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Fig. 1 Structure, size effect, and development status of quantum dots (QDs). (a) Core-shell structure diagram of QD™: (b) relationship

between QD size and emission bandgap"”; (c) color gamut representation of RGB quantum dot light emitting diodes (QLEDs)"";

(d) development trend of external quantum efficiencies (EQEs) in QLEDs"
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Fig. 2 Research on patterning of QDs using inkjet printing. (a) Schematic of inkjet printing"”; (b) fluorescence microscope image of
patterns printed on glass by super-inkjet printing system, and minimum linewidth is 1.65 pm™; (c) magnified
electroluminescence images of red and green sub-pixels when lightening simultaneously™; (d) current efficiency curves of

bottom and top emission patterned QLEDs™; (e) light-on photograph of inkjet-printed QLED with bias voltage of 4 V&

() electroluminescence (EL) microscope image of subpixel with inkjet-printed QD film using QD inks containing 90%

cyclohexylbenzene with volume ratios™; (g) atomic force microscope (AFM) image of inkjet-printed QD film™; (h) current
efficiency-current density curve of inkjet-printed QLEDs"; (i) current density-voltage-luminance (J-V-L) curve of inkjet-printed

red QLEDs™!
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Fig. 3 Flow chart of full-color QLED fabrication based on traditional photolithography™"
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Fig. 5 Research on preparation of QD patterns using direct photolithography method. (a) Illustration of photolithography process for

patterning of QDs"™: (b) schematic of QD surface combined with PEI under ultraviolet lightm; (c) structure schematic of full-

color QLEDSs"; (d) J-V-L graph of patterned QLEDs""; (e) current efficiency of patterned QLEDs""
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(a) { Light-driven ligand cross-linker (LiXer)

N,—R—N, . mm
N,—R—N, = ’ﬁjiﬂ\/\/"
1§t
!

Diazide LiXer
\(i) UV exposure

,iN—R—N:

"/ Intermediate \
&l 3 H
4 / nitrene |
HC—H Hc—bf—R—N—CH

H

(i) C-H insertion
QD

surface Cross-linking

&1 6 ﬁfﬂﬁ'ﬁ%ﬁ]ﬁ’]@ﬂﬁiif{% A TE B s P 3R AR 1 U7 vk« (a) 25 1 LiXer oM 80 A 19 C-H 48 A BT

PR B R

2 P Ak R A9 B ) RGB it 1 450 10 T 1 3 s TR 21

a4k E289/2024 £ 1 B/HFER

) Chemical durable
QD patterns

k_)) S,ubsuals Mask l ‘
—_— T HERSEEEES ]

(1) Spin-coating (2) UV exposure (3) Developing

+e + o0 604
+ ++ +edee

Lateral RGB QD patterns

e eetes +erere s S OOeead
OOt +eeee s OOttt

Stacked RGB QD patterns

(D

, Xof A 408 T e ] T A S i

(b)ﬁﬁﬁLlXCM}‘i% CHEAT O 7 I S A G AR R R RE A A /K S LAY £ o T R IR R LA e 3 2 )
(o)E ”‘J‘L%lﬂqﬂ?ﬂ:fﬁfﬁ%ﬂﬁRQBE?IEIEQ}E’UULJMMR

PR (d) B (o) iR P

Fig. 6 Method of forming QD patterning using light-driven ligand crosslinking agents. (a) Schematic description of ligand crosslinking

process between neighbouring QDs based on C-H insertion reaction of nitrene moiety of LiXer"™;

(b) schematic description of

optical patterning process of QDs using LiXer, patterns of horizontally aligned red, green and blue QDs, and vertically stacked

patterns of RGB QDs obtained by continuously applying optical patterning process

QD patterns that are obtained through consecutive photo-patterning processes"
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Fig. 7 Research on direct photolithography patterning of QDs. (a) Schematic illustrations of patterning of direct optical lithography of

QD"; (b) process of using photo-patternable emissive nanocrystal inks for patterning luminescent QDs™”; (¢) fluorescence

microscopic image of green QD pattern with a minimum line width of 1. 5 pm™”
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Fig. 8 Research on preparation of QD patterns by electrophoretic deposition. (a) Zeta potentials of QDs capped with different ligand
contents™?; (b) schematic illustration of process for preparing patterned QDs by electrophoretic deposition'”; (c) fluorescence
microscope image of green QD pattern with a resolution of 1093 ppi'*”; (d) fluorescence images of RGB QD patterns fabricated

by three-step electrophoretic deposition. Scale bar is 200 um; (e) magnified view of (d). Scale bar is 50 pm'"*”
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Fig. 9 Research on inducing QDs to deposit in selected areas using asymmetric wettability. (a) Diagram of a single liquid bridge with

an asymmetric contact angle between template and substrate””; (b) moving direction of small-size QD nanoparticles during

solution dewetting processes in a single capillary trail confined between template and substrate in rectangle space™; (c)-(f)

schematic illustration of asymmetric wettability template technique for assembling patterned QD microarrays. A continuous

liquid of QD solution is immersing into groove between silicon templates, and substrate is dewetting into individual liquid

bridges owing to guidance of template structure, yielding patterned QD microarrays after solution is total evaporated™”
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Fig. 10 Research on QD patterning using optical microcavities. (a) Schematic illustration of RGB QLED array™; (b) pixelated QD

arrays with square pixel shape from 10 to 5 pm and line pixel shape from 3 to 1 um"”; (¢) J-V-L curve of converted emission”";

