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seoL ERRNBRAT Sobutions for Innovation

Versatility and the World’s Best Spatial Resolution
JSM-7800F Prime

Field Emission Scanning Electron Microscope

\

Gentle Beam Super High Resolution: GBSH

GBSH Mode Resolution of 0.7 nm guaranteed atl KV

In-lens Schottky Plaes

Maximum Beam Current 20 nA 2KV /500 nA 30 kY
Long-term stability,

Long service life (Emitter 3 vear warranty)

Super Hybrid Lens: SHL

The optimized electrical and magnetic lields of the hybrid
lens provides both low-acceleration [ high-resolution
observation and EBSD analysis

Analytical Specimen Chamber with multiple ports

www._jiedong.com.tw




Pioneering Nanoanalysis Solutions

Advanced solutions for the SEM, TEM and FIB

e

EDS in TEM

Low kV'EDS

www.oxford-instruments.com/nanoanalysis

oo

We provide leading-edge tools

for advanced elemental, phase,
microstructure and electrical
nanoanalysis

EDS from large area mapping

to atomic column analysis

Low kV and light element

analysis

Grain analysis at the micro- and
nanoscale using EBSD & TKD

Automated particle analysis and
gunshot residue analysis

Lamella preparation

EBIC and EBAC studies

OXFORD

INSTRUMENTS

The Business of Science®
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Wireless Ceramic Solutions =

Wireless SiP Modules:
* Antenna Switch Modules (ASM)
* RF Front-end Modules (FEM) \\*

® Bluetooth Modules
* WLAN Modules

Integrated RF Devices:
e Antennas

e Filters

* Diplexers

e Baluns

e Balanced Filters

e Couplers

e Power Dividers

Multilayer Chip Inductors:
* 01005
* 0201
® (0402
* 0603

HRETFLERG AR

@
cx Advanced Ceramic X (ACX) Corp.

'Advanced Ceramic X FTE303 168/ TR E S 24516 58

1SO 9001 16 Tzu Chiang Road, Hsinchu Industrial District, Hsinchu Hsien, Taiwan 30316
TEL : 886-3-598-7008 - FAX : B86-3-598-7001

ISO 14001 E-mail:acx@acxc.com.tw

TS 16949 http//www.acxc.com.tw
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Excellence in Science FmBEE HRERTHLN
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TECHNOLOGY

METAL o Limited
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&dem 10050 BEREE—E 112 5% 7 18
Http://fwww.sanking.com.tw E-mail:sanking@sanking.com.tw
TECHNOLOGY 618 AT TEL:(02)2358-2668 BPMEBR TEL:(04)2375-1570

EFEMEE TEL:(06)267-1660 EHIEER TEL:(07)216-5512
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»Cool Raman 3000 Micro
®&FH : 532nm - 633nm or 785nm
o # i & : Ocean Optics QEPro & ®
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Orion He-ion EEFRBIR  GominiSEM 300/500 FE-SEM
(He /Neon + Ga-FIB + SEM +GIS)

CrossBeam 340/540
(SEM+FIB)

BF LB ARMe W www.zeiss.com/microscopy
Contact : 3 % #H % B2 9

300 #7447 A 58 — & 15858 54 2 —

E 3%:+886-3-5750203 1% A :+886-3-5752406
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AA, ICP-MS UV/FTIR LC/GC/MALDI/MS
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Shimadzu Scientific Instruments (Taiwan) Co., Ltd. :
slhiEEEEERREITR 142 Eah. +886-2-8768-1880 http://www.shimadzu.com.tw
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ZEBEMESESABREAN B B
A -~ FEREEREMEIEEATE - Static Universal Testing Machines -

B ~ B Mt Bas
Construction Materials Testing Machines & Instruments

C - B\FUEFEM G EST® - Horizontal Testing Machines
D -~ WEEHESEH - Hardness Testers

E - BEE M B - Dynamic Universal Testing Machines

Hrhk : GAEFFILE R R 2E2305% 51 S 1 02-27766636 {4E : 02-27769719

EBak - www.allwinning.com. tw / www.zwick.com.tw
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scinco .

Leica EM ACE200/600 4 & $
® Color Spectrophotometer & J§ 4% &34 B #IRSEM/TEMAR F; & % % &

® Hazemate ¥ B 5474k - - - B -

® VMS-1:77 R, & SRR h
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ZEREARLF
USIL 6T 214083554
AKEREARAT TEL: (02) 2541-2969 FAX: (02) 2541-4855

E-mail: union/@usils.com.tw
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THERMAL CONDUCTIVITY METER

The DTC-300 measures thermal conductivity of a variety of materials,
including polymers, ceramics, composites, glasses, rubbers, some
metals, and other materials of low to medium thermal conductivity.
Only a relatively small test specimen is required. Non-solids, such as
pastes or liquids, can be tested using special containers. Thin films can
also be tested accurately using @ multi-layer technique. The tests are
in accordance with the ASTM E1530 Standard.

Guarded Heat Flow Test Method DTC-300 Features

t' Sadinen e .20°C to 300°C

Heater/Temperature Sensor * Guarded Heat Flow Meter

* Fully Computerized Operation
* 2" dia. Specimen
Heat Sink * Conforms to ASTM E1530

Heat Flow Transducer
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Standard Sputtering System In-Line Sputtering System R2R Sputtering System

B Designed for R&D
and Pilot Run

B (Capable of uniform
deposition of =+3%

B HIPIMS solution
available

E-Beam System IBSD( lon-Beam Sputtring Deposition) System PLD System

B Designed for R&ED
and pilot run

B Capable of uniform
deposition of =1+3%

B Versatlity, ease of
operation, and long term
reliablity
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- Optical profiler *+ Wire bonding, packaging
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Cress section — TEM (Sule 51 FAnFET)

Cross saction — TEM (S0 FIRFET)
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auden

Auden Techno COrp., established in 1981, manufacture antennas of Mobile phone, Laptop, and any kinds of handsets
device . Now we build up R&D offices on site support customers in China Shanghai, Najing, ShenZhen, Xian, Beljing and
other areas in the near future. We also have two Advanced Research Centers in Taiwan and Chengdu for
advanced technology research. Today, Auden is the leader in the field of antenna design and manufacturing
and the pioneer of antenna design innovation capability, owning more than 100 antenna patents.
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Auden’s New Technology and New Products...
= LTE Antenna Solutions: Design for Notebook, Mobile, and can cover LTE full-band requirement #
*  Tunable/Switchable Antenna: frequency tunable and switchable design for LTE, DTV band \i =

*  FM/Penta band Chip Antenna Products: ultra-small antennas for internal FM, G5M applications I
= SAR Solutions: improver SAR performance in Tablet, USB Dongle, Notebook. .etc
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GRAPHICAL ABSTRACT

» Colorless and organo-soluble Pl was
synthesized via one-step process.

» Blending graphene oxide with Pl in
DMAc enhances gas barrier property
of PIL.

» PIfGO  nanocomposite  exhibits
excellent moisture resistance and
optical clarity.

