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Research progress of quantum dot light-emitting
devices for display application

GUAN Xiao-ya, WANG Hong-zhe, SHEN Huai-bin", DU Zu-liang
(Key Laboratory for Special Functional Materials, Henan University ,Kaifeng 475004, China)

Abstract: Colloidal quantum dots (QDs) are a new type of high-quality optoelectronic material with a
radius close to the Bohr radius of the exciton. Its special size effect enables QDs to achieve high-purity
three primary color luminescence, continuously adjustable emissions and wide color gamut by
adjusting the size of QDs. In addition, the special core-shell structure ensures that QDs have good
photo / thermal stability. At the same time, QDs also have excellent solution-processable properties.
Since being discovered in 1990s, QDs have become popular research materials in the field of display.
Quantum dot light-emitting diodes (QLLEDs) based on QDs have also been regarded as the most prom-
ising technology to replace organic light-emitting diodes. In the past few decades, QLEDs have
achieved such great success to be regarded as one of the most promising materials in the display field.
Therefore, researching, analyzing and optimizing the performance of QLEDs devices are of great sig-
nificance for accelerating their commercial marketization. From the perspective of QLEDs devices opti-

mization to the large-area QLEDs production, the research progresses of domestic and foreign re-
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searchers in the direction of constructing efficient and stable QLEDs for display applications are sum-

marized, and the difficulties and challenges we are going to face in the future development of QLEDs

are aralyzed.

Key words: quantum dot light-emitting diodes; quantum dot; display device
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Fig.1  (a) Structure of four types of QLEDs ' ;

(b) Carrier transfer process in QLEDs.
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Fig.2 (a) Energy level diagram of several common used charge transfer layer (CTL) materials; (b) Device

structure with an introduced PMMA layer

emission layert'*;
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(c-d) Device performance after adjusting the energy of

(e) Ligand structure (left) and corresponding energy level diagram (right) of
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Fig.3 Decay process of exciton quenching®’
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Tab.1 Lifetime development of RGB QLED in the last seven years

A SRy | EL {7 /nm  EQE/% T /h
2014077 ITO/PEDOT : PSS/P-TPD/PVK/QDs/PMMA/ZnO/Ag 640 20.5 100 000
20155 ITO/PEDOT : PSS/PVK/Cd,, Zn, S@ZnS/Zn0/Al 612 12.05 300 000
2018 ITO/PEDOT/TFB/Zn, Se,, S, /ZnS/ZnO/ Al 631 15.1 2 200 000
20190 ITO/PEDOT : PSS/TFB/CdSe/ZnSe/ZnO/ Al 600 21.6 1 600 000

11 204
20207 ITO/PEDOT : PSS/TFB/CdZnSe/ZnS/ZnLiMgO@ MgO/Al 636 20.6

(Tos @1 000 cd/m?)
20155 ITO/PEDOT : PSS/TFB/CdSe@ ZnSe/ZnS/Zn0/ Al 537 14.5 93 260
2017028 ITO/PEDOT : PSS/TFB/Zn, ., Cd, Se/ZnS/ZnO/Al 532 16.5 480 000
2019t ITO/PEDOT : PSS/TFB/CdSe/ZnSe/ZnO/ Al — 22.9 1 760 000
20155 ITO/PEDOT : PSS/PVK/Cd,., Zn, S@ZnS/ZnO/Al 455 10.7 1 000
201901 ITO/PEDOT : PSS/TFB/CdSe/ZnSe/Zn0/ Al 472 8.05 7 000
ITO/PEDOT : PSS/Poly-TPD/PVK/CdSeS/

202027 480 10 10 000

ZnSeS/7ZnS/ZnMgO/ Al
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