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Dr. Zhong Lin (ZL) Wang received his PhD from Arizona State University in 1987. He now is the
Hightower Chair in Materials Science and Engineering and Regents' Professor at Georgia Tech, and Director
and Chief Scientist, Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences,
Beijing. Dr. Wang has made original and innovative contributions to the synthesis, discovery,
characterization and understanding of fundamental physical properties of oxide nanobelts and nanowires, as
well as applications of nanowires in energy sciences, electronics, optoelectronics and biological science. His
discovery and breakthroughs in developing nanogenerators establish the principle and technological road
map for harvesting mechanical energy from environment and biological systems for powering a personal
electronics. His research on self-powered nanosystems has inspired the worldwide effort in academia and
industry for studying energy for micro-nano-systems, which is now a distinct disciplinary in energy research
and future sensor networks. He coined and pioneered the field of piezotronics and piezo-phototronics by
introducing piezoelectric potential gated charge transport process in fabricating new electronic and
optoelectronic devices. This breakthrough by redesign CMOS transistor has important applications in smart
MEMS/NEMS, nanorobotics, human-electronics interface and sensors. Dr. Wang’s publications have been
cited for over 98,000 times. The H-index of his citations is 155. Dr. Wang was elected as a foreign member
of the Chinese Academy of Sciences in 2009, member of European Academy of Sciences in 2002, fellow of
American Physical Society in 2005, fellow of AAAS in 2006, fellow of Materials Research Society in 2008,
fellow of Microscopy Society of America in 2010, and fellow of the World Innovation Foundation in 2002.
He received 2016 Outstanding Achievement in Research Innovation award, Georgia Tech; 2016
Distinguished Scientist Award from (US) Southeastern Universities Research Association; 2015 Thomas
Router Citation Laureate in Physics; 2014 Distinguished Professor Award (Highest faculty honor at Georgia
Tech); 2014 World Technology Prize in Materials; 2014 the James C. McGroddy Prize for New Materials
from America Physical Society, 2013 ACS Nano Lectureship award, 2012 Edward Orton Memorial Lecture
Award and 2009 Purdy Award from American Ceramic Society, 2011 MRS Medal from the Materials
Research Society, 1999 Burton Medal from Microscopy Society of America. Details can be found at:

http://www.nanoscience.gatech.edu
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Triboelectric Nanogenerator for Self-powered Systems and
Large-Scale Blue Energy

Zhong Lin WANG

School of Material Science and Engineering, Georgia Institute of Technology,
Atlanta, Georgia 30332-0245, USA
Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences,
Beijing, 100083, China.

Abstract

Triboelectrification is an effect that is known to each and every one probably ever since the ancient
Greek time, but it is usually taken as a negative effect and is avoided in many technologies. We have recently
invented a triboelectric nanogenerator (TENG) that is used to convert mechanical energy into electricity by a
conjunction of triboelectrification and electrostatic induction. As for this power generation unit, in the inner
circuit, a potential is created by the triboelectric effect due to the charge transfer between two thin
organic/inorganic films that exhibit opposite tribo-polarity; in the outer circuit, electrons are driven to flow
between two electrodes attached on the back sides of the films in order to balance the potential. Ever since
the first report of the TENG in January 2012, the output power density of TENG has been improved for five
orders of magnitude within 12 months. The area power density reaches 500 W/m?, volume density reaches
490 kW/m’®, and a conversion efficiency of ~50% has been demonstrated. The TENG can be applied to
harvest all kind mechanical energy that is available but wasted in our daily life, such as human motion,
walking, vibration, mechanical triggering, rotating tire, wind, flowing water and more. Alternatively, TENG
can also be used as a self-powered sensor for actively detecting the static and dynamic processes arising from
mechanical agitation using the voltage and current output signals of the TENG, respectively, with potential
applications for touch pad and smart skin technologies. The TENG is possible not only for self-powered
portable electronics, but also as a new energy technology with a potential of contributing to the world energy
in the near future.

[1] Z.L. Wang “Triboelectric Nanogenerators as New Energy Technology for Self-Powered Systems and as
Active Mechanical and Chemical Sensors”, ACS Nano 7 (2013) 9533-9557.

[2] G. Zhu, J. Chen, T. Zhang, Q. Jing, Z. L. Wang* “Radial-arrayed rotary electrification for
high-performance triboelectric generator”, Nature Communication, 5 (2014) 3456.

[3] Zhong Lin Wang,* Jun Chen, Long Lin “Progress in triboelectric nanogenertors as new energy

technology and self-powered sensors” (invited review), Energy & Environmental Sci, 8 (2015)
2250-2282.
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Xiang Zhang is the Ernest S. Kuh Chaired Professor at the University of California, Berkeley and the
Director of the NSF Nano-scale Science and Engineering Center (SINAM). He is a member of the US National
Academy of Engineering (NAE), Academia Sinica (Republic of China) and fellow of APS, OSA, AAAS and
SPIE. His group’s research in optical metamaterials was selected by Times Magazine as “Top 10 Scientific
Discoveries in 2008”. Xiang Zhang was a recipient of the NSF CAREER Award, Rohsenow Lecturer at MIT,
William C. Reynolds Lecturer at Stanford University, Fred Kavli Distinguished Lecturer at Materials Research
Society (MRS), SME Dell K. Allen Outstanding Young Engineer Award and ONR Young Investigator Award.
He received his BS/MS in physics in Nanjing University, China, and Ph.D from UC Berkeley in 1996 and was
on faculty at Pennsylvania State University and UCLA prior returning Berkeley in 2004.

Optical Metamaterials:
Negative Refraction, Super-lens and Plasmon Lasers

Xiang Zhang
NSF Nano-scale Science and Engineering Center (NSEC), University of California, Berkeley

Abstract

Recent theory predicted a new class of photonic composite materials with its properties derived from
the structure rather than chemical compositions, which promise unprecedented electromagnetic properties
that do not exist in nature such as optical magnetism and negative refraction. For example, a superlens made
of metamaterials can break the fundamental diffraction limit in optical imaging, which may have profound
impact on a wide range of applications such as nano-scale photonics, electronics manufacturing, and
biomedical imaging.

I’1l discuss recent progress that demonstrated such intriguing physics. We created the first bulk optical
metamaterials that show the negative refraction. We demonstrated the superlens and optical cloak using
carefully designed plasmonic material dispersions. Scaling down photonics beyond the diffraction limit is the
key to driving the exponential growth of information technology. I will discuss new strategies for nano-scale
photonics including indefinite cavity, plasmonic waveguide and lasers--a coherent light at molecular scale.
Finally, I will present 22nm superlens lithography technology that may transform the next generation of
nano-manufacturing.

References:

[1] Jason Valentine, Shuang Zhang, Thomas Zentgraf, Erick Ulin-Avila, Dentcho A Genov, Guy Bartal and Xiang
Zhang, "Three Dimensional Optical Metamaterial Exhibiting Negative Refractive Index", Nature, Vol.455, 376,
2008.

[2] Rupert F. Oulton, Volker J. Sorger, Thomas Zentgraf, Ren-Min Ma, Christopher Gladden, Lun Dai, Guy Bartal &
Xiang Zhang, "Plasmon lasers at deep subwavelength scale" Nature, Vol. 461, 629, 2009.

[3] Xiaobo Yin, Ziliang Ye, Junsuk Rho, Yuan Wang, Xiang Zhang, "Photonic Spin Hall Effect at Metasurfaces",
Science, 339, 1405-1407. 2013

[4] Zhaowei Liu, Hyesog Lee, Yi Xiong, Cheng Sun and Xiang Zhang, "Far-Field Optical Hyperlens Magnifying
Sub-Diffraction-Limited Objects", Science, Vol. 315, 1686, 2007. (http://xlab.me.berkeley.edu/index.html)
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Hydrothermal synthesis of graphene flake embedded nanosheet-like @Gossmk
molybdenum sulfide hybrids as counter electrode catalysts for
dye-sensitized solar cells

Jeng-Yu Lin** Gentlan Yue *°, Sheng-Yen Tai?, Yaoming Xiao *, Ho-Ming Cheng ¢,
Fu-Ming Wang , Jihuai Wu”

3 Department of Chemical Engineering, Tatung University, No. 40, Sec. 3, ChungShan North Rd., Taipei City 104, Taiwan

b mnstitute of Materials Physical Chemistry, Huagiao University, Quanzhou, Fujian 362021, PR China

€ Institute of Molecular Science, Key Laboratory of Chemical Biology and Molecular Engineering of Education Ministry, Shanxi University, Taiyuan 030006,
PR China

94 Graduate Institute of Applied Science and Technology, National Taiwan University of Science and Technology, No. 43, Sec. 4, Keelung Rd., Taipei City 106,
Taiwan

HIGHLIGHTS GRAPHICAL ABSTRACT

o Nanosheet-like MoS;/graphene flake “
hybrid was prepared by a hydro-
thermal route,

e The surface morphology of MoS;
changed with the incorporation of
graphene flake.

o The hybrid with 1.5 wt.% graphene
flake showed the superior catalytic
activity.

o The cell efficiency of DSC with the
hybrid CE reached 95% of that using
Pt CE.

—-—Pt
| —®—MoS /Graphene Flake

Current Density /mA cm™®

ARTICLE INFO ABSTRACT
Article history: In this study, graphene flake (GF) was successfully embedded into a nanosheet-like molybdenum sulfide
Received 1 March 2013 (MoS;) matrix via an in situ hydrothermal route, and the resultant hybrid was employed as a counter

Received in revised form
11 July 2013
Accepted 15 August 2013

electrode (CE) for Pt-free dye-sensitized solar cells (DSCs). It is confirmed from scanning electron mi-
croscopy, X-ray diffraction, Raman spectroscopy and transmission electron microscopy that GFs are
successfully incorporated in the nanosheet-like MoS; matrix and thus result in its surface evolution. The
extensive electrochemical analyses reveal that the remarkably enhanced electrocatalytic activity can be
Jnorganic compounds demonstrated 'whe‘n GFs are incorporated in the MoS; matrix. After thg .optimization, the nanoshe‘et—like
Composite materials MoS;/GF hybrid with 1.5 wt.% GF shows the best electrocatalytic activity. The DSC assembled with the
Chemical synthesis novel nanosheet-like MoS,/GF hybrid CE exhibits a high photovoltaic conversion efficiency of 6.07%
Electrochemical properties under standard illumination, up to 95% of the level obtained using conventional Pt CE (6.41%).

© 2013 Elsevier B.V. All rights reserved.

Keywords:

1. Introduction

According to the efforts in the past two decades, the remarkable
advances, such as good plasticity, low energy consumption, simple

* Corresponding author. Tel.: +866 22592 5252x2561 119; fax: +866 22586 1939. fabr1§§tlon process, and high power EDINERIOI efficiency, in dye-
E-mail addresses: jylin@ttu.edu.tw, d923615@gmail.com (J.-Y. Lin). sensitized solar cells (DSCs) have been achieved [1]. However,
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Current-Assisted Sintering for Preparation of Quality
Telluride-Based Thermoelectrics

Yao-Hsiang Chen, Cheng-Tang Li and Chien-Neng Liao

Department of Materials Science and Engineering, National Tsing-Hua University,
Hsinchu 30013, Taiwan, R.O.C.

E-mail: cnliao@mx.nthu.edu.tw

Abstract

A large electric current can be introduced through compacted metallic or ceramic powders to enhance
solid-state sintering during a hot-press process. One of the current-assisted sintering processes, known as
spark plasma sintering (SPS), has been frequently used to manufacture thermoelectric materials. Although
the SPS’ed thermoelectric materials demonstrated many spectacular properties, the interactions between
thermoelectric materials and electric current are still not fully understood. The thermoelectric transport
properties are very sensitive to charged lattice defects, micro- and nano-structures and secondary phases
formed during the fabrication. A slight process variation may cause a huge difference in transport properties
of the SPS’ed thermoelectric materials. In this study, we intend to investigate how a high-density electric
current interacts with charged lattice defects and induces microstructural evolutions in bismuth telluride
based compounds. Atomic migration of constituent elements and dopant species driven by electric current is

delineated by microstructural inspection and transport property measurements.

Novel Approach for Low-Cost CIGS Thin Film Solar Cells

Chih-Huang Lai (3§ £ *9)

Department of Materials Science and Engineering, National Tsing-Hua University,
Hsinchu 30013, Taiwan, R.O.C.

Abstract

In this talk, I will present the recent development of CIGS thin film solar cells by using different
deposition methods. I would specifically describe the novel approach developed in Tsing Hua by using
directly sputtering from a composite CIGS target. I will also present our characterization techniques to
identify defects in CIGS films. The talk will link the processing, characterization and properties of CIGS
solar cells from the material scientist’s point of view and be concluded with the major challenges. By using

our direct sputtering from a CIGS target without post-Selenlization, we can achieve the efficiency of 14 %.