» Homogeneous distribution of GO in
Pl leads to low CTE and low WVTR.
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Colorless and organo-soluble polyimide (P1) films have been synthesized from an alicyclic dianhydride
BCDA and aromatic diamine 3,4'-ODA in the cosolvent of DMAc and GBL via one-step process. The
graphene oxide (GO) was mixed with the above PI in DMAc solution to fabricate the PI/GO nano-
composite films. With the addition of only 0.001 wt% of GO in Pl matrix, the resultant nanocomposite (PI/
G0-0.001) exhibits not only the enhanced resistance to moisture but also retains superior visible light
transmission, enhanced mechanical strength, and excellent dimensional stability, simultaneously. The
water-vapor-transmission-rate (WVTR) significantly reduced to 30 g mil m~? day' for this nano-
composite compared to 181 g mil m~* day ' for pure PI. Notably, the PI/GO-0.001 nanocomposite also
exhibits low coefficient of thermal expansion (CTE) of 41 ppm “C”', which is benefited from the
homogeneous distribution of ultrathin GO nanosheets in Pl matrix.

© 2012 Elsevier B.V, All rights reserved.

1. Introduction

Aromatic polyimides (Pls) exhibit excellent mechanical and

.. thermal properties that they are promising materials for substrates

d . N . . .
. or interlayers in advanced semiconductors and microelectronics

industries. However, those Pls with their excellent high-
temperature stability exhibit poor solvent solubility, hence
limiting their processability. In addition, the highly conjugated
aromatic structure causes the formation of intermolecular
charge—transfer complex in Pl matrix, leading to the yellowish

* Corresponding author. Tel.: +886 4 23924505; fax: +886 4 23926617
E-mail address: tsaimh@ncut.edu.tw (M.-H. Tsai),

0254-0584(% — see front matter © 2012 Elsevier BV. All rights reserved.
http://dx.doi.org/10.1016/j.matchemphys.2012.06.061

| &S

coloration [1-6]. Optical transparency and/or organo-solubility of
Pls can be enhanced by introducing alicyclic or noncoplanar
structures, pendant bulky groups or flexible bridging units into the
backbone of Pls [5—8]. However, such modifications usually sacri-
fice the thermal and/or mechanical properties of PI. Another
method to synthesize colorless PI is to introduce the inorganic
moiety, such as silica and clay, into the Pl matrix [9—-18]. It was
found that the mechanical, thermal and anticorrosive properties of
colorless PI films were significantly improved by the incorporation
of a small amount of those nanofillers. Moreover, the introduction
of layered clay materials in Pl matrix reduces the gas permeability
rate [16—18] probably due to their high aspect ratio and having
good alignment in polymer matrix [19].
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Surface Free Energy of ZnO and GaN Determined by
using Transmission Electron Microscopy

Chuan-Pu Liu, Jay Ghatak, Jun-Han Huang

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

Abstract

Surface free energy (SE) as intrinsic property is essential in determining morphology of materials, but

extremely difficult to be determined experimentally. We report on derivation of SE of different facets of ZnO and

GaN experimentally from the holes developed using electron beam drilling with transmission electron

microscopy. Inverse Wullf’s construction is employed to obtain polar maps of SE for different facets to study

different nanomaterials (ZnO, GaN) in different morphologies (nanorod, nanobelt, thin film) to prove its

versatility and capability. The results show that the SE of ZnO{10-13} is derived to be 0.99 Jm™, and the SE of

b . Zn0O{10-10} is found to be less than {0002} and {11-20}. GaN thin film also exhibits the similar trend in the SE
of different facets as ZnO and the SE of GaN{10-13} is determined to be 1.36 Jm™.

B




Atomically-Resolved Electron Spectroscopy for
Emergent Phenomena at Oxide Interfaces

Ming-Wen Chu

Center for Condensed Matter Sciences, National Taiwan University, Taipei 106, Taiwan

Abstract

With the assistance of modern thin-film growth techniques, perovskite oxides with a three-dimensional
crystal structure can now be grown in a layer-by-layer manner at atomic-level precision, opening up vast
opportunities for unprecedented phenomena at two-dimensional (2D) heterostructural interfaces. The emergence
of a conductive heterointerface between the two band insulators, LaAlO; (LAO) and SrTiO; (STO) [1],
represents the most celebrated exemplification in this context. Up to the date, a plethora of oxide interfaces have
been reported, while only few among them display the designated 2D properties as expected. To resolve this
puzzle, an atomic-scale spectroscopic characterization across the interfaces is indispensable and the quantitative
chemical, electronic mapping by electron energy-loss spectroscopy (EELS) in conjunction with scanning
transmission electron microscope (STEM) represents the most powerful technique at this end. In this talk, I will
explain the principles of atomically-resolved STEM-EELS and the associated unveiling of various

oxide-interfacial phenomena, ranging from the existence of a localized 2D electron density at the insulating

(Nd,Sr)MnOs/STO interface [2] to the condensation of 2D interfacial charges into one-dimensional electron «

chains by the misfit-dislocation strain field [3]. The LAO/STO interface will also be scrutinized with atomic
accuracy.
References
[1] A. Ohtomo and H. Y. Hwang, Nature 427, 423 (2004).
[2] C.-P. Chang, J. G. Lin, H. T. Jeng, S.-L. Cheng, W. F. Pong, Y. C. Shao, Y. Y. Chin, H.-J. Lin, C. W. Chen,
J.-R. Yang, C. H. Chen, and M.-W. Chu, Phys. Rev. B 87, 075129 (2013).
[3] C.-P. Chang, M.-W. Chu, H. T. Jeng, S.-L. Cheng, J. G. Lin, J.-R. Yang, and C. H. Chen, Nature Commun. 5,
3522 (2014).




Microstructural analysis of ceramic materials using
TEM techniques

Yu-Chuan Wu (& £4§)

Institute of Materials Science and Engineering, National Taipei University of Technology

Abstract

Physical properties of materials depend on their microstructure. In most cases, the structural analysis is
performed by using transmission electron microscopy (TEM). TEM is not only to obtain the images at a higher
resolution but also to resolve the crystal structures. The basic structural analysis can easy to be obtaining by
using the traditional TEM techniques. In this talk, | will present some works on the following subjects using
TEM techniques. These included (1) the phase transformation in 3YSZ ceramics, (2) the effect of domain in
ceria-based ceramics, (3) polytypes in doped-BaTiOgz, and (4) defects in ceramics. From these data, it can know

that the TEM techniques are a useful tool in the microstructural analysis of materials.

EBSD Study of Anomalous Slip and Cross-Slip in High
Chromium Ferritic Stainless Steel

Zheng-Wen Hsiaoa, Delphic Chenb, Jui-Chao Kuoa,*, Dong-Yih Linc
@ Department of Materials Science and Engineering, National Chegg—Kung University, Tainan 701,
Taiwan; — China Steel Corporation, Kaohsiung 81233, Taiwan; ~ Department of Chemical and
Materials Engineering, National University of Kaohsiung, Kaohsiung 811, Taiwan
*Author to whom correspondence should be addressed; E-Mail: jckuo@mail.ncku.edu.tw;
Tel./Fax: +886-6-275-4194.

