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Abstract: Color conversion layer refers to a layer that converts the blue light emitted from the backlight into the red and green
light. Heavy metal-free quantum dots and perovskite nanocrystals have attracted great attention as base materials for color
conversion layers due to their outstanding optical characteristics. Here, we review recent advances in the development of color
conversion layers based on quantum dots. First, we overview the representative optical characteristics of quantum dots and
perovskite nanocrystals, and then introduce printing techniques for color converting layers including photolithography, inkjet
printing, and nanoimprinting. Finally, we conclude this review with a brief perspective.
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ALE5H= HE S 7]9E #iARsE [ED= NTSC (national
television system committee) & WA 9] 100% o)At
= U&= gt [4].
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Fig. 1. (a) Schematic diagram of core-shell structure of quantum dots (QDs), (b) splitting of energy levels in QDs due to the quantum
confinement effect and increasing bandgap with decrease in size of the nanocrystals, (c) dynamic laser scattering spectra of quantum dots
before (QD-3R) and after (QD-3R-HA) ligand exchange, (d) EQE-luminance profile. Inset shows photographs of four-pixel QD-LED and
text-patterned QD-LED, (e) synthesis scheme of InP/ZnSe/ZnS QDs, (f) absorption (dotted lines) and emission (solid lines) spectra of InP
core (black), InP/ZnSe (dark cyan), and InP/ZnSe/ZnS QDs (green), (g) PL image of various perovskite QDs under 365 nm light, and (h) PL

spectra of perovskite QDs.
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Fig. 2. (a) Process flow to form green QD and red QD color conversion layers (CCLs) on same plane. It is noted that each QD CCLs were
deposited by direct multicoating process, (b) PL image of the patterned green and red QD CCLs, (c) magnified optical image of QD CCLs,
(d) process flow for the fabrication of a full-color RGB pixel array using photolithography process, (¢) PL spectra of blue, green, and red
perovskite films, (f) EL spectra of pixelated perovskite light-emitting iodes at various voltages from 3 to 5 V. The inset photograph shows a
large emitting area (2 x 2 mm?) with patterned green perovskites, and (g) L—V—J characteristics of pixelated perovskite light-emitting diodes.
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Fig. 3. (a) Schematic illustration of the PeQD color conversion film fabrication process by the inkjet-printing method using UV-curing-type
ink, (b) PL spectra recorded from both samples. Raw QDs showed a significant intensity decay and peak shift/broadening (left side), while
QD@NacCl particles exhibited no obvious change. The QD@NaCl particles were not dispersible in the benzoyl peroxide toluene solution, (c)
fluorescence images of red patterns formed by micrometer-sized red QD@NacCl pixels (diameter = 3.74 £ 0.5 um), (d) outline of formation
processes of unclonable security labels by inkjet printing, () a fluorescence spectra, (f) time-resolved fluorescence decay measurements of
red, green, and blue emission quantum dot (QD) inks excited at 375 nm, (g) schematic of the experimental setup for the EHD printing system.

The inset shows the enlarged Taylor cone, and (h) pulse voltage used

in EHD printing (bottom).
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