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ABSTRACT

Quantum dots (QDs) have emerged as promising emissive materials for next-generation displays owing
to their narrow emission bandwidth, high color purity, and solution processability. However, achieving
non-destructive, high-resolution patterning of QDs—defined as patterning process that preserve the
intrinsic optical and electrical properties of QDs—at the sub-micrometer scale remains a major challenge
for realizing advanced QD light-emitting diodes (QLEDS). To address this, diverse patterning strategies,
including inkjet printing, transfer printing, photolithography, and direct patterning, have been developed
to combine chemical stability with precise spatial control. These techniques aim to preserve the intrinsic
optical and electrical properties of QDs while enabling high-resolution arrays. Such progress is pivotal
for next-generation displays, particularly in augmented and virtual reality (AR/VR) devices, which
demand ultra-fine pixelation, high efficiency, and wide color gamut. This review summarizes recent
advances in QD patterning and discusses further directions toward scalable, high-performance display
technologies.
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Fig. 1. (@) Schematic illustration of EHD printing and the
spatial distribution of the electrical potential during EHD
operation around the tip. (b) Optical image of
electroluminescence of green QLED and the plots of current
density-voltage-luminance, and the EQE. (a) Reproduced
with permission 22, Copyright 2022, Wiley-VCH. (b)
Reproduced with permission 24 Copyright 2015, American
Chemical Society.
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Fig. 2. (@) Schematic illustration of the QD transfer printing with the donor substrate treated with ODTS. Optical images of
green, red, blue QD arrays. (b) Schematic illustration of the intaglio transfer printing process. The PL images of red, green,
blue QD patterns. Pattern size scaling in the structured stamping and intaglio transfer printing. (a) Reproduced with

permission [11]. Copyright 2015, American Chemical Society. (b) Reproduced with permission [14]. Copyright 2015, Springer
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Fig. 3. PR-based QD photolithography (a) Schematic illustration of the photolithography of QDs stabilized via ZnO ALD

deposition. (b) Schematic illustration of transfer printing with the donor substrate treated with ODTS. Optical images of

green, red, blue QD arrays. (b) Chemical composition of the F-PR. Confocal images of patterned red, green, blue QDs (4,200

PPI). (a) Reproduced with permission [19]. Copyright 2021, American Chemical Society. (b) Reproduced with permission [22].

Copyright 2025, Elsevier.
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Fig. 4. (a) Schematic illustration of the direct patterning process based on the C-H insertion reaction of the nitrene moiety of
LiXer. (b) Fluorescence microscopic images of red, green, blue QD patterns. (c) Performance of QLEDs demonstrating the
non-destructive direct patterning. (a)—(c) Reproduced with permission [25]. Copyright 2020, Springer Nature.
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Fig. 5. (@) Schematic illustration of dual-functional ligands and patterning process. (b) Optical images of red, green, blue QD

pixels patterned through sequential process. (c) Performance of QLEDs. (a)—(c) Reproduced with permission [32]. Copyright

2025, American Chemical Society.
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QDs: Quantum Dots

QLED: Quantum Dot Light-Emitting Diode
EQE: External Quantum Efficiency

AR: Augmented Reality

VR: Virtual Reality

FOV: Field of View

PPI: Pixel Per Inch

PPD: Pixel Per Degree

EHD: Electrohydrodynamic
ODTS: n-Octadecyltrichlorosilane
SAM: Self-Assembled Monolayer
NPs: Nanoparticles

iTP: Immersion Transfer Printing
PR: Photoresist

ALD: Atomic Layer Deposition
DEZ: Diethylzinc

PACs: Photoactive Compounds
PAGs: Photoacid Generators

LA: Lipoic Acid
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