Abstract

In the present study, oligocrystals of Crofer® 22 H ferritic steel were obtained as experimental material at
1075 °C after 22 min of annealing. The effect of the grain orientation was investigated on deformed
microstructures and slip patterns of the oligocrystals. Electron backscatter diffraction (EBSD) measurements
were performed on coarse ferrite grains after being subjected to 3%, 6%, and 10% tensile deformation. The
kernel average misorientation was used to identify the activated slip planes and deformation patterns. The
activated slip planes, called anomalous slip planes here, do not follow the Schmid’s law and depend on the

orientations of oligocrystals.
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Strain Engineering of Silicide formation in nanowires

Yi-Chia Chou

Department of Electrophysics, National Chiao Tung University, Hisnchu, Taiwan

Abstract

Many electronic devices, such as field-effect transistors, depend on achieving precise control of both a
semiconductor nanostructure and its contact with the larger scale circuit. The control of the contact between
nanowire and circuit is a key step that involves integrating different types of materials and bridging between
length scales. In Si nanowires, we show that silicide formation can occur through a point contact reaction and we
demonstrate that the reaction shows different kinetics from those already known in thin film silicide technology.
We discuss the strain effect on the nucleation and growth of silicides in nanowires with thermodynamic, Kinetic,
and strain energy implications. Such nanowires have an oxidized surface and this controls the reaction pathway
and kinetics. However, if we examine silicide formation in VLS grown Si nanowires immediately after growth in
ultra high vacuum, we find a different sequence of reactions, useful both for contact formation and also for
modifying nanowire properties in new ways. The result is a nanowire with an epitaxial silicide inclusion, and it
is possible to repeat the process to form multiple inclusions. The variety of nanostructures that can be formed

using this silicide reaction potentially raises the chances for further device applications.

Coherent Electron Tomography: A Route for Dynamics
and Shape of Nanomaterials at Atomic Resolution
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Microstructure of Functional Oxide Heteroepitaxy

Ying-Hao Chul,2,3
1Department of Materials Science & Engineering and 2Department of Electrophysics,
National Chiao Tung University, Hsinchu, Taiwan

3Institute of Physics, Academia Sinica, Taipei, Taiwan

Abstract

In the pursuit of low-power consumption and multifunctional electronics, more sophisticated control of
functionalities in new materials are highly desired. Complex oxides represent a vast class of materials
encompassing a wide range of functionalities. The interplay of lattice, charge, orbital, and spin degrees of
freedom in strongly correlated complex oxides have resulted in a lot of exciting discoveries. In this talk, 1 will
show the use of advanced growth techniques to develop new complex oxide heterostructure, nanostructures, and
interfaces. The interaction between materials is the key to new functionalities, such as new topological states,
interface superconductivity, and electrical controllable nematic phase. Through advanced characterization such

» as transmission electron microscopy, scanning probe microscopy, scanning tunneling microscopy, and
’ synchrotron based techniques, the fundamental mechanism behind new discovered functionalities will be

revealed. Advanced processes and measurements will be used to demonstrate new devices based on strongly

correlated electron systems.




Investigation of the correlation between the cold-rolled
microstructure and recrystallization nucleation of a
non-oriented electrical steel by EBSD

Wei-Chih Hsu, Pei-Ling Sun, Po-We Kao and Liuwen Chang
Department of Materials and Optoelectronic Science, National Sun Yat-sen University, Kaohsiung
80424, Taiwan, R.O.C

Abstract

Analyses of the same areas of the cold-rolled (CR) and annealed microstructures of a non-oriented electrical
steel were carried out by using electron backscatter electron diffraction (EBSD). This allows a direct comparison
for microstructure and texture in the CR and annealed specimens. Recrystallized (RX) nuclei are expected to
fulfill both kinetic and thermodynamic instability criteria. For Kinetic instability, it requires the formation of a
mobile high angle boundary (HAB) that can sweep the surrounding deformed matrix, which can be defined by
high kernel average misorientation (KAM). Thermodynamically, HABs enclosing the RX nuclei are driven
forward into the deformed matrix by the difference in stored energy across the boundary, which can be
represented by high misorientation regions (HMRs). Areas meet both high KAM and HMR (K-H) requirements
are potential sites for nucleation. As a result, the RX nuclei were found to be mainly distributed at the original
high angle boundaries and the triple junctions for the 50% CR sample, whereas they extended to the deformation
bands for the high rolling reduction samples. Good correlation of the orientation between the K-H sites and the

RX nuclei was observed and will be discussed in detail.




Strain Analysis and Properties of Si/Ge Axial
Heterojunction Nanowires

Cheng-Yen Wen

Department of Materials Science and Engineering, National Taiwan University

Abstract

Axial heterojunction Si/Ge or Si/Ge/Si nanowires are potentially useful for a range of applications, such as
tunnel field-effect transistors and thermoelectric devices. The key to get the optimal device performance is the
formation of compositionally abrupt and defect-free heterojunction interfaces. Recent nanofabrication methods
greatly improve the quality of the heterointerfaces, and sharp interfaces can be formed between two materials
with a large lattice mismatch, e.g. Si/Ge (4.2% lattice mismatch) and GaAs/InAs (7% mismatch). In such
structures, the coherent strain can effectively modify the electronic properties of the materials. Therefore,
measuring the strain distribution and probing the physical and electronic properties of heterojunctions with
sufficient perfection are of great importance for future applications. In this study, we use transmission electron
microscopy to analyze Si/Ge heterojunction nanowires with the interfacial abruptness less than 2 nm. We use the
geometrical phase analysis to evaluate the strain distribution near the heterointerface. The strain near the
interface on either the Si side or the Ge side can be as large as 2%, which is not easily produced in other
thin-film heterostructures. We finally will discuss the strain effects on the structural stability of the

heterojunction nanowires.
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Performance and application of monolithic
and multilayered

J.C.Huang (&%)

Department of Materials and Optoelectronic Science,
National Sun Yat-Sen University ¥ . = & Kaohsiung

Abstract

Recently, the combinations of nanocrystalline thin films and metallic glass thin films into multilayered
laminated composite structures have attracted attention. The nanocrystalline thin films under examination
include the pure Zr, Cu, Mg, Ag, Au, or binary and ternary alloy systems. The metallic glass thin films include
the model ZrCu, TiZrTaSi, TiZrSi, AgMgAl, AgCuAl, MgZnCa, etc. The interface between the nanocrystalline
metal film and metallic glass thin film could be in sharp or graded nature, and could be in horizontal or inclined
(30, 45 or 60 degree) orientation with respect to the film and substrate. Such laminated films with sharp/graded
or flat/inclined interfaces are commonly seen in semiconductor, optoelectronic or biomedical multilayered
structures. This talk will present some of the recent efforts and progress made on such laminated films for
MEMS, optical and biomedical applications, including micro-imprinting for optical micro-lens and surface
hologram patterns for anti-forgery, high light reflection or high light transmission film for optical uses,
bio-friendly metallic coatings for possible bio-implant application, and anti-microbial metallic coating, etc. MD
or FEM simulations are also applied to reveal the interface behavior and mechanical response. The film
composition, relative layer thickness, interface nature, interface strength, surface roughness, surface hardness,
etc, are all of concern. The characteristics of the resulting laminated films are compared with those of the

monolithic nanocrystalline metal films and monolithic metallic glasses.
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Thin Film Metallic Glasses:
Properties and Potential Applications

Jinn P. Chu (% 3%)
BTSSRI ASER A RRISNE T IR RE IR

Abstract

Thin film metallic glasses (TFMGs) have been shown to exhibit properties different from conventional
crystalline metal films. Their bulk forms (or so-called bulk metallic glasses, BMGs) are already well-known for
the high strength and toughness, good corrosion and wear resistances because of the amorphous atomic structure.
In recent decades, BMGs have gained enormously interest due to the substantial improvements in specimen sizes.
However, much less attention has been devoted to the TFMGs, although they have many properties and
characteristics which are not readily achievable with other types of metallic or oxide films. In addition, these
TFMGs have been gradually used for engineering applications and thus deserve to be recognized in the field of
thin film coatings.

