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GENERAL INFORMATION

The 7th International Symposium on Frontiers in Materials Science (FMS 2024) will be held
National Yang Ming Chiao Tung University, Hsinchu City, Taiwdanuary21-24, 2024. This event
continues on the success of the six previeMSs from 2013 to 2022 in Vietnam, Germany, and Japan.

The FMS 2024 is corganized by National Yang Ming Chiao Tung Univergkyy CU, Taiwan),
National Synchrotron Radiation Research Ce(M&8RRC, Taiwan), The Physical Society of Taiwan
(TPS), Goethe Uniersity(Germany), Waseda Universitfdapan), Crystal Defect Corgdapan), Pusan
National University(Korea), University of Engineering and Technology and University of Science
(Vietnam National University), Hanoi National University of EducatiofiHNUE, Vietnam), and
Scientific Gear Servic€laiwan). The FMS 2024 welcomes hundreds of participants from more than ten
countries in over the world, including Bulgaria, Canada, the Czech Republic, Serbia, Germany, Ind
Japan, Korea, the Netherlands, Poland,Uhited States, and Vietnam.

Besides, the Symposium is sponsored AiwanNational Science and Technology Council (NSTC,
Taiwan), National Yang Ming Chiao Tung University (NYCU), National Synchrotron Radiation
Research Center (NSRRC), Scientific Gearviger (Taiwan), AST Instrument Corporation (AST,
Taiwan),ly+/LEM 6+eg! # (Attolight, Taiwan), r+Aly2(Pl ¥6xeg! #  (JST, Taiwan).

The FMS 2024 expects to bring together professionals and experts from either industrial or acader
fields to exchange knowledge and discusemgimg trends in material science, either fundamental or
applied fields. The conference offers the chance to cultivate ideas, experiences, and research results v
promoting international cooperation in education and research in several fields: Mategpiaen energy
and environment (EE), Multiferroics and magnetic materials (MM), Photonics and nanostructured hybr
materials (PH), Spintronic & topological materials (ST), Theoretical and computation materials scienc
(TC), THz materials and devices (J,zand Twedimensional materials and related applications (2D).
Especially, there is also a special section from professors and researchers from Taiwan's Natio
Synchrotron Radiation Center (NSRRC): Synchrotrera)X Science & Applications.

With diversespeakers, interactive parallel sessions, and networking opportunities, the conferenc
promises to be a valuable platform for professional development.

Venue Department of Electrophysics (Science Building 1ll), College of Science, National Yang
Ming ChiaoTung University (Guangfu Campus), No. 1001, Daxue Road, East District, Hsinchu City
300, Taiwan. Websitdittps://ep.nycu.edu.tw/en/

Manuscript submission and publications

Selected contributions from the sympassihave been subjected to a regular review process, and
the accepted manuscripts have been published in the SCI journals, such as IEEE Transaction
Magnetics, Physica B, Optical Materials, Materials Transaction, and Journal of Applied Physics.

In FMS 202, the participants are invited to submit their manuscripthedournal of Electronic
Materials (JEM)_IF: 2.1 (2022)The due date for the manuscriptibmission is May 31, 2024.
Manuscripts need to be submitted via the submission system website a
http://www.editorialmanager.com/jems/default.asBxbmitted manuscripts will be evaluated according
to the same high standards as would be applied to any article published in the jboenedtailed
instructions for manuscript submission will be updated later on the FMS 2024 website.

Facilities: The necessary facilégs such as exhibition equipmépins, poster frame, etc.), materials,
and FMS booklets will be supported as a part of the Sgiapo For any further information, please
contact the FMS Secretary via emaili24fms@gmail.com



https://ep.nycu.edu.tw/en/
http://www.editorialmanager.com/jems/default.aspx
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FMS 2024 ORGANIZERS
Department of Electrophysics 7 .>%

National Yang Ming Chiao Tung &Y
University
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The Department of Eléophysics was
established in 1964. It is one of the two earlig
departments established by the National Ch
Tung University. Its long history has led to t
department's leading role in the semiconduc
and optoelectronic industry in Taiwan. Man
alummni have strong influence in the scientific a
technological fields at the international level, ar®
our department has the largest and most active alumni association in Taiwan. It is worth mentioning t
our department has more than 30 distinguished dlsofar. Now the department has 33 full time faculty
members. Several professors have won distinguished teaching awards and outstanding research aw
Four professors are international scholars.

The courses offered by our department are interdisciptina addition to subjects such as
fundamental physics, quantum nanotechnology, electrical engineering, optoelectronics, and quant
information, we also focus on crefisld related courses. With solid fundamental physics training, close
connection withithe industry, and cooperation with international lasgale scientific projects, the course
structure is adequate for our students to cope with and grasp the future trend of science and technolc

Our educational goals are tultivate industry leadersnd pioneers with strong leadership,
creativity, professionalism, and the ability to collaborate and communicate effectively. The equi
emphasis on fundamental science as well as modern technology is the core value of our departm
which enhances studeht®rizons and cultivates higlkch and cuttingedge scientific research talents
with a solid academic foundation. The research of our faculties focuses on féwakirdy physics and
technology research fields such as lasers and optoelectronics, narsmateextgeneration
semiconductor devices, quantum materials and quantum information. Our research is fully in line wi
the world's most advanced research and technology and we aim to boost the new generatigadh high
industries.

The alumni of the Bpartment of Electrophysics spans all walks of life including academic
researchers (professors or researchers at wenlolwned universities or research institutes), high school
physics or mathematics teacher, Engineers, R&D talents, and managers ordoohdéghtech
enterprises (TSMC, MediaTek, Hermes, Foxconn, ESMT, Macroblock), Founders (Hanmin, ESMT
Macroblock), etc.

The Department welcomes applications from international students for admission. Admitte
students have opportunities for fellowshgrsd tuition waiver. Most of the students serve as teaching
assistants (the stipend is around -8330 US dollars per month) or research assistants (the stipend is
around 3061300 US dollars per month). Our PhD students have fellowship opportunities fishpub
excellent journal papers (the stipend is around 6,000 US dollars a year).
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NATIONAL SYNCHROTRON RADIATION RESEARCH CENTER, HSINCHU, TATWAN

Evolution of Synchrotron Light Sources

Synchwotrons have been used primarily by high-energy physicists since the mid twentieth century as indispensable tools to
search for fundamental particles and 1o explore the essence of the cosmos. After the discovery and confirmation of electromagnetic
radiation generated by syncheotrons, physicists and chemists began to apply this radiation in their schentific experiments during the
hiatus of high-energy research. Such light sources were subsequently described as first-generation synchrotron light sources.

In the 1970s, scientists gradually became appreciative of the advantages of synchrotron light sources. One after anather,
many developed countries began to busld synchrotrons specifically 1o generate electromagnetic radiation. Such facilities were
called second-generation synchrotron light sources.

In the 19805, new and innovative concepts were proposed by scientists to install insertion devices, such as wigglers and
undulators, in & storage ring to deflect electrons multiple times instead of just once in a segment of the storage ring. Such an
improvement has increased the brightness of synchrotron light more than a thousand times. In addition, the brightness of the
photon beam increases as electrons in the circudating electron beam become more compact in space, their momentum vectors
more paraliel, and the spread of the momentum magnitudes narrower, Such a spread of electron position and momentum is
termed the emittance of the storage ring, which Is dictated by the layout of the magnets of the storage ring. A synchrotron
designed with a small emittance and an emphasis on insertion devices to provide photon beams of great brightness Is known as
a third-generation synchrotron light source

At present, there are nearly 50 operational synchrotron light sources for scientific research around the world. The third-
generation synchrotron kght sources among these began to open to user experiments In 1994, The Talwan Light Source of the
NSRRC began to be commissioned In 1993, and became the third third-generation soft X-ray synchrotron light source in the
world to come on line for user experiments in April, 1994, As the demand for even brighter synchrotron X-rays for advanced
research increases, Tatwan has begun to construct a second synchrotron light source, the Talwan Photon Source (TPS), The project
was approved by the govemment in 2007, and construction began in 2010. On its compietion, the TPS is expected to be one of
the world’s brightest synchrotron light sources




Synchrotron light source - the best sharp tool for

scientific experiments

Varied phenomena, such as emission of photoelectrons; desorption
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Inelastic scattering Light (photons)

Fluorescence

Photoelectrons
lons and atoms

Bragg diffraction
x

or ablation of ions or atoms; absorption, scattering or diffraction of

photons; and fluorescence, occur when matter is irradiated with light from

a synchrotron. Each such phenomenon is closely related to the physical or

chemical characteristics of the material. Studying a material with light from

a synchrotron thus enables a precise exploration of the inner structure of

Transmitted light (photons)

a material, and the electron-electron interactions therein. The synchrotron

light source is an indispensably sharp experimental tool for cutting-edge

research in basic science, biomedical technology and industrial applications in the twenty-first century. It is applied broadly

to diverse fields such as material science, biology, medicine, physics, chemistry, chemical engineering, geology, archeology,

environmental protection, energy science, electronics, micromachining and nanotechnology.

Applications of the Synchrotron Light Source

€ Discovery of novel materials

€ Development of green energy

Inspecting the microstructures of materials with
synchrotron light of small wavelength and great brightness is
an important way to reveal the properties of materials and to
innovate in material applications. Synchrotron light coupled
with advanced microscopic and spectroscopic techniques is an
important experimental method to discover novel materials
and to study structures on a nanometer, or even smaller, scale.

Taking research on high-7, superconductors as an
example, physicists can apply synchrotron light to explore
the mechanism of superconductivity, or to search for new
superconductors with zero electrical resistance even at room
temperature. Taking electronic fabrication as another example,
when the sizes of electronic storage devices are shrunk
gradually down to a nanometer scale, the characteristics of
the surface atoms become increasingly important. Research
using synchrotron light is capable of revealing significant
information such as nanoscale electronic and atomic structures
of matter to facilitate the discovery of superior materials. This
work aids tremendously to increase the storage capacities and
the processing speeds of electronic components.

In recent years, man-made chemicals and air pollution
produced by human activities have seriously altered the
condition of the terrestrial atmosphere, In particular, the
anthropogenic greenhouse effect of carbon dioxide, emitted
by burning fossil fuels, has resulted in global warming and
climate change. Mother Nature, ecology, human health,
economy, as well as the human society are faced with
unprecedented severest challenges ever.

Scientists have been searching actively for highly
efficient and clean energy sources. A lithium-ion battery, a
rechargeable battery, is one green energy product with little
pollution, in which lithium ions move between the anode and
the cathode, during which chemical energy is converted to
electrical energy. Using a transmission X-ray microscope with
spatial resolution 50 nm at the NSRRC, researchers monitored
the microscopic images of the electrodes, and investigated
the changes of particles of tin, nickel, manganese or other
materials of the cathode in

- s
Lithiation real time during the charge-

discharge cycle (migration of
lithium ions in and out), so as
to learn the sizes, shapes and
distributions of internal grain

— structures in the process. This
De-lithiaiion work will help scientists to
discover novel materials with
increased efficiencies and
prolonged service lives for
a lithium-ion battery in the

future.

National Synchrotron Radiation Research Center 5
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Kagami Memorial Research Institute for
ZAIKEN J

SHESRANFAR Materials Science and Technology,

gari e e e

i Waseda University, Tokyo, JAPAN
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On October 21, 1938, Kagami Memorial Research Institute for Materials Science and Technolo
was established as the Casting Research Labofatbeyfirst laboratory attached to private universities
in Japar? by a donation from the prominehusiness leader, Koichiro Kagami and his son, Yoshiyuki.
Until 1980s, the laboratory played an important role both in academic and industrial circles as a uniq
institute focusing on metal processing such as casting, forging, welding and surfacentrddtmwever,
the laboratory had expanded its research field to cover a wider range of materials and in 1988, on the *
anniversary of its founding, the Casting Research Laboratory was renamed Kagami Memorial Resea
Institute for Materials Science andedhnology (ZAIKEN, which is the abbreviation of its Japanese
name).

Since then, researchers studying structural materials and processes, functional materials, mate
properties, and material design and evaluation have joined ZAIKEN and have enhargealithend
quantity of the research. Based on the research funding from outside the university, many professors
researchers are conducting various research projects.

ZAIKEN has been (1) acting as a leading academic research hub for fundamentabtgiebrai a
wide range of materials; (2) managing a joint use of the equipment for eattigegyanalysis and sample
preparation and (3) sharing information and krAmaw with researchers and engineers in a wide range
of material fields and constructing netiks. Recently, a variety of globatale environmental and
HQHUJ\ SUREOHPY KDYH HPHUJHG DQG VROYLQJ WKHVH Sl
Sustainable Development Goals and the Society 5.0 framework of the Japanese government. We belie
that ZAIKEN can substantially contribute to solving these problems through fundamental material
WHFKQRORJ\ DQG DFFRUGLQJO\ =$%,.(1 DSSOLHG WR WKH S
0(;7 -DSDQ DQG ZDV DFFHSWHG DQG VW Reseakls Cénter $8 U L
(QYLURQPHQWDOO\ &RQVFLRXV 7THFKQRORJLHYVY LQ ODWHULDC

The objectives of the Joint Research Center for Environmentally Conscious Technologies
Materials and Science are: (a) to develop fundamental technology for envirafiyne&onscious
materials, to establish scientific principles of environmentally conscious materials, to create innovati
environmentally conscious materials, and to incorporate them into society. (b) to promote joint reseat
and joint use for researchdrsa variety of research fields and to contribute to the development of the
material technologies in Japan by providing them with facilities, equipment, andHow\at ZAIKEN.

(c) to provide researchers in a variety of research fields with academactiaerwith other researchers
and to promote the fusion of different fields of material technologies.

Open for the international and the domestic collaboration researches
https://www.waseda.jp/fsci/zak/
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" NEW MATERIALS SCIENCE
ON NANOSCALE STRUCTURES
AND FUNCTIONS OF
o CRYSTAL DEFECT CORES

GRANT-IN-AID FOR SCIENTIFIC RESEARCH ON INNOVATIVE AREAS

®

Since emergence of the human civilization, epoeking
innovations in fields of environmental conservation, energy development
and information technology have been realized by emergence of novel
and advanced materials of metals, ceramics, andceadhictors. In this

=y regard, it is not too much to say that materials science has played ar
) essential role for them in history of mankind. In the current complicated,
\; diversified and globalized modern societies, however, timely

- development of unprecedentedaterials is indispensable and highly
‘,‘ L{ desired. Therefore, it is necessary to conduct materials developmen
) - based on a new concept in materials science.
Project Leader: K. Matsunaga
(Professor, Nagoya Univ. Japan) In this project, we firmly conduct fundamental and scientific
research on the structure property reladiuips in crystal defects of materials at the nanometer scale. This
is because crystal defects such as grain boundaries, interfaces and dislocations are found to bec
physical origins of distinct properties in recent advanced materials. Moreover fecgtempts are now
being done in advancedaterial development by designing and controlling physical properties of crystal
defects at the nanometer scale. If we know how to maximize potentials of physical properties of crys
defects, such knowledge shd provide us with breakthroughs in materials science. Then, it should be
an indispensable step to systematically reveal nature of specific electronic and atomic structures at cry
defects, especially at their core regions.

