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Technology Roadmap and the Requirement of Advanced Packaging

[ K4 ]
1.Roadmap for Advanced Packaging

2.Introduction to CoWoS for Al Development
3.Material Development for Advanced Packaging

4.Equipment Development for Advanced Packaging
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Frontiers in Photonics and Functional Materials: Recent Advances
from My Laboratory

[ R4 ]

With far more highlights than can be accommodated in a short
presentation, this talk will only focus on few cutting-edge studies
that harness quantum-state coupling of advanced materials, and
ultimately state-of-the-art optoelectronic applications. 1. We have
demonstrated that weak electronic coupling combined with
strong entropic driving forces can be exploited to induce the
formation of highly ordered molecular cocrystals and/or assembly.
This strategy further enables the formation of rotaxane-based
exciplex for the first time, the TADF of which effectively renders
high-performance and stable OLEDs. 2. Under exciton—vibration
coupling, using benchmark near-infrared radical emitters, we
establish a proof of concept for the deuterium isotope effect
operating in the strong vibronic coupling regime, providing a new
mechanistic framework beyond the conventional energy-gap law.
3. We will also introduce radical-induced spin—orbit coupling as an
emerging field of chemical transformation. Together with the
ultrafast phenomena of excited-state dynamics such as excited-
state proton transfer, this talk illustrates how deliberate control
of guantum-state coupling provides powerful design principles for
next-generation photonic and quantum-functional materials.
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Polaritonic Chemistry via Metasurfaces: Roles of Electronic and
Vibrational Strong Coupling

[ R4 ]

In this talk, | will demonstrate vibrational strong coupling (VSC)
between gold SLRs and the C=0 stretching modes of ethyl acetate
(EtOAc) and p-nitrophenyl acetate (PNPA), yielding a Rabi splitting
of 76 cm-1. Using this platform, we observed a 2.7-fold
enhancement of the PNPA solvolysis rate compared with the
uncoupled system, providing further evidence that strong light—
matter coupling can modify chemical reactivity.1 In addition, | will
also present the realization of chiral exciton—polaritons
(chiralitons) through electronic strong coupling in chiral
metasurfaces. These chiralitons exhibit a large luminescence
dissymmetry factor of 0.93 and propagate over distances
exceeding 40 um while preserving their chirality, highlighting their
potential for robust transport of spin-encoded polaritonic
information.
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Generation of Broadband Mid-Infrared Light Source for Probing
Vibrational Dynamics

[ R4 ]

Emerging materials such as perovskites and two-dimensional
semiconductors require advanced techniques to reveal the
ultrafast interactions between light, charge carriers, and
molecular structures that determine device performance. Visible
and near-infrared (NIR) pump—probe spectroscopy has greatly
advanced the understanding of ultrafast processes in these
materials. Complementing these studies, time-resolved mid-
infrared (TR-MIR) spectroscopy directly probes molecular
vibrations, providing unique insight into structural changes
associated with charge transfer and defect formation. Recent
advances in broadband MIR spectrometers and array detectors
have further expanded the capabilities of ultrafast MIR
spectroscopy. In this project, we will develop an ultrabroadband,
high-brightness, and stable ultrashort MIR light source and
integrate it into a TR-MIR transient absorption platform.
Leveraging our expertise in MIR generation and ultrafast
spectroscopy, this system will potentially enable detailed studies
of defect dynamics and charge transfer processes in next-
generation optoelectronic and photovoltaic materials.
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BRA . TER
RZeER : FromUV to NIR: Next-

Generation Ultrafast
Photoluminescence Spectroscopy

PRIRE

Understanding ultrafast excited-state
dynamics is essential for developing
next-generation optoelectronic
materials. Transient Grating
Photoluminescence (TGPL) combines
ultrafast temporal resolution, -+
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BRA . RFE
tHZ<RER : A Novel Two-Dimensional

Electronic Spectroscopy System
Based on a Sagnac Interferometer
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BRA [ HRE

FAZERER : Switching the Reactive
Species from Sulfate Radical

(SO4 - -) to Ozonide (O3 - -) of Non-
deoxygenated and Alkaline
Peroxydisulfate (S2082-) Solution
under Ultraviolet Exposure

PHFEHEEE

Sulfate radicals (SO4 - -) drive
contaminant degradation in
UV/S2082- advanced oxidation
processes (AOPs). Conventionally,
S04 - — and hydroxyl radicals (OH )
are considered the primary reactive
species under acidicand -----
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FAZERER : Boron-Modulated
Carbazolocarbazoles for Thermal
Sensing and Afterglow OLEDs

