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Abstract: Quantum dot light-emitting diodes (QLEDs) exhibit outstanding properties, such as high color
purity, wide color gamut, and tunable emission wavelengths. These advantages make them strong
competitors in the fields of next-generation displays and solid-state lighting. There are three core functional
layers in QLED: the quantum dot Emitting Layer (EML) , Electron Transport Layer(ETL), and Hole
Transport Layer (HTL) , which are of great significance for the lifetime of QLEDs. In this review, we
summarize the common characteristics and patterns of long-lifetime QLED devices from researches about
these three functional layers. We systematically analyze the design strategies for long-lifetime QLED
devices. This paper provides valuable insights for subsequent lifetime research on blue QLED devices and
QLED devices based on more quantum dot systems, and presents an outlook on the development of long-
lifetime QLED technology.

Key words: quantum dot light-emitting diode; long-life devices; emitting layer; electron transport layer;

hole transport layer
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Fig.1 Design of large-size and alloying of quantum dots, the purpose is to increase the radiative recombination probability of

excitons, improve the photon utilization rate, and reduce heat accumulation. (a) Effect of QD size on electron-hole
recombination probability. A small area that can pack 12 regular QDs is selected here for illustration. Because large
QDs have lower packing densities, the charging rates for both electrons (P.) and holes (P,) are higher for a given
charge concentration, leading to higher exciton formation probabilities (P,.,,) in QD-LEDs". (b) Schematic illus-

tration of asymmetrically strained QDs'™’.

This asymmetric strain forces photons to be preferentially emitted along
the c-axis, improving the photon utilization rate. Schematic illustrations of QDs with corresponding energy levels and
electron/hole wavefunctions for (¢) CdSe-based QDs and (d) CdZnSe-based QDs'"”. HAADF scanning transmission

electron microscopy images of (e) CdSe-based QDs and (f) CdZnSe-based QDs (insets: the corresponding size

distribution histograms)"’.
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Fig. 2 Quantum dot surface ligand engineering, the pur-
pose is to passivate defects and enhance exciton bind-
ing. (a) Schematic diagram of the red InP/ZnSe/
ZnS core/shell/shell QDs, molecular structure
diagram of CTA molecule, and schematic diagram
of CTA molecular passivation of QD surface
defects™; (b) Ligand exchange from cadmium-
carboxylates (with a small amount of negatively
charged carboxylates) to primary amines™ ;
(c) Schematic illustration of CELS (carbocation-
enabled ligand stripping)”’. The triphenylmethyl
chloride (TPCI1) molecule undergoes photodissoci-
ation to generate triphenylmethyl carbocation (TP ™)
and chloride ion (Cl ). TP" causes the ligand
stripping of the quantum dots, and Cl~ binds to
the uncoordinated metal sites through strong coor-

dination to fill the surface defects.
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Fig.3 ZnO optimization, regulating the defects of ZnO NPs and balancing electron injection through methods such as doping,

reduce non-radiative recombination and improve device stability.

(a) Li and Mg co-doped ZnO NPs"*'; (b) Surface modification of ZMO NPs with acrylate functional groups™ ;
(¢) Synthesis of ZnO NPs using EDTAK as an additive™”; (d) Insertion of an insulating layer (PMMA ) between

QD and ETL"™.
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Fig.4 Interface regulation strategies, the purpose is to eliminate positive aging and improve device stability. (a) Reaction

between acidic resin and ZnO NPs'™; (b) Interface reaction between Al cathode and ZMO NPs'™'; (¢) Treatment

of ZnO NPs with H,O"'.
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Design of novel hole transport materials, it systematically demonstrates the main strategies for the design of hole

transport layer materials in recent years, including the construction of cross-linked networks, doping regulation,

design of rigid skeletons, and replacement with inorganic materials. (a) Cross-linked hole transport layer with self-

[48

assembly capability'™ ; (b) Lewis base mixed-doped PVK hole transport material ™ ; (¢) Rigid-framework hole

transport material PF8CZ""; (d) Cross-linked network hole transport material '3 (e) Structure of the QLED device

50]

with WO, as the hole injection layer”™'; (f) Structure of the QLED device with NiO as the hole injection layer™.
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Fig. 6

Interface engineering, it summarizes the interface and multi-layer structure engineering strategies for the hole trans-

port layer in QLEDs, including electron blocking layers, SAM passivation, double-layer HTLs, and inorganic

interface layers. (a) Device structure with organic electron-blocking layer TPBi"™; (b) QLED with self-assembled
monolayer (SAM) passivated NiO,"""; (¢) TFB/PVK double-layer hole transport layer QLED™ ; (d) Inverted

QLED with an inorganic Al,Oj interface layer ™.
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