Here we refer to specifc 8 FWURQLF DQG DWRPLF VWUXFWXUHYV ORF
GHIHFW FRUHV" DQG WU\ WR HVWDEOLVK WKH QHZ PDWHULD
theoretical calculations, nanoscale characterization and advanced mapedaéssing conduct
FROODERUDWLYH VWXGLHYVY (VWDEOLVKPHQW RI QHZ VFLHQW
FRUH” ZLOO PDNH LW SRVVLEOH WR H[SORUH QRYHO PDWHUL

For further details, ples visit the website which can be easily found by searching with the keyword
3&U\WWDO 'HIHFW &RUHV
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Goethe University, Germany

The Johann Wolfgang Goethe University Frankfurt am Main is one of the largest universities i
Germany with around 44,000 dgients and with about 5,700 employees. Founded in 1914 by Frankfurt
citizens and since 2008 once again proud of its foundation status, Goethe University possesses a |
degree of autonomy, modernity and professional diversity. As a comprehensive unitees®poethe
University offers a total of 16 departments on five campuses and 154 degree programs along with
outstanding research reputation. Furthermore, the Goethe University is part of the Group-dfi&thine
Universities (RMU)

R
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2023 Pusan Natioal University, Korea

PusarNational University (PNU), founded in May, 1946 with donations and love
from citizens, marks the 77th anniversary of its proud opening in 2023.

PNU was launched through the efforts ofklno Yun, the first president of PNU,
who was then chief of academic affairs for South Gyeongsang Province, anc
funded by community contributions.

PNU has become the No. 1 national university in research and educationa
competency, and its tradition and ability are estimated highly. More ttta@@BPNU alumni have taken
responsibility for the development of their communities and the country, and about 35,000 students, 1,2
professors, and 750 faculty members are working as one to develop PNU, an institution based on
principles of truth, feedom, and service.

Shining with tradition and history, PNU has surpassed 20 million won in educational funding pe
student for the first time among national universities in the country. It ranks first among natione
universities and 11th in universitiaationwide, recording the top rank in the nation on the level of major
private universities in the Seoul metropolitan area.

Thirty-six educational research groups and teams were selected for the 4th stage of the BK21 proj
which measures the universgyducational and research capabilities. PNU achieved second place amor
all universities nationwide.

PNU has joined the Association of Pacific Rim Universities (APRU) in 2021, one of only 61 membe
universities in the world. PNU is the 6th member agh@omestic universities. PNU is further
strengthening exchanges and cooperation with excellent universities at home and abroad.

PNU has signed agreements with nearly 534 universities and institutions from 58 countries al
regions around the world and Hasen actively engaged in exchange activities. Many PNU students are
having overseas experiences through interacting with nearly 60 foreign professors, taking forei
language courses among more than 1,200 provided annually, participating in study abgoatgpand
overseas volunteer programs, as they become international experts and leading global intellectuals.

In addition, NU declared a carbeneutral ecefriendly campus and created a 'Path of Thought' on
campus, boasting a beautiful campus enviramtmecated close to beautiful Mount Geumjeong and
natural valleys. In line with the trends of the 4th industrial revolution, PNU is promoting the
reorganization of the academic unit structure and innovation of the curriculum, while establishing tt
optimal foundation for student admission, education, and employment, and establishing and expandi
various scholarships so that professors and students can focus more on research and education.

Furthermore, RU, as the eldest brother of national universities in Korea, is actively leading change
in university policies such as the enactment of the National University Act and the expansion and revisi
of the compulsory recruitment system for pabnstitutions. PNU will lead an era of shared growth
between the country, region and universities by fulfilling its roles and responsibilities as 'The Universit)
Changing Universities'

With the power of bold intellect leading a new era, as a centligensity in the southeastern
megacity, the second mesbpulous region of Korea, and as one of the Korean Flagship National
Universities, PNU will do its best to nurture outstanding talents who will lead regional and balance
national development.

We hopéefor your interest and support.

10
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T ks s Faculty of Engineering Physics and Nanotechnology
| ovochn, VNU * ® /' University of Engineering and Technology
= 941195 GUGG GAHANO! N z

Sa dreradon O = Vietnam National University, Hanoi

History Organization
1999-2004: Departments

Starting from Dept. Engineering Physics of the Faculty of
Technology, Vietnam National University (VNU) in

. Nanostructured
Hanoi. .
magnetic materials
September 9, 2004: and devices

Faculty of Engineering Physics and Nanotechnology
(FEPN) was officially established under the University of
Engineering and Technology (UET).

Locations: 144 Xuan Thuy St., Cau Giay Dist., Hanoi,

Vietnam Photonic technology Energy Engineering
Website: http://fepn.uet.vhu.edu.vn/ E*sE
Phone: (024) 3754 9429
Fax: (024) 3754 9429 =
Staffs Program
- 21 faculties and supporting staffs: 2 full professors, 5 Undergraduate program
assistant professors, 11 PhD, 5 masters Bachelor in Engineering Physics
10 adjunct professors from partner institutions. (4 years): ~ 220 students.

(Institute of Materials Science, Institute of Physics, Institute

. ; , Engineer in Energy Engineering
of Chemistry, Institute of Biotechnology, VAST)

(4.5 years): ~ 220 students.
Graduate program

Master in Nanomaterials and devices

(2 years): ~ 10 students / year

PhD in Nanomaterials and devices

(4 year): ~ 10 students (in total)

Main topics

Micro-nanostructured magnetic materials and
devices.

Micro-nanostructured semiconductor materials and
devices.

Catalysis materials
Advanced optoelectronic materials and devices

Physics of low dimensional systems, computational
materials science.

Photonics and lasers

University of Engineering and Technology | Faculty of Engineering Physics and Nanotechnology

11
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Hanoi National University of Education, Viethnam

Founded on October 11, 1951, through Decree No. 276
by the Ministry of National Education, Hanoi National
University of Education (HNUE) is an esteemed
institution within Vietnam's educational realm. Initially
recognized as a pivotal national pedagogical university
in October 1975, it further advanced to become one of
Vietnam's six key tertiary institutions by March 1977.
Over the years, its evolution has been exceptidBy the
onset of the millennium, HNUE underwent a significant
transformation into a central pedagogical university with
a focused mission: to cultivate outstanding educators and pursue pioneering scientific inquiry. Tt
dedication aimed to propel tlievelopment of the pedagogical system anti2Zkeducation within the
nation.

Presently, the university comprises approximately 700 educators, including nearly 200 esteemed full e
associate professors, along with over 300 doctorate holders. Its acadeasicunture spans across 23
faculties, one department, and 14 distinguished research centers. Additionally, five affiliated schools he
earned national recognition within Vietnam'slR educational framework. Across its illustriousy&ar
journey, HNUEhas shaped countless schoolteachers, university lecturers, and researchers committe
the nation's advancement. Each year, the university welcomes over 4,000 undergraduate and 1.
postgraduate students, nurturing and empowering the next generattucafas and scholars.

Aligned with its dedication to scholarly excellence, HNUE has showcased prolific scholarly output. Fror
2022 to 2023, the university made substantial contributions to the global academic discourse with a tc
of 313 international sentific articles published across esteemed platforms such as ISI, Scopus, and oth
international repositories. Domestically, the university has fostered intellectual dialogue with 1,03
articles, hosted three international seminars, facilitated 191 diemesrkshops, and authored 537
textbooks.

Moreover, HNUE has been entrusted with
comprehensive array of projects spanning vari
levels, reinforcing its pivotal role in education
development. With its robust legacy and continu
contributions to a@demia, Hanoi National Universit
of Education remains an unwavering bastion
learning, innovation, and academic distinctio
propelling Vietnam's educational landscape forwarjg
Ranked 8th in Vietnam and 139th in the AsigZ
University Rankings Southea®rn Asia 2024, Hanoi s
National University of Education stands as one of the
premier public universities in Hanoi, Vietham.

12
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Hanoi University of Science, Vietham
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FMS 2024 SPONSORS

SGSerVIce

accelerate your researech

SGService brings extensive expertise in synchrotron services, specializing in
advanced X-ray synchrotron analysis and the design of cutting-edge
inspection equipment. Contact us for more information!

Nano X-Ray Absorption Mapping (2D n-XAS) :sf
l // \ I Ni? 1.0f
\\\ ‘ ‘\ lN’“l -1.0\J _ .

8200 8400 8600 88.00 90.00
. . - . . . . FEnergy(eV)
This technique offers insights into the valence state distributions, coordination

numbers, and bonding lengths of elements, aiding in the development and
enhancement of materials. With minimal restrictions on sample types, it is
applicable to solids, liquids, and gases. Additionally, in-situ experiments can be
seamlessly conducted.

Nano-Beam X-Ray Diffraction (2D n-XRD) 3

X-ray imaging offers real-space information, and
high-brightness synchrotron light sources deliver
superior imaging outcomes. With a highly focused
X-ray beam down to 80 nm, this technique
enables a comprehensive understanding of the
internal crystal structure, chemical composition,
and physical properties of materials.

Design and Production Services

Ni foil K-edge

XANES

.
-
AH(E)
3

Beamline
components

In-house

nano-CT
Vacuum slit

Nano-CT System
_ Battery Inspection

Nanoprobe

3D IC Chip Endstation

UHV High Heat Load Slits
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FMS 2024_DAILY PROGRAM SCHEDULE

Time Event
U, 2 2O Welcome to FMS 2024
Sunday
14:00-16:00 Arrivals & Registratiors
16:00-18:00 Steering Committee Meeting
] ) Reception Dinner Poster Preparation
18:00-20:00 SC353 1tfloor, Science Building I
Jan. 22, 2024 Conference (1/3)
Monday
8:30 +£10:00 Welcome & Registration
10:00-10:05: Opening remark
Chi-Hung Lin, NYCU president
10:05-10:10: Sponsor remarks
Opening Ceremony Minn -Tsong Lin, Deputy Minister of Taiwan National Science and Technology Council (NSTC)
10:00-11:00 Location: SC001 10:10-10:15: Sponsor remarks
Chair: Prof. Wu-Ching Chou Meng-Fan Luo, Director General, Department of Natural Science and Sustainable Development, N
10:1510:35: Co-organizer remarks
Chia-Hung Hsu, Director of National Synchrotron Radiation Research Center(NSRRC), Taiwan
10:3511:00: Taking group photos
11:00-11:20 Tea break
Plenary Talk 1
11:20-11:50 Location: SC001 Prof. Ryo Ishikawa, University of Tokyq Japan
Section Chair: Atomistic defect analysis by atoraiesolution electron microscopy
Prof. Masato Yoshiya
12:00-13:00 Lunch time
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Oral 1:18 talks

Oral 1_Section 1: SC158

Oral 1_Section 2: SC160

Oral 1_Section 3: SC162

13:00-15:
3:0015:00 Chair: Chih -Wei Luo Chair: Mikhail Brik Chair: Thanh Cong Bach
Two-dimensional materials and | Materials for green energy and | Multiferroics and magnetic
related applications (2D_I) environment (EE_I) materials (MM)
13:0013:20 2D_TO01(ShunJen Cheng) EE_TO01 (Chung.i Dong) MM_TO01 (Way-Faung Pong)
13:2013:40 2D_T02(Ying-Hao Chu) EE_TO02(ShiuanHuei Lin) MM_TO02 (Ekkes Brueck)
13:4014:00 2D_TO03 (ShaeYu Chen) EE_TO03(So Young Kim) MM_TO03 (Harald O. Jeschke)
14:0014:20 2D_TO04 (YenFu Lin) EE_TO04(Mgr. Maksym Buryi) MM_TO04 (Jakob Walowski)
14:20-14:40 2D_TO05 (WenrCheng Ke) EE_TO05(Michal Piasecki) MM_TO5 (Keiichi Koyama)
14:4015:00 2D_T06(Vera Marinova) EE_TO06 (Giin-Hau Chia) MM_TO6 (Stefan Stllow)
15:00-15:15 Tea break
Oral 2: 16 talks
15:1516:35 Oral 2_Section 1: SC158 Oral 2_Section 2: SC160 Oral 2_Section 3: SC162 Oral 2_Section 4: SC157
' ' Chair: ShaoYu Chen Chair: The Toan Nguyen Chair: Yen-Fu Lin Chair: Keiichi Koyama
Two-dimensional materials and | Materials for green energy and | Two-dimensional materials and | Spintronic & topological
related applications (2D_II) environment (EE_II) related applications (2D_lIII) materials (ST)
15:1515:35 2D_TO7(Chihn-Wei Luo) EE_TO07(Jae Beom Lee) 2D_T11(WenHao Chang) ST_TO1 (ChirShan Lue)
15:3515:55 2D_T08(Dimitre Z. Dimitrov) EE_TO08(Van Hao Bui) 2D_T12(Thanh Cong Bach) ST_T02(Masashi Akabori)
15:5516:15 2D_T09(ChunLiang Lin) EE_TO09(Huy Hoang Luc) 2D_T13(Takuji Ohigashi) ST_T03(Takashi Kimura)
16:1516:35 2D_T10 (ChuShou Yang) EE_T10(Nang Dinh Nguyen) 2D_T14(Huy Tiep Nguyen) ST_T04(Sung Kyun Park)
16:4517:30 Leaving for banquet
17:30-20:00 Banquet
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Jan. 23, 2024

Conference (2/3)

15:1515:45. Free time for guest
15:50-17:00 To Jiufen old street
17:00-18:00. Walking around the old street
18:00-19:30 Dinner & Tea

19:30-20:30: Back to NYCU

Tuesday
Oral 3: 13 talks
8:30- 10'50 Oral 3_Section 1: SC158 Oral 3_Section 2: SC160
Chair: Cheng-Maw Cheng/ Yan-Gu Lin Chair: Takashi Kimura
Synchrotron X-Ray Science & Applications (NSRRC) THz materials and devices (TD)
8:30-8:50 Opening remarks (Chiblao Chen) TD_TO1 (Hsin-Fei Meng)
8:50:9:10 NSRRC_TO0l(Hung-Wei Shiu) TD_TO02 (Atsushi Yabushita)
9:10:9:30 NSRRC_TO2PingHui Lin) TD_TO03(Chin-Han Chung)
9:30-9:50 NSRRC_TO03ShinrChang Weng) MM_TO07 (JenRhYih Juang)
9:50-10:10 NSRRC_T04 (YarGu Lin) MM_TO08 (ChienTe Wu)
10:1010:30 NSRRC_TO05ChengMaw Cheng) MM_TO09 (Huu Phuoc Le)
10:3010:50 NSRRC_TO§Ying-Rui Lu) MM_T10 (Si Young Choi)
10:50 +£11:00 Tea break
- NSRRC tour:
11:00-12:30 PF)ster exhlbm.on 10:50 #11:00 NYCU #to +NSRRC
First floor corridors .
11:00 £12:30:TPS Site Tour (09A, 27A, 30A)
Excursion
Bus A: Taipei National Palace Museumliufen Old Street Bus B: Sun Moon Lake
12:30-13:45. To Taipei National Palace Museum 12:30-14:45 To Sun Moon Lake
13:4514:15 Tour guidance (tickets, audio guides) 14:4515:00; Tour guidance
12:30-20:30 14:1515:15 Visit gallery at3 floor 2" floor 1% floor 15:00-15:45: Xiangshan Visitor Center/ Xiangshan Scenic outloo