Furthermore, it is still very challenging for BMGs to be used for their room-temperature brittleness and

difficulty of processing. Hence, TFMGs provide a possible solution to make use of their great properties of high

. strength, large plasticity, and excellent wear resistance. In this presentation, many advantages and properties of

TFMGs are presented. These include annealing-induced amorphization and recovery, tribological properties, and
low coefficient of friction. Some of these lead to useful applications, for example, for fatigue property
-;’enhancements. As well, potential applications in microelectronics and medical areas are proposed. Ironically,
there have been many research efforts dedicated to developing metallic glasses with large critical sizes only to
reveal that the best use for these materials may, in fact, be in thin film applications. It is thus hoped that this talk
serves the purpose of calling attention to the importance of TFMGs such that many more studies and applications

may be explored.




Physical metallurgy of high-entropy alloys

Jien-Wei Yeh
Department of Materials Science and Engineering
National Tsing Hua University
jwyeh@mx.nthu.edu.tw

Keywords: physical metallurgy, high-entropy alloys, four core effects

Abstract

Physical metallurgy is a branch of materials science, which focuses on the relationship between
composition, processing, crystal structure and microstructure, and physical and mechanical properties. The
progress of physical metallurgy is over 100 years and the underlying principles are thought to become mature.
However, the progress is based on the observations on conventional alloys. As compositions of HEAs are
entirely different from that of conventional alloys, physical metallurgy principles might need modification for
HEAs. .

In this presentation, four core effects of HEAS, i.e. high entropy, sluggish diffusion, severe lattice distortion,
and cocktail effects, are reviewed. Their influences on different aspects of physical metallurgy are emphasized
with examples. Most importantly, this presentation points out that lots of future works are required to build
suitable mechanisms and theories correlating composition, microstructure and properties for HEAs. Only these

understandings make it possible to complete the physical metallurgy of the alloys world.




Development of Bulk Metallic Glasses and Metallic Glass
Thin Films for Biomedical Applications

Jason S. C. Jang (¥R & %)
BN PRABESESEZDOET « MHRRBE T I2RISEHR

Abstract

A series of Zr-based, CuZr-based, Mg-based, Ti-based, and Fe-based bulk metallic glasses (BMGs) with
good glass forming ability and bulk metallic glass composites (BMGCs, with high plasticity and toughness) have
been successfully developed in the High Performance Alloy Laboratory, Institute of Materials Science and
Engineering, National Central University. In addition, these BMGs and BMGCs also have been developed to
apply on the medical tools and devices, including the surgical blade, dermatome, orthopedic drill, anti-bacterial
coating, and porous implant. Since these BMGs and BMGCs possess high strength, high hardness, large elastic
limit, excellent corrosion resistance, and superplastic forming ability. Therefore, these BMGs and BMGCs
present much better performance than the commercial martensitic stainless steel and are believed to be a

promising material for medical applications.
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Phase diagram of Au-Al-Cu at 500 °C

Jyun Lin Li, Pei Jen Lo, Ming Chi Ho andKer-Chang Hsieh*

Abstract

Diffusion couples and equilibrated alloys wereused to construct the isothermal phase diagram of
Au-Al-Cuat 500 °C. Electron microprobe analyses were performed todetermine the phase compositions and
phase relationships.Two ternary phases and 10 three-phase equilibriums weredetermined in this study. Four
additional three-phase equilibriumswere estimated to meet the criteria for phase relationships.

The & (Au2Al) phase exhibited a wide range of solubility,and the lattice parameters were examined by X-ray.
Thesolubility ranges of the binary intermetallic phases were alsodetermined.

Keywords: Phase diagram, Au-Al-Cu, Au-base alloy, Phasediagram, Diffusion couple
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Nanosize-induced metastable phases and their evolution
in the case of microelectronic interconnects

Rk 44
BITIPEIAS MRRBETESER HR

*corresponding author: samsong@nchu.edu.tw

Abstract

The size effect on the phase transformation of nanomaterials is profound and has attracted great interest.
The knowledge of the metastable phases formed in nanoscale systems is prerequisite for controlling the
properties of functional nanomaterials. Metal nanoparticles have depressed melting points due to surface effect
and hence can be annealed to conductive films/circuits at low temperatures compatible with plastic electronics.
For the transportation of power and signal, the nanoparticle deposits should be consolidated and well jointed
with the contacts of the devices. In this report, the in situ synchrotron radiation X-ray diffraction (SR-XRD)
was used to study the phase transitions of metallic nanoparticles as well as their deposits on electronic substrates.
The first case is the demonstration of transient low temperature melting of thiol-protected Au nanoparticles and
the subsequent formation of unstable AuzNi phase when reacted with the Ni substrate. Complex phase
transitions among Au, Cu, AuCus and CuOy in the contact between PVP-protected Au NPDs and Cu substrate
upon heating in air will be also introduced. The phase evolution of Cu@Ag core-shell nanoparticle deposits

~upon heating will be the third case for discussion.
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Determination of the liquid apex of tie-triangle by
interfacial reactions

(REaREH=IAERBTEEZ ET)

Chao-hong, Wang

Department of Chemical Engineering, National ChungChengUniversity

Abstract

Isothermal sections of the ternary systems are experimentally determined through many corresponding
equilibrated alloys of various compositions. The tie-triangles and phase boundaries can be easily determined on
the basis of compositional analysis of the equilibrium phases. However, the composition of liquid phase can not
be precisely identified due to segregation and precipitation. Therefore, it is very difficult to exactly determine the
liquid-phase boundary or the liquid apex of the tie-triangle. It usually takes much effort to examine a lot of
equilibrated alloys. The interfacial reactions of various lead-free solders with substrates have been widely
investigated. The reaction phase formation is very sensitive to the compositions of solders during soldering
reaction. Based on the local equilibrium in the interfacial zone, the reaction phase corresponds to the phase
equilibria relationship. Many interfacial systems of lead-free solders regarding the formed phase transition have
been reportedsuch as the Sn-Cu/Ni, Sn-Zn/Cu, and Sn-Zn/Co systems. Therefore, the interfacial results with
different solder compositions can help exactly determine the location of the liquid apex of the tie-triangle.
Furthermore, it is demonstrated that the phase transition occurred in the Sn-Pb/Co interfacial reactions at
different temperatures. A simple method was proposed to examine the phase transition temperature in the

interfacial reactions to determine the boundaries of the tie-triangles at different temperatures.