@EE

47



48

) MIRS-T  105Ech@mpmimes

08

PPN
[svra)
F2

105

Toward High Efficiency Perovskite Solar Cells by Morphology
Control of Active Layer

Chun-Yu Chang and Wei-Fang Su (3k*& %)

Department of Materials Science and Engineering, National Taiwan University (& X2)

*E-mail: suwf@ntu.edu.tw
Abstract

Solution processable planar heterojunction perovskite solar cell is a very promising new technology for
low cost renewable energy. Controlling the crystallization and morphology of perovskite film is crucial for
the fabrication of high efficiency perovskite solar cells. We investigate the formation mechanism of drop-cast
perovskite film from its precursor solution, PbCl, and CH3;NH;I in N, N-dimethyl formamide, to crystalline
CH;3NH;PbI;Cl, solid state on the temperature-controlled substrate varied from 70°C to 180°C by in-situ
grazing-incidence wide-angle X-ray scattering (GIWAXS) technique in ambient humidity. The formation of
the perovskite film involves three stages: (1) initial solution stage, (2) transition into solid film stage, and (3)
the transformation of intermediates into nanocrystalline perovskite film stage. The multiple phase
transformations concurrently proceed at each stage when the substrate temperature is below or at 100°C.
However, when the substrate temperature is increased from 100°C to 180°C, the formation mechanism of
perovskite film is changed from the “multi-stages formation mechanism” to the “direct formation
mechanism”. The proposed mechanism has been applied to understand the formation of perovskite film
containing additive. The result of this study provides the fundamental understanding of what roles the
solvent and additive play in the solution state and transition state to the crystalline film. It provides a useful

knowledge to design and fabricate crystalline perovskite film for high efficiency solar cell.
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Lighting Up Hybrid Perovskite-Based Light-Emitting Diodes

Tzung-Fang Guo (38 7 #)

Department of Photonics, Advanced Optoelectronic Technology Center, National Cheng Kung University
No. 1 Ta-Hsueh Rd., Tainan, Taiwan 701

E-mail: guotf@mail.ncku.edu.tw

Abstract

The merits of the methods we developed in this work represent a new paradigm for hybrid
perovskite-based light-emitting diodes (LED) of the conventional organic light-emitting diodes (OLED)
architecture. We report that the commonly used poly(3,4-ethylenedioxythiophene) poly(styrene-sulfonate)
(PEDOT:PSS) hole transport layer (HTL) needs to be substituted by a more suitable electrode interlayer, such
as a compact nickel oxide (NiOy) layer herein. CH;NH;PbBr; forms a shiny film on glass/ITO/NiOy substrate
and to some extent NiOy electrode interlayer increases the probabilities for the recombination of opposite
charge carriers in the active layer. More importantly, we had developed a process to moderately generate
methylamine (MA) gas to treat CH;NH;PbBr; film in a relatively slow reaction way through the unique
gas-solid reaction. The MA treatment significantly advances the quality, the crystallinity, photoluminescence of
the perovskite film and endorses a more than 100-fold increase in brightness and LE as compared to those of
the controlled cell without MA treatment. A hybrid perovksite-based LED with a configuration of
glass/indium-tin-oxide/NiOy/MA treated CH3;NH;PbBr;/1,3,5-tris (1-phenyl-1H-benzimidazol-2-yl)benzene
(TPBI)/LiF/Al, exhibits a peak LE of 15.9 cd/A biased at 8.5 V, 407.65 mA/cm?, 65,300 cd/m?, posing a
feasible gas-solid interaction to largely improve the performance and the design of the highly bright and
efficient perovskite-based LEDs for real applications.

[1]1Y. -K. Chih, J. —=C. Wang, R. -T. Yang, C. —C. Liu, Y. —C. Chang, Y. —S. Fu, W. —C. Lai, P. Chen, T. —C.
Wen, Y. —C. Huang, C. -S. Tsao, and T. —F. Guo*, Adv. Mater. 2016, DOI: 10.1002/adma.201602974.
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Very Efficient Perovskite Photovoltaics Made by Vacuum
Thermal Sublimation

Hao-Wu Lin (3k&: #)

Department of Materials Science and Engineering, National Hsin Hua University (BEAZ)

*E-mail: hwlin@mx.nthu.edu.tw

Abstract

Organometallic halide perovskites have recently attracted great attention as promising materials for solar
energy conversion. The vacuum deposited perovskite solar cells are particularly interesting due to the uniform,
large-area fabrication and non-solvent green process. In this talk, I will demonstrate the advantages of the
sequential layer-by-layer vacuum sublimation method for fabricating planar-type perovskite photovoltaics.
Unique pinhole free thin-film morphology is observed. By sandwiching these vacuum-deposited perovskite
films between the carefully designed organic electron and hole transporting layers, the simple device

architecture delivers very high power conversion efficiency under both 1 sun and indoor dim light conditions.

The Grain-Size Related Long-Term Stability of Perovskite
Solar Cell

Chun-Guey Wu

Department of Chemistry and Research Center for New Generation Photovoltaics,
National Central University, Jhong-Li, 32001, Taiwan,.

E-mail address of Professor C. G. Wu: t610002@cc.ncu.edu.tw

Abstract

The power conversion efficiency of the perovskite solar cell is high enough to be commercially viable.
The next important issue is the stability of the device. This article discussed the effect of the perovskite
grain-size on the long-term stability of the inverted perovskite solar cells. Perovskite films composed of various
sizes of grains were prepared by controlling the solvent annealing time. The grain-size related stability of the
inverted cells was investigated both in ambient atmosphere at relative humidity ca. 30~40% and at the nitrogen
filled glove box (H,O < 0.1 ppm, O, < 10 ppm). The efficiency of D-10 cell based on perovskite film having
the grain size larger than 1  m decreases less than 10% when sitting in a glove box and less than 15% lower
when it was explored in an ambient atmosphere for 30 days. Whereas D-0 cell using the film composed of
small (~ 100 nm) perovskite grains losses the efficiency totally by sitting in the ambient atmosphere for 15 days
and the efficiency lost up to 70% even storing in the glove box for 30 days. The evidences direct to, beside the
moisture, both the chemical and thermal induced production of pin-holes on the grain boundaries of the film
with small grains could be the reasons for the long-term instability of the inverted perovskite solar cell when it
was stored in the atmosphere with trace amount of oxygen and almost no water.

Keywords: perovskite solar cell; grain-size; solvent annealing; stability.



5% ¥ 5

105

New Opportunities on X-ray Charaterizations for Advanced
Green Energy Materials at Taiwan Photon Source

Yu-Shan Huang, Shih-Chun Chung, Di-Jing Huang,
Shih-Ling Chang, and Shangjr Gwo
National Synchrotron Radiation Research Center, 101, Hsin-Ann Road, Hsinchu City, Taiwan

Email: jade@nsrrc.org.tw

Abstract

With rapid advances in the international scientific community as well as increasing demands for bright
X-rays from users to facilitate their challenging scientific experiments, the construction of a new synchrotron
facility was vital to maintaining National Synchrotron Radiation Research Center in Taiwan to be globally
competitive. After conducting numerous assessments with our users, the decision to construct Taiwan Photon
Source (TPS) was made at the meeting of Board of Trustee held in 2004 July. This large-scale project
establishes, at the current campus of NSRRC, a new, low-emittance, synchrotron light source of
circumference 518 m and with an electron beam of energy 3 GeV.

TPS is run to emphasize electron beams of small emittance and great brilliance for generating extremely
bright photon beams. The superior characteristics of TPS have opened avenues for novel scientific
opportunities and experimental techniques. The advanced techniques of phase-I beamlines include
temporally coherent X-ray diffraction, protein microcrystollography, submicron soft X-ray spectroscopy,
coherent X-ray scattering, X-ray nanodiffraction, X-ray nanoprobe, and soft X-ray scattering. Taking full
advantage of the highly brilliant photon source, the seven beamlines will aim for the forefront of science.
These beamlines cover diverse researches in physics, chemistry, biology, and material science, in the energy
range from soft to hard X-rays for advanced techniques in spectroscopy, scattering and imaging. Scientific
opportunities provided by the beamlines will no doubt boost Taiwan frontier researches.

Combined the highly coherent X-rays and state-of-the-art detectors, the coherent X-ray scattering,
X-ray nanodiffraction, X-ray nanoprobe, and soft X-ray scattering beamlines provide advanced X-ray
characterization techniques for millisecond and nanometer scales. With advanced techniques, the phase-I
beamlines will open great opportunities to study chemical state mapping, elementary mapping, strain field
mapping, and defect/dislocation mapping for in-operando devices of green energy materials. The beamlines

will open to general users in 2017.
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From Superhydrophobicity to Superhydrophilicity: Synthesis
of Multi-Functional Surfaces Inspired from Carnivorous Plants

Prof. Po Yu Chen

Department of Materials Science and Engineering, National Tsing Hua University, Hsinchu, Taiwan
Abstract

More than 400 million years of land plants evolution led to a large diversity of functional surface

structures. Carnivorous plants have developed various capturing mechanisms to survive in infertile
environments. The pitcher plant Nepenthes utilizes a specialized leave to attract and trap insects in wet and
moist weather. The peristome surrounded on the top of trap can be completely wetted forming a
water-lubricated slippery trap immediately. Hierarchical ridge-like and anisotropic microstructures of
peristome enhance wetting efficiency and result in superhydrophilicity. Inspired from the peristome of
Nepenthes, surfaces with same hierarchical structures were synthesized by replica molding and
micro-fabrication methods. Atmospheric-pressure plasma treatment and spray coating were further applied to
change surface properties. Micro-structural features and surface morphology were characterized by SEM and
AFM and wettability was evaluated by static and dynamic contact angle measurements. Through materials
selection, micro-structural design and surface modification, multifunctional bio-inspired surfaces with
tunable wettability, superior self-cleaning abilities, high transparency, flexibility, mechanical and thermal
stability were synthesized which can be further applied as self-lubricating, self-cleaning, smart surfaces,
controlled drug delivery and micro-fluidic devices.

Bio-Degradable Calcium Sulfate Anhydrite

Wei-Hsing Tuan®, Hsiu-Ching Hsu®, Man-Ping Chang’,
Louisa Wu®, Po-Liang Lai®

“Department of Materials Science and Engineering, National Taiwan University, Taipei, Taiwan 106
®Department of Orthopedic Surgery, Center for Tissue Engineering, Chang Gung Memorial Hospital at
Linkou, College of Medicine, Chang Gung University, Taoyuan, Taiwan

Abstract

In the present study, the use of calcium sulfate anhydrite (CaSO,) is investigated. Our experimental result
demonstrates that the anhydrite is a bioresorbable and biocompatible material. Differ from the crystalline water,
the calcium sulfate hemihydrate (CaSO, 1/2H,0) has been used as bone void filler for more than 100 years, the
fast degradation rate limits its wide acceptance. In the last ten years, we have applied a pressureless sintering
technique to prepare calcium sulfate anhydrite. The crystal structure of calcium sulfate anhydrite is stable after
sintering above 400°C as determined. The degradation rate can be significantly reduced after heat treatment at
an elevated temperature. Several in vitro tests have been conducted. These tests demonstrated that the cells
could attach onto the calcium sulfate anhydrite pellet; hydroxyapatite precipitate can form onto the surface of
anhydrite pellet during the degradation in a simulated body fluid.
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Thin Film Metallic Glass: A Novel Coating for Biomedical
Applications

Chia-Chi Yu (75 ?’\A&) Yusuke Tanatsugu (# =X ¥ /i )1, Chia-Lin Li (% i %)1,
Ming-Jen Chen (Ft F* i=)?, Shih-Hsin Chang (36 %)*, Jinn P. Chu (4 %#)'

"Dept. of Materials Sci. and Eng., National Taiwan University of Science and Technology, Taipei, Taiwan
? Mackay Memorial Hospital Tamsui Campus, New Taipei City, Taiwan
(MOST 104-2221-E-011-014-)

Abstract

Thin film metallic glasses (TFMGs) exhibit unique properties such as high strength, smooth surface as
well as good wear- and corrosion-resistances due to their amorphous atomic structure. The biocompatibility
and antibacterial property of TFMGs can also be obtained, which show great potential for biomedical
applications. In addition, the low surface free energy of TFMGs in certain compositions can be achieved and
leads to the relatively high hydrophobicity and the low coefficient of friction.

In this presentation, various biomedical applications of TFMG are addressed, including the property
enhancements of dermatome blade and syringe needle, adhesion resistance of platelet, and the suppression of
cancer cell attachments. The TFMG coating is deposited using RF magnetron sputtering. The TFMG-coated
dermatome blade show a great enhancement of durability and sharpness, compared with those of the bare
one. For the syringe needle, significant reductions in insertion and retraction forces for TFMG-coated needle
are found due to the non-sticky property and relatively low coefficient of friction. For thrombosis reduction,
less platelet aggregations are observed on the TFMG than that on the bare glass in platelets adhesion test,
suggesting TFMG-coated catheters is potentially useful to be placed into vessels for long periods of time
with reduced numbers of the aggregation of blood platelets. For cancer cell attachment suppressions, TFMG
exhibits the least cancer cell attachment among other control groups. Thus, anti-proliferation and
anti-metastasis of medical tools can be achieved with TFMG coating.

Keywords: Thin film metallic glass, surface free energy, coefficient of friction, medical tools
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Bubble-Generating Carrier Systems for Localized Controlled
Release

Chieh-Cheng Huang'?, Ming-Fan Chung"?, Ko-Jie Chen'?,
Wei-Tso Chia’ , Kun-Ju Lin*’ , Hsing-Wen Sung'*?