15:4516:30. Visit Shuishe port
17:00-18:30 Dinner & Tea
18:30-20:30 Back to NYCU
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Jan. 24, 2024

Conference (3/3)

Wednesday
Oral 4: 23talks
_ _ Oral 4_Section 1:SC158 Oral 4_Section 2: SC160 Oral 4_Section 3: SC162
08:10 - 10:50 Chair: Nang Dinh Nguyen Chair: Jenh Yih Jhuang Chair: Huan Tran
Photonics and nanostructured Materials for green energy and | Theoretical and computational
hybrid materials (PH) environment (EE_III) materials science (TC)
8:10-8:30 PH_TO1 (Gabriella Tessitore) EE_T11 (WerBin Jian) TC_TO01 (Mikhail Brik)
8:30-8:50 PH_TO02 (An Bang Ngac) EE_T12 (Jeng.ung Chen) TC_TO02 (Hidekazu Ikeno)
8:50-9:10 PH_TO3 (Viet Cuong Le) EE_T13 (Duy Thien Nguyen) TC_T03 (Maahiko Okumura)
9:10-9:30 2D_T16 (Der-Hsien Lien) EE_T14 (Danh Bich Do) TC_TO04 (The Toan Nguyen)
9:30-:9:50 EE_T15 (Ray-Hua Horng) ST_TO5 (JiunAYuan Lin) TC_TO05 (Masato Yoshiya)
9:50-10:10 EE_T16 (Candy C Mercado) ST_TO06 (Kimitoshi Kono) TC_TO06 (Khwng Dien Vo)
10:1010:30 EE_T17 (Indrajit Shown) ST_TO07 (JinMing Chen) TC_TO07 (Thanh Tra Vu)
10:30:10:50 2D_T15 (Sonia Sharma) ST_TO08 (YingKuan Ko)
10:50 £11:10 Tea break
Plenary talk 2
11:10- 11:40 Location: SC001 Prof. Ho Won Jang, Seoul National UniversityKorea
' ' Section Chair. Halide Perovskites for Data Storage and Neuromorphic Computing
Prof. Si Young Choi
Plenary talk 3
11:40 +12:10 Location: SC001 Dr. Huan Tran, Georgia Institute of Technology, USA
T Section Chair. Materials Informatics: Accelerating Materials Research with Artificial Intelligence
Prof. An Bang Ngac
Closing remark & Awards
12:10-12:40
Location: SC001
12:40 Farewell
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INSTRUCTION FOR CHAIRS, INVITED SPEAKERS, AND
POSTER PRESENTERS

For Session Chairs:
Chairs are recommeled to be at the meeting room at least 15 minutes before the session star

Please precisely control the starting time for each talk according to the conference program
ensure the smooth proceeding of each session.

For Plenary Speakers and Invited Spakers

Session Type Time slots
Plenary talk 30 min. presentation, including Q & A
Invited talk 20 min. presentation, including Q & A

Preparations for presentations:

Please prepare your backup copy on a USB. Kindly test and check your presentaticat slides
least 30 minutes prior to your presentation session at the Oral room.

The meeting room will be equipped with a Notebook and projector. All speakers are
recommended to use the Notebook provided to prevent the problem of connectivity and sa
time for irstallation.

Please arrive at your session meeting room at least 15 minutes before your session start:
discuss with the Session Chairs and have your presentation ready.

Speaker Lounge
Venue: Room SC154SC159
Service Hours:
K1 7:30 £18:00 Monday, 22 Jawany to Tuesday, 23 January 2024
M 7:30 £13:00 Wednesday, 24 January 2024
Instruction for Poster Presenters

Poster presentation will be held on tH&flbor, Science Building 11l of National Yang Ming
Chiao Tung University.

At least one of the authors igpgred to be in attendance during the Poster Exhibition time.

Presenting authors are required to set up their posters at designated hours according to
program schedule.

Mounting and Removal
p Adhesive staples will be provided onsite.

K Authors who wish teep their posters and remove them after the exhibition.
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Atomistic defect analysis by atomieresolution electron microscopy

Ryo Ishikawa

linstitute of Engineering Innovation, University of Tokyd,1216, Yayoi, Bunkyo, Tokyo 1-B856, Japa.

* Corresponding-enail: sishikawa@sigma.t:tokyo.ac.jp

Following the development of modern aberration correction in electron microscopy, it has bee
routinely available su\ngstrom spatial resolution in inorganic materials. The currently achievable
spatial resolution is less than half an Angstrom [1], which seems sufficiently high enough to analyze loc
atomic structures. However, such high spatial resolution is only valid in the lateral two dimensions, al
the last remaining depth resolution along #xial directions still no better than 510 nm in scanning
transmission electron microscopy (STEM). Since the physical limit of the depth resolution is dominate
E\ WKH LOOXPLQDWLRQ DQJOH . LQ 67(0 > @ ZypeWwdfrectdoH IR
that @n correct up to Bfold astigmatism and installed the corrector into our ARM300CF at the
University of Tokyo. The flat region in Ronchigram is remarkably improved up to 70 mrad at 300 kV
%\ XWLOL]JLQJ VXFK ODUJH . ZH KDY Hepth\ \sglttiBrOby usihd Simle CeQ Y
dopants embedded in cubic boron nitriddB{) [4], where we obtained 2.1 nm depth resolution with the
illumination angle of 63 mrad at 300 kV [5]. Furthermore, by combining statistical analysis with STEM
depth sectiomig, we also achieved 3D atomic resolution at the oxide surface [6].

The other critical issue in STEM is the low temporal resolution because of the slow scanning of t
electron probe [7]. We, therefore, developed a new scanning probe system. By implgtiestaub
scanning probe system into our microscope, we achieved 25 fps (frame per second) with a 512 x !
pixels image size at an atomic resolution corresponding to 40 milliseconds per frame [8]. We will als
discuss our new scanning probe system, trackhe Pt single atomic motion and the dynamics of Pt
nanoparticles on Tig(110) at high temperatures [9].

Keywords:atomicresolution STEM, depth sectioning, differential phase contrast
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Halide Perovskites for Data Storage and Neuromorphic Computing

Ho Won Jany
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Halide perovskites have been noted for their exotic properiigs
such as fast ion migration, tunable composition, facile synth
routes, and flexibility in addition to large lighabsorption
coefficients, long carrier diffusion lengths, and high defect tolera
These properties have made halide perovskites promising matg
for memristors. Applications in the field of resistive switchi
memory devices and artificial synapsesreuromorphic computing
are especially noteworthy. This Perspective covers-sfdtec-art P
perovskitebased memristive devices. Moreover, the fundamer
mechanisms and characteristics of perovdi@tsed memristors arg
elucidated. Interesting opportuieis to improve the performance o
perovskitebased memristors for commercialization are provided, including improving film uniformity
and air stability, controlling the stoichiometry, finding newiatirganic and leadree halide perovskites,
and making provskites into single crystals or quantum dots. We expect our Perspective to be ti
foundation of realizing nexgeneration halide perovskiteased memristors.

Keywords: Memristors, Halide Perovskites, Random Acess Momory, Resitive Switching,
Neuromorphic
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Materials Informatics: Accelerating Materials Research with Atrtificial Intelligence

Huan Tan
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30332, USA
Matmerize, Inc., Atlanta, GA 30332, USA

* Corresponding nail: huan.tran@mse.gatech.edu

In the last decade or so, Materials Informaties been emerging as a new subfield of Materials
Science & Engineering, focusing on developing suitable madearaing (ML), and in a broader view,
artificial-intelligence (Al) approaches, to advance the fundamental understanding and to accelerate
discovery/design of new functional materials. Two primary factors that initiate and promote the
development of Materials Informatics are the recent maturity of past data, typically curated/generat
from experiments and (empirieadnd first principlesdbasel) simulations, and the advance of modern
ML/AI infrastructures, e.g., hardware and algorithms. This highigrdisciplinary research and
development field is now blossoming globally with numerous gehaaging approaches and toolkits
that were developednd, ultimately, new functional materials with targeted, applicagjecific
properties/performances that were discovered and/or designed. In this talk, | will outline the developme
of Materials Informatics, the current central problems and resultgritieal challenges, and the next
steps that can be envisioned for the near future.
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Emerging X-ray spectroscopy for energy materials
ChungLi Dong"
!Department of Physic§,amkang University, Tamsui 25137, Taiwan

* Corresponding-enail: cldong@mail.tku.edu.tw

Materials scientists play a crucial role in addressing the issues of increasing global demand 1
sustainable and clean energy. To pave the way for eemaission futire, developing advanced renewable
energy materials holds significant importance, and thus we must tackle these challenges from multi
perspectives, with a specific emphasis on the materials that enhance energy conversion, storage,
conservation effiencies. Improving the efficiency of existing energy materials is straightforward but
presents technically challenges. The physical and chemical properties of materials are closely correle
with their atomic and electronic structures. Gaining a deep rstaoheling of these fundamental
characteristics, particularly their behavior at work, is essential for effective engineering and practic
application. Synchrotron -ray spectroscopies, including-ray absorption and -ray emission
spectroscopies, serve pswerful tools for investigating the atomic and electronic structures of energy
materials. By employing in situ techniques, the dynamic changes in the atomic and electronic structu
during operation can be monitored. The emerging scanning transmissan microscopy offers
spatially resolved xay spectroscopy, holding great potential for exploring energy science. This
presentation aims to underscore the significancerafspectroscopies in characterizing the atomic and
electronic structures of engrgnaterial systems, such as artificial photosynthesis materials, advance
nanocatalysts, and smart materials. It will also encompass recent advancemeisituitechniques.
Tamkang University TKLUNSRRC enestations at the Taiwan Photon Source (TPS) &R7A
beamlines, which are specifically dedicated to energy science research will be also introduced.

Keywords:X-ray spectroscopy, atomic structure, electronic structure, energy materials
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Atomic layer deposited Aldoped ZnO thin films for liquid crystal devices
Shiuan Huei Lif", Stefan Petroy Vera Marino¥’, Dimitrina Petrovdand Dimitre Dimitro¥
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" Corresponding-enail: lin@nycu.edu.tipwmarinova@iomt.bas.bg

The integration of high uniformity, conformal and compact transparent conductive layers into ne»
generation indium tin oxide (ITGyee optoelectronics including wearable and bendable structures is &
huge challengelf2]. In this talk, we demonstrate transparent and conductive functionality of Aluminum
doped zinc oxide (AZO) thin films deposited on glass as well as on Polyethylene terephthalate (PE
flexible substrates by using atomic layer deposition (ALD) technidu thin films possess high
optical transmittance at visible and ném=frared spectral range and electrical properties competitive to
commercial ITO layers. AZO layers deposited on flexible PET substrate demonstrate very stable sh
resistance over 1@0bending cycles. Based on the performed optical and electrical characterization
several applications of ALD AZO as transparent conductive layer are shown: AZO/Glass support
Liquid Crystal (LC) display as well as AZO/PET based flexible Polymer Dispdrapdd Crystal
(PDLC) devices [34]. In addition, we demonstrate for the first time to the best of our knowledge a vertica
orientation of the LC director achieved by controlling the crystallographic orientation of the AZO films,
further enhanced by forrtian of nanogrooves on the films surface by the mechanical rubbing. The
electrooptical characteristics of the AZO based LC phase retarder were demonstrated. Presented res
show the superior potential of AZO for integration in ng&heration indiuniree LC devices.

Keywords: Al-doped ZnO, ALD technique, transparent conductive layers, LC display, flexible
PDLC devices.
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MOF -based efficient ctalysts for CO. electrochemical conversion
Soo Young Kim*
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The pursuit of a circular carbon economy and the
needto surmount the constraints of g@€lectroreduction
technology has prompted the development of siagben
catalysts (SACs) for electrocatalysts. SACs consist
isolated metal atoms dispersed on a support mate
First, zeolitic imidazolate framework [B)-8 containing
various transition metal iorfsNi, Fe, and C@g at
varying concentrations upon doping were fabricated | I
the electrocatalytic COreduction reaction (CO2RR) tc
CO without further processing. The electnich sp C
atoms of optimized coppeloping on ZIF8, leadingto a| e MEEEEE Lii il LALELR
local effect between the Zhl, and CuiNs moieties, o : ‘
achieve a maximum Faradaic efficiency for Z®CO of &= m;“”
88.5% at-1.0 V (vs. RHE) with a stability over 6.
Second, compared to nanoparticles, single atom catalysw
(SACs) have been shown to significantly enhance th_
efficiency of metal atom utilization by nearly 100%,
which results in a higher concentration of active sites, leading to outstanding catalytic activity, excelle
product selectivity, and stability. Among thevelise support materials, the ZIFs, a-sldss of metal
organic frameworks (MOFs) with high nitrogen content, have been widely used to prepare mete
nitrogendoped carbon (MN-C) SACs with dense active sites. Herein, we utilized anfiéeondly
approach tgroduce twedimensional ZIF8 nanosheets (ZiB-NS) as an optimal support material for
SACs. Additionally, we introduced Ni precursor into the synthesis processaN8-NS, which was
then subjected to pyrolysis at 950 °C under.athosphere to yielthe final product, NNC-NS. Ni-
NC-NS demonstrated an outstanding B8 performance by exhibiting excellent Faradaic efficiency
(FE) toward CO of ~100% both in the-¢¢ll and flowcell reactors as well as a remarkable turnover
frequency (TOF) of 23,6992

Keywords:carbon dioxide reduction,-@mensional material, metakrganic frameworks, single
atom catalyst, vacancy sites

2D nanosheet

*Enhanced electrochemical CO,RR properties
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* Corresponding-enail: buryi@ipp.cas.cz

Single crystalline bodiei;m most cases are highly efficient materials with the given properties which
find application in many branches of science, industry and everyday life of the human society. Howev
the single crystal production is expensive and, therefore, neverendin &wahe cheaper but as much
effective compounds is conducted worldwide. As the alternatives, especially, in optoelectronics, glass
or glass ceramics are proposed. Their fabrication is easier and cost effective in this case but still
efficiency isnot enough as compared to the single crystals. At the same time, downscaling the size of 1
crystalline and amorphous compounds, i.e., growth of the nanoparticles can lead to the improv
demanding characteristics due to the enhanced surface and in@adaed to volume ratio. This effect
is known in e.g., zinc oxide.

