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2. Light Emitting Diodes Using Perovskite Quantum Dots as Emissive Materials
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Freestanding nanocrystal quantum dots (NQDs) promise the next-generation optoelectronic applications ranging from color-saturat-
ed displays to low-threshold lasers based on the cost-effective solution processing methods. Recent studies have unveiled that the
structural features of NQDs govern the carrier dynamics within individual NQDs and NQD assemblies and thus have a significant
impact on the performances of optoelectronic devices. In this talk, | will present how the structural features of NQDs correlate with
their optical properties and the device performances. Specifically, | explain the optical and electrical properties (i.e., single exciton and
multi-carrier dynamics) of NQDs in respect to their size and shape. In addition | provide the relationship between the optical and elec-
trical properties of NQDs with the performances of corresponding devices. Furthermore, | introduce recent achievements for high per-
formance light-emitting diodes enabled by the structurally engineered NQDs. At the end, | discuss the state-of-the-art of NQD based
optoelectronic applications and their potentials/limitations for practical realization.
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Recently, the perovskite solar cell has attracted lots of attention as next generation solar cells due to its remarkably excellent proper-
ties such as high optical absorption coefficient, high charge and carrier mobility, high crystallinity. These outstanding properties lead
to new application of perovskite material as emissive layer in light emitting diodes (LEDs). Colloidal semiconductor quantum dots
(QDs) are considered as high potential emissive materials in light emitting diodes (LEDs), because of their tunable optical-electrical
properties, narrow band emissions width, high photoluminescence quantum yields (PLQYs5), flexibility and solution-based processing
availability. To realize highly efficient perovskite QD-LEDs, several conditions must be fulfilled. (1) synthesis of high PLQY perovskite
quantum dot, (2) fabrication of dense and uniform quantum dot film, (3) optimization of device structure. In this talk, the synthesis
and purification process of perovskite quantum dots as well as optimization of device structure will be explained.
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This lecture is to provide an introduction to the basic features of organic and polymer semiconductors, bridging the molecular aspects
and their opto-electronic properties. Organic materials are very diverse in terms of chemical structure, allowing fine tuning of the prop-
erties as desired. Therefore, understanding structure-property relationship becomes one of the biggest interests. Organic and poly-
mer semiconductors have pi-conjugated systems along the molecular backbone, resulting in an evolution of electronic energy band-
gap. This is different from the inorganic semiconductors where covalent sigma bonding plays an important role in forming their band
gap. The bandgap and electronic structures are responsible for the unique color, fluorescent emission, and charge transport proper-
ties of the materials. The electronic properties of semiconductors, in combination with the advantageous features of general organic
materials, enable a broad range of novel applications, such as highly efficient lighting devices, flexible and light-weight renewable
energy sources, printable electronic devices, and so on. We will review a few of key technological developments of materials and devic-
es in the area. At the end, we will also discuss some of recent issues and challenges that the community is facing.
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Organic light-emitting diodes (OLEDs) have been widely used as displays for mobile phones and large size televisions because of
merits of low power consumption, high picture quality and flexible designs. However, there are some issues related with the light-emit-
ting materials for OLEDs. In particular, the development of blue emitting materials with high efficiency and long lifetime is a challenging
topic in the field of OLEDs. In order to overcome the efficiency and stability issues of the OLEDs, phosphorescent and delayed fluores-
cent emitting materials have been developed. A great progress of the device performances of the high efficiency blue OLEDs has been
made for the last several years. The quantum efficiency of the phosphorescent and thermally activated delayed fluorescent OLEDs is
already over 30% and the lifetime of the blue OLEDs is being improved. In this presentation, recent progress of blue emitting materials
for high efficiency OLEDs will be reviewed from material point of view and future direction of blue emitting material development will

be suggested.
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Until now, the cancer targeting strategy for delivery systems has primarily focused on optimization of nano-sized drug carriers or conjugation
with genetic-based targeting molecules, such as antibodies, peptides, aptamers, etc. However, despite the determined research focus in this area,
cancer-targeting abilities are still limited and insufficient. This is because cancer is increasingly becoming recognized not as a single disease, but
instead as many disorders, each with varying causes, prognoses, and appropriate treatments. This idea is further strengthened, because itis now
known that cancer cells within the same tumor are heterogeneous in many aspects. Herein, we propose that future therapy development and
drug targeting must account for cancer heterogeneity to become effective. The heterogeneous tumors can be efficiently targeted using ‘bio-
orthogonal click chemistry’, ‘'echogenic nanoparticles’ and ‘multi-drug loaded nanoparticles.
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Smart photonic polymer materials have a variety of biomedical applications for biosensing, molecular imaging, surgery and therapies. Here, we