" Department of Chemical Engineering, National Tsing Hua University, Hsinchu, Taiwan
? Institute of Biomedical Engineering, National Tsing Hua University, Hsinchu, Taiwan
? Department of Orthopedics, National Taiwan University Hospital Hsinchu Branch, Hsinchu, Taiwan
*Molecular Imaging Center, Chang Gung Memorial Hospital, Taoyuan, Taiwan
> Department of Medical Imaging and Radiological Sciences, Chang Gung University, Taoyuan, Taiwan

Abstract

In this work, two bubble-generating agents, ammonium bicarbonate (ABC) and sodium bicarbonate
(SBC) that can generate CO, bubbles, are separately encapsulated in carrier systems for actively triggering
drug release locally. Widely recognized for their ability to increase intratumoral accumulation, PEGylated
liposomes are employed as stable vehicles for carrying doxorubicin (DOX; Doxil®). However, the slow and
passive drug release from the Doxil® formulation significantly inhibits its antitumor efficacy. To resolve this
problem, our group develops a thermoresponsive liposomal formulation. As the key component of this
liposomal formulation, its encapsulated ABC creates the transmembrane gradient needed for a highly
efficient DOX encapsulation. Moreover, at a high temperature of roughly 42°C, ABC decomposition
generates CO, bubbles, subsequently creating permeable defects in the lipid bilayer and ultimately inducing
a rapid DOX release to instantly increase the drug concentration locally. The feasibility of using this
thermoresponsive bubble-generating liposomal system for tumor-specific chemotherapy under mild
hyperthermia is investigated. The in vitro drug-release profiles are quantified from test liposomes under mild
hyperthermia conditions. Their in vivo biodistribution, pharmacokinetics, drug accumulation, and antitumor
activity against locally heated tumors are examined as well. We also develop hollow microspheres (HMs)
that can deliver anticancer drug into tumor cells and quickly release the drug in an acidic organelle such as
lysosome. The HMs are fabricated from PLGA using a double-emulsion method, with the aqueous core
containing DOX and SBC. In acidic environments, SBC reacts with the acid to quickly generate CO, bubbles,
triggering the shell of the HMs to disrupt, thereby quickly releasing DOX locally and causing the cells to die.
These highly stimuli-responsive carrier systems contribute to efforts to establish effective tumor-selective

chemotherapy.
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Nanoporous Inorganic Nanoparticles: Synthesis and
Biomedical Applications

Kevin C.-W. Wu

Department of Chemical Engineering, National Taiwan University, Taipei 10617, Taiwan
E-mail: kevinwu@ntu.edu.tw

Abstract

Nanoporous inorganic materials have attracted great attention because of many advantages of these
materials, e.g. high surface area (over 1000 m*/g), ordered mesostructure (2D hexagonal, 3D cubic), uniform
and tunable pore size (2 to 10 nm), abundant functional
groups on the surface, robust and biocompatible framework,
and various compositions (silica, titania). These

nanomaterials have also shown promise in the field of — ‘
Bro-Inspired Synthesis of

Nanopgrous Inorganic Nanoparticics

biomedical engineering, especially for intracellular drug

Precisely contr u!redre/ease Direct bio-imaging

delivery systems. In this talk, I will introduce our recent
research works on the design and synthesis of functionalized s

. . . ;:25 /
nanoporous inorganic nanoparticles. ﬁ
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Electrochemical Methods Used to Multilayer Coatings on
Implants for Biomedical Applications

Prof. Shiow-Kang Yen
Department of Materials Engineering, National Chung Hsing University

Abstract

Electrochemical methods have been used to multilayer coatings on metal implants for biomedical
applications. Firstly, tuning the pH value on electrode surfaces in some electrolytes by adjustable applied
potentials or current densities, hydroxide films of zirconium, aluminum, magnesium and titanium are formed
respectively and then annealed into oxides as protective coatings for enhancing the wear and/ or corrosion
resistance of metal implants, leading to the reduction of ion release and wear debris. Secondly, the
hydroxyapatite (HAp) coatings with high surface area and porosity are carried out for enhancing bioactivity
and osteointegration. Finally, some biopolymers combined with drugs are deposited on the previous layers to

enhance the total drug loading and last the drug releasing for the specified purpose of biomedical treatments.

8% P s

57



BEYMRS-T 10sapamsmnes

08

Fg
105

Zensor Simulator: A Catalyst from Academic Research to
Practical Development of Sensor Applications

Jyh-Myng Zen

Department of Chemistry, National Chung Hsing University
250 Kuo Kuang Road, Taichung, Taiwan

E-mail: jmzen@dragon.nchu.edu.tw

Abstract

Currently, there are many electrochemical researches that depend on potentiostats and focuses on
detecting certain substances. The goals of these research are usually aimed at accurately measuring a
chemical in the easiest way. However, there are relatively few actual products that are developed. One reason
for this low number is their cost of development, as even a simple glucometer requires at least 1 to 2 million
US dollars to go from research to product. These costs include expertise from different fields such as
electrical engineering, computer engineering, and electrochemistry.

We have developed the ZensorSimulator, an electrochemical analyzer that can be used to simulate the
sensor product as a result of research, to be used as a tool to speed up the development process and reduce
the costs. An affordable electrochemical simulator could thus prove useful in research labs, and increase the
ease for the development of electrochemistry-based analytic devices for food, drug and environmental

monitoring.
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In-Vitro and In-Vivo Cytotoxicity Investigations on Metallic
Glasses

J. C. Huang, C. H. Lin, C. H. Chen, C. H. Huang, J. S. C. Jang

Department of Materials and Optoelectronic Science, National Sun Yat-Sen University,
Kaohsiung, Taiwan

Abstract

Recently, Ti, Zr, and Mg based metallic glasses (MGs) have been widely developed, in the forms of
bulk samples, ribbons, thin films, powders, and porous foams. The fabrication routes can range from rapid
quenching such as melt spinning or suction casting to prepare bulk or ribbon samples, physical deposition
such as sputtering or evaporation to prepare thin or thick films, spraying such as gas spraying or spray
forming to prepare powders, and sintering such as conventional powder metallurgy or 3D additive
manufacturing. Over the past five years, such MGs in various forms have been explored for their
biocompatibility by in-vitro electrochemical analyses, MTS assays, inductively coupled plasma mass
spectrometry, etc, as well as in-vivo implant operation via post-implant scanning electron microscopy,
micro-CT scans, and histological observations, etc. It is well known that most MGs need to contain
substantial amounts of Cu content. The Cu effects during long-term in-vitro and in-vivo cytotoxicity tests
have been carefully examined and rationalized. Overall, when the Cu content is lower than about 5 at%, the
biocompatibility response is considered to be rather satisfactory.

Keywords: metallic glass, cytotoxicity, copper content, in-vivo, in-vitro
Optimization of a Novel Antibacterial Biomaterial in Mouthwash

Feng-Huei Lin (Double)

Institute of Biomedical Engineering, National Taiwan University.
No. 1, Sec. 4, Roosevelt Rd., Taipei 10617, Taiwan
Institute of Biomedical Engineering and Nanomedicine, National Health Research Institutes.
No. 35, Keyan Road, Zhunan Town, Miaoli County 35053, Taiwan.

e-mail: double@ntu.edu.tw

Abstract

The oral cavity contacts with food daily and therefore becomes a suitable environment for bacteria. In
order to maintain the oral hygiene, antibacterial mouthwash has been commonly used in addition of
toothpaste. The main ingredient of the current mouthwashes for antibacterial function is chemically
synthesized such as chlorhexidine, sodium fluoride, or hypochlorous acid. Although those chemical reagents
have been shown effective antibacterial activity and to prevent some oral diseases such as periodontitis, some
side effects have also been reported. In this study, we investigated whether Poly-gamma-glutamic acid
(y-PGA), the natural derived biomaterial, was suitable for antibacterial mouthwash. We demonstrated that
10000 ppm of y-PGA can efficiently inhibit 99% of bacterial growth. In addition, y-PGA did not cause any

cytotoxicity and genotoxicity indicating that y-PGA can be a potential mouthwash material.
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Nanoparticle Engineering for Translational Medicine

Dar-Bin Shieh, DDS., DMSc¢

Institute of Oral Medicine and Department of Stomatology, Institute of Macromolecular Analysis and

Nanomedicine Innovations, Institute of Basic Medical Sciences, Advanced Optoelectronic Technology

Center and Center for Micro/Nano Science and Technology, National Cheng Kung University, Tainan,
Taiwan

e-mail address: darbinshieh@gmail.com

Abstract

Micro and Nano scale engineering open the opportunity for precision disease prevention, diagnostics
and therapeutics through direct modulation of biomolecular-material interactions. Distinct nano-particles that
integrate diagnostic and therapeutic functions are able to bring up new concept in effective clinical disease
management. These include metallic or metal oxide nanomaterials such as targeting gold nanorods and
octahedron iron oxide nanoparticles in gene or drug delivery with integrated photo thermal therapy under
radiation exposure. Using different NIR as excitation wavelengths, multiplex photoacoustic molecular
imaging could also be achieved in vivo using the same particles while iron oxide particles could serve as
effective MRI contrast agent. In addition, by integration of gold and iron we found a new biological property
of the bi-metallic nanomaterial that preferentially killed cancerous cell through mitochondria pathways and
autophagy while spare the normal. Further study revealed the important role of zero valences in such distinct
selectivity and confirmed their efficacy in vivo. Beside metallic and metal oxide nanomaterials, organic
materials have also been investigated for their interaction with biological systems to develop clinical
applications. A surfactant-free nanoformulation SFINX enabled simultaneous encapsulation of hydrophobic
and hydrophilic drugs and even biological macromolecules such as siRNA. In this platform, we
demonstrated the potentiation of existing and new anti-cancer compounds. Such formulation significantly
sensitized cancer cells for Taxol and significantly increased solubility and therapeutic efficacy of new
anti-tubulin compound J-30 as well. We anticipate successful translational development of these findings

toward clinical success in advanced disease management.

Keywords: metallic nanomaterials  gold nanorods * octahedron iron oxide nanoparticles ~ surfactant-free
nanoformulation SFINX
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Recent Progress on Metallic Glasses and High Entropy Alloys

N
BTIPREBRIEY ERIER
Abstract

Multi-component metallic alloys, including metallic glasses and high entropy alloys, have attracted
attention due to their high flexibility in alloy design and promising mechanical characteristics. The former
are inherent with high negative enthalpy and the latter with high positive entropy. In our group, various
forms of metallic glasses have been developed, including bulk samples, ribbons, thin films, wires, powders
and porous foams, etc., utilizing rapid quenching, sputtering/evaporation, gas spraying, sintering, and 3D
printing additive manufacturing. The atomic packing, physical and chemistry nature, mechanical property
improvement, and commercial applications are under extensive R&D. Recent application examples include
areas such as optical reflection, optical transmission, UV LED process, biomedical implant, and magnetic
aspects, etc. In addition, some creep resistant and light weight high entropy alloys have also been explored in

the beginning stage, in comparison with metallic glass counterparts.
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The Ultra-High Strength Nanostructured Bainite in
Engineering Steels

Bs

B eEREBRRIZMETIZR
Abstract

Nanostructured bainite has been developed to achieve ultra-high strength levels (in excess of 2 GPa)
and high toughness values (K;c about 30 MPa m'?) for bullet-proof application. Without sophisticated
thermal mechanical processing, the bulk nanocrystalline structure can be produced simply by one-step
isothermal heat treatment. The base composition of 2.0 wt% Si and 1.0 wt% C with certain alloying additions
is required to ensure to form these carbide-free nanostructured bainite steels. The typical microstructure
consists mainly of bainitic ferrite subunits and thin-film austenite with blocky austenite particles, all of
which are nanometer sized. Split Hopkinson pressure bar experiments have been conducted to investigate
mechanical behavior and microstructure evolution of nanostructured bainite under the deformation at high
strain rates ( > 10°s™). The result indicates that the blocky austenite content is advantageous to maintain the
initial work-hardening rate, where multi-variant mechanical twinning occurs. The single-variant lamellar
twin structures take place in the thin-film austenite at a later stage and enhance further straining. Large
amount of strain induced o’ martensite can be observed in multi variant twinned blocky austenite, while a
few amount of stress-assisted ¢ martensite can be identified in single variant twinned film austenite. Split

Hopkinson pressure bar tests have proved nanostructured bainite steels to be an excellent armor material.
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Recent Researches and Applications of High Performance
Magnesium Alloys

AT

B eEREBRRIZMETIZR
Abstract

Magnesium alloys are considered as potential candidates for numerous applications, especially in
transportation vehicles or 3C (computer, communication and consumer electronic) products owing to their
excellent properties, such as ultra-low density, high specific strength, high damping capacity and high
recycle ability. A series of magnesium alloys with designed chemical compositions have been developed for
several applications. However, these magnesium alloys still have some fatal weakness needed to be further
resolved, including the low strength, limited formability, insufficient weldability, poor corrosion and wear
resistance, etc. Therefore, many recent researches have been performed to significantly improve these
inferior properties by appropriate alloy design, thermal-mechanical treatments, and surface coatings.
Magnesium has another peculiar ability of hydrogen storage. Recent studies have elucidated that the
Mg-Zn-Zr (ZK60) alloys can exhibit an excellent performance of hydrogen storage by adding some effective
catalysts and combining the techniques of severe plastic deformation and high energy ball milling. Through

suitable design, these Mg-Zn-Zr alloys could be really applied in the hydrogen energy system.