Zn0, cesium lead bromide (CsPBBEPB) or silicon have pronounced photovoltaic effect [1] which
can be used not only in the solar cells but also for the environmental protection,dolgartor water
purification [2]. There are several commonly known conventional chemical methods of the nanoparticl
synthesis like sedel, hot injection, growth from liquid and others. Plasma torch can also be used for th
nanoparticles synthesis [3,4}loreover, it has the advantage of using, in fact, any kind of precursor.
Moreover, plasma itself treats the input materials resulting in the improved properties of the outp
nanoparticles. As an example, thermal plasma synthesis of Si/SiC nanopdrtiatesilicon and
activated carbon powders can be mentioned [3,4]. Plasma can also be used fordhentbgteatment
of the produced nanomaterials. This can result in the improvement of the conductivity and luminescer
properties as was reported for &wped ZnO nanorods exposed to cold inductively coupled Ap + H
plasma [5]. As one can see, indeed, plasma chemical technologies are of great importance and, there
the aim of the present work was to demonstrate their potential for the dzabed namparticles
synthesis.

Keywords: plasma torch, plasma reactor, cariiased nanoparticles, luminescence, electron
paramagnetic resonance
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Insights from Experiment and Theory a Peculiarities of the Electronic Structure and
Optical Properties of the TbHg(Snh,Ge)Se Crystals
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Quaternary chalcogenides,B"DVQ, (A' presents Cu or Ag; a
B" denotes Zn, Cd, and Hg;"Dstands for Si, Ge and Sn; whereas o
indicates S and Se) attract over recent two decades a tremer 2’
attention from technological and scientific viewpoints because .
their numerous feasible practical applications (see Fig.1umber ’f_
of the A;B"DVQ, sulfides and selenides manifest a direct enel
band gap being in the 1.5 eV range, high absorption coefficien™
(at least bigger than 1@m™®), electrical conductivity of yiype, high
conversion powers, etc. These proper@ge very attractive for
application of the AB"DVQ, compounds, especially tinearing

sulfides and selenides, as efficient materials of-titim solar cell
absorbers [1], thermoelectric and photovoltaic semiconductors [
photocatalytic convertors ofvater splitting to hydrogen gas,

promising materials for nonlinear optics and luminescence

applications. Many physicochemical properties of th&8ASnQ, sulfides and selenides can be changed
effectively via the formation of solid solutions and dopinghwither chemical elements, decreasing
crystal dimensions to nanosizes, formation of special vacancies on peculiar crystallography sites
intrinsic defects to reach the desirable technological parameters. Because of the relative novelty
TIoHg(Sn,Ge)Seselenides, as the literature data feature, peculiarities of its electronic band structure a
optical constants, to the best of our knowledge, have not yet been investigated, both theoretically
experimentally. To overcome this lack, we have made éxpetal as well as theoretical studies of the
electronic and optical properties of the titled selenides.

Keywords: Crystal structure, Crystals, Mercury, Selenidesra}X photoelectron spectroscopy,
photovoltaics
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Photoluminescence characteristics of postnnealed CuO thin films

Chin-Hau Chi&’, ShihHao Sd, Yu-Min Hu?, JauWen Chiod, ChinChung Yd and ShengdRui Jiart

1Department of Applied Physics, National University of Kaug, Kaohsiung 81148, Taiwan
2Department of Materials Science and Engineerin§hbu University, Kaohsiung 84001, Taiwan

* Corresponding-enail: chchia@nuk.edtw

Cuprous oxide (C4#D) acquires considerbly attentions dae t  « - rrrrr——— :
its potential use in photovoltaic device in recent years [1]. Th
Cw0 films can be successfully fabricated by various technique: .
using either the following processes: oxidation of Cu, reductiol.
of CuO into CuO, and direct deposition of @0. Among then, /,_k N
an appropiate annealig process is required to obtainchighty = | ———— ===
films. However, the annealing process may need caution to ava | ff\-,
overoxidation or ovetreduction of film. P

Photoluminescence (PL) measurement is a convenient
nondestructive techniqueto evaluate the quality o
semiconductor thin films. Since the optical dipole transitions
lowestenergy exciton is forbidden in €D [2], the emission band from & film is hardly detected and
systematic PL studies on the films are still relativelgrar

In this study, we grew a series of LLufilms by rtmagnetron sputtering method. By controlling the
postannealing atmosphere, oxyggohed to oxygerdeficient films are obtained. XRD and PL are used
to study the structural and optical propertieshese films. Fig. 1 shows the PL spectra of {zostealed
films from oxygenriched to oxygerdeficient (top to bottom), measured at 30 K and 300 K. The spectra
are characterized by a broad visible band at around 2.2 eV,-infreaed band at 1.75 eV, apthonon
assisted transitions of ortlexciton at about 2.0 eV. Temperatalependent PL measurement was also
performed to investigate the 1.75-&¥nd and excitonic band. The lisbape of phonesideband is well
modeled by a MaxwelBoltzmann function anthermal shrinkage of banghp obtained from the fitting
is comparable to those reported [3]. It can be found that the most appropriate oxygen partial pressure
annealing the agrown CuO thin films is about 25.3 mTorr at growtiiemperature about 70C. In
addition, by comparing the results of XRD and PL, the presence broad luminescence in the visible lic
spectralregion largely depends on the existence of structural defects in the films.

Keywords:CwO, photoluminesce, pesinnealing
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Rugged Forest Morphology of Magnetoplasmonic Nanorods that Collect Maximum
Light for Photoelectrochemical Water Splitting
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A feasible nanoscale framework of heterogeneokzss=======srg==7r-=z- ===
plasmonic materials and proper surface engineering 3"-? . '
enhance  photoelectrochemical (PEC)  waiditting \ \
performance owing to increased light absorbance, effici
bulk carrier transport, and interfacial charge transfThis |
article introduces a new magnetoplasmonic (MagPlas) E
doped Au@FexOy nanorods (NRs) based material as a n|
photoanode for PEC watsplitting. A two stage proceduref

step is a ongot solvahermal synthesis of Au@FexOy. The
hollow FexQy nanotubes (NTs) are a hybrid of Fe203 and Fe304, and the-stziisl a sequential
hydrothermal treatment for Ni doping. Then, a transverse magnetidrftiided assembly is adopted to

decorate Ni/Au@FexOwn FTO glass to be an artificially roughened morphologic surface called a
rugged forest, allowing more light absorption and active electrochemical sites. Then, to characterize

optical and surface properties, COMSOL Multiphysics simulations are castiedThe coreshell

1L $X#)H[2\ ODJ3ODV 15V LQFUHDVH SKRWRDQRGH LQWHUIDF|
RHE. This improvement is made possible by the rugged morphology of the NRs, which provide mo

active sites and oxygen vacancies as the tnatesfer medium. The recent finding may provide light on
plasmonic photocatalytic hybrids and surface morphology for effective PEC photoanodes.

Keywords:Magnetoplasmonic, Photoelectrochemical, Water Splitting, Morphology
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Advanced Ptbased catalyst synthesis by atomic layer deposition

Hao Van Bui
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Platinumbased catalysts are widely used in many important chemical processes and eledtcocataly
systems for energy conversion, storage and utilization.[1] However, the scarcity and high cost of Pt :
the main issues that hinder the practical applications of these catalysts.[2] The search for cheap
abundant alternatives to replace Pt hasltedin the development of many novel catalysts.[3] Although
the discoveries of promising catalysts are often reported, none can compete with Pt in the intrin:
activity.[4] Therefore, maximizing the catalytic performance while minimizing the Pt loadmgdcome
a more practical and efficient route for addressing theretsted issues of Pt.[5] This requires a highly
controllable method for the fabrication of Pt nanostructures. To this end, atomic layer deposition (ALL
has become an excellent candédttat offers the controllability at the singleom precision.[5,6] In my
presentation, | will talk about our recent achievements on ALD of Pt orshidacearea substrates, i.e.,
graphene and Ti©nanopowders, which is carried out in a fluidized beatter.[79] Our approach
provides the capability of controlling the nucleation and growth of Pt at the atomic level, enabling th
fabrication of advanced catalysts based on Pt nanoparticles and Pt single atoms.

Keywords: Atomic layer deposition, fluidizetbed reactor, platinurhased catalysts, singégom
catalysts
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Enhancing Photocatalytic Activity in Bi2WOe Photocatalyst
through Controlled Oxygen Vacancy Formation

Vu Quoc Trung, Nguyen Dang PHuPham Van Haj Ta Thi Thuy Ng4 Chong Li Dong, Wu Ching
Chol?, Nguyen Thi Ngoc Hue Pham Thi He*, Luu Anh Tuyefi
Nguyen Quang Hung5 and Luc Huy Ho&ng

!Faculty of Physics, Hanoi National University of Education, Hanoi, Vietnam
2Department of physics, Tamkang University, New Taipei City, Taiwan
3Department of Electrophysics, National Yang Ming ©hlaing University, Taiwan
4Center for Nuclear Technologies, Vietham Atomic Energy Institute, Ho Chi Minh, Vietnam
SInstitute of Fundamental and Applied Sciences, Duy tan University, Ho Chi Minh, Vietnam
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In this study, we fabricated narthin Bi;WOg layers using hydrothermal methods and introduced
controlled oxygen vacancies through microwaesisted alkali etching. We comprehensively
characterized the resultant oxygen vacancy sites within th& @ material ugig a combination of
Raman spectroscopy-bay absorption spectroscopy (XAS), Transmission Electron Microscopy (TEM),
X-ray photoelectron spectroscopy (XPS), and Positron Annihilation Spectroscopy. We explored tl
influence of oxygen vacancies at variousface and crystal structure sites on the photocatalytic
performance of BWQOe. Our results reveal that a deliberate introduction of 5 out of 6 possible oxyger
vacancies in the BIVOg structure significantly enhances light absorption and facilitates flueeaf
separation of photogenerated charge carriers. Consequently, these vacancies lead to a subste
improvement in the photocatalytic activity ofz2BiOs. This research introduces an innovative approach
to tailor oxygen vacancies on the surface ofMBDs catalysts, thereby advancing their potential for
applications in photocatalytic processes targeted at environmental pollution degradation.
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Effective approach for large-scale production of nitrogendoped TiO2
nanoparticles by a combination of ultrasonic irradiation and electrochemistry

Nguyen Thi Khanh Vah Dang Van Tharf Hoang Nam Nhatand Nguyen Nang Dinh'

tUniversity of Engineeringnd Technology, Vietnam National University in Hanoi, Vietnam
2Faculty of Basic Sciences, TNUhiversity of Medicine and Pharmacy, Vietnam
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We report a facile and effective approdchlargescale production of Moped TiQ nanopatrticles
(UNTSs) by using ultrasonic irradiation and eleetteemistry. NHNO;3 electrolyte as the nitrogen source
has been used. Ten electrodes were made of high purity titanium metal with a purity of 8agtboot
150 mm, and diameter of 6.35 mm. They were placed parallel in a glass tank containing 2 | of 0.5
NH4NOs solution. The DC power source connected to two electrodes has a voltage in the rangé of 20
V, corresponding to a current of 8905 A. Theelectrochemical system was placed in a large capacity
ultrasonic bath (40 kHz, 400 W). After 45 min of a batch experiment, the solution was collected ar
filtered through a polyvinylidene fluoride (PVDF) membrane with a vacuum filter. The filtered solid
powder was then washed with douldlistilled water and subsequently dried at 100 °C in a vacuum oven
for 24 h. Finally, the material was finely ground using an agate mortar and annealed at 450 °C in an o\
under the atmospheric condition for 1 h.-gr&paed UNTs were characterized byray diffraction,
Raman spectroscopyray photoelectron spectroscopy, scanning electron microscopy, transmissiol
electron microscopy, and U¥isible diffuse reflectance spectroscopy. The results indicated that the
nitrogencontent of UNTs reached 9.3% and bandgap energy of 2.62 eV. The photocatalytic activities
the materials were evaluated by the decoloration of synthetic wastewater containing methylene blue ur
visible light irradiation supplied by a 400 W xenon larhmht filters were used to remove the short
ZDYHOHQJWKYV RI QP 7KH GLVWDQFH IURP WKH ODPS W
the influence of outside light, the entire experimental system was placed in a dark chamber. At first, t
mixture (50 mg of photocatalytic material and 100 ml of 10 +AigvB solution in a 250 ml doublawyer
jacketed beaker) was stirred in the dark for 60 min to reach the adsagesamption equilibrium and
then irradiated with visible light for 120 min. Duritige reaction, 1.5 ml of water sample was collected
every 15 min and sent for MB concentration analysis. In addition, the efficiencies of photolysis an
photocatalysis were also compared by performing another similar experiment in the absence of the T
catalyst. Characterization of the UNTs gave the high photocatalytic degradation of methylene blue (MI
under visible light irradiation. The mechanism for the formation of UNTs by ultrasasisted
electrochemical approach has been also discussed.

Keywords:Electrochemical, ultrasoniassisted, Nloped, TiO2, visible light.
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Piled-Up Energy Storage Capability of Nanoparticulate WQ/MoO3 Films
ChiaChun Weit JunWei Huang! Wen-Bin Jiari!, Kazuhito Tsukagoshf
1Department of Electrophysics, National Yang Ming Chiao Tung University, Hsinchu 30010, Taiwan
2 International Center for Materials Nanoarchitectonics (\ANPANA), National Institute for Materials
Science (NIMg Tsukuba, Ibaraki 309044, Japan
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Sustainable developments to improv.

energy consumption in buildings and ener¢ .15 — b?mn

storages are essential issues that can E-m W = ir:su .
solved by using green dknologies. In this : ' g g : §
talk, we present electrexploding wire and 205 8 = 4
spray coating techniques for the synthesis & ,, N g 40
nanoparticulate  films of W@MoO; g A = 20 E * 02 maon’
composite films. The nanoparticulate film 05 g ——

\ E o
) ) 0 1000 2000 3000 0.0 05 1.0 1.5 20 25
are used to assemble electrochromic devic ' i

for the transmittance anénergy storage
measurements. The nanoparticulate WO
MoOs films exhibit high electrochromic
performances with a diffusion coefficient of
deintercalation of 3.39X1# cn¥/s, a charge
density of 28.5 mC/ch the coloration
efficiency of 40.9 crfIC at the ight
wavelength of 430 nm, and the transmittance

variations of about 17% and 44% at wavelengths of 430 and 635 nm [1,2].

nd

The nanoparticulate WEEMoO:s films not only display good electrochromic performances but also
energy storage capabilities. These filexdibit a high porosity that is beneficial for ion diffusions in
electrolyte and for increasing the efficiency of oxidations and reductions. In particular, the porot
nanoparticulate WeMoOs films can be stacked to increase the thickness and to enlfenemdrgy
storage capability.

Keywords: Electrochromic Device, Energy Storage, Nanoporous Materials, Supercapacitor
Tungsten Trioxides

References:
[1] C. C. Wei et al., Electrochimica Acta, 2023, 442, 141897.
[2] C. M. Chang et al., Sol. Energy Mater.|S@ells, 2021, 223, 110960.