HRREE :

Carbazolocarbazole (CCz)-based
emitters feature rigid helical 1-
conjugated frameworks that
suppress nonradiative decay and
stabilize triplet excited states.
Herein, boron incorporation was
employed to modulate the ---+--

B{RA I HEIR

FAZERER : A photoreactor coupled
with an elliptical reflector for
boosting the advanced oxidation
process

PRFHEE

An elliptical reflector was designed to
maximize the efficiency of the UV/
H202 advanced oxidation process
(AOP) for degrading the dye molecule
DTDCI (3,3'-
diethylthiadicarbocyanine

iodide). -+---

BRA . EEER

fHZERER : Electromigration Behavior
of Cu-Doped Nanotwinned Ag Joints
for Low-Vacuum Direct Bonding
Applications

FRFEHEEE

With continued semiconductor
miniaturization, Cu-to-Cu direct
bonding has emerged as a promising
solution to mitigate electromigration-
induced reliability

issues in interconnects. «-+-+-

2R A . En-CHI CHANG

FAZEREE : Achieving Near-Infrared
Circularly Polarized Room-
Temperature Phosphorescence in
Benzothiadiazole Derivatives through a
Chiral Biphenanthrene-Diol Unit for
Bioimaging Applications

HRHEE :

ATALIMNERIRZRBE (Near-Infrared
Circularly Polarized Room-
Temperature Phosphorescence, NIR
CP-RTP) #MKIZRA RS « AL
SMBBIZRBESE I R FIEI RS » BE
%ﬁﬁ%ﬁi?'&%%ﬁ#’%@ﬁﬁﬂﬁ FEF
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FRFEREHE : Tunable
Dibenzothiophene Dioxide-Based
Side-Chain- Bridged Polymers for
Enhanced Photocatalytic Hydrogen
Evolution

PRFHEE :

Conjugated polymers (CPs) have
been widely investigated for
photocatalytic hydrogen evolution
because of their excellent
optoelectronic properties. However,
their rigid -conjugated backbones
limit structural tunability, ......

B/RA [ BAR

FZEREE : Thermomigration of Sn-
Based Solder Joints with Multi-
Element Alloy Diffusion Barriers

PRFRHEE

As electronic devices advance toward
miniaturization and
multifunctionality, the reliability of
solder joints in three-dimensional
integrated circuit (3D IC) packaging
becomes increasingly critical. In Sn-
based solder systems, -+----

B/RA | R

AR : Overcoming Excited-State
Competition in a Single Conjugated
Polymer for NIR-II Fluorescence
Imaging-Guided Hydrogen-
Photothermal Therapy of
Glioblastoma

EHZCHEEE

Glioblastoma (GBM) remains
devastating because of aggressive
invasion, rapid recurrence, and
limited therapeutic selectivity. Near-
infrared Il fluorescence (NIR-II FL)
imaging-guided hydrogen-
photothermal therapy (H2-PTT)--+--

BRA  BEG

FAZEEB : Enhancement of Thermal
Stability of Sputtered Nanotwinned
Ag Thin Films by Cu Doping for
Reliable Electronic Applications

HFRHEE :

This study investigates the effect of Cu
doping on the thermal stability of
sputtered nanotwinned Ag thin films.
Nanotwinned Ag and co-sputtered 6 at
% Cu-doped Ag thin films were
fabricated via magnetron sputtering
and subsequently annealed at ------
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RZeRER : Nanotwinned Silver Thin
Films for High-Power Semiconductor
Bonding: Effects of Substrate Bias
and Material Selection on Film
Properties

IRIRE

This study demonstrates the
engineering feasibility of highly (111)-
oriented nano-twinned silver (Ag) thin
films for high-power semiconductor
bonding on SiC and Si substrates.
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From UV to NIR : Next-Generation Ultrafast Photoluminescence