On the Research and Development of High Entropy
Superalloys

Fx M
BIDBEERBRRTIESER
Abstract

The development of conventional Ni-based superalloys (NBSA) has reached the end of its road, not
only the homologous temperature of NBSA has reached beyond 0.8 Tm, the density and cost of NBSA have
raised significantly due to high content of refractory elements. High-Entropy-Alloy design approach has
opened up a new window for designing new high temperature alloys with improved cost-performance, these
new alloys are named “High-Entropy-Superalloys (HESA)”. In this talk, high temperature phase stability,
mechanical properties and surface stability of HESA will be presented in comparisons with those of

conventional superalloys. The potential for HESA to replace conventional superalloys will be discussed.
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Computer-Assisted Electrode Design for Lithium Ion Batteries

Shih-Kang Lin

Department of Materials Science and Engineering, National Cheng Kung University

E-mail: linsk@mail.ncku.edu.tw

Abstract

To meet the great demands of reliable and durable energy-storage systems for the “smart-grid society”,
lithium ion batteries (LIBs) with better efficiency, stability, and safety are required. The lithium-rich layered
composite oxide, xLi,MnO3(1-x)LiNi;sMn;;3Co0,30,, is a promising cathode material with high capacity in
LIBs, while the LisTisO1, (LTO) defect spinel is the most promising anode materials for long-life LIBs
because of its merits of negligible volume changes (~1%) and stable operating voltage during
charging/discharging.. An unusual charging-discharging feature for the lithium-rich layered composite oxide
with sloping and plateau regions in the first run has been reported; however, mechanistic interpretations for
this phenomenon are controversial in literature. As for the LTO anode, the insulating property of LTO that
results in poor rate capability limits its range of power-oriented applications. Computational materials
science is a powerful tool for developing and exploring new materials as well as for understanding the
mechanisms in atomistic scale. In this presentation, examples on the lithium-rich layered composite oxide
cathode and the LTO defect spinel anode will be given. Ab initio calculations based on density functional
theory were performed. The mechanisms of delithiation process as well as oxygen evolution during the
charging process are revealed, which provides fundamental understandings as a guide for experimentally
developing high-capacity cathode materials in LIBs. On the other hand, doping with the aid of ab initio
calculations, general trends of doping-induced physical property changes on LTO, such as the changes of
lattice parameters, phase stabilities, average operating voltages, and electrical properties, were revealed.

Keywords: lithium ion batteries, ab initio calculations, cathodes, anodes
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Mechanism of Oxygen Ion Diffusion in Gd-Doped Ceria
Electrolyte Films Deposited via Reactive and Direct Sputtering

Yu-Lin Kuo

Department of Mechanical Engineering, National Taiwan University of Science and Technology, Taipei, Taiwan.
Address: No. 43, Section 4, Keelung Road, Taipei 10607, Taiwan
Tel: +886-2-27376784; Fax: +886-2-27376460
E-mail address: ylkuo@mail.ntust.edu.tw

Abstract

As electrolyte films based solid oxide fuel cell (SOFC) becomes a global concern, the development of
innovative advanced metal oxide deposition processes is still a major challenge. With regard to its limitations
and advantages in both reactive (metal targets) and direct (oxide targets) sputtering processes, RF magnetron
sputtering technology is considered as a promising thin film deposition process for fuel cell fabrication. The
comparative principles of sputtering process with different target materials are outlined in this study. The
present study concerns about present understanding of the sputtering technology with different targets (metal
and oxide) accompanying the annealing process. Furthermore, detailed discussions are given of the effects
for annealing temperatures on the phase structures, chemical compositions, surface morphologies and
conductivities. The mechanisms of oxygen ions diffusion (conductivity) in GDC electrolyte films deposited
via reactive and direct sputtering were investigated, in which the lattice diffusion was dominated for GDC
electrolyte films with higher conductivity. Finally, special attention is paid to the future challenges of
sputtering targets for the purposed of material used.

Keywords: Electrolyte; Solid oxide fuel cell (SOFC); RF magnetron sputtering; Reactive; Direct;
Electrochemical

Solvent Effects on the Solvothermal Derived TiO,
Nanoparticles for the Application of Dye-Sensitized Solar Cells

Yuchun Wu

Department of Resources Engineering, National Cheng-Kung University, Tainan, Taiwan
Abstract

We proposed a simple and time-effective solvothermal method to prepared TiO, nanoparticles. The
crystallization behaviors were tailored by using various alcohol solvents. By adapting the characteristics of
alcohol solvents, such as dielectric constant and boiling point, the TiO, crystallite size ranging from 5 to 30 nm
were obtained in one pot. Instead of using mineralizer or chelating agent, the alcohol solvent also plays a role
as structural conducting agents via alcolysis reaction that as consequence alters the resulting crystallite shape.
Taking the advantage of this clean and simple solvothermal process, the as-obtained colloidal solution is
readily for the paste preparation where no washing, dying and re-dispersion treatments are necessary.
Dye-sensitized solar cells composed of various TiO, photoanodes were made and their photovoltaic

performances were demonstrated in this presentation.
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Dispersion and Surface Chemistry of Ceramic Powders

Chia-Chen Li

Department of Materials & Mineral Resources Engineering, National Taipei University of Technology

Email: ccli@ntut.edu.tw

Abstract

Dispersion is generally an essential technique for the application of powdered materials, and the key
step for obtaining a successful dispersion is to have an efficient dispersant. Since the dispersion property of
the powdered materials correlates closely to the dispersant type, dispersing procedure, and the surface
chemistry of powder, these issues are conducted on this topic and illustrated by some practical examples.

The key parameters that affect the dispersion stability of the commercial ceramics, including the
lithium-ion cathode active— lithium iron phosphate (LiFePO,) and one of the high-dielectric materials for
passive devices— barium titanate (BaTiOs) are discussed in this topic. In addition, the effects of the surface
chemistry on the dispersion behaviors of the ceramic powders are addressed. The adsorption efficiency of
dispersants on powders and the resulted dispersion stability can be improved by modifying the surface
chemistry of the powdered materials. On the other hand, the importance and usefulness of the dispersion
technique for the novel material- microcapsules are also demonstrated.

Keywords: ceramic powder; surface chemistry; dispersion
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Toward Highly Efficient Nanostructured Solar Cells:
A Concurrent Electrical and Optical Design

Hsin-Ping Wang and Jr-Hau He*(# & 3)

Computer, Electrical and Mathematical Sciences and Engineering (CEMSE) Division, King Abdullah
University of Science & Technology (KAUST), Thuwal 23955-6900, Kingdom of Saudi Arabia

"Corresponding authors: jrhau.he@kaust.edu.sa

Abstract

To date, technical development has boosted the efficiencies of solar cells with conventional planar or
microstructured architectures to be close to the corresponding theoretical values, which are hard to be further
improved without introducing new technologies. Nanotechnologies such as nanomaterials and nanostructures
hold promising potency to push theoretical efficiencies higher through advantages associated with
nanostructures, including efficient light management, rapid charge transfer and short charge collection
distances. However, at present the efficiency of nanostructured solar cells remains lower than those of
conventional solar devices due to the accompanying losses coming with employing nanostructures.
Concurrent design in optical and electrical engineering is an imperative route toward breaking this limit of
present-day nanostructured solar cells. In this talk, we will firstly summarize the losses in traditional solar
devices. Thereafter, we reviewed the recent advances in applications of nanotechnologies to solar devices in
optical and electrical perspective, respectively. Finally, we organized and drew the design rule of
nanostructured solar devices based on concurrent design in optical and electrical engineering. By following

the guidelines, we are confident that the theoretical limit can be exceeded soon.
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Fabrication and Optoelectronic Application of Graphene
Heterojunctions

Prof. Mario Hofmann

Department of Materials Science and Engineering, National Cheng Kung University, Tainan, Taiwan

Abstract

Graphene is a single-atom thin carbon material that has captured the attention of researchers in
fundamental and applied sciences for the last decade. Graphene’s unique properties, such as strong
light-matter interaction and high carrier mobility, show great promise for optoelectronic devices. However,
the absence of a bandgap and fast carrier relaxation make light emission and conversion in graphene very
challenging. We here demonstrate the potential of graphene heterojunctions for such applications. First,
challenges in the synthesis of graphene will be described and we will introduce our latest advances in
optimizing the graphene quality through novel synthesis and transfer processes. We will then show the
tunability of graphene’s carrier concentration by doping and the impact this process has on carrier transport.
The demonstrated ability to control graphene’s fundamental properties makes it ideally suited for the
integration in heterojunctions and we will present several examples of graphene enabled optoelectronic
heterojunction devices.

First, we produce graphene-based ultrathin solid-state dye-sensitized solar cells with thicknesses
between 5 nm and 100 nm, which represents some of the thinnest solar cells produced to date and allows us
to extract the scaling limits of solar cells.

Furthermore, light emission in graphene/dielectric/p-GaN heterojunctions is discussed. Efficient and
stable light emission was achieved through carrier tunneling from the graphene injector into prominent states
of a luminescent material. Graphene’s unique properties enable fine control of the band alignment in the
heterojunction and vertical tunneling-injection light-emitting transistors (VtiLET) were produced where
electrostatic gating allows adjustment of the light emission process. This advance enables arbitrary color

light emission from one single emitter.
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Strong Light-Matter Interactions of

Graphene-Heterostructures for Photonics and
Photo-To-Energy Conversions

Chun-Wei Chen (f#f & &)

Department of Materials Science and Engineering, National Taiwan University, Taipei 106, Taiwan

Email: chunwei@ntu.edu.tw

Abstract

In this talk, I would like to present the strong light-matter interactions at graphene/heterostructure for
photonics, photovoltaics and photochemical cells. I would like to introduce precisely controlled ultrastrong
photoinduced modulation doping based on graphene/TiOx heterostructure, where trap-state-mediated
photoinduced charge transfer from the remote bulk TiOx ultrathin film to graphene resulted in a strikingly
high n-type doping level (>10" cm™), showing both unique advantages of using the conventional chemical
doping (high doping concentrations) and photoinduced doping (reversible and controllable).[1] A novel
approach to precisely control the band gap opening of a bilayer graphene/TiOx heterostructure by optical
modulation will be addressed. In addition, I would like to demonstrate interesting optically controllable
graphene electronics due to strong light-matter interactions at graphene heterostructure. For example, the
dual carrier-typed transport behavior of a graphene transistor by wavelength-selective illumination will be
demonstrated [2]. A new concept of photoactive graphene/TiOx heterostructure transparent electrode for
photovoltaic application will be also shown [3]. The precisely controllable photoindcued charge transfer can
be also applied to a black phosphorus FET to achieve a tunable carrier transport by light illumination. [4]
Finally, I would like to present our recent discovery of crack-filled graphene (CFQG) films and its application
to photo-to-energy conversion [5,6] Finally, we would like to present our recent study of graphene/Si
Schottky junction for water splitting of to generate hydrogen.

Reference:

[1] Advanced Materials, Vol.27, 7809, (2015)

[2] Advanced Materials, Vol.27, 282, (2015)

[3] Energy & Environmental Science, 8, 2085, (2015)
[4] ACS Photonics, Vol.3, 1102, (2016)

[5] Advanced Materials Vol.25, 4521, (2013)

[6] Advanced Materials Vol.27, 1724, (2015)
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Van der Waal Epitaxy of Oxide Heterostructures:
A New Perspective for Flexible Electronics

Ying-Hao Chu"™’ (4 & %)

'Departments of Materials Science & Engineering and Electrophysics,
National Chiao Tung University, Hsinchu, Taiwan
’Institute of Physics, Academia Sinica, Taipei, Taiwan
>Material and Chemical Research Laboratories,
Industrial Technology Research Institute, Hsinchu, Taiwan

Email: yhe@nctu.edu.tw

Abstract

In the diligent pursuit of low-power consumption, multifunctional, and environmentally friendly
electronics, more sophisticated requirements on functional materials are on demand. For example, flexible
electronics represents a fast developing field and has a great potential to impact our daily life. In building up
flexible electronics, the materials with controllable conduction, transparency, and good flexibility are
required. Recently, the discovery of free-standing 2D materials has created a revolution to this field.
Pioneered by graphene, these new 2D materials exhibit aboundant unusual physical phenomena that is
undiscovered in bulk forms. In the mean time, it also possesses very high transparency to the visible light.
However, the extensively studied pristine graphene naturally has no bandgap and become restricted in many
field-effect based applications. Hence, looking for various types of new 2D materials has been a focal
research direction nowadays. In this talk, we intend to take the same concept, but to integrate a family of
functional materials in order to open new avenue to flexible electronics. Due to the interplay of lattice,
charge, orbital, and spin degrees of freedom, correlated electrons in oxides generate a rich spectrum of
competing phases and physical properties. However, a generic approach to build up flexible electronics
based on functional oxides is yet to be developed. In this study, we use a 2D material as the substrate. And
we take several functional oxides as a models system to demonstrate a pathway to build up functional oxides

for transparent and flexible electronics.
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Towards Environmentally Compatible Molecular Solar Cells
Processed from Halogen-Free Solvents

Mahmoud Elsayed Farhat, Tzu-Yen Huang, Dhananjaya Patra, and
Chih Wei Chu (% ig i)

Research Center for Applied Sciences, Academia Sinica

E-mail address: gchu@gate.sinica.edu.tw

Abstract

Solution-processable small molecules have been recognized as a new class of donor materials for bulk
heterojunction solar cells due to their well-defined structure, no batch-to-batch variations, and easy purification
in comparison with polymers and low-cost solution processibility in comparison with vacuum-deposition of
organic materials. However, bulk heterojunction films based on small molecule/PCBM blends have a tendency
to generate non-equilibrium morphologies due to the short chain length, so that it is challenging to obtain the
desired network morphology for efficient carrier extraction. With this in mind, we introduce strong n-stacking
moieties as core units, benzodithiophene and benzotrithiophene, flanked by octylthiophene units and end-capped
with electron-deficient cyanoacetate, to facilitate molecular-to-molecular n-n interactions and therefore lead to
enhance charge transport between adjacent molecules and charge extraction. Our studies show that the
introduction of those moieties forms high ordered and the interconnected domains and exhibit high fill factors
with reasonable efficiencies in devices. [1,2] With modified the end-acceptor units of benzodithiophene-based
molecules, power conversion efficiencies over 9% have been achieved recently for solution processed molecule
solar cells. [3] So far, most of high-performance devices based on solution processed small molecule have been
made from acutely toxic halogenated solvents. When considering their potential for commercial applications, it
is imperative to search for more environmentally friendly solvents. We also demonstrated that high-efficiency
solar cells based on benzodithiophene-based molecules with power conversion efficiencies of more than 8% can
be fabricated using the non-halogenated solvents. Our examinations show that a switch of the processing solvent
from chloroform to non-halogenated solvents leads to no negative impacts on the morphology and charge
transport properties for device performance. These results indicate that non-halgnated solvents can be excellent
alternatives for the roll-to-roll printing of large area modulus. [4]
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Applications
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Abstract