Presenting author Email addressbjian@nycu.ediw

Materials for green energy and environment_EE 46


about:blank
about:blank

The 7th International Symposium Brontiers in Materials Science (FMS 2024)
National Yang Ming Chiao Tung University Invited Talks

EE_T12

Application of X-ray absorption spectroscopy at TPS 44A beamline to decipher
the active site in energy material
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X-ray absorption spectroscopy (XAS), which includesra) absorption near edge structure
(XANES) and exteded Xray absorption fine structure (EXAFS), is a powerful tool at synchrotron
radiation facilities. The XANES region of XAS provides the electronic structure and local geometric
information, and the EXAFS region is used to obtain the detailed local astrature around the
absorbing atoms, such as the nearest neighbor atomic type, the number of atoms in a specific coordine
shell, the interatomic distance, and the structural disorder. Generally, one full spectrum which includ
EXAFS region needs tgpend 15 to 40 minutes collecting. Unfortunately, most chemical reactions
happened in a few seconds. Therefore, it is urgent to collect one full spectrum in a few seconds. Her
quick-scanning Xray absorption spectroscopy beamline (TPS 44A) at the ThaRtebton Source, is
presented. The beamline is equipped with a ga@@nning monochromator {@ono), which can
provide conventional stelpy-step scans and ehe-fly scans for a full spectrum [1].

Fossil fuels are the most commonly used fuels for enémggur daily lives. However, the
concentration of carbon dioxide in the atmosphere has increased year by year due to the excessive u
fossil fuels. In turn, it has caused extreme changes in the global climate. Therefore, findoagdow
emissions ath clean renewable energy is the goal of all countries in the world. Hydrogen is regarded :
an ideal alternative clean fuel because it can be effectively converted into energy without producil
harmful substances or greenhouse gases. It can be produdkdrimally cracking hydrocarbons to
produce hydrogen or using photocatalytic or electrocatalytic ways for water splitting. These catalyt
reactions are extremely dependent on the activity of metal catalysts. Therefore, it is very important
understand t working pathways of the catalyst. HeresitwWoperandoelectrocatalyst characterization
[2] and methane pyrolysis reactions [3] were presented by the XAS technique.

Keywords:TimeresolvedXAS, HER, OER, Methane pyrolysis
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Ag-Coated Si nanowire arrays: A new route for the precise detection of
carbendazim in pomelo by surface enhanced Raman scattering
NguyenDuy Thiert, Le Van Vi, Nguyen Quang HdaSai Cong DoarhVuong Van Hiep
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In this study, we present an efficient methe~
based on vertically oriented silicon nanowire arra’
coated with silver nanoparticles to achiev RSB (1M xr) = 11%
significantly surface enhanced Raman scatteri
(SERS) signals. The method is applicable for tl
acarate detection of fungicides and relate
compounds. The substrates were obtained by a t\
step process consisting of the growth of Si nanow 5
arrays on a silicon wafer by metssisted chemical £
etching and subsequent coating with Ag nanopartic%
by the sputtering method. The effect of sputterin§
time on the growth of nanowires, their morpholog™
and enhancement factor of the signals obtained fr & & ﬂ:;f»:mmhi ;2;0:1_1 w10
the SERS sensor were studied in detail. The fi
enhancement factor of Raman shift is 1.1 ¥, 1
allowing the limit of trace detection for carbendazi
in acetone to be as low as 0.1 ppm, with a relative standard deviation of less than 2.07%. And then,
SERS sensor were used to detect carbenzadim (CBZ) residue in pomelo with CBZ concentration as |
as 1 ppmThis result opens up the potential for direct application of prepared substrates-fiagiltra
chemical analysis.

Keywords:Raman, Surface enhanced, Sputtering Si NWs, Carbendazim
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Photothermal Natural-Inspired Materials For Highly Efficient Solar Steam
Generation
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Solar steam generation (SSG) is an emerging erenergy harvest and sustainable technologies.
The nanestructured photothermal materials can harvest energy from the entire solar spectrum a
convert it to heat with high efficiency. This work investigates the fabrication of novel natspiled
phaothermal materials such as the leaf, coconut husk, and green tea for application in SSG systems.
observed that the light absorbance of fabricated materials exceeds 92% in the wavelength region of 2
250nm. The developed SSG systems result in arvea@poration rate up to 1.92kgn® under 1 sun
illumination. The high water evaporation performance of SSG based on fabricated materials highligk
the promising application toward sustainable seawater desalination.

Keywords: solar stream generation (8F photothermal materials, plasmonics, water vapor
generation
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Study on Rtype GaOs epilayers usingphosphorusion implantation technology
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Among the ultrawide bamigap materials under consideration for power devices applications,
gallium oxide (Ga0s) is an promising candidate, due to a wide bandgap of 4.9 eV, a high breakdow
electrical field strength of 8 MV/cm, and remarkable thermal stabiliy][Even thoughthere exists a
challenge about-pype GaOs, which limits the power devices applications.

,Q WKLV VWXG\ ZH LQYHVWLJDWH WKH HOHFWULBG&03SUF
epilayers and epilayer implanted phosphorous with low, medium, ahdibiges. These epilayers were
grown on sapphire substrates by metalorganic chemical vapor deposition.

Specifically, the lowdose implantation involved phosphorus ions at concentratioris6tf0',
1i102 and 2.510'? atoms/crf, administered at implantatioenergies of 100, 50, and 40 keV,
respectively. The mediwmlose implantation utilized phosphorus ions at concentratioris 6bf0,
1i10" and 2.$10% atoms/cm, at same implantation energies. Finally, the kigBe implantation
employed phosphorus ionat concentrations ofl.6110'%, 1i10" and 2.$10* atoms/cri, with
implantation energies of 100, 50, and 40 keV, respectively. The implantation parameters were al
simulated using the Stopping and Range of lons in Matter software, while the actualtratiocenf
phosphorus ions was measured via secondary ion mass spectrometry. Subsequently, Ni and Au v
deposited on the annealed phosphotuB S O D -G &= &pilayers, followed by rapid thermal annealing
at 600°C in a nitrogen environment for one mauor Hall measurement. The electrical properties of
the phosphorusmplanted -G&0s epilayers were assessed through Hall measurements. Notably, the
Ga0s epilayers implanted with middle and high doses displaygghe behavior. The resistivity of the
p-type -GaO3 HSLOD\HUV ZLWK PLGGOH DQG KLJK GRVHYVY PHDVXU|!
determined by Hall measurements. Additionally, the hole carrier concentrations for these doses wi
measured a%.612 x108 and 6.428x 18, respectively. Gnsequently, the phosphorus ion implantations
using middle and high doses were proven effective in obtainitypeGaOs. To further explore the
GHIHFW IRUPDWLRQ HQHUJLHY DQG )HUPL HQHUJLHV-G&OsV XE'
lattices first-principles densityfunctional simulations were employed.

Keywords:ultra-wide bandgap materials, gallium oxide ¢Gg), implantation
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Enhancement of Dye Degradationn Piezo-Photocatalytic ZnO-MoS2
Heterostructures

James Albert B. Narvaez, C. Mercado*

Department of Mining, Metallurgical, and Materials Engineering, University of the Philippines Diliman,
Quezon City 1100, Philippines

* Corresponding nail: ccmercadol@up.edu.ph

Photocatalysis is a novel approach to degrade hazardous compounds, frequently employed
environmental remediation such as eliminating methyl orange (MO) dye from wastewater. Howeve
low efficient usage of visible light due to the large band gap of photocatalysts and its high rate ¢
recombination limit the process. To address this issue, jpieatotronics is utilized to improve the
efficacy of catalytic degradation. Specifically for this stuthe piezephotocatalytic efficiency of Zn©O
MoS; heterostructures is realized using solar and mechanical energy in degrading MO dye. Or
dimensional heterostructttV ZLWK DQ DYHUDJH OHQJWK RI P DQG L
compactly aligned on glass substrates was synthesized throughkstetwloydrothermal process. Under
simulated solar illumination and ultrasonic vibration, the ZMQ65; effectively dgiraded MO improving
the degradation efficiency from 55% to 84% by introducing piezopotential in ZnO. Ultrasonication aide
photocatalysis through fieldssisted separation of the photogenerated electrons and holes, reducir
recombination. Coupled liquid obmatography and mass spectrometry confirmed the degradation of MO
into its smaller metabolites. The catalyst films have achieved 61% degradation even after 3x reuse.
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Figure 1. Degradation efficiencies of ZnO and Mo&mnbinations with ultrasonic agitati and visible light
illumination

Keywords:Piezophotocatalysis, photocatalytic degradation, zinc oxide, molybdenum disulfide
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Advancing Metal Sulphide Photocatalysts in Artificial Photosynthesis for
Sustainable Energy Solutions
Indrajit Showrt", Ranjith Ravi, Amr Sabbah Kuei-Hsien Chep, Li-Chyong Cheh

!Department of Chemistry, Hindustan Institute of Technology and Sciences, Chennai, India
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In recent years, the pursuit of sustainable energy sourcg
intensified, with an increasing focus on harnessing solar en
to meet our evegrowing energy demands. Artifici e e
photosynthesis and photochemical Z&duction have emerge( i
as a promisig path in this effort, aiming to mimic thd
remarkable efficiency of natural photosynthetic processes
converting sunlight into chemical energy. To unravel the sec
of photeinduced lightmatter interactions and propel the fiel
of artificial photosythesis forward, this talk will delve inta
cuttingedge research, innovative approaches, and pots
applications.

co

This talk delves into the intricate realm of artificial photosynthesis, specifically exploring
advancements in the modulation of tdimnertional metal sulfide based heterostructure photocatalysts
for the simultaneous processes of photochemical f@@Quction and photochemical watsslitting.
Harnessing sunlight for sustainable energy solutions is at the forefront of scientific innovadidiisan
presentation sheds light on recent developments in tailoring advanced photocatalysts. By intricat
manipulating heterostructures, our aim to optimize the efficiency of bothr&dction and water
splitting, crucial components of the artificialgtbsynthetic process. This talk will provide insights into
the several two dimentional metal sulfide based photocatalyst systems and their potential performan
towards photochemical G@eduction and watersplitting which propelling us toward a more isaste
future by converting solar energy into valuable chemical fuels.

Keywords:Atrtificial photosynthesis, Photocatalysis, wasglitting, heterostructure, G@eduction

References:
[1] Nature Communications, 2022, 13(1)81
[2] Nano Energy, 2022, 9306809
[3] Small, 2021, 18, 2105076
[4] Nano Energy, 2020, 72, 104717
[5] Nanoscale, 2020, 12, 23301
[6] ACS Applied Materials & Interfaces, 2019, 11, 28, 25186.
[7] Nature Communications, 2018, 9, 169Publication reference

Presenting author Email addresshownindrajit@gmail.corrindrajits@hindustanuniv.ac.in

Materials for green energy and environment_EE 52


mailto:shownindrajit@gmail.com
mailto:shownindrajit@gmail.com
mailto:indrajits@hindustanuniv.ac.in

The 7th International Symposium on Frontiers in Materials Science (FMS 2024
National Yang Ming Chiao Tung University Invited Talks
MM_TO1

Coupling between spin and lattice in an XYlike spin-glass (Nb.4oMno.69 TiO 3
Way-Faung Pong

Department of Physics, Tamkang University, New Taipei City, Taiwam
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Synchrotrorbased resonant inelasticrdy scattering (RIXS) and -Xay absorption spectroscopy
(XAS) experiments were performed to probe the nature ofik€yspinglass (SG) focusing on the spin
flip (magnon) excitation and lattice distortion in singhystal Ni0.4Mn0.6TiO3 (NMTO) close to the
spinglass temperature (TSG). RIXS provides clear evidafacrystal field (ed) excitations at the Ni
and Mn L3edge, but the magnon is observed mainly at the Ned@e RIXS at the scattering of NMTO
close to TSG. Temperatudependent extended-pdy absorption fine structure (EXAFS) measurement
further revels a large increase of the 4 bond length along theaxis and phonon softening that is
caused by the large static disorder of Ni sites near TSG, suggesting that tladtisgitoupling that is
associated with the ariymmetric DzyaloshinskiMoriya (DM) interaction involved magnetic
exchange interaction in NMTO. Ni L3g&lge Xray magnetic circular dichroism (XMCD) measurement
revealed the ferromagnetic/ferrimagnetic ordering of Ni+2 ions in NMTO near TSG. This phenomenc
is consistent with the measat magnetic hysteresis {M) curve, which exhibits the
ferromagnetism/ferrimagnetism that is probably caused by-@olinear or cantedype spin orientation
of Ni2+ ions in the alplane of NMTO.

Keywords:RIXS, XAS, EXAFS, XMCD, spirglass.
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Materials for efficient conversion of low temperature waste heat
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—r—n

The production and use of energy account for more than 7
RI WKH (8V JUHHQKRXVH JDV HPLVYV
energy gstem is therefore critical to reach our 2030 clime
REMHFWLYHV D Q-erm\siategy8ol dch@®rn@ tarbol
neutrality by 2050. At the same time, we will generate v.
amounts of lonwgrade heat in e.g. datacenters, food, pulp and p¢
industriesthat is available 24/7. Efficient machines or devices
convert this lowgrade heat in an economically sound way &
however lacking. Upgrading only a small percentage, as dict:
by laws of thermodynamics, of this otherwise wasted heat i
electricity, can already be significant due to the sheer amoun
heat in the temperature range below 390 K. As the heat is available
and often needs to be downgraded before it can be safely released into the environment, we have sir
to PV and offshore wind maipnko consider the cost of investment to determine the economic framework
of such a generator. The existing prototypes [1, 2] are essentially proofs of principle but hay
demonstrated where we can gain efficiency by improving designs and by tailoringategiesperties.
Promissing materials have to fulfill a few requirements [3]: Low and adjustable Curie temperature ft
low-grade heat, low remnant magnetization (Mr), which is generally fulfilled as one operates near or
the critical temperature. Signifiat and steep magnetization change at the Curie temperature as the figul
of merrit of this type of materials is proportional to the change in magnetization, and inversly proportion
to the heat input required to induce this change in magnetizationhAh@gmal conductivity to facilitate
a rapid temperature change, and last but not leastésis, which implies the preferred use of earth
abundant elements. A few of these materials requirements are very similar to the requirements
magnetocaloric matials. However, e.g. latent heat that helps for magnetocaloric applications is
detrimental to thermomagnetic applications, as it implies more heat is needed to induce a change
temperature. We will discuss current state of the art devices and revielogiaents in tailoring the
performance of novel magnetic materials for efficient energy conversion.

Keywords:Energy conversion, magnetic materials, thermomagnetic devices, energy efficiency
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Progress in frustrated magnetism from density functional theory
based energy mapping

Harald O. Jeschke

IResearch Institute for Interdisciplinary Science, Okayama eJgity, Okayama 768530, Japan

“Corresponding -enail: jeschke @okayarna.ac.jp

Recent years have ushered in enormous advances *~
frustrated and complex magnetism. Progress in samg
growing and in experimental techniques have changed tl
focus from perfecting material realizations of single or fev
parameter kagome or triamgr lattice model Hamiltonians
to a wealth of materials with low symmetry, lattice
distortions and complex threedimensional networks. Simp!
fits to experimental data are often not enough to determir
the magnetic Hamiltonian of such materials. Howevar,
accurate density functional theory based energy mapy
technique with statistical safeguards promises to be a
forward, allowing unbiased determination of complete
norrintuitive hierarchies of exchange interactions. A number of recent examplég wikcussed. In the
search for quantum spin liquids, there are new fascinating possibilities to realize them in thre
dimensions: From five exchange couplings of equal rankMNiXSQ)s, energy mapping shows that two
trillium lattices are in competitn with a strong bipartite lattice coupling and puts the material on the
verge of a 3D quantum spin liquid (QSL) of nickell spins [1,2]. The DFT based method also identifies
a highly frustrated hyperkagome network in PbCikdhat explains the experimtal QSL signatures
[3]. In BaCoSiQ, energy mapping identifies the cause for a complex magnetic order where the magne
cobalt sites are partitioned into three entwined networks; together with tiny frustration and anisotrop
interactions, this leads tBomagnetic field control of toroidal moments [4]. For the distorted lattice of Y
kapellasite, energy mapping identifies a three parameter kagome lattice Hamiltonian with a ve
interesting phase diagram [5].