EH 10
1 EERE Spectroscopy
7 E7E A Novel Two-Dimensional Electronic Spectroscopy System Based
! on a Sagnac Interferometer
3 =3 AR EASRZEE = ERER et
Switching the Reactive Species from Sulfate Radical (SO4 - -) to
4 HEE Ozonide (O3 - -) of Non-deoxygenated and Alkaline Peroxydisulfate
(S2082-) Solution under Ultraviolet Exposure
5 P Boron-Modulated Carbazolocarbazoles for Thermal Sensing and
= Afterglow OLEDs
6 B Electromigration Behavior of Cu-Doped Nanotwinned Ag Joints for
% Low-Vacuum Direct Bonding Applications
n A photoreactor coupled with an elliptical reflector for boosting the
7 En R o
advanced oxidation process
En-CHI Achieving Near-Infrared Circularly Polarized Room-Temperature
8 CHANG Phosphorescence in Benzothiadiazole Derivatives through a Chiral
Biphenanthrene-Diol Unit for Bioimaging Applications
9 B Tunable Dibenzothiophene Dioxide-Based Side-Chain- Bridged
= Polymers for Enhanced Photocatalytic Hydrogen Evolution
Overcoming Excited-State Competition in a Single Conjugated
10 AE5EGE Polymer for NIR-II Fluorescence Imaging-Guided Hydrogen-
Photothermal Therapy of Glioblastoma
o Thermomigration of Sn-Based Solder Joints with Multi-Element
11 RE% Alloy Diffusion Barriers
12 BRER % Enhancement of Thermal Stability of Sputtered Nanotwinned Ag
i Thin Films by Cu Doping for Reliable Electronic Applications
Nanotwinned Silver Thin Films for High-Power Semiconductor
13 fEHRZE Bonding: Effects of Substrate Bias and Material Selection on Film
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High-Speed Heterogeneous Welding of Glass and Aluminum using

1 B Femtosecond Laser Burst Mode
2 =g Mid-Infrared Generation via iDFG Driven by Two-Stage Spectral
= Broadening and Pulse Compression
. High Repetition Rate OPA Platform for Multi-modal Coherent
3 HEsefe Raman Imaging
4 22 Ry TGPLS Instrument Response: Effects of Wavelength, Crossing Angle,
= and Medium Thickness
5 ZPIR Tunable mid-infrared light emitters based on black phosphorus
Van der Waals heterostructure mid-infrared emitters with
6 BRI R electrically controllable polarization states and spectral
characteristics
7 TEE Microstructure-Controlled Interfacial Evolution in Low-Temperature
o Ag—-Cu Direct Bonding Without Chemical Mechanical Planarization
3 ERR Effect of substrate bias on properties and microstructures of
- nanotwinned copper thin film deposited by magnetron sputtering
9 . Effect of Ag Addition on the Microstructural Evolution and Bonding
rEE Behavior of Cu-Ag Alloy Thin Films
- Effects of Working Pressure on the Microstructure and Properties of
10 iR Co-sputtered Cu-Ag Alloy Thin Films
11 s Microstructure-Controlled Bonding and Thermal Stability in
" Planarized Ag-Cu Direct Bonding
Effect of deposition pressure on nanotwin formation,
12 MRR microstructure and properties of Cu thin films for advanced
packaging
13 ERERHR Site-selective deuteration of Organic Emitters for High-Performance
Nondoped Organic light emitting diodes
14 ERYF iR AR EES BRITEY MR RRIT AR BB HIERST
Molecular Design and Synthesis of Triptycene-Bridged Through-
15 SFELEA Space Charge Transfer Thermally Activated Delayed Fluorescence
Materials
16 2= RIKEEHASHRCMPZ &
17 Bt Polyurethane-Enabled Coordination-Regulated Zn?* Transport and
e Tough Interfacial Shielding for Long-Life Zinc Anodes
18 E Effect of MPTMS Self-Assembled Monolayers on Electrochemical

Migration Resistance of Ag Interconnects in Chloride Environments
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Molecularly Engineered Hydrogel Electrode for Bioelectronic

19 PREE Interfaces with Body Temperature Accelerated Self-Healing
High-Throughput and Machine Learning-Assisted Discovery of
20 ST Efficient Ternary Block Copolymers for Sacrificial Photocatalytic
Hydrogen Evolution
Crown-Ether Side-Chain Engineering of Conjugated Polymer
21 EAIT Photocatalysts for Solar-Driven Hydrogen Evolution and Circular
Waste Upcycling via Photoreforming
Effects of substrate bias and target current on composition,
22 WEEE microstructure, and properties of co-sputtered Cu-Ag alloy thin
films
23 BT Diameter-Controlled SiC Nanofibers via Electrospinning for
Improved Dispersion and Semiconducting Network
Tuning oxidation selectivity via side-chain engineering in linear
24 SREEFS conjugated polymers for photoreforming of waste into high-value

chemicals and hydrogen
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