Silicon (Si) nanostructures, in combination with one dimensionality and nanoscale feature, have been
intensively studied for many applications. Controlling the orientation, diameter and morphology of
nanostructures is an important aspect regarding their integration into devices on technological scales. Using
the chemical etching approach, with metal nanoparticles as catalysts, the controlled formation of Si
nanostructures with diversified geometries, such as straight, slanted and zigzag shapes, was achieved. Based
on the experiments performed under various etching parameters, the factors governing morphology along
with axial direction of Si nanostructures were analyzed, and a possible model was further proposed that
elucidates the formation of the present structures. These intriguing Si nanostructures enable different
properties from the bulk Si, which may benefit the advanced applications on optoelectronic,

photoluminescent, and photovoltaic devices.
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Nanomaterials: From Controllable Growth to Material
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Abstract

In this talk, I will introduce the development of low dimensional nanomaterials in my group and its
applications on Cu(In, Ga)Se, solar cell. The direct formation of large area Cu(In,Ga)Se, nanotip arrays
(CIGS NTRs) by using one step Ar™ milling process without template. By controlling milling time and
incident angles, the length of CIGS NTRs with adjustable tilting orientations can be precisely controlled.
Formation criteria of these CIGS NTRs have been discussed in terms of surface curvature, multiple
components, and crystal quality, resulting in a highly anisotropic milling effect. In addition to physical
approach to form nanostructures on the CIGS film, a reactive mold-assisted chemical etching (MACE)
process through an easy-to-make agarose stamp soaked in bromine methanol etchant to rapidly imprint larger
area micro- and nano- arrays on CIGS substrates was demonstrated in my group. Interestingly, by using the
agarose stamp during the MACE process with and without additive containing oil and triton, CIGS
microdome and microhole arrays can be formed on the CIGS substrate. Final part of my talk, i will introduce
Au NPs to achieve efficiency enhancement of CIGS flexible photovoltaic devices. The incorporation of Au
NPs can eliminate the obstacles in the way of developing ink-printing CIGS flexible TFPV, such as the poor
absorption at wavelengths in high intensity region of solar spectrum, and that occurs at large incident angle
of solar irradiation. The enhancement of external quantum efficiency and photocurrent have been
systematically analyzed via the calculated distributions of electric field. Finally, the major benefits the LSPR
in shorter wavelength have been investigated by ultrabroadband pump-probe spectroscopy, which gives a
solid evidence on the strong absorption and reduction of surface recombination that increases electron-hole
generation and improves the carrier transportation in the vicinity of pn-juction. These results suggest a

promising way for rapidly improving the performance of CIGS flexible photovoltaic devices with low-cost.
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Abstract

The optical anisotropy of graphene films could be used as an alternative quality factor for the rapid
characterization of large-area graphene films prepared through chemical vapor deposition (CVD). We
develop an angle-variable spectroscopic method to rapidly determine the optical anisotropy of graphene
films. Unlike approaches using Raman scattering spectroscopy, this optical anisotropy method allows ready
characterization of the structural quality of large-area graphene samples without the application of
high-intensity laser irradiation or complicated optical setups. Measurements of optical anisotropy also allow
us to distinguish graphene samples with different extent of structural imperfections; the results are consistent
with those obtained from using Raman scattering spectroscopy.

We also propose the concept of deep—trench/thin—metal (DTTM) active antenna that take advantage of
surface plasmon resonance phenomena, three—dimensional cavity effects, and large—area metal/semiconductor
junctions to effectively generate and collect hot electrons arising from plasmon decay and, thereby, increase
photocurrent. The DTTM—based devices exhibited superior photoelectron conversion ability and high degrees
of detection linearity under infrared light of both low and high intensity. Therefore, these DTTM-based devices
have the attractive properties of high responsivity, extremely low power consumption, and
polarization—insensitive detection over a broad bandwidth, suggesting great potential for use in photodetection

and on—chip Si photonics in many applications of telecommunication fields.
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Feature and Future of Soft Processing (Green Processing) for
Advanced Ceramic Materials
—A Key Technology for Sustainable Society--

Masahiro YOSHIMURA
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Japan: yoshimura@msl.titech.ac.jp

Abstract

Advanced inorganic(ceramic) materials have been used in wide area of applications like structural,
mechanical, chemical, electrical, electronic, optical, photonic, biological, medical, etc. They have generally
been fabricated by so-called high-technology, where high temperature, high pressure, vacuum, molecule,
atom, ion, plasma, etc. have been used for their fabrications, because inorganic materials are difficult in
shape forming and fixing due to their intrinsic rigidity and brittleness. Even though nano-sized particles of
inorganic materials could be synthesized by low-energetic route, i.e.”soft chemistry” or “green chemistry”,
their shape forming and fixing cost energetically and environmentally in even using nano-particles. The
powder or particle processing have also severe problems of 3D shrinkage during drying ,firing and sintering
because particle packing could not exceed 74 %.

We have challenged to fabricate those advanced ceramics with desired shape/size/location, etc. directly in
low energetic routes using aqueous solutions since 1989 when we found a method to fabricate BaTiO3 film on
Ti substrate in a Ba(OH)2 solution by Hydrothermal Electrochemical HEC] method at low temperatures of
60-200 C. We proposed in 1995-2000 an innovative concept and technology, “Soft Processing” or “Soft
Solution Processing,” which aims low energetic (=environmentally benign) fabrication of shaped, sized,
located, and oriented inorganic materials in/from solutions. It can be regarded as one of bio-inspired
processing, green processing, or eco-processing.' Please note, [1] Most of ceramics except for bio-ceramics
are not water soluble, thus “firing” seems to be essential, and [2] Ecology(Bio-based) systems have not
included most of ceramics as well as other advanced materials :semiconductors and metallic materials(alloys).

When we have activated/stimulated interfacial reactions between reactant(substrate) and solution locally
and/or moved the reaction point dynamically, we can get patterned ceramic films directly in solution without
any firing, masking nor etching. They can be called Direct Patterning methods which differ from previous
patterning methods consisting of multi-step processes from particle dispersion or precursor solutions. The
notable feature of Direct Patterning is that each reactant reacts directly on site, at the interface with the
substrate. Therefore, the chemical driving force of the reaction, A+tB=AB, can be utilized not only for
synthesis but also for crystallization and/or consolidation of the compound AB. It is rather contrasting to
general patterning methods where thermal driving force of firing is mostly used for the consolidation of the

synthesized AB particles.”
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We have developed the Direct Patterning of CdS, PbS and CaWO4 on papers by Ink-Jet Reaction
method® Furthermore, we have succeeded to fabricate BaTiO3 patterns on Ti by a laser beam scanning and
carbon patterns on Si by a needle electrode scanning directly in solutions.” TiO2 and CeO2 patterns by
Ink-Jet Deposition, where nano-particles are nucleated and grown successively on the surface of substrate
thus become dense even below 300 C* will be presented. Nano-structured films will be also talked*”. In the
formation of films, additional activation(s) with thermal one are very useful. Particularly electrochemistry is
very attractive to prepare oxide films and patterns. Our proposal: Growing Integration Layer[ GIL]
method® is also using electrochemistry to make oxide layer(s) on metallic material(s) to improve adhesion,

anti-oxidation, bioactivity and/or other functionalities. A recent novel subject, Soft Processing for various

7-9)

nano-carbons including Graphene and functionalized Graphene,”” will be introduced. Where we have

succeeded to prepare functionalized Graphene Ink via successive processes under ambient temperature
pressure conditions
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Microstructural Imaging by Scanning Laue X-ray
Nanodiffraction at Taiwan Photon Source

Ching-Shun Ku (¢ & ")

National Synchrotron Radiation Research Center,
101 Hsin-Ann Road, Hsinchu Science Park, Hsinchu, Taiwan

Email: csku@nsrre.org.tw

Abstract

The X-ray Nanodiffraction Beamline (XND) is one of the phase-I projects for Taiwan Photon Source
(TPS). The construction of the XND was completed and commissioning for optics and end-station is now in
progress. The end-station called “FORMOSA (FOcus x-Ray for MicrO-Structure Analysis)” is dedicated to
use white/mono-beam Laue diffraction for structural analysis. For instance, users could obtain the 2D and 3D
distribution of crystal phases, orientation, residual strain, stress and dislocations for materials in a complex
form without distorting the sample during measurement. The estimated spatial resolution could be better than
100x100x50 nm. Furthermore, this end-station also provided many complementary tools. Tetra-probe stages
could deploy several scanning probes to collect optical, electrical, surface properties of specimens; the x-ray
fluorescence detector provides elemental information and the cryo-stage integrated with heater for
temperature dependence experiments. Particularly, it is also the first time in synchrotron history to integrate
an online scanning electron microscopy (SEM) as a navigator. With spatial resolution down to 4 nm, it is
able to find out the interest region with tiny structure on samples and arrange the position for different probes.
This end-station can function either in vacuum or ambient environments depending on the user’s demands.
In summary, XND beamline and FORMOSA end-station will provide not only 2D/3D-XRD but also XRF,
XAS, XEOL/CL, SPM and SEM information for diverse research programs. The end-station is scheduled to
open to user in Q3 of 2016.

Keywords: Laue, Nanodiffraction, XRF, SEM, SPM
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Soft X-ray Scanning Microscopy and Ptychography in
Materials Research

Hung Wei Shiu

National Synchrotron Radiation Research Center, Hsinchu 30076, Taiwan

Abstract

Soft X-ray spectromicroscopy is a powerful tool which can provide 2D or 3D imaging with chemical,
electronic and structural information at the nanoscale. In this presentation, I will present one of the common
soft X-ray microscopy — Scanning transmission X-ray Microscopy (STXM) — and its application in material
science. In addition, a recently developed soft X-ray ptychography, a scanning micrscopy based form of
coherent diffraction imaging (CDI) which is making dramatic improvements in spatial resolution and
spectral information will also be introduced. In the end of my talk I will show our recent development of a
new soft X-ray spectromicroscope system based on coherent scattering by using Kirkpatrick-Baez (KB)
focusing optics. A soft X-ray elliptically polarizing undulator beamline at the Taiwan Photon Source (TPS)
delivers coherent photon flux in the order of 10" s7(0.02%BW)" with a beam size of 3 pm by 3 pm in the
energy range from 400 eV to 1200 eV. For ptychography, the probe is defined by a 1-um pinhole placed
1.5 mm upstream the object and a special platform equipped with sample and pinhole scanning stages is
developed. The design, current status and recent test results for the ptychographic imaging will be shown.

Future improvements to realize tomographic imaging and cryo-experiments will also be addressed.
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Photonics for the New Era

Din Ping Tsai

Research Center for Applied Sciences, Academia Sinica, Taipei 11529
*Email: dptsai@sinica.edu.tw

Abstract

Photonics is the science of light and photon generation, detection, and manipulation through emission,
transmission, modulation, signal processing, switching, amplification, and detection. The international year
of light (IYL) of 2015 raise awareness of how photonics and light-based technologies provide sustainable
developments and solutions to worldwide challenges in energy, education, agriculture, communications,
health, etc. In this talk, novel and interesting on-going developments of photonics for the new era will be

discussed and reported.
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Abstract

A typical solder joint in 3D IC has a volume that is 1/1000 that of a flip-chip solder joint. Many new
issues arise due to this size effect. These new issues post new threats to the reliability of electronic devices.
One well-perceived effect of small solder volume is that the entire solder layer can be completely
transformed into intermetallic compounds (IMCs) during device operation or even during the fabrication
process. As IMCs tend to be hard and brittle, a solder joint completely made up of IMCs might have inferior
mechanical properties. The objectives of this study are (a) to understand the IMCs growth at the regime of
very limited solder volume, (b) to observe the IMC morphology during the merging of IMCs, and (c) to
reveal the effects of minor inert constituents (such as Ag) on the final morphology of IMCs.
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Inspirations from Nature: Synthesis of Multi-Functional
Scaffolds and Composites by Freeze Casting Techniques

Po-Yu Chen, Haw-Kai Chang, Pang-Hsuan Lee, Wen-Kaung Liu,
Hsin Jui Wang, Tzer-Shen Lin, Chin-Chih Tai, Chih-Hsiang Chang

Department of Materials Science and Engineering
National Tsing Hua University, Hsinchu, Taiwan

Abstract

Bio-inspired porous composites materials were formed by freeze-casting technique and polymer
infiltration, which can be widely applied in the industry due to their lightweight, high surface/volume ration
and energy absorbing ability. In this study, ultra-lightweight and multifunctional scaffolds for mimicking
natural porous composites have been synthesized by freeze casting technique. Diatomaceous earth, zeolite,
and fish scales were used to substitute as the raw powder. High porosity diatomaceous earth scaffolds have
ultra-lightweight and multifunctional properties, therefore the good thermal insulation, water absorption, and
water retention were observed. Zeolites are microporous minerals, which were commonly used in gas
adsorption. The channel was designed and formed by freeze casting method and it will increase efficiency of
gas adsorption. The hydroxyapatite was obtained from fish scales of fishery waste. The scaffold with formed
hydroxyapatite can be used in bone tissue engineering and can remove heavy metal ions. The bio-inspired

hierarchically scaffolds can be potential applied in various fields.