Acknowledgment Work done in collaboration wit Yasir Igbal, Johannes Reuther, "D 4LYNRY
Henrik Ronnow, Bella Lake, Igor I. Mazin, Ronny Thomale, Huibo Cao and many others.

Keywords:quantum spin liquid, toroidal moment, trillium lattice, hyperkagome lattice
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Exploring the impact of the inverse Faradayeffect on alloptical helicity-
dependent magnetization switching

Jakob WalowsRk{

linstitute of Physics, Greifswald University, Germany
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All-optical helicitydependent magnetiion switching (a) B
(AO-HDS) is a fast and deterministic technique for data stor. &0 &
applications that solely uses the helicity of ultrashort la: — so fiss
pulses for magnetization reversal, see Figure 1. Developec '
heatassisted magnetic recording, granular highsity
magnetic storage media are ideal for investigatio 5
magnetization switching effects. In the latest perception, §
identify two effects, the magnetic circular dichroism (MCD) ai
the inverse Faraday effect (IFE), as the forces driving (b) [
switching pr@ess. During photon absorption, the magnetizati
guenching is caused by a rapid temperature rise due to heli
dependent absorption, which ensures two distinct elect
temperatures. This effect already holds a nonvanish
probability for magnetizatiorswitching. Simultaneously, the
IFE induces a magnetic moment in the material, there
enhancing the probability of a switching event. In my talk, | w oottt bk
present AO HDS experiments using ultrashort laser pul

(= 2001s) in the neainfrared range from800 nm o

1500 nm, The data indicates a strong dependence of the
switching efflClency on the absorbed energy density, bringing the electron temperature close to the Ct
it B ) ) Temperature, allowing for the IFE to take full effect,

b - oo inducing a magnetic moment for deterministic
switching in the quenched magnetization state.
Supported by multiscale simulations, we conclude
that the magnetic moment induced by the IFE is
crucial for the switching efficiency and the distinct
deterministic character of the switching process.
Laser pulses whta higher absorption induce a higher
magnetic moment and switch magnetization at lower
fluences more efficiently, see figure 2. The IFE takes
Absrbed Fluenc full effect, when the electron temperature rises up to

Keywords:FePt, AOHDS, IFE, MCD
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Synthesis of some ferromagnetic materials in a magnetic field
Keiichi Koyama" , Ryota Kobayasi, Yumi Watanab¥, and YoshifuruMitsui*

Graduate School of Science and Engineering, Kagoshima University, Kagoshird@@&90lapan
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Magnetic field is one of the important thermodynamic parameters such as temperature and press
to control the condensate equilibrium [1]. In order to discover and develop new materials, research
material synthesis using magnetic fields has been attempted all over the world. Interesting magnetic fi
effects on magnetic phase transitions, chemieattions, solidification, etc. have been reported using
strong magnetic fields. However, it has been difficult to conduct these experiments at high temperatu
and in high magnetic fields using commercially available equipment.

Generally, magnetic energs very small compared to thermal energy. For example, the magnetic
HQHUJ\ RI DQ HOHFWURQ VSLQ GXH WR RQH 9%RKUT demediphte/ R C
to a temperature T of 0.67 K [1]. This is why high magnetic fields are requiredestigate the effect
of magnetic fields on material synthesis above room temperature. On the other hand, some ferromagr
materials have a large magnetic moment even at temperatures above 300 K due to strong exche
interactions. When a 10T class magméeld is applied to a ferromagnetic material with a large magnetic
moment and a high Curie temperature, such asBMiMn-Al, Mn-Ga, FeGa systems, the magnetic
energy reaches approximately 10K or more. A 10T class magnetic field can also be easilgdevith
commercially available cryocooled superconducting magnets.

Our research group has been studying the synthesis reactionsgif [®Rjn Mn-Al [3], Mn-Ga [4]
systems, etc. in a magnetic field through experiments and calculations. We concltttedghailibrium
state of ferromagnets in a magnetic field is dominated by the gain of magnetic energy [2]. Furthermo
we found that a magnetic field promotes the ferromagnetic synthesis reaction and a paramagne
ferromagnetic phase change in the -Khsystem [3]. We have also shown that in binary systems
containing many different magnetic phases, such agGlii4], specific compounds can be grown in
alloys by suppressing the diffusion of atoms using magnetic fields.

In this presentation, | would like report on the recent magnetcience research of our Kagoshima
University group, focusing on the experimental result of Mn/Ga diffusion couple experiment.

Keywords:ferromagnetic materials, magnetic field, synthesis
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Competing magnetic phases of frustrated quantum magnets: Fielthduced
guantum criticality and dimensional reduction in the quantum sawtooth chain
atacamite
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Frustrated lowdimensional quantum spir
systems offer a unique opportunity to study compl
guantum systems. In this field of research, '
multitude of models such as the kagome lattice 10
the diamond chain are studied with respect to no g g
and exotic ground and fieliduced states such a =
spin  liquids or magnetization  plateaus
Correspondingly, on the experimental side the te
is to identify model compounds to test and veri 2
these concepts. 0

kg (K)

0 5 10 15 20 25 30 35

The natural mineral atacamite £LUW(OH)s is Mt (T)
onesuch material, featuring a coupling scheme of aumiform quantum sawtooth chain will= 336K
along the basal sites of the chain ahd= 102K within the sawteeth [1]. The magnetization of this
frustrated material is platedike with M ~ Msa{2 in highmagnetic fields, but which is unrelated to the
1/2-plateau of the sawtooth chain [1]. Starting from our studies of the magnetic phase diagram, we pres
high-field heat capacity data in the field range of the platd@umagnetization. We find evidenéer a
field-induced quantum critical point in atacamite which separates the antiferromagnetic phase in low
magnetic fields from a field region without lomgnge magnetic order in higher magnetic fields. This
behavior is very distinct from that of clasal frustrated triangular lattice systems and thus appears to be
an unusual quantum phenomenon.

Keywords:sawtooth chain, high magnetic fields
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[1] L. Heinze et al., Phys. Rev. Lei26, 207201 (2021).

Presenting author Email addresssuellow@ttbraunschweig.de

Multiferroics and magnetic materials_ MM 58


mailto:s.suellow@tu-braunschweig.de
mailto:s.suellow@tu-braunschweig.de

The 7th International Symposium on Frontiers in Materials Science (FMS 2024
National Yang Ming Chiao Tung University Invited Talks
MM_TO7

Coexistence of the Hype and cycloidal magnetic phases in multiferroic YMnQ
thin films unveiled by the waspwaisted magnetic hysteresis loops
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Universitas Airlangga, Indonesia
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The cycloidal (or sinusoidal) and the colinéatype antiferromagnetic orders are the two primary
magnetic ground states being identified to give ristn¢éomagnetisprinduced ferroelectric polarization

unique to the multiferroic manganites. In the former the electric polarization is driven B§@® type

DzyaloshinskiiMoriya interaction, while in the latter the polarization arises thhothe type S&@5&
magnetostriction effect. Since the strength of the magnétidoced polarization can vary dramatically
depending on the magnetic ordering ground state, identifying or even manipulating the magnetic ort
by controlling avdable external parameters, thus, have been of extensive research interests from b
fundamental and application points of view. In this study, we successfully fabricate single crystallin
multiferroic orthorhombic YMnO3 (&¥MO) thin films on SrTiO3(110)bstrates using the pulsed laser
deposition. The high crystalline quality of the obtainedMO films, as being confirmed by -Xay
scattering and reciprocal space mapping, allows us to probe the magnetic properties by applying
magnetic field along theespective crystallographic orientations. In particular, the temperature
dependence of the magnetic hysteresis loops not only exhibit substantial anisotropy but also disp
characteristics of waspwaisted MH loops, signifying that there might be two are@ more magnetic
phases coexisting at temperatures well below the commonly recognized Neél temperature. The deta
analyses on how these coexisting magnetic phases evolves with the lowering temperature along
respective crystallographic axis will peesented and discussed.

Keywords: Multiferroic manganites thin film; Waswaisted magnetic hysteresis loops; Cycloidal
and collinear antiferromagnetic ordering
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BCS-BEC crossover in tweband superconductors? A GGO T-matrix approach
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Given the recent noteworthy outcomes in experiments involving FeSebanlli superconductors,
we undertake a theoretical examination of the impacts of pairing fluctuation within -hatvdo
superconductor. Our investigation encompasses both- imtnd interband pairing interactions.
Employing a diagrammatic setbnsistenfT-matrix method with &G, pair propagator, we explore the
consequences of the matrix structure of the pair propagator on the Thouless criterion-anergidé.

To comprehed experimental findings related to the pseudogap size, we concentrate specifically on ti
interplay between the strength of intsand pairing interaction and the extent of the pseudogap region,
particularly when one of the two bands is in the BBESC crosover regime. In order to propose avenues
for future experiments and verify the pseudogap's nature in-adawd superconductor, we also calculate
various other significant physical quantities, including derdégsity response functions, critical
temperé&ure, and fermionic chemical potential, as functions of temperature and the strengths afithtra
inter-band interactions.

Keywords:FeSe superconductors, pseudogap
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Partial superconductivity and anomalous nagnetoresistance in SnTe thin films
Phuoc Huu Le ;, ChihWei Luc®*, JiunnYuan Lirt"
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SnTe is a narrow bangap topological crystalline insulator and a therraolc material working in
a hightemperature regime. In this study, SnTe thin films with various thicknesses from 127 to 462ni
were grown on AlO; (0001) substrates at 300°C and helium ambient pressure of 200 mTorr using pulse
laser deposition. The filmexhibited cubic crystal structure of SnTe with space grdupul (a =
6.327A) and (2 0 Opreferred orientation, and they had granular surface morphology. Interestingly
magnetotransport measurements at low temperatures (below 5 K) on the SnTee¥idak partial
superconductivity with st~ 3.83 K, and various types of anomalous magnetoresistance (MR) curves
The SnTe films possessed-Bch compositions that could create Sn precipitates inside the films, and
consequently, Sn precipitates indutiee partial superconductivity and anomalous MR phenomena. Two
superconducting transitions were observed for a 462hick SnTe film, which is likely due to the
proximity effect, suggesting the formation of superconducting regions at the Sn/SnTe isterface

Keywords SnTe thin films; superconductivity; anomalous magnetoresistance; pulsed lase
deposition.
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Ferroelectricity by phonon-decoupled oxygen tetrahedra in brownmillerite
oxides
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Ferroelectricity is an intriguing phenomenon essential forvaatile memory device applications
with the advantages of high operation speed and low power consamptiich store information by
spontaneous electric polarization. An innate property of ferroelectricity is that the spontaneol
polarization can be switched under the application of an electric field. Sinigiyted polarization is
electrostatically unable because of the uncompensated charge at the surface, and a domain is forme
minimize the free energy. The domain size or pattern of conventional ferroelectrics is mostly determin
by mechanical boundary conditions, such as interfacial strain aottiehl boundary conditions. In this
regard, there have been lots of efforts to reduce the ferroelectric domajrem) ultrafine ferroelectric
domain structure with an approximate width of 10 nm has been reported in conventional perovskite
Pb(zr, Ti)Osthin films, and the critical size of ferroelectric domains in a BaTi@hocrystal is limited to
approximately 510 nm scale.

Ferroelectric Hf@ has been considered as an appropriate candidate owing to its ultimately fin
domains and halfinit cell width.! The orthorhombic phase of Hf©an be switched to zetsidth domain
walls contrary to the case in PbEifaving diffused domain walls. Freestanding membrane CsBiNb
has also been known to have unit cell wide ferroelectric domamsyever, there isnsufficient
understanding of the application of these materials to actual devices. In this talk, | do introduce
controllable unit celscale domain in the brownmillerite oxid€Ehe firstprinciples phonon calculations
show that the phonon modes retatwith oxygeroctahedra are fully decoupled from those with oxygen
tetrahedra, and the strongly localized oxygetnahedral phonons enable sstdective control of the unit
cell-wide domain. By combining atomi&cale imaging and in situ transmissiorcélen microscopy, we
visualized unit celwide ferroelectricity separated by electrically neutral unit-aédle walls and its
switchable characteristics. Our findings provide inspiration for designingdegkity memory devices
at the quantum limit.

Refeaences:
[1] H.-J. Lee, M. Lee, K. Lee, et al, Scdtee ferroelectricity induced by flat phonon bands in HfScience 369,
13431347 (2020).
[2] Y. Guo, B. Goodge, L. Zhang, et al, Uiill-thick domain in freestanding quasiwo-dimensional ferroeledtr
material. Phys. Rev. Mater. 5, 044403 (2021).
[3] Jinhyuck Jang, Yeongrok Jin, Heusik Park, et al, Circumscribed ferroelectricity by phowm@eoupled oxygen
tetrahedra in brownmillerite oxides. doi.org/10.21203/rs-3343923/v1.

Presenting authoEmail addressyoungchoi@postech.ac.kr

Multiferroics and magnetic materials_ MM 62



The 7th International Symposium on Frontiers in Materials Science (FMS 2024)
National Yang Ming Chiao Tung University Invited Talks
PH_TO1
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Luminescence decay times are a key indicator of the extent efdéative phenomena influencing
the luminescence response of an optical materid].[lhe complex nature of the lightatter interactions
at the nanoscale represents sometimes a barrier to uniquely correlating a certain trend in the meas
decay times to a sp#ic luminescence mechanism. Power dependencies, stronger fdinean
luminescence mechanisms, are often undervalu&jl §@ntributing to the broad spectrum of decay time
values provided in the literature for a certain emitter. The plethora of aead@hthesis protocols and
resulting geometries of the produced nanosystems, each influencing the luminescence response, ful
complicates the analysis of decay time curves.

The combination of different spectroscopic techniques and mathematical mgodslinhe
luminescence mechanisms represent unsubstitutable tools to unravel the luminescence mechanisms :
nanoscale,[2] enabling novel applications of luminescent nanomaterials.[3] The dependency of the de
time curves on several parameters is rigubifor linear and notinear luminescence mechanisms
involving lanthanide ions, considering their webaracterized spectroscopic footprint and broad
application fields.[4] The presented spectroscopic and mathematical tools could further promote t
desiable definition of an analysis routine to characterize the luminescence dynamics in nanomaterie
potentially mitigating the discrepancies in the data provided in the literature.