Taiwan lead-free solders database

W. Gierlotka

National Dong Hwa University, Hualien, Taiwan

Abstract

Almost one decade ago the thermodynamic description of phase diagram of lead — free solders had to be
performed in Taiwan. During this time number of binary and ternary phase diagrams were modeled, including
such important systems as Cu — Sn, Cu — Zn, Sb — Sn, Cu — Sn — Zn. The most important property of these
description are consistent models for given phases, thus it is possible to combine all the descriptions inside one
TDB file. The amount of information is big enough for preparation of multi-component database, which
temporary is called “Taiwan lead-free solder database”. In opposite to COST database, all thermodynamic

descriptions were taken from own optimization what should guarantee a self-consistency of the file.
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Alloy Phase Stability and Phase Equilibria under Electric
Current Stressing

Shih-kangLin*, Yu-chenLiu, Chao-kueiYeh, and Yung-si Yu

Department of Materials Science and Engineering, National Cheng Kung University

Abstract

Phase diagrams and knowledge of phase stability are the most essential information for materials design.
Almost all modern devices ranging from microelectronics, optoelectronics, thermoelectrics, to batteries, involve
electric currentspassing through the materials used in these devices. With the developments of the advanced
packaging technologies and high-power devices, such as the three-dimensional integrated circuits (3D IC)
packaging and die attachments of wide band gap (WBG) chips, the current densities applied and passed through
electronic joints in modern devices have been tremendously increased. Thus, the impacts of these electric
current-induced effects are more and more pronounced and crucial to the reliability and performance of
electronic products. Several electric current-induced effects upon metallic materials have been discovered,
including the effects related to temperature change, e.g. Joule heating and thermoelectric effects in 1822-1851,
and the isothermal electric current-induced effects that are not related to temperature change,
e.g.electromigration effect in 1961, the polarity and non-polarity effects of electromigration upon interfacial
reactions in 1998-2000, and more recent alloy supersaturation effect in 2011-2012. The “momentum transfer”
mechanism proposed by Huntington and Grone in 1961 well explained the electromigration effect and the
polarity effect of electromigration upon interfacial reactions. However, it failed to describe the mechanisms for
the supersaturation and non-polarity effects. In this presentation, a brief review of electric current-induced effects
upon materials will be given. Particularly, new experimental findings of the polarity and non-polarity effects of
electromigration effect upon interfacial reactions and the supersaturation phenomenon in the past two decades
will be summarized and presented. The newest physical phenomenon — the supersaturation of solders under high
electric currents — will be explainedbased on the changes in the phase stability of solders under current stressing.
Combinatorial efforts withab initio-aided CALPHAD thermodynamic modeling and synchrotron
radiation-assisted in situ current stressing experimentsare utilized to uncover the phase stability of materials
under current stressing. Phase diagram under current stressing as well as a new insight of electromigration is
proposed based on the electric current-induced excess Gibbs free energies of the phases. A big picture of electric
current effects upon electronic materials will be presented.

Keywords: Electromigration; ab initio; CALPHAD; synchrotron radiation, in situ, phase diagram; phase
stability

Ref.: *Shih-kang Lin, et al. “Ab initio-aided CALPHAD thermodynamic modeling of the Sn-Pb binary
system under current stressing”, Scientific Reports3 2731(2013).
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Engineering Se-doped and Pb-doped AgSbTe,: their high
zT values, microstructures and related phase equilibria

Hsin-jay Wu', Tian-Wey Lan?, Sinn-wen Chen®and Yang-Yuan Chen®

'Department of Materials and Optoelectronic Science, National Sun Yat-Sen University,
Kaohsiung 804, Taiwan
?Institute of Physics, Academia Sinica, Taipei 115, Taiwan
*Department of Chemical Engineering, National Tsing Hua University, Hsinchu 300, Taiwan

Abstract

Both chalcogenides AgShSe, and AgSbTe, exhibit excellent electronic and optical properties, and are
promising in use for thermoelectric materials. The phase relations and microstructures of the Se-doped and
Pb-doped AgSbTe, were investigated with starting compositions of non-stoichiometric Pb-doped
AQ20Sh30.4PbkTesy (x=0-6), Se-doped Ag,oShseSeso.yTey (y=0-45) and stoichiometric AgysSbysSesy.,Te, (z=0-45).
Alloys with non-stoichiometric or stoichiometric compositions were unidirectional-solidified, using the
Bridgman method, or thermally-equilibrated at 673K to understand the phase relation at solid state. For the series
of Pb-doped AgSbTe,nanoprecipitates of ~100nm are observed within the grains as well as in the
grain-boundary in 5at%Pb and 6at%Pb specimens, leading to reduction of the thermal conductivity.
Eventually,the thermal conductivities of the 5at%Ph and 6at%Pb samples approach to the theoretical minimum
value, and the peak of zT of Bridgman-grown 5at%Pb reaches 0.75 +0.06 at 425K. The Se-doped AgShTe,
alloys, on the other hand, exhibit the cubic phase AgSb(Se,Te), as the primary and major solidification phase.
However, different secondary phases were shown up with respect to the different (Ag,Sb) ratios. Results of
temperature-dependent thermoelectric properties showed dramatic difference between the stoichiometric and
non-stoichiometric alloys even with the same Te concentration, presumably due to the presence of different
secondary phase. Most importantly, the zT (figure-of-merit) peak value of stoichiometric 40Te alloy
(Ag2sSh,sSergTey) reaches ~1.45 at T=650K, which showed almost 40% and 90% enhancements compared with
the pure AgSbTe, (zT~1) and AgSbhSe; (zT~0.1), respectively.
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Strong light-matter interactions at
graphene-heterostructures for photonics and
photovoltaics

Chun-Wei Chen

Department of Materials Science and Engineering, National Taiwan University, Taipei 106, Taiwan
Email:chunwei@ntu.edu.tw

Abstract

Graphene, consisting of a single atom-thick plane of carbon atoms arranged in a honeycomb lattice, has
exhibited excellent carrier transport attributed to its unique two-dimensional (2D) energy dispersion. In this talk,
I would like to present the strong light-matter interactions at graphene/heterostructure for photonics and
photovoltaics. | would like to introduce 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] | would like to demonstrate a novel approach to precisely control the band gap
opening of a bilayer graphene/TiOx heterostructure by optical modulation. In addition, |1 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]. Finally, 1 would also
like to present our recent discovery of crack-filled graphene (CFG) films and clean lifting transfer of graphene
for the large-area electronics application.[4,5]

Reference:
[1] Advanced Materials, (2015), in press
[2]. Advanced Materials, Vol.27, 282, (2015)
[3] Energy & Environmental Science, 8, 2085, (2015)
[4] Advanced Materials Vol.25, 4521, (2013)
[5] Advanced Materials Vol.27, 1724, (2015)
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Robust Spin-Valley Polarized Holes in Monolayer WSe,

Wen-Hao Chang

Department of Electrophysics, National Chiao Tung University, Hsinchu, 300 Taiwan

Abstract

A robust valley polarization is a key prerequisite for exploiting valley pseudospin to carry information in
next-generation electronics and optoelectronics. Although monolayer transition metal dichalcogenides (TMDs)
with inherent spin-valley coupling offer a unique platform to develop such valleytronic devices, the anticipated
long-lived valley pseudospin has not been observed yet. Here we demonstrate that robust valley-polarized holes
in monolayer WSe, can be initialized by optical pumping. Using time-resolved Kerr rotation spectroscopy, we
observe a long-lived valley polarization for positive trion with a lifetime approaching 1 ns at low temperatures,
which is much longer than the trion recombination lifetime (~10-20 ps). The long-lived valley polarization arises
from the transfer of valley pseudospin from photocarriers to resident holes in a specific valley. The optically
initialized valley pseudospin of holes remains robust even at room temperature, which opens up the possibility to

realize room-temperature valleytronics based on TMDs.