5% ¥ 5

105

High Entropy Alloy Investigation from the Perspectives of
Advanced Photon Source

E-Wen Huang'’

' Department of Materials Science and Engineering, National Chiao Tung University
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Abstract

High Entropy Alloy is a made-in-Taiwan metallic system. Prof. Jien-Wei Yeh, a made-in-Taiwan
metallurgist created “High Entropy Alloy” two decades ago. The National Tsing Hua University Team
pioneers this unexplored territory. The potential applications are evidenced in many high-profile reports since
2014 [1-3]. However, the aforementioned articles summarize exciting properties, which lead to interesting
but yet puzzling temperature-dependent mechanical phenomena. Recently, together with Prof. Yeh, we
applied advanced photon source, including in-situ neutron experiments and synchrotron x-ray diffraction
measurements. We quantify a dual-phase microstructure transformation with convolutional multiple whole
profile fitting. The tensors are obtained by using elastic—viscoplastic self-consistent (EVPSC) model. We
propose an advanced-photon-source perspective to explain the special temperature-dependent mechanical
behavior of the high entropy alloy.
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Mesocrystal Embedded Functional Oxide Systems
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Abstract

Mesocrystal — a new class of crystals compared to conventional single crystals and randomly distributed
nanocrystal systems — has captured significant attention in recent decades. Current studies have been focused
on the advanced synthesis as well as the intriguing properties of mesocrystal. In order to create new
opportunities upon functional mesocrystals, they can be regarded as a new functional entirety when
integrated with unique matrix environments. The elegant combination of mesocrystals and matrices has
enabled researchers to realize enthralling tunabilities and to derive new functionalities that cannot be found
in individual components. Therefore, mesocrystal embedded system forms a new playground towards
multifunctionalities. In this talk, I will deliver a general roadmap that portrays the enhancement of intrinsic
properties and new functionalities driven by novel mesocrystal-embedded oxide systems. An in-depth
understanding and breakthroughs achieved in mesocrystal embedded oxide systems are highlighted. 1 will

conclude with a brief discussion on potential directions and perspectives along this research field.
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Fabrication of Electrode Materials in Energy Devices by
Electrodeposition Techniques
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Abstract

This presentation reviews the strengths and advantages of electrodeposition as a rapid and low-cost
growth technique for fabrications of electrode materials in energy devices such as solar cells and
supercapacitors. We found that the nanostructured metal sulfides thin films can be directly growth on
conductive substrates as catalytic materials and electroactive materials for dye-sensitized solar cells (DSCs)
and supercapacitors (SCs) by simply using facile potentiodynamic (PD) and pulse-reversal (PR) deposition
methods. For instance, the nickel sulfide (Ni;S;) thin film was electrodeposited on Ni foam substrate by
using a facile PR method, respectively. After optimization of PR deposition parameters, the optimized
electrode delivered an impressive specific capacity up to 179.5 mAh g at current density of 2 A g'. The
hybrid SC based on the optimized Ni;S, cathode and activated carbon fiber cloth (ACFC) anode exhibited a
high specific capacity of 26.7 mAh g™ at charge-discharge current density of 2 A g ' and displayed a
maximum energy density of 26.4 Wh kg ' at 1978 W kg™'. Furthermore, the NisS,//ACFC hybrid SC
displayed excellent cycling performance at current density of 2 A g ', with 97% specific capacity retained
after cycling of 400—-5000 consecutive charge/discharge tests.

Keywords: electrodeposition, electrode material, solar cell, supercapacitor

Porous ZnO Nanowire Arrays: Synthesis, Broadband
Antireflection, and Visible Light Photodetection

Chuan-Pu Liu (£] > %)

Department of Materials Science and Engineering, National Cheng Kung University, Taiwan

Abstract

Porous ZnO NW arrays (PZNA) were synthesized by hydrothermal method followed by controlled
hydrogen annealing for different durations. The surface pores of the PZNA were formed with a gradient
distribution from the top to bottom of the nanowires. This pore gradient distribution serves as a new
mechanism to achieve graded-refractive-index, which provides improved broadband antireflection in PZNA
with the smallest reflectance of less than 5% at 800 nm. Moreover, the cathodoluminescence spectra suggest
the evolution of many defects in PZNA, contributing to defect state excitation phenomena. With their unique
features with regard to antireflection, multiple scattering and defect state excitation, the PZNA devices

exhibit an exceptional capability for steady photodetection over the entire visible light range.
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Syntheses and Applications of Carbon Nanomaterials
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Department of Materials Science & Engineering, National Tsing-Hua University

Email: nhati@mx.nthu.edu.tw

Abstract

Carbon nanomaterials including graphene, carbon nanotubes (CNTs), and ultrananocrystalline diamond
were synthesized using the chemical vapor deposition, the chemical methods, and the plasma-enhanced
chemical vapor deposition, respectively. The microstructures of the synthesized carbon nanomaterials were
investigated and discussed. In addition, the applications of the synthesized carbon nanomaterials on flexible
conductive films, electromagnetic interference shielding material, oil and organic solvent absorbent were
addressed. Furthermore, the hybrid films based on graphene and CNTs were prepared and their applications
on heat dissipation materials were studied the influence of CNT presence on the anisotropy of the heat

conductive film were also investigated in depth.
Keywords: graphene, carbon nanotubes, nanocrystalline diamond, nanocomposites, flexible transparent
conductive films, electromagnetic interference shielding

Improvement of III-V Device Performance through Materials Science

Edward Yi Chang
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Abstract

Since 2000, the CMOS device dimension has been scaled down to 90 nanometer node. To meet the
Moore’s law, the academia and industry have worked rigorously to develop advanced technologies in order to
reach the ITRS roadmap standard. However, as the devices are reaching their physical limits, we are facing
challenges; two most effectively ways to keep the device scaling are either using different transistor
architecture or using high mobility channel materials. Among many III-V compound semiconductor materials,
InGaAs materials are the most promising candidates as high electron mobility channels for scaling CMOS
devices to satisfy the quest of future low-power high-performance logic device. In addition, high-k materials,
owning to its high permittivity, have also received great interests for InGaAs devices with sub-nanometer gate
technology. The nature poor quality of high-k/III-V interfaces, which degrades the gate controllability and the
channel mobility of the InGaAs devices, has not been overcome yet. To achieve high efficiency and low power
consumption, the MOS structures should have high interface quality in conjunction with a suitable and reliable
dielectric gate-stack. This talk focuses on the high-k/InGaAs interface study and several new results of the
InGaAs devices based on different surface treatments will be presented. The high quality high-k/metal gate
stack MOS capacitor can be the key technologies for next generation InGaAs channel based CMOS technology.
Keywords: III-V devices, high-k dielectric materials, interface study.
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Two-Dimensional Transition Metal Dichalcogenides for
Various Applications—Hydrogen plasma treated Molybdenum
Disulfide monolayer in Hydrogen evolution reaction and Tungsten
Diselenide/Molybdenum Disulfide monolayer heterostructure with
atomically sharp interface for photovoltaics.
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Email: khwei@mail.nctu.edu.tw

Abstract

Two-dimensional layered transition metal dichalcogenides (TMDCs) materials such as Molybdenum
disufide (MoS,) have potential applications in electronics because they exhibit high on-off current ratios and
distinctive electro-optical properties. MoS, monolayer with the active crystal edges as their active catalytic
sites has also been recognized as one of the low-cost and efficient electrocatalysts for hydrogen evolution
reaction (HER). Here, we report a simple and efficient approach using a remote hydrogen-plasma process to
creating S-vacancies on the basal plane of monolayer crystalline MoS;; this process can generate high
density of S-vacancies while mainly maintaining the morphology and structure of MoS,. The density of
S-vacancies (defects) on MoS, monolayers resulted from the remote hydrogen-plasma process can be tuned
and play a critical role in HER, as evidenced in the results of electrical measurements. The H,-plasma treated
MoS, also provides an excellent platform for systematic and fundamental study of defect-property
relationships in TMDs. Second, we report the two-step epitaxial growth of lateral WSe,-MoS, heterojunction
instead of thermodynamically preferred TMDC alloy, where the edge of WSe, induces the epitaxial
MoS, growth despite a large lattice mismatch. The epitaxial growth process offers a controllable method to
obtain lateral heterojunction with an atomically sharp interface. From the electrical transport curves, we
find lateral WSe,-MoS, heterostructure displays obvious p-n junction and photovoltaic effect. Spatially
connected TMDC lateral heterojunctions are potential candidates for constructing monolayer p-n rectifying
diodes, light-emitting diodes, photovoltaic devices, and bipolar junction transistors.

Keywords: Transition Metal Dichalcogenides, Molybdenum Disulfide and Tungsten Diselenide
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In-situ TEM Investigation of Dynamic Evolution in
Nanostructures

Wen-Wei Wu (£ 2 &)

Department of Materials Science and Engineering, National Chiao Tung University,
Hsinchu 300, Taiwan, ROC

Abstract

In-situ TEM is a technique that allows a direct observation of dynamic properties in nanoscale. In situ
investigation of the temperature induced phase transformation, structural and chemical evolution of
nanocrystals is important for understanding the structure and stability of nanomaterials. As the technology
advances, the scaling issue of non-volatile memory devices has attracted wide consideration, especially the
exploration of atomic-scale structural dynamics. However, non-volatile memories, such as FRAM, PCM, and
RRAM, are numbers of hypotheses based on experimental results; with qualitative or quantitative analysis,
there is no strong evidence to verify these hypotheses. Therefore, we use in-situ TEM for direct observation
of the electrical field induced structure transformations, and/or their coupled polarization switching behavior
of non-volatile memories, which is important for understanding their mechanisms and aiding to the practical
aspect. Here, we present the most recent progress in observing dynamic processes in nanoscale by in-situ
TEM.
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Silicide Contact Formation on Si Wafers and Si Nanowires

K. N. Tu and Yi-Chia Chou

National Chiao Tung University, Hsinchu, Taiwan
Abstract

Silicide of C-54 TiSi2, CoSi2 and NiSi have been used as source, drain, and gate contacts on
microelectronic Si devices. The formation of these silicides in plane-contact reaction on Si wafers has been
studied widely and systematically in the past. There is a renewed interest in silicide formation in nanowires
of Si lately. Point-contact reaction between Si nanowires and metal nanowires as well as line-contact
reaction between Si nanowires and metal pads have been studied. Repeating events of homogeneous
nucleation of atomic layer of epitaxial silicide on Si nanowire have been observed and analyzed by using

in-situ high resolution TEM.
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Magnetic Doped SiGe Nanostructures for Room Temperature
Field Effect Spintronics

Kang L. Wang

Electrical and Computer Engineering, Materials Sciences and Engineering, and Physics, University of
California, Los Angeles, CA 90095, USA

E: wang@ee.ucla.edu; P: 310-825-1609

Abstract

The realization of room temperature spintronic devices offer an alternative solution for resolving the
energy issues of scaled CMOS, especially when compatible with mature silicon technology. In the past, the
magnetic doped semiconductors are limited due to the formation of secondary phase precipitates, limiting the
doping densities to a rather low level.[1-2] In addition, the weak RKKY interaction also imposes
ferromagnetic Curie temperatures to relatively low. Through the use of different nanostructures — nanodots,
nanowires and nanomeshes, along with quantum confinement, we show the Curie temperatures above room
temperature can be realized. [3-6] For example, SiGe could take full advantages of the type-II energy band
structure of the Si/Ge heterostructure to trap the holes inside MnGe QDs, significantly enhancing the
hole-mediated ferromagnetism. Magnetic measurements indeed found that the superlattice structure exhibited a
Curie temperature beyond 400K. In this talk, we will discuss the grown quantum structures using MBE
followed by detailed structural studies by TEM; Magnetic properties are analyzed with SQUID, Anomalous
Hall measurement, and Optical Kerr Rotations. Zero-field cooling and field cooling curves could confirm the
absence of ferromagnetic compounds, such as GesMn;; (T,~270 K) and Ge;Mns (T~296 K) in our system.
Magnetotransport reveals a clear transition from negative magnetoresistance to positive value and a pronounced
Anomalous Hall effect. The results not only demonstrate that these nanostructured materials may be free from
precipitates with high Mn doping but also show that the use of unique nanostructures can increase the
ferromagnetic order to beyond room temperature. At the same time, the enhanced hole-mediation by quantum
confinement enables room-temperature Ge-based spin field-effect transistor and transpinors.
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Piezotronics and Piezo-Phototronics
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Abstract

Piezoelectricity, a phenomenon known for centuries, is an effect that is about the production of
electrical potential in a substance as the pressure on it changes. For wurtzite structures such as ZnO, GaN,
InN and ZnS, due to the polarization of ions in a crystal that has non-central symmetry, a piezoelectric
potential (piezopotential) is created in the crystal by applying a stress. The effect of piezopotential to the
transport behavior of charge carriers is significant due to their multiple functionalities of piezoelectricity,
semiconductor and photon excitation. By utilizing the advantages offered by these properties, a few new
fields have been created. Electronics fabricated by using inner-crystal piezopotential as a “gate” voltage to
tune/control the charge transport behavior is named piezotronics, with applications in strain/force/pressure
triggered/controlled electronic devices, sensors and logic units. This effect was also extended to 2D materials
such as MoS,. Piezo-phototronic effect is a result of three-way coupling among piezoelectricity, photonic
excitation and semiconductor transport, which allows tuning and controlling of electro-optical processes by
strain induced piezopotential. The objective of this talk is to introduce the fundamentals of piezotronics and
piezo-phototronics and to give an updated progress about their applications in energy science (LED, solar)
and sensors (photon detector and human-CMOS interfacing).