Keywords:Luminescence, nanomaterials, decay times, energy transfer
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Surfaceenhanced Raman scattering (SERS) is a powerful technique for detecting pollutants. Rece
studies have slwn that the sensitivity of SERS can be further improved by using appropriate light
excitation before or during Raman measurements, a phenomenon known asmghotd enhanced
Raman scattering (PIERS$Jowever, the underlying mechanism of PIERS is stitler debate.

In this research, sensitive SERS platforms based on ZnO/Au nanorods and ZnO/Au thin films we
prepared by hydrothermal and sputtering processes. The study showed that an in situ UV excitat
helped to enhance Raman signal efficiently up3tl times compared with traditional SERS
measurement under the same measurement condition. The enhancement process showed a reve
nature where a quick relaxation of Raman intensity to the initial level after shutting down UV excitatiol
was observedExperiment and simulation were performed to reveal the nature of photo inducec
enhancement process. The mechanism of PIERS effect is attributed to the generation of sied¢ron
pairs and charge transfer between ZnO and Au nanostructures.

Keywords: ZnO; Au nanopatrticles; sputtering; surface enhanced Raman scattering (SERS); U
excitation
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Surface plasmon resonance (SPR) is an optical phenomenon that occurs witdaraed incident
light is directed at a metal surface and stimulates the electrons of the metal to oscillate collectively. T
oscillation generates surface electromagneticesasalled evanescent waves. SPR sensors can exploit
these waves to measure tiny changes in the refractive index (RI) of the medium near the metal surfe
The changes in the RI can be due to biomolecular interactions, chemical reactions, substat
concentations, etc. The SPR sensors have been developed and become the standard tool
characterizing and quantifying in ret@the applications, including biological studies, biointeractions,
clinical diagnosis, medical diagnosis, food safety, environment oraorgt etc. However, conventional
SPR sensors rely on an outside photoreceiver and a complex mechanical system to measure the che
in the RI by detecting the reflected light's position and intensity. This is the most significant disadvanta
of the conentional SPR sensors. This paper exhibits a photoditegrated SPR sensor to get over this
main problem. Furthermore, the working principle and factors affecting the sensitivity of our SPR sensc
are also outlined.

Keywords:surface plasmon resonan&?R sensor, evanescent wave sensor, refractive index sensol
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Single crystal growth of quantum and functional materials at NCKU
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I will introduce to the crystal growth laboratory at National Cheng Kung University (NCKU) and
various investigations of theseystals viaacademic collaboration®&Jp to now, we haveynthesized
more than one hundred kinds of single crystalline compounds by using the flux growth, chemical vap
transport, and Bridgman methods. Such an achievement is not ubiquitous among théde/antystal
growth laboratories. These crystals cover a wide range of material systems from novel superconduct
chargedensitywave compounds, emergent topological materials, layered magnetic systems, ar
multifunctional 2D materials. From the fundanmedrand applied research, we have a fruitful publication
with more than seventy papers in recent five years. The papers published on top journals include Nat
Electronics, Nature Communications, Science Advances, Physical Review Letters, Physical Review
Applied Physics Letters, Advanced Materials, Advanced Functional Materials, Small, 2D Materials, AC
Nano, ACS Catalysis, Journal of Materials Chemistry A, etc.

Presenting author Email addressslue@mail.ncku.edu.tw

A A A E R

Taiwan Consortium of Emergent Crystalline Materials

Spintronic & topological materials_ ST 66



The 7th International Symposium on Frontiers in Materials Science (FMS 2024)
National Yang Ming Chiao Tung University Invited Talks

ST T02

Growth and characterization of MnSb and InSb on GaAs (111)B using molecular
beam epitaxy for spinrFET application
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Ferromagnetic metal/semiconductor (FM/SC) hybrid structures are anticipated to lead a new era
spintronic device fabrication, particularly in spin figéffect transistors (spiRETs) [1]. Hexagonal
MnSb, a ferromagnetic metal, exhibits compatibility witAWlcompounds such as GaAs and InSb [2,3],
and InSh, a narrow gap semiconductor, exhibits strongapibhcoupling. Therefore, MnSb/InSb hybrid
structure emerges as an appealind E®hybrid structure for spiRET application. Additionally, (111)B
surfaces of IlV compounds are attractive due to their crystallographic compatibility with hexagonal FM
structures [4,5]. Despite this potential, there is no significant work on the lgadwinSb/InSb hybrid
structures on GaAs (111)B substrates. In this study, we report our recent MnSb and InSb growth on G
(111)B using molecular beam epitaxy (MBE) and their characterization. For MnSb growth on GaA
(111)B, we varied growth temperatifrem 300 °C to 600 °C. By scanning electron microscopy (SEM),
energy dispersive-ray spectroscopy (EDS) aneray diffraction (XRD), we found that not only MnSb
but also other compounds were deposited at 300 °C, and only Mn was deposited at 600 °@reT heref
we found that the optimum growth temperature for MnSb is between 400 °C and 500 °C in our stuc
Then, we varied Sb/Mn beam equivalent pressure (BEP) ratio from 1 to 6 at 400 °C. By SEM and XR
we found the optimum BEP is between 3 and 6. Moreovermeasured magnetization curves by
superconducting quantum interface device (SQUID) magnetometer as shown in Figure 1. We founc
good property of the sample with BEP of 3. Similarly for InSb growth on GaAs (111)B, we varied growtt
temperature from 400 °@® 500 °C. By Hall measurement
with van der Pauw geometry, we obtained room temperature
electron mobility of 5000 cAv-s with electron
FRQFHQWUDW L R® tRelsamgle gnowifra® 400 °C.
Through a comprehensive analysis of growth and
characterization, superior MnSb and InSb samples were
identified for the prospective InSh/MnSb hybrid structure on
GaAs (111)B sbstrate. This hybrid structure holds promise
as a higkperformance spHfFET device, with magnetically

improved MnSb acting as source/drain and conductive InS- Magnetic field (Oe)
with spirtorbit coupling acting as channel.

Keywords:SpinFET, MnSb/InSh, MBE

Sbh/Mn=3

Sh/Mn=5

Sh/Mn=1
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Spin transport and spin thermo-electric properties of 2D vdW FeGaTe film
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Recent progress of twdimensional (2D) van der Waals (vdW) materials pdegi much research
attention owing to their fascinating features with intriguing quantum mechanisms. These characterist
open high potential applications in future advanced fa@ectronic devices but also the investigation of
novel quantum phenomena.rieularly, 2D vdW magnetic materials have attracted a great deal of
interest for developing loslimensional magnetic and spintronic devices as well as exploring novel spin
related quantum phenomena The advantage of 2d vdW magnets over the conventividdmoagnets
is that the physical properties of these magnets can be effectively modulated by varying the exter
parameters, such as the charge carrier doping, thickness effect, pressure and strain. In addition,
efficient spinheat conversion processhave been demonstrated by using the 2d vdW magnets. Thes
enables us to realize the pioneering applications in spintronicscaloiritronics, spirsensing and
quantum spin computation based on additional modulation functions. However, despiteasignif
advancements for 2D vdW FMs, in most cases, their Curie temperatures remain below room temperat
In addition, the miniaturization of the ferromagnet and the perpendicular magnetic anisotropy (PMA) a
crucial roles for the efficient operation anldra-small device fabrication for spirelated devices. Here,
we show that the vdW FeGaTe films shows an excellenitbpim-electric property with the robust large
roonttemperature PMA. Moreover, we show that the magnetic ansitropy is effectiveljfatextiby the
pressure application.
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In recent years, antiferromagnatiaterial has garnered significant attention to replace ferromagnets,
particularly in spintronics [1]. They have attractive functionalities like spin colossal magnetoresistanc
ultra-fast dynamics, high domainall propagation velocities, etc. Despitetaktse advantages, they have
thus far only served in support roles as pinning or exchange bias layers-iimbgépintronic devices
because their magnetic ordering is challenging to detect and control. Previeksl@s exhibits a spin
flop transitionknown as the Morin transition near the 263 K [2]. It has weak ferromagnetism betweel
263 K and 960 K, with the antiferromagnetically ordered spins slightly cantal prane. Below the
Morin transition temperatureTf), the spins align parallel to the-axis, forming a collinear
antiferromagnetic order. This transition is attributed to the competition between magnetic idipdle (
and singleion anisotropy Ks)) energies [3]. Therefore, it can be tuned by controlling the magnetic
anisotropy energy.

Here,we explored the correlation between the scaling and Morin transition in epitak@D;
films. The various thicknesses ofFe0O3 films were grown on an-Al O3 substrate using pulsed laser
deposition. As a result, the different sifiop transition cheacteristics were observed with film thickness
from magnetization and-Xay linear dichroism measurements. Further structural analysis confirmed the
presence of the straingdin layers at the interface and local distortion. These structural distortions
triggered variation of the electronic structure and the siiogleanisotropy Ksj), suggesting the
possibility of controlling the spifilop transition without chemical defects.

Keywords: .-Fe0s, Morin transition, Strain, Singl®n anisotropy
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Topological materials exhibiting symmetpyotected surface states have recently attracted attention
due to its unique physical properties and potential novel applications. In this talk, the present the stu
of the ultrafast dynamics on AR, type (i) SrCdSh, and SrCdAs; single crystals; (i) EuC&h single

crystals.

Case (i) Helicity-dependent THemission measurements have been performed on both SrCd2Sbh2 an
SrCd2As2 single crystals. This technique provides a cofret method to study spjpolarized
photocurrent from topological surface states due to circular hotogalvanic effect (CPGE). @uagese

with theoretical calculations and indicate a chemical presadieed topological phase existing in
SrCaShe.

Case (iiy Ultrafast optical pumyprobe (OPOP) spectroscopy, both at low temperature and in magnetic
fields, was employed to investigathe presumed magnetic topological Exftd. A detailed analysis on
the OROP spectra will provide deeper understanding on the underlying physics of the electronic at
magnetic structure of Eu@8k, single crystals. The relation between magnetic andlagpmal orders

will be discussed.

Keywords: Topological materials, magnetic topological materials, Dirac semimetals, Weyl
semimetals.
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Superfluid helium is one of the most standard
brokensymmetry states in condensed matter
systems, manifesting topologicalroperties. In
particular, in superfluid®He, relevant symmetry
operations are described by U(1), SO®Y orbital,
and SO(3) for spin degrees of freedom. Here, U(1)
denotes a guage rotation, which is essential to exhibit
superfluidity, and SO(3) dered 3D rotation. In
superfluid®He, in addition to U(1), both SO¢3and
SO(3F are broken, so that the order parameter 2-
superfluid *He may have a very rich structure 4§
shown in FIG. 1. This is because the Cooper pai
seperfluid®He has the orbitahngular momentum,
L=1, and the spin angular momentum, S=imgve).
Note that space and time inversion are applicable as
well.

After the symmetry breaking, the order parameter of superfidie]i which is essentially the
wavefunction of Cooper pair, renmai invariant under certain symmetry operations involved in the
original SO(3). Such a remaining symmetry property can be specified by assigning the eigenstates
Cooper pair. The hase corresponds to J=0 eigenstate, and invariant under the simudtestatan
of the orbital and spin space, where J is the total angular momentum, J=L+S.-phhseBis invariant
under time inversion as well.

The A-phase is described by the eigenstate correspondingrfodnd $=0, that is, the Aphase is
invariant urder spin rotation about theaxis, and orbital rotations about thexs by an arbitrary angle
g accompanied by simultaneous gauge rotation by the angle g#2.irhplies that the orbital angular
momentum aligns along-axis in momentum space and inlrepace. The macroscopic alignment of
Cooper pair angular momentum results broken time reversal symmetry aneptiaséis chiral. This
axial anisotropy follows that a moving small object perpendicular to angular momentum vecta
experiences asymmetrickew) scattering off by thermally excited quasiparticles in the direction
perpendicular to both moving direction and angular momentum of Cooper pair. Thus, an anomalous H
effect is produced in superfluftHe-A. This effect is observed by measuring itwe transport trapped
under the free surface of superfldide-A [1,2], which is in good agreement with the theory [3].

Keywords:superfluid®He, A-phase, chiral, broken symmetry, topological
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Spin state transition and intermetallicacge transfer can both essentially changedtbectronic
configurations without introducing any doping element, giving rise to drastic variations for material:
structures and physical properties. However, these two effects are never found to ocher toget
specific material. Here we report that pressure can sequentially induce the spin state transition &
intermetallic charge transfer in PbCo@erovskite which possesses a very rareadd Bsite ordered
charge format PBPL**:Cc?*,Co**,012 at ambent conditions. With increasing pressure, the high spin
Cc®* gradually changes to be low spin, while the AB.B ,O:-type crystal structure maintains
unchanged with insulating conductivity below 20 GPa. Between 20 and 30 GPa, the ordere
Co?*/Co**charge states are melted into a mixedCat higher temperatures accompanying with
metallization, but loweringemperature leads to a meiasulator transition. Moreover, PhCc?*
intermetallic charge transfer also takes place in this pressure region. With further compression up to
GPa, the charge transfer completes, and the compound most probably develapsAisite ordered
P**PI**C0**,0s phase. Since the-8ite is fully occupied by the low spin €pinsulating behavior

emerges again in this phase.

Keywords:high pressurespin state transition and intermetallic charge transfer
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Topological materials (TMs) have attractadch interests both theoretically and experimentally due
to their exotic transport phenomena, and potential applications in spintronics and quantum computir
Dirac and Weyl semimetal are quantum matters which its conduction and valance bands crobseach ¢
and show linear dispersion around pairs of nodes in reciprocal space. Magnetic Weyl semimetal is bea
seeking for long time, and Eug3ly has been predicted as an ideal magnetic Weyl semimetal in the spin
polarized ferromagnetic state by applyindezral magnetic field [1]. SrG8ly (SrChASShyx, X = 0),
the noamagnetic analogue of Eugsly, has also been predicted to showtriwvial topological phase
in room temperature. Besides, THz emission spectroscopy is a powerful domaictol to detet the
dynamics of photocurrents in topological materials through circular photogalvanic effect [2, 3]. Th

photocurrent can be described by the equation (1). By transient current radiation, the photocurrents

able to emit electromagnetic wave in THeduency range i.€.j4; !AA; 2 In this study, we report on

]
terahertz emission spectroscopy of topological material €8k« single crystals. For SrG8ky
VLQJOH FU\WWWDO DW WKH REOLTXH LQFEG BREEHermDVterahertz
emission were extracted by tird@main decomposition and recombination, and however, at the normal
LQFLGHQW FDVH a f WKH &3*( YDOXH LV DOPRVW JHUR 7
of nontrival topological stiace state on the surface of a topological Dirac semimetal.SkCsingle
crystal.

