[EIMTRIEEEX], 2023 128, H2# H23, pp. 211-227

/V/ Journal of Flexible & Printed Electronics, December 2023, Vol. 2, Issue 2, pp. 211-227
o /;\' Received 2023-10-31, .Revised 2023—12—12, Accepted 2023-12-27
https://doi.org/10.56767/jfpe.2023.2.2.211 elSSN: 2951-2174

REVIEW

R 7MY YA EE CIO|QE9 7 23 M G =

ook

Recent Advances in the Development of Deformable Quantum Dot
Light-Emitting Diodes
Taewoo Park, Dong Chan Kim’

Department of Chemical and Biological Engineering, Gachon University, Seongnam, Korea

Functional materials

Cathode
ETL .
: = @
HTL ppt
gl
HIL . —
Anode . Flexible and transparent Heavy-metal-free
electrodes quantum dots

Deformable device designs

:
:
\
.
Y, -

Ultra-flexible Foldable Stretchable
Deformable QLED QLEDs QLEDs QLEDs
ABSTRACT

Deformable displays, capable of freely transforming their shapes, have become a megatrend of next-generation display develop-
ment as they can provide new user experience in various human-friendly display applications. Among various light-emitting de-
vices, deformable quantum dot light-emitting diode (QLED) has exhibited its potential as a promising candidate for deformable
displays, due to its high color reproducibility, high luminous performance, solution-processability, and compatibility with slim
device design. Here, we provide an overview of recent technological advancements for deformable QLEDs, especially focusing
on functional materials and device designs. We conclude this review with a brief discussion of future research outlook.
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Fig. 1. Various conductive materials for flexible and transparent top/bottom electrodes of deformable QLEDs. Device
structures, deposition and patterning methods, major advantages, and current issues are provided for each
conductive material. Images were adopted with permission from [14], Copyright 2015, Springer Nature [23],

Copyright 2023, MDPI [23], Copyright 2018, Wiley-VCH [30], Copyright 2015, Wiley-VCH [33],

Copyright

2014, American Chemical Society [35], Copyright 2018, Wiley-VCH [36], Copyright 2015, Springer Nature, and

[37] Copyright 2017, American Chemical Society.
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Fig. 2. Heavy-metal-free QLEDs. (a) EQE development trends of QLEDs based on heavy-metal-free QDs [38-53]. (b, c)
State-of-the-art InP-based QLED [43]. Synthesis of InP/ZnSe/ZnS QDs (b), and the device structure (c) of the
InP-based QLED. (d, e) State-of-the-art ZnTeSe-based QLEDs [49]. Synthesis of ZnTeSe/ZnSe/ZnS QDs (d), and
ligand exchange of ZnTeSe/ZnSe/ZnS QDs (e). The oleic acid ligands are replaced to chlorides via liquid-/

film-state ligand exchange process.
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Fig. 3. Ultra-flexible QLEDs. (a) Device structure of ultra-flexible transparent QLED. (b) J-V-L characteristics of
transparent QLED. (c) Cross-sectional TEM image of ultra-flexible transparent QLED. (d-f) Mechanical stability
of ultra-flexible transparent QLED. Folding deformation (d), bending test (e), and cyclic bending test data (f)
of the devices. Images were adopted from permission from [35], Copyright 2018, Wiley-VCH. (i) Wearable
display system based on ultra-flexible QLED array and various wearable sensors, including a temperature
sensor, an accelerometer, and a touch sensor. (j) Passive-matrix operation of ultra-flexible QLED array. (k)
Temperature analysis of ultra-flexible QLED array. (I) Exhibition of various sensor-acquired information via
ultra-flexible QLED arrays. Images were adopted from permission from [54], Copyright 2017, Wiley-VCH.
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Fig. 4. Three-dimensional (3D) foldable QLEDs. (a) Selective laser etching process for pre-programming of two-
dimensional (2D) QLEDs. Folding (bottom left) and cutting (bottom right) of devices are controlled by
adjusting laser intensity. (b) Schematic image of the device structure, including etch-stop layer. (c) Photograph
of sharply-folded QLED. (d) Magnified image of crease. (e) Strain distribution of the deformed QLED
calculated by finite element analysis. (f) Estimation of the strain applied on ITO electrdoes. (g) Current-voltage
characteristics of the deformed QLED under various compressive strains. (h) Cutain-shaped 3D foldable QLED
arrays. (i) Star-shaped 3D foldable QLED arrays. Images were adopted from permission from [55], Copyright
2021, Springer Nature.
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Stretchable QLEDs
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Fig. 5. Stretchable QLEDs. (a) Stretchable QLED arrays based on island-bridge structure. Each QLED pixel is
connected with stretchable interconnections. Images were adopted from permission from [56], Copyright 2021,
Wiley-VCH. (b) Stretchable QLEDs based on prestrain-induced wavy buckling structure. Wearable photo-
plethysmographic sensor was fabricated based on stretchable QLEDs and photodiodes. Images were adopted
from permission from [57], Copyright 2021, American Chemical Society.
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TEM: Transmission electron microscopy
HIL: Hole injection layer

HTL: Hole transport layer

ETL: Electron transport layer

Ag NW: Silver nanowire
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