
% HE % (two-phase driving flat arrangement, TDFA)
TR T CQW BCARK 5 & — it S AH =[] 1 5
THAEM, S8 CQW K F-Heml HE51 . an & 8 (d) Jir
IR T W e A R RS BB Rt R A8 A R BRI
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K AmEPERE™ . ARk B S Bt (58 )2 T
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Fig. 8

(a) Morphological comparison of CQWs with different ARs; " (b) Self-assembled monolayer film on a quartz substrate

with an in-plane transition dipole moment (IP TDM) fraction of 92% ;""" (¢) Spin-coated film on a quartz substrate with

an IP TDM fraction of 67% ;" (d) TEM images of CQW films prepared with TDFA and by spin coating."*"
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Tab 1  Summary of tailoring strategies for CQWs
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Fig. 9 Schematic illustrations of the device structures of nor-

mal and inverted CQW-LEDs
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(a) Enhancement of the EQE of CQW-LEDs by the

Pl ETL; " (b) Energy-level structure, electrolu-

Fig. 10

minescence (EL) spectrum, and photograph of the
device based on a gradient shell; 521 (¢) LiFi dem-
onstration system based on CQW-LEDs; ™ (d) De-
vice structure and 667 nm EL characteristics of
deep-red CQW-LEDs;"™ (e) Comparison of the ori-
entation structures and surface morphologies of self-

assembled and spin-coated CQW emissive layers.”™
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Fig. 11 (a) Relationship between the 7,,,., and electron confinement energy in CQWs; 1 (b) Performance and luminescence

demonstration of LED devices based on CQWs with a gradient composition CdSe/Cd Zn, _ S shell; ™' (¢) Schematic il-

lustration of the TDFA strategy for inducing horizontal alignment of CQWs and constructing dense films; * (d) Sche-

matic energy-level diagram of CQW-LEDs based on a CBP/TCTA/TAPC trilayer HTL."””
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2/ (¢) Continuously tunable emission characteristics of CQW-LEDs with alloyed heterostructures.
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(a) CQW-LEDs with continuously tunable EL;™" (b) CdSe/CdS core/shell green CQW-LED and its EL characteristics ;

[83]

4t CQW-LED, I 7E Zn0 5 & 62 Z 5] AR 4%
Ntk 1% J5€ B (polyvinylpyrrolidone, PVP) 2% i )2, LI
il H Tt AL, K ZnO 5 HTL B 4% il 5 | 1)
A AR, PRSI R SE I 521 nm FLEUR T
FWHM {Z 15 nm, CIE A& 45 2 (0. 101, 0. 806) , {235k



16 K b/

¥R

7 5 1k 21 3 [ E K R 528 51 2 (National Tele-
vision System Committee, NTSC) #5 E 1Y) 124, 79%™,
ME3() iR . % TAERREQE/UH 0. 416% ,{H

(a) 320 {0.101.0.806)
]

7
@]
S

0.9

530 nm

s -

CEy
08

0.1 0.2 0.3
CIE %

13 (a)2li%t CQW-LED 8 CIE {0 A b5 5 28 240 18 705 (b) HE B 5 AR HE B CQW B4 777 3 1E™; (¢) CdSe/CdSeS 1%/
4 42 58 CQW-LED B CIE A2 b5 Bz 28 1 I8 F 5 (d) CdZnSe/ZnS ¥ /5% CQW-LED B 43 56 |1 35 & % 6 3% & 48 14 IR

H—[zx]
(a) CIE color coordinates and device photograph of pure-green CQW-LEDs; * (b) Comparison of the quantum yields

Fig. 13
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of stacked and nonstacked CQWs;"™ (¢) CIE chromaticity coordinates and device photograph of CdSe/CdSeS core/al-
loy-crown CQW-LEDs; ™ (d) Green EL spectrum and device photograph of CdZnSe/Zn$S core/shell CQW-LEDs."!
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* (¢) CIE chromaticity coordinates and display color gamut of
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photograph of the W3 device under operation.
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