[1] W.Z. Wu, X.N. Wen, Z.L. Wang “Pixel-addressable matrix of vertical-nanowire piezotronic transistors
for active/adaptive tactile imaging”, Science, 340 (2013) 952-957.

[2] C.F. Pan, L. Dong, G. Zhu, S. Niu, R.M. Yu, Q. Yang, Y. Liu, Z.L. Wang* “Micrometer-resolution
electroluminescence parallel-imaging of pressure distribution using piezoelectric nanowire-LED array”,
Nature Photonics, 7 (2013) 752-758.

[3] Z.L. Wang “Piezopotential Gated Nanowire Devices: Piezotronics and Piezo-phototronics”, Nano Today,
5(2010) 540-552.

[4] Q. Yang, W.H. Wang, S. Xu and Z.L. Wang" “Enhancing light emission of ZnO microwire-based diodes
by piezo-phototronic effect”, Nano Letters, 7/ (2011) 4012—4017.

[5] W.Z. Wu, L. Wang, Y.L. Li, F. Zhang, L. Lin, S. Niu, D. Chenet, X. Zhang, Y. Hao, T.F. Heinz, J. Hone,

and Z.L. Wang “Piezoelectricity of single-atomic-layer MoS, for energy conversion and piezotronics",
Nature, 514 (2014) 470-474.
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A Ten-Year Journey into Nanoscience:
from Colloidal Nanoparticles to Plasmonic Nanolasers

Shangijr (Felix) Gwo (% # )"

'Department of Physics, National Tsing-Hua University, Hsinchu 30013, Taiwan
National Synchrotron Radiation Research Center, Hsinchu 30076, Taiwan

E-mail: gwo@phys.nthu.edu.tw

Abstract

I was trained as a surface physicist using the experimental techniques of scanning tunnelling
microscopy (STM) and molecular-beam epitaxy (MBE) to study semiconductor surfaces and interfaces
prepared under ultra-high vacuum (UHV) conditions. A completely different strategy in my laboratory based
on colloidal chemistry techniques in solution and ambient environments started with the collaboration with
Prof. Lih-Juann Chen in 2006. The “accidental” journey in last ten year has led to several nanoscience
wonders not achievable if [ only stick to the familiar approaches. In this talk, I will present some of these
works to show the importance of interdisciplinary research and collaboration.
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Abstract

This talk will present the research on semiconductor technology and bio-nano-electronics. In
semiconductor industry, the development of advanced technologies for the product requirements on power,
performance, area-gain, and cost-per-die and versatile emerging technologies for the new growth engine,
Internet of Things (IoT), becomes more and more important. Especially, the innovation on new materials
development plays a critical role. The challenges and future trend on semiconductor, nanotechnology, and

bio-technology will be covered.
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Multifunctional Nanoparticles for Oral Protein Drug Delivery
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Abstract

Successful oral delivery of therapeutic proteins such as insulin can greatly improve the quality of life of
patients. This study develops a bubble carrier system by loading diethylene triamine pentaacetic acid (DTPA)
dianhydride, a foaming agent (sodium bicarbonate; SBC), a surfactant (sodium dodecyl sulfate; SDS), and a
protein drug (insulin) in an enteric-coated gelatin capsule. Following oral administration to diabetic rats, the
intestinal fluid that has passed through the gelatin capsule saturates the mixture; concomitantly, DTPA
dianhydride produces an acidic environment, while SBC decomposes to form CO2 bubbles at acidic pH. The
gas bubbles grow among the surfactant molecules (SDS) owing to the expansion of the generated CO2. The
walls of the CO2 bubbles consist of a self-assembled film of water that is in nanoscale and may serve as a
colloidal carrier to transport insulin and DTPA. The grown gas bubbles continue to expand until they bump
into the wall and burst, releasing their transported insulin, DTPA, and SDS into the mucosal layer. The
released DTPA and SDS function as protease inhibitors to protect the insulin molecules as well as absorption
enhancers to augment their epithelial permeability and eventual absorption into systemic circulation, exerting
their hypoglycemic effects.

Keywords: foaming agent, colloidal carrier, oral protein delivery, surfactant, biodistribution
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Photoresponsivity of Solution Processed Zinc-Tin Oxide Thin
Film Transistors
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Abstract

In this work, zinc tin oxide (ZTO) films are prepared by a solution route and applied as the active
semiconductor layer in a thin film transistor (TFT) with SiO, dielectrics, in order to expedite large-area
deposition as well as to reduce the vacuum-based equipment cost. With a thickness than 10 nm, the ZTO
film exhibits a good field-effect mobility of ~7 cm?/Vs, small subthreshold slope of ~0.5 V/decade and high
on/off current ratio of ~107.

With light illumination of 405 nm wavelength and power density of 0.25 mW/cm?, the light sensitivity
is in the order of 10° for the I,-off region and is ~5 for the I-on region. The light responsibility of ZTO TFT
reaches around 300 and the maximum external quantum efficiency is 1000. In addition to its excellent
photoresponsibility, the ZTO TFT can be gated with light illumination (405 nm wavelength), in addition to

the voltage gating mode, which will further expands its application in optoelectronic devices.

Facet-Dependent Properties of Semiconductor Nanocrystals

BI1LE Xﬁi{ v
Abstract

We have developed methods for the syntheses of Cu,O, metal-Cu,O, Ag,O, and PbS nanocrystals in
aqueous solution with systematic shape evolution. Cubic, octahedral, thombic dodecahedral, and their
intermediate structures have been prepared, enabling the examination of their facet-dependent properties. A
single Cu,O rhombic dodecahedron, octahedron, and cube exhibit sharply different electrical conductivity
properties. Similar behaviors have been recorded in other semiconductor materials. Cu,O nanocubes are
inactive toward the photodegradation of methyl orange, even after surface Au nanoparticle deposition, while
rhombic dodecahedra are highly efficient for this reaction. Cu,O crystals exposing different surfaces have been
used to catalyze organic coupling reactions for the formation of triazoles and isoxazoles. Recently,
facet-dependent optical properties have been observed in plasmonic metal-Cu,O nanocrystals, in which the
exact position of the metal SPR band is dependent on the exposed facets of the Cu,O shells, but is independent
of shell thickness beyond a lower thickness limit. Small Cu,O nanocubes and octahedra also display size- and
facet-dependent optical absorption properties. Heat transmission efficiency is also believed to be
facet-dependent. Facet effects are observed in semiconductors as a result of the presence of an ultrathin surface

layer with different degrees of band bending and different band structures for various exposed crystal faces.
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From Kurdjumov-Sachs Orientation Relationship to
Microstructural Characterization of Steels

Jer-Ren Yang (3§ 47 4 )
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Abstract

The orientation relationship (OR) between two phases of different crystal structure is important because
it has a strong bearing on microstructure-property relationships. For steels, the diffusionless transformation
from austenite (y) to martensite (o) occurs generally according to a Kurdjumov-Sachs orientation
relationship (OR), i.e., the closest-packed planes of austenite are parallel to the closest-packed planes of
martensite, and the closest-packed directions of austenite are parallel to the closest-packed directions of
martensite. As a result of crystal symmetry, up to 24 independent crystallographic variants of martensite may
satisfy the OR, and a single austenite grain can be subdivided into numerous crystallites, each transforming
to one of the variants. In this presentation, the OR investigation by TEM and SEM/EBSD will be reported

and the microstructural characterization of steels will also be addressed.

of zigzag, spear
lenticular martensite, the pole figures have been investigated. and kink couplings have been analyzed.
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Flexible, Foldable and Multi-Functional Paper-Based
Electronics
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Abstract

Great advances have been made in developing cheap, simple, multi-functional and energy-saving
fabrication processes for flexible electronics. Paper, as a flexible, foldable, cost-efficient and mass
productive substrate, has shown diverse applications for flexible electronics to meet such demand. Recently,
we have successfully demonstrated the first nonvolatile resistive memory using paper as substrates by means
of all-printing techniques. Moreover, we also implemented the algorithm of Origami art into the device
design for the flexible electronics, such as photodetectors and nanogenerators, taking advantage of the
foldability and adaptability of paper substrates. In particular, paper origami triboelectric nanogenerators
using paper as the starting material, with high degree of flexibility, light weight, low cost, and recyclability is
presented. We believe that these findings will pave a way for future energy harvesting and sensor design,

especially for the development of green flexible electronics.
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g B B I & %

R ED $440,000
RAMBTERIDERAT $100,000
BxREZ @SRRI $100,000
MESER D BRAT $100,000
BERRSRIDERAT $50,000
FEHBRR R BRAT $30,000
EHRKRIDBRAT $30,000
BERARRDERAT $20,000
RIXGBERDBRAT $20,000
B I FAFTBEDIL $20,000

105 FMRFEERENRE

g2 B 2 ® & %

B BEASMRNEZTIEERR $20,000
BTN A SRR R T 28R $15,000
B GEASMRRS2ETIZ8R $10,000
B 6IRRASMRNRERLER $10,000
B PUUARSMR SR BBR $10,000
BIYT PR KB RIR BB T AZEHITAT $10,000
BT CPE K SRR B2 T 28R $10,000
BIY[ZEBRBM RPN B TIZB8R $10,000
BITTSREASMRRZETIZER $10,000
B SASMRRZTIZER $10,000
KEREMH TIZER $8,000
TTEARBLETIREMHRIBER $6,000
EPABMRR B TIZER $5,000
B EEEFAREAMERAB ISR $5,000
FAORNKRAB{CBTIZEMHN TER $5,000
REAS{CTEMRTIZER $5,000
ETAREMRRBETIZER $5,000
B GERRASMRRETIER $5,000
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1| ToHBeA N ER G ThRZTAT FITIRRTISREECPERERIUEY 195 57 77 BB 03-5915162 | BEQ)
2 | BRRRIOBRATG it HBZRE—E 11257718 02-23952978 | 2E(2)
3 | IHEZERRRDBRAT B EIRIEES 68 57 2 128 02-87912589 | 2E(2)
4 | BRABRERATG ALK EPIERB EE 27-757 2418 | 02-88098877 | 2/&(2)
5 | FHERILFEBREAT FALH PN ERZES 48 57 6 12 02-22455040 | 2E(2)
6 | SERIDBEAT FITTHERAB 83T 8182 1 03-5352179 | 2R(Q)
7 | NERERDBERAT FITITIHIERS 27 97 118 03-6663298 | 2E(2)
8 | BBRERDBEAT BT — 1 B 23 F 157218 02-87977272 | BR(2)
9 |IRSEBRODBEAT FACHDPUB R 348 B 8 5% 10 12 02-22467799 | BR(2)
10 | AW T EBRAT BPHAEEEITES 6-3 57 04-24061658 | 2E(2)
11 |OERZRHERRRIDBERAT |oitmEREMEE—ER 2R 718 02-8171-5698 | BE(2)
12 | B¥SRESERDBRAT BALHBULILES 201 SREREN B 03-3975858 | 2R(2)
13 | EERERIDBIRAT BltmmEBR=EK 19-11 57 1418 02-26552200 | 2E(1)
14 | EXBREAT olthEEERITH K 485 318 02-23610011 | 2RQ1)
15 | FREEBRAT it AREPEESIUES 33 57 2 12 02-22920001 | ZE(1)
16 | RLEBETRHZRIDBRAT it ARBRE_ S 1158518 02-89901779 | Z2E(1)
17 | RIAFARRBRAT FITIHAEREE R 158 5% 5f 2 — 03-5750203 | 2R(1)
18 | HERHRIDBIRAT BPHEESINETES 192 97 118 04-22603233 | Z2E(1)
19 | RRIERIDBIELT BitmPUBRZRES 2 B2 230 57 512 02-27766636 | ZE(1)
20 | BRIEEBRAT BALHREAINESITES 168 57 4 18 02-27922440 | ZE(1)
21 | ARREERIDBRATG FTIHT—88 1 5% 1B9 03-6116678 | 2E(1)
22 | BREEBIEBRAT LTI RE=FR 5 5% 4 182 5A 02-77301998 | (1)
23 | EEMBrEnRB2W@)NT | FItHHEhE—E 755k 181825 02-86981212 | 2RE(1)
24 | RNEZRIDBRAT FAtHMOBS b —E8—ER 93 5% 3F 02-26000611 | 2E(1)
25 | PERBRIDBRAT aithiEEmE— 127 5% 8 18 02-27527075 | BE(Q)
26 | RE{CBRIDBIRAT BACTHERER 1 R 15558918 02-27621985 | 2E(1)
27 | BRESRERDBRAT ShtMXUUEBSFE 28 1957318 03-6563080 | 2R(1)
28 | ERESBRIDBREAT FALHDIESRES 2 B2 69 2 10 57 7 18 02-28081452 | 2E(1)
29 | BESERSESBE)NT BlitHERRRE 3757 11 12 02-87681880 | ZR(1)
30 | melESRIDBRAT BIXMALZREEREE 15757 218 02-27552266 | BR(1)
31 | BERARKRRIDERAT it TMER IS 53 57 3 12 02-28760180 | 2E(1)
32 | GEMERRRIDERAT FITTHAERB TR 12058 10182 5 5750099-201 | 2R(1)
33 | BIRE=AKTHERE FITTORE— 26 5% 03-5726100 | 2R(1)
34 | BERIDBERAT BACHPUEBATES 71 5% 11 18 02-25083066 | 2E(1)
35 | EBERKRBRAT BERTTEEEIL AT 111 58] 037-612810 | BE(1)
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36 | EIRBETBHEMEBRAT EBRMBID OIS 1513-1 57 037-688235 | 2E(1)
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40 | ERNERERIDBRATG Bt HImANES 358 B30F 22 1 5% 618 02-87976636 | Z2ER(1)
41 | BERNRRIDBERAT TR ESASR 18 03-6587378 | BR()
42 | IREREERAT FIMFEREPIS 9458 6 182 5 02-8911-1370 | 2R(1)
43 | DEISMEBAR D BRAT SHEMH/IVBROHMES 1 57 07-802-1111 | 2RQ1)
44 | SRERRIDBIRAT FRER SRS ERAT PO T 3R (G 2 6 24-1 57 | 08-778-0222 | 2/&(1)
45 | BRMTRIRIRRIDBIRAT SHEMETI BT\ 1 5% 07-6955125 | BR(1)
46 | ToRBeAIRER (L THRSTAT TSR TTERSAERESIUES 195 5% 77 BB 03-5915162 =
47 | RRRIDBRAT Bt HBZRE—E 11257 718 02-23952978 =
48 | EERERRIDBRAT BILHEBE=E 19-11 57 1418 02-26552200 =
s |SXTUISTRRIRE |y e smemnoa b EaEmms| 0591517 | &S
50 | PHEERIC2RIDBRAT SHEMHRIERBANY) S 88 5% 25 18 07-3383515 =
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@ MRS-T osEhEpResere