References

1.W.-T. Hsu, Y.-L. Chen, C.-H. Chen, P.-S. Liu, T.-H. Hou, L.-J. Li, and W.-H. Chang, “Optically Initialized
Robust Valley-Polarized Holes in Monolayer WSe,”, Nature Communications 6, 8963 (2015)

2.M.-Y. Li, Y. Shi, C.-C. Cheng, L.-S. Lu, Y.-C. Lin, H.-L. Tang, M.-L. Tsai, C.-W. Chu, K.-H. Wei, J.-H. He,
W.-H. Chang, K. Suenaga, L.-J. Li, “Epitaxial growth of a monolayer WSe,-MoS, lateral p-n junction with
an atomically sharp interface”, Science 349 524 (2015).

3.W.-T. Hsu, Z.-A. Zhao, L.-J.g Li, C.-H. Chen, M.-H. Chiu, P.-S. Chang, Y.-C. Chou, and W.-H. Chang,
“Second Harmonic Generation from Artificially Stacked Transition Metal Dichalcogenide Twisted Bilayers”,
ACS Nano 8, 2951 (2014).

J.-K. H., J. Pu, C.-L. Hsu, M.-H. Chiu, Z.-Y. Juang, Y.-H. Chang, W.-H. Chang, Y. Iwasa, T. Takenobu, and

L.-J. Li, “Large-Area Synthesis of Highly Crystalline WSe, Monolayers and Device Applications”, ACS

Nano 8, 923 (2014).




1BE2 © 2015 EM R EBRITES
Graphene Nanoribbons: from Synthesis to Applications

C.L.Sun* C.H. Su,J.J. Wu, J. T. Tsali, Y. H. Huang,
C.T.Chang, H. H. Lee

Department of Chemical and Materials Engineering,
Chang Gung University, Guishan, Taoyuan 333, Taiwan.
E-mail: sunchialiang@gmail.com
Project number: MOST 103-2221-E-182-041-MY 3

Abstract

Since 2011 we demonstrated the microwave-assisted synthesis of graphene oxide nanoribbons (GONRS)
from the unzipping of multiwalled carbon nanotubes (MWCNTSs) and their applications. [1-8] The microwave
heating not only greatly saves the reaction time but also improves the yield significantly based on our
experiments and observations. In this presentation, we will discuss all the above papers and patents in details. In
the beginning, a core-shell MWCNT/GONR-modified glassy carbon electrode was used to electrochemically
detect ascorbic acid, dopamine, and uric acid. Then the specific capacitance is 252.4 Fg™ for the supercapacitor
electrode with the MWCNT@GONR. On the other hand, we also modified GONRs with
phospholipid-polyethylene glycol (PL-PEG) to prepare PEGylated GONRSs for biodistribution and drug delivery
studies. The reduced GONR was further used as the catalytic film of the counter electrode of a dye-sensitized
solar cell (DSSC) with an efficiency of 6.91 %. Moreover, their composite materials containing cobalt oxides
have been utilized as electrocatalysts for oxygen evolution and reduction. All the details of our papers and

patents since 2011 will be discussed and presented in this conference.
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Exploring single atomic states in 2D flatland

'Po-Wen Chiu* and *Yung-Chang Lin
'Department of Electrical Engineering, National Tsing Hua University, Hsinchu 30013, Taiwan
National Institute of Advanced Industrial Science and Technology (AIST), Tsukuba 305-8565, Japan
Corresponding author e-mail: pwchiu@ee.nthu.edu.tw

ABSTRACT

To control the spin state of an individual atom is an ultimate goal for spintronics. A single atom magnet,
which may lead to a supercapacity memory device if realized, requires the high-spin state of an isolated
individual atom. Here, we demonstrate the realization of well isolated transition metal (TM) atoms fixed at
atomic defects sparsely dispersed in graphene. Core-level electron spectroscopy clearly reveals the high-spin
state of the individual TM atoms at the divacancy or edge of the graphene layer. We also show for the first time
that the spin state of single TM atoms systematically varies with the coordination of neighboring nitrogen or

oxygen atoms. These structures can be thus regarded as the smallest components of spintronic devices with

controlled magnetic behavior.
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Application of Graphene in Transparent Optical
Electronics

Chih-1 Wu
Deputy General Director
Electronics and Optoelectronics Research Laboratories
Industrial Technology Research Institute

ABSTRACT

The electronic, thermal and mechanical properties of graphene and its compatibility with two-dimensional
lithographic techniques are ideal for many nano-electronic, spintronic and mechanical applications. Graphene is
also promising for large-area optoelectronic devices such as touch screen displays and electrodes for
photovoltaic cells and light emitting diodes. A major challenge to fully realize the potential of graphene-based
technologies is to reproducibly fabricate large-area high-quality graphene. Here we show the superior properties
of graphenes grown with a new method that produces high-quality monolayer graphene on copper in a single
step at room temperature (RT) without active heating. Studies of these samples by scanning tunneling
microscopy (STM) and Raman spectroscopy confirm excellent crystalline quality and much reduced strain of the
RT-grown graphene on Cu foils, Cu (100) and Cu (111) single crystals relative to samples grown by thermal
CVD techniques at 1000 C. Atomic force microscopy (AFM) studies also revealed large grains of the RT-grown
graphene, typically > 25 ma2. Electrical mobility determined by the field-effect-transistor (FET) configuration
exhibited consistently high values, up to 60,000 cm2/V-s on BN at 300 K, exceeding the best values reported for
thermal-CVD grown graphene that was transferred to BN, post-annealed and measured at 4.2 K. Our findings
shed light on the growth kinetics of graphene and open up a new pathway to large-scale, superior-quality and&

inexpensive fabrication for scientific research and technological applications.
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Applications of few-layer graphene on flexible
transparent conductive films

Nyan-Hwa Tai (# & 3¥)

Department of Materials Science and Engineering
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Abstract

Few-layer graphene synthesized through the modified Hummers method is a well-known method to
prepare graphene oxides. Three different approaches to fabricate few-layer based flexible transparent conductive
films (FTCFs) were proposed. In this study, silver nanoparticles, silver nanowires, and cupper nanowires were
separately adopted as nano-fillers. In the case when the silver nanoparticles was used as fillers, the silver
nanoparticles were coated onto few-walled carbon nanotubes and graphene nanosheets, and
poly(3,4-ethylenedioxythiophene)-poly(4-stryrenesulfonate) (PEDOT:PSS) was used as a dispersant. The FTCFs
fabricated accordingly possessed a low sheet resistance of 53.0 + 4.2 ohm-sq™* with a transmittance of 80.2
0.8%. The film could be used as a film heater, and a high thermal conductivity of 142.0 + 9.6 W-m™-K™* was
achieved. In the case when silver nanowires were used as fillers and were coated onto PET film, the film
possessed optoelectronic properties with a transmittance of 94.68% and a sheet resistance of 25.0 + 0.8 Q/sq. In
the last case when the FTCFs used cupper nanowires (CuNMSs) as fillers, the h-rGO/CuNW film exhibited sheet
resistance (Rq,) of 22 Q/sq with a transmittance of 85%. Microstructures and mechanisms to achieve such low

electrical resistances and transmittances of these FTCFs will be discussed.
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Graphene as a highly efficient conductive medium for
energy applications
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Abstract