(d) color coordinate diagram of RGB QD luminescence achieved through optical microcavity color conversion
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Fig. 11 Research on preparation of QD patterns using transfer priming. (a) Schematic illustration of intaglio transfer printing process™;
(b) schematic of immersion transfer-printing process”; (c) schematic illustration of a process for sacrificial layer assistant
multilayer transfer printing””; (d) schematic of Langmuir-Blodgett-transfer printing process and fluorescence microscopy

images of of patterned red and green QD films""!
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Fig. 12 Research on in-situ preparation of perovskite QD patterns. (a) Schematic diagram of in-sizu inkjet printing strategy for

fabricating patterning perovskite QD patterns on polymer substrate™; (b) RGB perovskite QD patterns under UV light

illuminations”™; (¢) photography of large-area patterned perovskite QD layers™; (d) flow chart of in-situ preparation of

perovskite QDs by laser writing"”
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Abstract

Significance The evolution of display technology is a cornerstone of modern technological advancement, fundamentally
transforming how humans interact with machines. This transformation is vividly apparent in human-computer interactions,
where the integration of sophisticated display technologies has led to more intuitive and immersive experiences. The global
living standard improvement has further fueled expectations for advanced display devices, with consumers seeking higher
quality, efficiency, and functionality. The advent of near-eye display technologies such as augmented reality (AR), mixed
reality (MR), and virtual reality (VR) has only heightened the demands for high-resolution microdisplays. These emerging
technologies require displays that provide not only high resolution but also compactness, energy efficiency, and the ability
to reproduce colors accurately and vividly. The current market is dominated by micro-LED technology and recognized for
its superior brightness and energy efficiency. However, the production of full-color micro-LEDs poses significant
challenges, chiefly in the massive transfer of differently colored LED chips onto a single wafer. This process demands an
exceptionally high yield rate, making it both technologically challenging and costly.

As a new type of semiconductor nanocrystal materials with quantum confinement effects, quantum dots (QDs) have
sparked great interest in the display field due to their unique properties such as tunable bandgaps, high quantum yields,
high stability, and potential for cost-effective solution processing. QDs typically adopt a core-shell structure [Fig. 1(a)]
and by adjusting the energy levels of the core-shell structure, excitons within the QDs can be confined. Organic ligands on
the surface of QD shells provide steric hindrance among the dots, thus preventing aggregation and fluorescence quenching.
The physicochemical properties of QDs can be adjusted by changing their organic ligands. Since Alivisatos's research team
first reported LEDs with QDs as the electroluminescent layer in 1994, QD display devices have undergone 30 years of
research. Additionally, high-resolution display devices using QDs have been realized via various patterning technologies to
exhibit excellent device performance and fine pixel patterns. Although high-resolution patterning technology based on QDs
has been extensively studied, there is still a lack of comprehensive reviews and summaries of recent work. Therefore, it is

significant to summarize existing research and explore future development trends.

Progress The current leading high-resolution QD patterning technologies encompass inkjet printing, photolithography,
photo-crosslinking, region-selective deposition, transfer printing, and in-sitzu fabrication. These technologies are
thoroughly compared and summarized in their process flows, strengths, and weaknesses, as depicted in Figs. 2, 6, and 8-
12. In 2023, the team led by researcher Chen Zhuo from BOE Technology Group Co., Ltd. utilized electrospray inkjet
printing for fabricating both bottom-emitting and top-emitting electroluminescent QD devices, achieving a resolution of
500 ppt. In 2020, the team of Xu Xiaoguang at BOE successfully created a 500 ppi full-color passive matrix QD light-
emitting device by a sacrificial layer-assisted photolithography method. That same year, Moon Sung Kang and the team at
Sogang University in the republic of Korea developed a method for patterning QDs with a photo-driven ligand crosslinking
agent, successfully producing full-color QD patterns with a resolution of 1400 ppi. In 2021, Sun Xiaowei and the team at

Southern University of Science and Technology achieved a large-area full-color QD thin film with 1000 pp1 resolution via
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selective electrophoretic deposition. In 2019, Hu Binbin at Henan University reported on assembling QD nanoparticles

into microstructures via wetting-induced deposition. In 2021, the team led by Chen Shuming at Southern University of
Science and Technology built a resonant cavity in white light QD light-emitting devices to achieve full-color patterned QD
devices and a QD film patterning resolution of 8465 ppi. In 2015, Taeghwan Hyeon and the team at the Institute for Basic
Science in the republic of Korea realized QD light-emitting devices with a resolution of 2460 ppi using gravure transfer
printing technology. In 2022, our team collaborated with the team of Qian Lei at the Ningbo Institute of Materials
Technology and Engineering, Chinese Academy of Sciences, integrated transfer printing with Langmuir-Blodgett film
technology to create ultra-high pixel density QD light-emitting devices at 25400 ppi. In 2021, Zhong Haizheng and the
team at the Beijing Institute of Technology prepared patterned CsPbI3 QD patterns on substrates via laser direct writing in
situ.

Conclusions and Prospects As carriers of visual information, display devices play an indispensable role in our daily
lives. Emerging as revolutionary materials, QDs have become the ideal choice for next-generation display technologies
with their unique properties such as tunable bandgaps, high quantum yields, and stability. Consequently, mastering high-
resolution QD patterning is a crucial challenge that should be addressed for QD display devices to make significant strides
in the market. In summary, various high-resolution QD patterning technologies require further detailed exploration to

advance the applications and development of QD light-emitting devices in high-quality displays.

Key words display technology; quantum dot; high resolution; patterning technology
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