FTERMERE2EFIM4ER R TREE (104.01.01-104.12.31)
il H

104 4 f&E 104 £ & 14FEFHABE® | R B
| | E|[H EZ R EH HE B o B
1 RELETA $  8516,162]|$ 8,000,000 $516,162
1 EREERA $ 80,000 | $ 100,000 $20,000
2 EEFEWRA $ 291,800 | $ 310,000 $18,200
1| EAEE $ 206,800 | $ 260,000 $53,200
2 | kAEE $ 85,000 | $ 50,000 $35,000
3 FEEHERA $  1,145200 | $ 1,300,000 $154,800
4 =R $ 314,600 [ $ 1,000,000 $685,400
5 BHEEB BN A $ 2,850,000 | $ 2,850,000 $0 $0
6 BEEEUA $ 365,000 | $ 750,000 $385,000
7 ESCEEE $ 196,327 | § 300,000 $103,673
38 FRREER $ 118,560 | § 30,000 $88,560
9 SEBHEA $ 1,354,000 | $ 1,000,000 $354,000
10 FHEBUA $ 211,145 [ § 160,000 $51,145
11 BHERBIURA $ 341,010 $341,010
12 gL A | §$ 307,149 $307,149
13 & SUA $ 181,578 | $ 200,000 $18,422
14 IR AR $ 759,793 $759,793
2 - $ 7,158,666 | $ 8,000,000 $841,334
1 AEEH $ 1,454,068 | $ 1,460,000 $5,932
1 |BTH%E $ 885,200 [ § 900,000 $14,800
2 |(REGHHENE $ 135,046 | $ 140,000 $4,954
3 |#5& $ 329,450 | § 300,000 $29,450
4 [(kEE $ 43,200 | § 45,000 $1,800
5 |HREGRKS $ 53,172 [ 55,000 $1,828
6 |tEf% $ 8,000 [ $ 20,000 $12,000
2 EBEH $  3271,652[$ 3,825,000 $553,348
1 | ZE R $ 34,506 | $ 50,000 $15,494
2 |EEE $ 54,185 [ § 100,000 $45,815
3 |1818 $ 8933 |8 15,000 $6,067
4 |&ERE $ 3,600 [ $ 20,000 $16,400
5 | F8E $ 7,960 | $ 20,000 $12,040
6 |SENE $ 52,655 | $ 100,000 $47,345
7 |&gSER $ 138,437 | $ 250,000 $111,563
8 |BEfthEAS S $ 185,650 } $ 100,000 $85,650
9 |HAphpw g $ 176,271 | $ 200,000 $23,729
10 | B S $ 20,000 $20,000
1 |FeEd $ 1,471,999 [ $ 1,300,000 $171,999
12 |HEE $ 503,380 | § 600,000 $96,620
13 |EGEF A B R $ 83,230 | $ 150,000 $66,770
14 |- EZEE |-S 8,810 $ 100,000 $108,810
15 |Frigfs $ 40,000 | $ 100,000 $60,000
16 [\RBHE $ 94,058 [ § 100,000 $5,942
17 |#EEhE $ 194,484 | § 600,000 $405,516
18 |ZEEE $ 231,114 $231,114
3 ENEYEE $  1,575265|$ 1,950,000 $374,735
1 [MCP4RENE: $ 1,575,265 |$ 1,700,000 $124,735
2 |ETIRENE $ HE 250,000 $250,000
4 FEBITH $ 40310 [ $ 50,000 $9,690
1 |3ErEZ $ 310 $ 10,000 $9,690
2 |EEBA $ 40,000 | $ 40,000
5 JRiEEE $ 283,867 [ § 350,000 $66,133
1 | fteiE $ 131,497 [ $ 200,000 $68,503
2 |ERSMiRIE $ 152,370 | $ 150,000 $2,370
6 Hitng A $ 33,504 [ § 40,000 $6,496
1 |fptes $ 33,504 | $ 40,000 $6,496
7 RIS $ 500,000 | $ 325,000 $175,000
3 AR $ 1,357,496 [ $ - | $1,357,496
WER § e i%ﬁ
! -
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2%y 0%,

& 7f7J‘ FRIEZ2Ee105FEEFEE R (105.01.01-105.12.31)
104 & &

I 105 &£ & 1055268 10455 R B LLE 104 & &
H|H 45 i HEH EEH o B HE®
(S ON $ 8,200,000 | $ 8,516,162 $316,162( $ 8,000,000
1 ERSEEUA $ 100,000 | $ 80,000 $20,000 $ 100,000
2 HEEGEWA $ 350,000 | $ 291,800 $58,200 $ 310,000
1| EAEE $ 250,000 | § 206,800 $43,200 $ 260,000
2 | kKAEE $ 100,000 | $ 85,000 $15,000 $ 50,000
3 FEEERURA $ 1,200,000 [$ 1,145,200 $54,800 $ 1,300,000
4 ek $ 600,000 | $ 314,600 $285,400 $ 1,000,000
5 BHEE RN A $ 2,880,000 [$ 2,850,000 $30,000 $ 2,850,000
6 EEEUA $ 500,000 | § 365,000 $135,000 $ 750,000
7 SOCEEE $ 250,000 | $ 196,327 $53,673 $ 300,000
8 FRER $ 100,000 | $ 118,560 $18,560] $ 30,000
9 SREWA $ 1,450,000 [$ 1,354,000 $96,000 $ 1,000,000
10 FHBURA $ 220,000 | $ 211,145 $8,855 $ 160,000
11 HERBIURA $ -|$ 341,010 $341,010
12 e g A | $ 350,000 | $ 307,149 $42,851
13 A& S A $ 200,000 | § 181,578 $18,422 $ 200,000
14 & ES $ -1s 759,793 $759,793
BEETH $ 8,200,000 | $ 7,158,666 |  $1,041,334 $ 8,000,000
1 ABEH $ 1,640,000 | $ 1,454,068 $185,932 $ 1,460,000
1 |EBTH4 $ 1,000,000 | $ 885,200 $114,800 $ 900,000
2 |{REsHEENE $ 150,000 | $ 135,046 $14,954 $ 140,000
3 |#8$ $ 360,000 | $ 329,450 $30,550 $ 300,000
4 |(kEE $ 45,000 | § 43,200 $1,800 $ 45,000
5 |BREERKS $ 65,000 | § 53,172 $11,828 $ 55,000
6 |[tEfls $ 20,000 | $ 8,000 $12,000 $ 20,000
2 XEGER $ 4,170,000 | $ 3,271,652 $898,348 $ 3,825,000
1 [ZE A& $ 50,000 | $ 34,506 $15,494 $ 50,000
2 |HEE $ 80,000 | $ 54,185 $25,815 $ 100,000
3 |1848 $ 10,000 | $ 8,933 $1,067 $ 15,000
4 |&HE $ 10,000 | $ 3,600 $6,400 $ 20,000
5 | FEE $ 20,000 | $ 7,960 $12,040 $ 20,000
6 |BENE $ 80,000 [ $ 52,655 $27,345 $ 100,000
7 |EHEER $ 500,000 [ $ 138,437 $361,563 $ 250,000
8 |BEAthERS e $ 100,000 | $ . 185,650 $85,650[ $ 100,000
9 |[EfpeE $ 200,000 | $ 176,271 $23,729 $ 200,000
10 | EE $ - $ 20,000
1 |FEEFd $ 1,500,000 | $ 1,471,999 $28,001 $ 1,300,000
12 |HEE $ 600,000 | $ 503,380 $96,620 $ 600,000
13 |E&A A S i $ 170,000 | $ 83,230 $86,770 $ 150,000
14 |ER-BIRPEELE | § 100,000 |-$ 8,810 $108,810 $ 100,000
15 |FTigiR $ 80,000 | $ 40,000 $40,000 $ 100,000
16 |/ A% $ 100,000 | $ 94,058 $5,942 $ 100,000
17 |$85h%E $ 500,000 | $ 194,484 $305,516 $ 600,000
18 | &5t $ 70,000 | $ 231,114 $161,114
3 EN#E $ 1,750,000 | § 1,575,265 $174,735 $ 1,950,000
1 |MCP4RENE: $ 1,700,000 | § 1,575,265 $124,735 $ 1,700,000
2 |ETIREE $ 50,000 | $ - $50,000 $ 250,000
4 Edrrd-dun $ 50,000 | $ 40,310 $9.,690 $ 50,000
1 |FEEH $ 10,000 | $ 310 $9,690 $ 10,000
2 [EBA $ 40,000 | $ 40,000 $ 40,000
5 EiEE $ 250,000 | $ 283,867 $33,867[ $ 350,000
1 JiE $ 100,000 | $ 131,497 $31,497| $ 200,000
2 |EIShpRiE $ 150,000 | $ 152,370 $2,370/ $ 150,000
6 Hit# M $ 40,000 | $ 33,504 $6,496 $ 40,000
1 |ho¥re $ 40,000 | $ 33,504 $6,496 $ 40,000
7 RIBES $ 300,000 [ § 500,000 $200,000{ $ 325,000
AHAIERS $ -1 1,357,496 $1,357,496] $ -
LS T%&
3z
e
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08)
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BEREAR

1045E12H31H
=B A &t & &t B E 218 N &t & &
1EER 2EEE
RETEE $8,341,006 | FiBh& & $1,053,215
ZH& $30,000 JETE R $440,972
SRITE $8,311,006 (AVINE $6,216
THSRIT THRBE S 1T-27F1 | $105,691 FEUGERTE $456,627
T H0ERIT THRBE S 1T-E7F $2,060 FEfTiEE $149,400
HPrE£00149759 $33,312 Hitt&E $1,978,010
EH772490-5 $1,112 FARES $51,000
71769797 $100 SYIEREE $3,172
RS- RN 2REE $623,752 PIEREZR $1,923,838
HBSRM TR 3 17-27 $1,562,525 EESE $3,031,225
EHFK $1,900,000
R T RIEEE ST $1,000
TEHATERR - S $4,081,454
MERE $10,082,279
JETRR $2,889,077
L ERE $110,659
FEUCRIRAK $19,489 RN - &g
KR $7,063,054 AR AL $23,061,671
EERE $7,425,636 | BiEERA $12,057,798
EEEE $6,923,751 AHAGRAY $1,357,496
sxfEes e $242,626 RIEAiESAE $80,000
ERrERE $380,959 NS $7,166,377
BRI ($121.700) | EekE $2,400,000
Hitn&E $243,975
FHRES $50,000
REESHER $193,975
BEWRE $26,092,896 | & {f K 0T K BRANAREE $26,092,896
HEE &3 mx PR

r‘ﬁwwl
Oagm

2

i

R
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2% P00,

FEMHAESEE
Redmk
2R EI1044£01 8018 £1044128318

i % H
#f B £ #B & #A # B & B & 3R
e | $6,447,851 (A H#7 % $7,319,320
ES TN $9,212,475| KA & 75 $8,341,006
& 3t $15,660,326 7S 3t $15,660,326
BEL: &3 & E’.@
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WA EE H %R
(104.12.31)
[ AEGRSE | MERE | & B [MECOH|SE | % 8| £ %5 7 1Ot B lm B
1 |EEEs EEaE | 81.0826 | 17 52 |$ 6,923,751.00 |frii AERRRS 12158
A1 $ 6,923,751.00
2 |momstakes | E M| 850731 & 1 |s 4347600 won
3 EnFEig] 850731 | & 1_|$ 800000 ¥4 =&
4 B 850617 & 6 |S$ 1440000 ¥ A =
5 HE| 850617 | & 1 |s 6,350.00 | ¥ A =
6 B ENH% )] 860130 | & 1 [$ 12000000 | 3 & =
7 etk 861231 & 1 |$  50400.00 | #i T A=
I E $  242,626.00
=2 $ 7.166,377.00
HER WER
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Ri6E
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HisE ZUiR
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<145 18§05-16 B>
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LA
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EHE
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Fe-Ni §3&7T 2B ZRIBBREPMERER B
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