developed polymeric melanoidin nanoparticles for in vivo noninvasive photoacoustic mapping of sentinel lymph nodes, photoacoustic tomogra-
phy of gastro-intestinal tracts, and photothermal ablation cancer therapy. As a deep-tissue photomedicine, we developed biodegradable poly-
mer waveguides and upconversion nanoparticles for photochemical tissue bonding. In addition, we developed cell-integrated poly(ethylene
glycol) hydrogels for in vivo optogenetic sensing and therapy. Real-time optical readout of encapsulated heat-shock-protein-coupled fluorescent
reporter cells made it possible to measure the nanotoxicity of cadmium-based quantum dots in vivo. Using optogenetic cells to produce gluca-
gon-like peptide-1, we performed light-controlled diabetic therapy for glucose homeostasis. Finally, we developed a smart contact lens composed
of biosensors, drug delivery systems, and power sources for the treatment of diabetes as a model disease. In this lecture, I will give you a brief
introduction to the recent development of smart photonic polymer materials for theranostic applications.
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Slot coating process as a representative pre-metered coating method has been widely employed in IT industries manufacturing Li-ion secondary
batteries, displays films, fuel cells, high functionality films, and adhesive tapes. A coating liquid emanating from the slot die exit is coated on the
moving substrate in the coating bead region, which is a liquid bridge bounded by the surfaces of upstream/downstream die lips, moving web,
and upstream/downstream menisci. As in other coating processes, it is very crucial to elucidate flow instabilities or defects occurring in the slot
coating flows and thus establish optimal coating conditions for uniform and stable coating products. The range of operating conditions for
acceptable coating quality can be sometimes severely limited due to unexpected flow defectsin this process. We have investigated flow dynamics
in coating bead region characterized by Couette-Poiseuille (C-P) flows and operability coating windows in various slot coating systems including
Newtonian, viscoelastic, and particulate suspension coating liquids. Simplified models for constructing the operability window have been devel-
oped, confirming the good agreement with higher-dimensional models and experiments for single and dual-layer slot coatings. Also, particle dis-
tributions under non-symmetric flow conditions have been quantitatively compared from the diffusive flux model (DFM) and Lattice-Boltzmann
(LB) method
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In the lecture, the characteristic properties of silver pastes is considered with various binders. For the industrial applications, the reli-
ability of material should be satisfied. In order to that, various binders are used such as polyurethane, polyester, silicone, epoxy and
etc. Exax Itd. Company has experiences in this field for more than 10 years including Ag dot paste, TSP electrode materials and RFID
antenna application. From this lecture, we hope to make audience understand the need of market and the characteristic of silver
pates.

In the lecture, the technical and market trends of domestic carbon fiber industry are considered. Carbon fiber-reinforced plastics(C-
FRP) are lightweight and high-strength composites designed for enhanced performance in a number of applications. They offer im-
provement in structural, functional or cosmetic properties. The market for carbon fiber and reinforced composites is projected to
grow 9.9% between 2015 and 2020, mainly due to demand in the aerospace and defense and automotive sectors.

The objective of this study is to prepare and analyze properties of Multi-functional PET fibers including wavelength shifting material. Other ob-
jectives are to develop human-friendly and environment-friendly textile that can protect both ultraviolet radiation (UV) and bacteria effectively
and to estimate functionality of blocking UV and antibacteria ability. Wavelength shifting material is copolymerized 2,5-Bis(5-tert-butyl- benzox-
azol-2-yl) thiophene (BBOT) with heat and pressure. BBOT has properties of absorbing UV widely and is used for cosmetic as a raw material
without any toxicity. Master batch chip including wavelength shifting material was prepared with 96 wt.% super bright polyester chip and 4 wt%
wavelength shift material. Both of them were crushed to improve dispersibility. Die temperature of twin screw extruder in the master batch
chip process was 280 C after confirming chip color. From the test results for extruder screw element combination, optimal screw combination
for master batch chip was selected. Many properties of wavelength shifting material, base chip and master batch chip were measured and ana-
lyzed by DSC (differential scanning calorimeter), TGA (thermo gravimetric analysis), FT-IR spectrum, etc. As a result of DSC, TGA, FT-IR, 4 wt.%
master batch chip having wavelength shifting material is completely bound without any change of properties and is similar to chemical struc-
ture of polyester base chip. The optimal content of BBOT for properties and functionability of yarn was 0.5 wt.% wavelength shifting material
weight in base chip. In photoluminescence(PL) spectra testing results at 325 nm helium cadmium, draw textured yarn emitted 450 nm blue
light. Antibacteria value of fabric that has wavelength shifting material 0.5 wt.% is 99.9% for Staphylococcus aureus and 99.9% for Klebsiella
pneumonia. Especially antibacteria value was also maintained after 30 cycles laundry. Fabric that has 0.5 wt.% wavelength shifting material has
good UV blocking properties of UPF 50+ with, 0.9% penetration of UV-A value and 0.3% penetration of UV-B value. From above test results,
wavelength shifting material showed UV protecting properties and antibacteria functionability. Therefore, it is expected to apply as new fabrics
in human and environment-friendly textiles.
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