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ABSTRACT

Colloidal quantum dots (QDs) are promising materials for the next-generation displays, because of their excellent optical proper-
ties such as color tuneability, bright emissions, and extremely high color purity. For the practical applications of QD-displays,
it is important to develop high-resolution QD printing methods that produce QD pixel arrays. Here, this review article highlights
QD printing techniques for applications to light-emitting diodes. We provide an overview of the recent advances and challenges
in three representative QD printing techniques: (i) photolithography, (ii) inkjet printing, and (iii) transfer printing. We also discuss
how these methods have been applied to fabricate QD light-emitting diodes.
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Fig. 1. Schematic illustration showing photolithography of QDs, (a) using a lift-off process and (b) using the mixture
of photoresist and QDs.
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Fig. 2. QLEDs made by photolithography of QDs, (a) Photograph of the patterned substrate after the layer-by-layer
deposition, (b) atomic force microscopy line profile demonstrating minimal damage to the QD layer by the
iterative photolithography process, (c) photograph of multi-color QLEDs. Panels (a—c) were reprinted with
permission from ref [42]. Copyright 2016 American Chemical Society, (d) fluorescence image of 400 s mx
400 1m RGB pixels consisting of 100 mx400 gm rectangular sub-pixels, (e) photograph of patterned QLEDs.
(f,2) Electroluminescence properties of QLEDs showing the effect of HMDS treatment. Panels (d—g) were
reprinted with permission from ref [44]. Copyright 2018 Society for Information Display.
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Fig. 3. QD photolithography using surface ligands, (a) mechanisms of QD photolithography using photosensitive
cation-anion ligands, (b) photograph showing negative patterns of CdSe/ZnS QDs, (¢) photoluminescence
spectra of patterned RGB film and QD solutions. Panels (a—) were reprinted with permission from ref 45.
Copyright 2022 American Association for the Advancement of Science, (d) schematic illustration showing the
mechanism of QD photolithography using ligand crosslinkers, (e) photoluminescence quantum yield of red-
emitting CdSe QD films as a function of added crosslinker contents, (f) electroluminescence properties of
QLEDs made by photolithography. Panels (d—f) were reprinted with permission from ref [47]. Copyright 2020

Springer Nature.
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Inkjet printing of QDs, (a) schematic illustration of the inkjet printing. (b—e) Optical profilometer images of
inkjet-printed films from QD solutions (containing 1 wt% poly(vinylalcohol)) with water/ethylene glycol sol-
vents of (b) 0 vol%, (c) 2 vol%, (d) 5 vol%, and (e) 10 vol% ethylene glycol. Panels (b—e) were reprinted
with permission from ref 67. Copyright 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim. (f)
optical spectra of down-converting QD films for alternating-current powered light-emitting devices, (g)
fluorescence image of inkject printed QDs on a flexible substrate, (h) photographs of the 3, 6, and 9 layers
of inkjet-printed QD composites, (i) luminance—voltage plot of alternating-current powdered light-emitting

devices. Panels (f—i) were reprinted with permission from ref 68. Copyright 2009 WILEY-VCH Verlag GmbH
& Co. KGaA, Weinheim.
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Fig. 5. QLEDs fabricated by inkjet printing, (a) an optical microscope image of an nozzle and a printing substrate
during E-jet printing, (b) fluorescence pattern images of red and green QDs printed in a raster scanning, (c)
composite fluorescence images of E-jet printed QLED, (d) EL properties of E-jet printed QLED. Panels (a—d)
were reprinted with permission from ref [69], Copyright 2015 American Chemical Society, (¢) schematic
illustration of the ink evaporation of single and binary solvent, (f) optical microscopic images of the films
inkjet-printed onto TFB substrate with 7:3 volume ratio of decalin:n-tridecane solvent, (g) EQE-luminance
property of inkjet-printed QLED. Panels (e—g) were reprinted with permission from ref [71]. Copyright 2021
Tsinghua University Press and Springer-Verlag GmbH Germany, part of Springer Nature.
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Fig. 6. Schematic illustration showing, (a) the stamp fabrication process and (b) the additive transfer printing, (c)
fluorescence microscopy image of transferred RGB arrays, (d) scanning electron microscopy image of
transferred QD arrays using a perfluoropolyether stamp, (e) fluorescence microscopy images of printed QDs
and (f) QDs remained on the stamp after the transfer printing process. Panels (c—f) were reprinted with
permission from ref 84. Copyright 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim.
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Fig. 7. Subtractive transfer printing of QDs, (a) schematic illustration of the subtractive transfer printing, (b)
fluorescence image of the subtractive transferred RGB QD stripes, (¢) scanning electron microscopy images
comparing QD film morphology of a spin-coated QD film and a transfer-printed QD film, (d) ele-
ctroluminescence properties of QLEDs fabricated by transfer printing and spin-coating, (e) flexible QLED
patterned by transfer printing. Panels (b—e) were reprinted with permission from ref [85]. Copyright 2011
Springer Nature, (f) scanning electron microscopy image of the microholes of PDMS stamp, (g) fluorescence
microscopy images of the QD films patterned by honeycomb holes, (h) schematic illustration and (i) EL
properties of QLEDs with a honeycomb-shaped charge-blocking layer. Panels (f-i) were reprinted with
permission from ref 88. Copyright 2022 Springer Nature.
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Fig. 8. Intaglio transfer printing of QDs, (a) schematic illustration of the intaglio transfer printing of QDs, (b)
comparison of the pattern shape acquired by the conventional transfer printing using structured stamps and the
intaglio transfer printing, (c) fluorescence image of high-resolution RGB pixels, (d) comparison of transfer
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widths, (e) optical image of a flexible white QLED and (f) an electronic tattoo. Panels (b—f) were reprinted
with permission from ref [89]. Copyright 2015 Springer Nature.
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HMDS: Hexamethyldisilazane

PDMS: Poly(dimethylsiloxane)

ppi: Pixel-per-inch

QD: Quantum dot

QLED: Quantum dot light-emitting diode

RGB: Red, green, and blue

TFB: Poly(9,9-dioctylfluorene-co-N-(4-butylphenyl)
diphenylamine
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