Graphene is a one-atom-thick layer of sp>-bonded carbon atoms, packed into a two-dimensional honeycomb
crystal lattice. Due to its superior electrical/thermal properties, chemical inertness, ultra-high specific surface
area, and almost transparency in visible light region, graphene is particularly suitable for use as electrically and
thermally conductive media in energy applications. To date, such as transparent conductive film, conductive
additive in battery and thermal management application are the success stories of commercialization based on
graphene in electronic or energy industry. In this talk, some promising graphene-based applications in energy
field will be introduced. For example, the addition of very little amount of graphene into cathode materials will
greatly promote the specific capacity of lithium-ion battery. And, the employment of transparent graphene
electrodes can make solar cells flexible and wearable. Moreover, high thermal conductivity of graphene/polymer
composites with 3D graphene architecture can be used for thermal management in electronic system.
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Application of Scanning Tunneling Microscopy on
Interface Properties across Heterostructures

Ya-Ping Chiu®?
'Department of Physics, National Taiwan Normal University, Taipei, 116, Taiwan
2Department of Physics, National Sun Yat-sen University, Kaohsiung, 804, Taiwan

Abstract

Heterointerfaces have emerged as key focal points in current condensed matter science, which could
provide a powerful route to create and manipulate the charge, spin, orbital, and lattice degrees of freedom at
interfaces. Motivated by the need to clarify the critical interfacial science that governs the applications of devices,
the objective of my research works is mainly to study the interfacial properties of hetero-junction structures
using scanning tunneling microscopy and spectroscopy (STM/S).

Cross-sectional scanning tunneling microscopy (XSTM) is employed to observe directly the epitaxial
interfacial structures. In addition, using scanning tunneling spectroscopy measurements, the local electronic
properties provide atomic-level insight into the evolution of the spatial variation of the local density of states
across the hetero-structured interface. The results also reveal the interfacial band alignment, the characteristic
quantities of the hetero-structured contact, and to elucidate the fundamental mechanisms that pertain in these
systems. In this talk, topics to be discussed include high-i’s/l111-V’s semiconductors, polymer heterojunctions,
and complex oxide heterostructures, which provide a lot of insights to these communities by using this
technique.[1-6]

Keywords: interface, heterostructures, electronic structure, scanning tunneling microscopy (STM)
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Synthesis and Heterostructures of Monolayer
Semiconductors

Yi-Hsien Lee
E-mail: yhlee.mse@mx.nthu.edu.tw
Materials Science and Engineering, National Tsing Hua University (NTHU), Taiwan

Abstract

Monolayers of layered transition metal dichalcogenides (TMD), such as MX, (M=Mo, W and X=S, Se),
offered a burgeoning field in fundamental physics, energy harvesting, electronics and optoelectronics. Recently,
atomically thin heterostructures of semiconducting monolayers with various geometrical and energy band
alignments are the key materials for next generation flexible nano-electronics. The individual TMD monolayers
can be adjoined laterally or vertically to construct in-plane or vertical heterostructures, which are difficult to
reach with the laborious pick-up-and-transfer method of the exfoliated flakes. The ability to produce copious
amounts of high quality layered heterostructures on diverse surfaces is highly desirable but it has remained a
challenging issue. Here, we have achieved a direct synthesis of various heterostructures of semiconducting
monolayers using chemical vapor deposition (CVD) with the seeding promoter of aromatic molecules. The
symmetry and the interface of these heterostructures were examined using some optical analysis and
atomic-resolution scanning TEM techniques. The growth, characterizations and applications of monolayer

semiconductors and their heterostructures would be presented.
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Soft Processing of Nitrogen-doped Graphenes and
Their Hybrids

Inks via Submerged via Submerged Liquid Plasma
[SLP] under Ambient Conditions
"Masahiro Yoshimura, J. Senthilnathan, K. SanjeevaRao

Promotion Centre for Global Materials Research (PCGMR), Dept. of Material Science and
Engineering,NationalCheng Kung University, Tainan, Taiwan: yoshimur@mail.ncku.edu.tw

Abstract

Different forms of carbon prepared from diverse syntyetic routs are currently being used in various fields of
research including energetical, environmental, electrical, chemical, and biomedical application. In general,
carbon based materials like graphene, carbon nanotube, carbon nitride, diamond like carbon etc. are prepared
from gaseous precursors such as CVD, PVD and ion-assisted sputtering techniques [1]. We believe that the large
scale synthesis of nanostructured carbon should be free from using excess energy for firing, sintering, melting
and expensive equipment. We, propose herewith “Submerged Liquid Plasma (SLP)” technique for direct
formation of functionalized Graphenes at ambient conditions. The SLP process provides number of advantages
which includes (a) simple reaction set up (b) reaction can be carried out at ambient conditions (c) periodic
collection of samples gives clear information about the product (d) simple procedure and less operating cost.

In the present study, we utilized SLP technique for the direct synthesis of Nitrogen functionalized Graphene
Nano sheets from Graphene suspension and/or Graphite electrode in acetonitrile liquids.[1,2] Products contains
few layers (< 5) Graphene nanosheets. Under SLP, unsaturated or high energy functional group (e.g. C=C, C=
N and C=N) have formed in the products. We could confirm those functionalized Graphenes are
electrochemically active. Using pencil rods instead of Graphite rods we have also succeeded to prepare the
Nano-clay/Graphene hybrids by this SLP methods [3]. Reduction and functionalization of Graphene oxides also
realized by SLP[2]. It should be noted that SLP can directly produce “Graphene Ink”;Graphenes dispersed in
various liquids, under mild conditions.. Soft Processing:Low temperature and/or direct production of
Functionalized Graphenes by SLP process will open up new possibilities for the development of
functionalized/hybrid nanostructured carbon materials for various applications including Li-Batteries,
Supercapacitors and Catalysts areas.
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Luminescence Property of AIN Nanowire
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Department of Optielectric Physics, Chinese Culture University,
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Abstract

The exceptional properties of wide-bandgap IlI-nitride compounds have stimulated explosive research
interest due to their outstanding thermochemical stability, leading to major advances for devices active in the
short-wave regime. Among these compounds, aluminum nitride exhibiting the largest direct band gap of 6.2 eV,
appear to be promising high impact in optoelectronics applications, such as optoelectronic devices in the UV and
visible region. Potential applications in light emitting devices and ultraviolet sensors have already been
demonstrated. Currently, avid attention has been focused on one-dimensional (1-D) nanomaterials such as
nanowires and nanotubes due to their unique properties and potentially practicable applications in nanodevices.
However, little is known about the large-scale synthesis and the optical properties of AIN nanowires. Some
researchers have reported the photoluminescence (PL) properties of nanocrystallline AIN, and indicated that the
efficient visible luminescence was in the 2-4 eV. The recent success of the AIN based UV emitter attract our
attention to study its optical properties in more detail.

In this study we investigated the luminescence phenomenon and the defect related optical stimulated
luminescence of Wurzite AIN nanowires at various growth temperatures on sapphire (0002) substrates by
catalytic assisted chemical vapor deposition. The morphology of the nanowires was characterized by scanning
electron microscopy , and the single crystalline microstructure was confirmed by the selected area diffraction
pattern and x-ray spectronscopy. The luminescence properties of AIN nanowires were studied by electron and
photon excitation measurements, such as cathodoluminescence and photoluminescence. In addition to two
typical defect bands related transmissions around 3.0eV and 4.85eV, band edge emission around 6.2 eV was also
observed at room temperature. A blue shift with increasing growth temperature was suggested due to the
radioactive recombination processes involving oxygen impurity and Al vacancies. Growth temperature related

defect concentration and their optical properties was also observed.




Functional Ceramics in Biomedical Application for Tumor
Treatment

San-Yuan Chen
Department of Materials Science and Engineering, National Chiao Tung University,

Hsinchu 300, Taiwan, Email: sanyuanchen@mail.nctu.edu.tw

ABSTRACT

Bioceramics and their applications in medicine have attracted worldwide attentions and become an
important development. Bioceramic studies include from bone-application (especially in dentistry and
orthopedics) to further combine with different materials (functional ceramic, metal and polymer). So far,
engineering bio-composites have demonstrated various biomedical applications including bioceramics,
biomineralization and biocomposites in regenerative medicine, and surface coating and tissue. In addition to
inert zirconia/alumina ceramics to bioactive apatites, calcium phosphate ceramics, bioglass and glass-ceramics
for bone and teeth application, several ceramics have been developed for the applications in drug delivery
carriers, scaffolds, tissue engineering, sensor, bioelectrode.we will present the development and biomedical
application of functional ceramics such as semiconductor ceramic (TiO,), Electrode (Iridium Oxide, IrO,). The
versatility and flexibility of these bionanocomposites with different nanostructures also allow the development of
drug delivery vehicles for better modulating therapeutic and reduce side effects. Furthermore, the drug release
profile can be controlled by modifying the nanostructures using different functional ceramic materials for
maximizing therapeutic effect. In this talk, we reported drug-nanocarrier using functional ceramics such as
‘magnetic (Fe304), piezoelectric (ZnO), conductive ( Graphene, rGO), insulator/amorphous (Silica) to enhance
the therapeutic efficacy. Further development of this technology should open exciting opportunities in treating

tough diseases such as cancer, cardiovascular diseases, neurological disorders, and infectious diseases.
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AEM study of zinc blende and wurtzite competition on
<111>B-oriented InGaN/GaN nanowires

%

S
4

Abstract

This research intends to use analytical electron microscopy coupled with multi-slice simulations to analyze
InGaN/GaN nanowires (NWSs) via plasma-assisted molecular beam epitaxy, emphasizing on the interface of
wurtzite (WZ) and zinc blende (ZB) and also faulting/twinning microstructures, underlying lattice mismatch and
chemical potential gradient for a better understanding of the ZB/WZ transformation on InGaN/GaN nanowires.

The 111-V semiconductor NWs with the ZB-type structure often show randomly distributed rotational {111}
twin planes and stacking faults. These features have been observed in NWs made of various materials, for
example, GaAs, GaP, InP, InAs, ZnSe, Zn,Sn0O,, independent of the synthesis method. In general, the polar
<111>B growth direction in ZB-type structure is always perpendicular to the twin planes and stacking faults,
which deteriorate the electronic properties of the nanowires, especially made electron wave function
discontinuous and reduced the velocity of charge carriers. Recently, two groups demonstrated the ability to
control the twinning superlattices of InAs and InP NWs, respectively. This level of control could lead to
, bandgap engineering and novel electronic behavior of the nanowires.

Since all the <111>B-oriented twinning structures were reported in arsenide, phosphide, selenide, or even
oxide, but not nitride.  Therefore, the purpose of this investigation is to present and explain the microstructure
‘of <111>B-oriented InGaN/GaN NWs via self-induced vapor-solid-solid growth. In this approach, the atomic
structure of the interface including twinning and stacking faults have been analyzed directly by convergent beam
electron diffraction and high-resolution transmission electron microscopy coupled with multi-slice simulations.

In addition, the nucleation and growth of WZ-type domains at the kink site of twinning are also demonstrated

and discussed.
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Tsangpoite, Cas(P04)2(Si0s), a new apatite-group mineral
and potential bio-ceramic material from angrite D’Orbigny

% Shyh-Lung Hwang (% +4&)", Pouyan Shen (i1 5 )7,
Hao-Tsu Chu (%k4k4a)°, Tzen-Fu Yui (41 E &)*,

Maria-Eugenia Varela®, Yoshiyuki lizuka®
'Department of Materials Science and Engineering, National Dong Hwa University,
Hualien, Taiwan, ROC
?Institute of Materials Science and Engineering, National Sun Yat-sen University,
Kaohsiung, Taiwan, ROC
3Central Geological Survey, PO Box 968, Taipei, Taiwan, ROC
*Institute of Earth Sciences, Academia Sinica, Taipei, Taiwan, ROC
*Instituto de Ciencias Astrondmicas de la Tierra y del Espacio (ICATE), San Juan, Argentina

Abstract

Tsangpoite, ideally Cas(PO4)2(SiOa4), the new member of apatite group minerals, was identified from the
D'Orbigny angrite meteorite by analytical electron microscopy. The empirical formula (based on 24 O apfu) is
(Cas.30Tio0.20Fe0.77Al0.06REE0.03Sr0.02Cro.01Ni0.01Zn001) s 9.41[(P411Si2.02S006) s 6.19024]( [ ] 1.72F024Clo.o4). Based
on the least-squares refinement of d-spacings measured from electron diffraction patterns, symmetry of
tsangpoite was shown to be hexagonal (space group P63/m or P63) with a = 9.4885+ 0.0044 A and ¢ = 6.9913
+0.0063 A. The unique structural and chemical characteristics of tsangpoite, along with the presence of ample
structural vacancies, suggest that tsangpoite likely is the high temperature polymorph of silicocarnotite and has
its petrogenetic origin as the quenched phase from the hexagonal, continuous high-temperature solid-solution
phase in the binary system CazSiOs-Cas(PO4)2 at >1450°C. With Si-P substitutions and vacancies in its’ structure,
tsangpoite has the potential as a new material with possible biological applications.

keywords : tsangpoite, apatite, angrite, D'Orbigny, new mineral
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Nanostructure composites built from dielectric,
ferroelectric and photocatalytic materials

Jay Shieh

Department of Materials Science and Engineering, National Taiwan University

Abstract

A synergetic effect on energy conversion or storage can be achieved by combining oxide materials of
different functionalities. \We demonstrate this idea by building and characterizing nanostructure composites
consisting of different oxides with specific semiconducting, ferroelectric, photocatalytic and/or dielectric
properties.  These composites include photoelectrodes based on TiO,/BaTiO; nanorod arrays and
SrTiOs/AgNbOs/Phggslag 14 TiO3 multilayer thin films, and nanotubular capacitors based on HfO,/TiO, and
HfO,/BaTiOs/TiO, nanotube arrays. It is found that for the composite photoelectrodes, the ferroelectric
component, with a favorable polarization direction, can promote the separation of photoinduced electron-hole
(e/n™) pairs.  While for the nanotubular capacitors, the TiO, nanotube arrays act as alternative electrodes for the
dielectric HfO, filling inside the arrays, making the nanotubular capacitors behave like multilayer ceramic
capacitors (MLCC) and exhibit a larger capacitance than HfO, thin films.

About the speaker: Jay Shieh is the Professor of Materials Science and Engineering at the National Taiwan
University. He obtained his Ph.D. in Materials Engineering at the University of Cambridge in 2002. Prof.
Shieh’s research has focused primarily on the design, processing and characterisation of functional and energy
ceramics in bulk forms, thin films and nanostructures. He has published widely in these fields, having authored
Jor co-authored over 55 articles in high-quality, refereed international journals and conference proceedings. ~ Prof.
Shieh was awarded the Outstanding Young Member Award from the Taiwan Ceramic Society in 2010, and was

the recipient of the Outstanding Young Scholar Grant (2011-2013) from Taiwan’s Ministry of Science and

Technology.
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