Ver »& RB0o:E™eUx Exy&™eY»Exg% ¥ Ep:S; (1)

Figure 1. a, circularly polarized optigalilses illuminated a Sr@8ke single crystal at an oblique angle= 4% of
incidence to generate photocurrerdsif) with direction perpendicular to the plane of incidence .-t the figures
show the emitted THz radiation at different incident anflle-®0° and 45° respectively.: the phase angle of the

quarterwave plate (QWP).
Keywords:Terahertz emission, Topological materials, Spintronics.
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Combination of complementary calculation techniquesfirst-principles and crystal field
calculationstis a powerful tool for getting a deeper understanding of complicated interrelations betwee
the structural and electronic propestief a host material, on one side, and energy levels of a dopant, or
the other side. The firgirinciples calculations allow for calculating the electronic band structure of
solids, whereas the crystal field models give a possibility of calculating tetakfigld splittings of the
multielectron energy levels of impurities. Such calculations, if performed for large groups of isostructur:
materials or isoelectronic impurities, can help in revealing certain correlations, sometimes not obviol
between lockstructure and optical properties. Numerous examples focused on the FAA™- and C#*-
doped phosphor materials for lighting and thermometry will be discussed in detail, with an emphasis
tunabilty of the spectral positions of the emission peaksWhidHLU LQWHQVLW\ E\ YDU\)

composition [15].

Keywords:phosphor materials; transition metal ions; rare earth ions; electronic properties.
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The oxygen evolution reaction (OER) is a crucial electrochemical reaction utilized in thelgsistr
of water, industrial electrolytic anodes, and matial secondary batteries. Various transition metal
composite oxides are currently being studied asprenious metal catalysts to reduce the overpotential
of OER. Among them, perovskite oxides regented by the formulaBOs are extensively researched.
There are mainly two approaches for material design: one is to optimize the catalytic activity by alterir
the chemical composition by mixing different elements at the A and B sites. The other hgprtzac
maximize catalytic activity by changing the crystal structure. For example, quadruple perovskite oxid
show improved OER activity compared to simple perovskite oxides with the same constituent elemer
However, understanding how these approaamsmnce OER catalytic activity at the atomic level is
essential for developing novel OER catalysts.

This study investigated the OER catalytic activity in perovsidtated oxides using density
functional theory calculations. Upon systematically examinihg relationship between the bulk
HOHFWURQLF VWDWH DQG WKH 2(5 DFWLYLW\ RI SHURYVNLW
defined as the difference between the occupied oxygen 2p band center and the unoccupied cation 3d |
center, serveas a good descriptor for OER activity. Additionally, we performed theoretical overpotential
calculations using slab models to understand the differences in OER activity due to crystal structures
guadruple perovskite oxides, it was clarified that OEBrpotential decreases when adsorbing at bridge
sites spanning two cation sites on the (220) surface (see Figure 1). In the presentation, we will also dis
how catalytic activity is improved by mixing multiple cations.

Figure 1. OER reaction mechanismsimple and quadruple perovskite oxides
Keywords:Electrocatalysis; Firgprinciples calculations; Quadruppeerovskite;

References:
[1] Yamada et al., J. Phys. Chem1g2,27885 (2018).
[2] Takamatsiet al.,J. Phys. Chem. €21,28403 (2017).
[3] Okazaki et al., RSC Advl2,5094 (2022).

Presenting author Email addre&:ikeno@omu.ac.ib

Theoretical and computational materials science_TC 75



The 7thinternational Symposium on Frontiers in Materials Science (FMS 2024)
National Yang Ming Chiao Tung University Invited Talks

TC_T03

Machine learning molecular dynamics simulations of materials
with complex structures
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Machine learning molecular dynamics (MLMD) is a promising method for {atgée simulations
with first-principles (FP) accuracy. This method employs artificial neural networks (ANNS) trained with
many FP calculation results. The calculation speed of the ANN is much faster than that of the |
calculations. The input and output of the ANNs are a configuraof atoms and the total energy
corresponding to the configuration, respectively; the ANNs mimic the potential energy surface (PES)
the FP calculations. In general, the MLMD simulations of materials with complex structures hav
complex PES. Therefor¢he MLMD simulations of the materials with simple structures are easier than
those with complex structures, e.g., the PES of crystalline materials can be reproduced by the AN
easier than those of amorphous materials due to the complexity of the REgeSantation will show
our recent MLMD simulation results of three different complex structured materials.

First, the MLMD simulation result of kaolinite, a layered clay mineral, will be shown. Clay minerals
are ubiquitous natural materials, and they bansynthesized artificially. Kaolinite is used as a raw
material for ceramics, cosmetics, and papermaking. Kaolinite has a larger unit cell than simple materi
e.g., the bcc or fcc metals. In addition, they contain hydroxy groups (OH), which do motigiav
structures. The finite temperature phonon spectra of such a soft structure are not easy to obtain.
MLMD simulation gave the phonon spectrum of the hydroxy group consistent with an experiment:
result, which classical molecular dynamics simolatiailed to reproduce it.

The second one is thorium dioxide (THOwhich has a simple fluoritgype crystalline structure.
However, this material shows the superionic phase transition, i.e., the oxygen moves like liquid abo
the transition temperaturdtlzough thorium maintains the frame of the solid. This coexistence of diquid
like and solidlike materials is challenging for MLMD simulations because the PES drastically change:
before and after the transition. Our MLMD simulation captured the phasditranand the evaluated
transition temperature is consistent with the experimental result.

The final one is silica glass, a popular amorphous material. Even in the quartz glass, one can fi
some clear structures, although amorphous is considered aahatighiout order. For example, the
tetrahedra structure of Si@an be easily identified by the second peak of the total structure factor
observed by the Xay diffraction. The first peak of the spectrum called the first sharp diffraction peak
(FSDP), is a issue; the origin of the FSDP has been debated for a long time. To tackle this issue, \
focused on the FSDPs of two types of compressed quartz glasses: permanently compressed silica gl
made by cold and hot compressions. Our MLMD simulation revehksdthe structural origin of the
middle range order corresponds to the FSDP.

Keywords:machine learning, molecular dynamics, clay minerals, superionic transition, glass
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This work continues our recently molecular dynamics
investigation of the three systems of the human ACE2ptec
interacting with the viral RBDs of SARSoV virus and two
variants of SARSCoV-2 viruses. The simulations are extended
and analysed using unsupervised machine learning models to
give complementary descriptions of hidden features of the viral
binding mechanism. Specifically, the principle component
analysis (PCA) and the variational autoendoder (VAE) models are employed, both are classified
dimenstionality reduction approaches with different focuses. The results support the molecular dynam
resuls that the two variants of SARSoV-2 bind stronger and more stable to the human ACE2 receptor
than SARSCoV virus does. Moreover, stronger bindings also affects the structure of the human receptt
making it fluctuate more, a sensitive feature which gl @ detect using standard analyses. Importantly,
is is found that the VAE model interestingly can learn and arrange randomly shuffled protein structur
obtained from molecular dynamics in time order in the latent space represetation. This resudtlgotenti
has promissing application in computional biomolecules. One could use this VAE model to jump forwa
in time during a molecular dynamics simulation, and to enhance the sampling of protein configuratic
space. Nevertheless, our results are reporteddiinminary, more rigorous investigation to optimize
parameters and hyperparameters of the model are needed in the future.

Keywords:Coronaviruses, human ACEZ2, variational autoencoder, enhanced sampling, molecul;
dynamics
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Factors governing disparities of electrons and phonons transports in quasi
ternary sulphides for thermoelectric applications
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High electronic conductivity and low phonon thermal conductivity must be simultanechsbyed
for thermoelectric applications, despite those transport properties obviously have a positive correlati
[1], instead of negative which is desired for the applications, in terms of relationship in terms of quantur
waves or their scattering, on ttext-book level. Extensive experimental studies have demonstrated the
deviation of it, exhibiting high thermoelectric performance through high electronic and low phonot
thermal conducitivies. Peculiar crystal structures is one of the reasons which dreupme
phenomenologically elucidating underlying mechanisms behind the disparity. Lattice defects, such
grain boundaries, point defects and dislocations, are known to be responsible for the deviation, throt
atomic coodination environments deviatediirthose in perfect crytals. Yet another elucidation includes
explotation the difference in mean free paths of electrons and phonons. However, less attnetion has k
paid to ones of the most fundamental factors, i.e., chemical bonding among constitusrgradaround
states of electrons and phonons before their scattering upon travelling through crystals.

A series of a quadernary sulphide system, €é4n-Sn-S exhibits mosaitike patterns of ordered
phases and disorderd phases on the raesle betweenanometer and micrometer dimensions. It has
been found that the mosaic patterns substantially contribute to lowering phonon thermal conductivity
a simple set of model calculations by some of the authors [2]. However, detailed mechanism behind
transmrt properties remain uncertain, unconvering of which would pave the way for further material
designing for the applications.

In this study, we have done first principles calculations for electronic structures and their transpc
properties and moleculalynamics calculations for phonon structures and their transport properties, t
uncover the underlying mechanisms behind the transport properties. These calculations assumes not
of the conventional theories for the transport properties and thus woaltdeeus to further explor the
mechanisms beyond the conventional theories. It is found that, while disordered atomic arrangement:
the disoder phase supposedly triggers scattering of electrons and phonons, thereby lowering b
electronic conductivity rad phonon thermal conductivity, modifications of ground states of electrons and
phonons acommpanies something more than simple scattering of electrons and phonons, respecti
This leads to the modification in electronic and phonon thermal conductieypno what the
conventional theories would predict based on scatting theories, providing further rooms to selectrive
optimize the two transport properties separately.

Keywords: electronic conductivity, thermal conductivity, lattice defedb, initio cdculations,
molecular dynamics
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Based on firsprinciples calculations within the harmonic approximation, the phonon properties anc
specific heat capacities of 2D honeycomb lattices are investigated. Graphene, gerarahphanbene
manifest interesting phonon properties. The similarities and differences in their nature, for example, t
total phonon bandwidth, losrequency phonon dispersion, and phonon bandgap mostly arise from the
significant orbital interactions. Thegeatures are reflected in the phonon brasebendent specific heat
capacity. The information obtained in this work about the relative contributions of distinct phonons t

different temperature ranges is crucial for energy storage and heat manage tieaticapp

Keywords:group 1V monolayer, orbital hybridizations, phonon bradependent heat capacity,
phonon gaps
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The influences of external fields on the optical absorption spectra of zigzag
buckling silicene nanoribbons without and with divacancies
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In this study, bycombining the tighbinding description with the
gradient approximation [1], we have provided an overall picture of the
impact of the external stimuli on the optical characteristics of the zigzag
edge of buckling silicene nanoribbons (BSiNRs). In which,wilg in
turn, utilize the perpendicular and parallel electric potentials to regulate
the variation of the spectral peak structure of this material in two cases
without and with the effect of divacancies (DVs). Our results have shown
that for a perfect nael, at the same magnitude of the voltage, the
perpendicular electric field causes the powerful shifting to the higher
frequency in the peak structure; meanwhile, the parallel electric field is
responsible for the increment of the intensity of the exomathannels
obeying the selection rule.J = even. In particular, applying the
potentials in a suitable range can improve the optical absorption
efficiency at a certain frequency (in the former field) or widen the
threshold absorption intensity frodi= -1to J*= 1 (in the latter field).
Besides, the absorption spectrum in the defective BSiNRs will have a
richer peak structure than in the perfect structure with the appearance of
new optical excitations due to the transitions between the concave

downward ad upward subbands around the Fermi level. Consequently, the obtained results have offel
suggestions for using the appropriate type of stimulants for different purposes and have driven t

material's applications in optoelectronic and photovoltaic de{&;8%

Keywords: optical properties, tigHbinding method, divacancies, perpendicular electric field,

parallel electric field
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The development and application of oganic solar panels and
ammonia sensors
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In this presentation | will introduce two topics on organimsenductor devices: the solar panels
and the gas sensor. We have developed a simple and reliable fabrication method-éwekaoyganic
photovoltaic (OPV) panels on A4 glass substrate with active area of 22&Jsing the nofullerene
active materiks the certificated efficiency is over 10%. The key step is the blade coating of the activ
and interface layers with high precision over the A4 area. The sunlight lifetime is improved by ternal
(threecomponent) active layer to prevent the molecular eggfions under ultraviolet irradiation.
The smalarea sunlight halfifetime is over 1700 hours, and over 4000 hours when a UV filter is
introduced. The module stability is shown to be close to small device stability. The stability i
maintained when thihink opaque metal electrode is replaced by the thin transparent electrode of 1
nm. The semtransparent OPV panels are applied in a greenhouse to study the vegetable growth
the potentially selpowered greenhouse. For the gas sensor, we have develogstsitive and
reliable ammonia sensor with vertical electrical channel. The sensor is applied to detect the bre
ammonia level of over 120 patients in the hospital. It is shown that the breath ammonia level of O

ppm can be used as a standard toestkidney diseases.

Keywords:gas sensor, solar cell, breath
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Carbon nanotubes (CNT) have been widely studied because of their speaificters like
tensile strength, high thermal conductivity, and adjustable electrical conductivity dependent on i
structure. The structure of CNT can be described using (n, m) notation. CNT has metalli
(semiconductotike) character when the differencé n and m is (not) integer multiple of three.
Chemical modification on CNT was also reported to enhance photoluminescence.

To elucidate the mechanism of this enhancement, we have performed transient absorption (T
spectroscopy for original sample, alkigd sample (attaching both ends afHgon side surface of
SWCNT), and the alkylated sample annealed at’850 remove excess chemical modification. The
result has indicated that the intraband relaxation of ~100 fs time scale is delayed by the exc
modfication but this relaxation rate recovers in annealed alkylated sample to be the same as that
original sample.

In all of these three samples, radial breathing mode (RBM) was found to be well coupled wit
the electronic excitation showing frequencyfishifter photoexcitation. Different chirality gives
different diameter resulting in difference of RBM frequency. Thus, the observed frequency shift ¢
RBM is thought to be reflecting the vibrational energy transfer between CNTs with different
chiralities.TA spectroscopy was performed for two samples of CNT whose chiralities are purified tc
be (6,5) and not purified as mixed one. The result shows that RBM frequency shift is only observe
in the mixed sample, which certifies the assignment discussed above.

Recently, we became able to purify chirality of CNT even for samples with chemical
modification. Thus, we have performed TA spectroscopy of (6,5) CNT samples with and withou
chemical modification to clarify how their relaxation dynamics could be contrdiigdthe
modification.
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In space, electronic devices must endure energetic particles capable of inducing sigrtadmksru
and permanent degradations. In the low earth orbit (LEO), protons with energy up to several hundre
MeV are the main source of radiationduced reliability issues, and testing electronic devices using
high-energy protons is crucial to ensuringafesand reliable operation. Compared tdo&éed devices,
GaN high electron mobility transistors (HEMTs) are considered more resilient against ionizin
damage from radiation due to the wide bandgap of GaN3[1]This, combined with the inherent
advantags of GaN to operate under high power and high frequency, makes GaN HEMTs especial
appealing for LEO satellite applications. For ngeheration GaN technology, the quaternary
InAIGaN/GaN structure provides improved device performance over the tratitilidaN/GaN [4].
Besides ionizing damage, displacement damage (DD) resulting from the collisions between energe
particles and the atoms in the lattice can also degrade the device. These radiatied defects
impact the epitaxial structure the mogtdyeating trapping sites and interfering with the carriers in
the 2DEG. To fully investigate the potential of the GaN HEMT adopting the InAlGaN/GaN structure
aiming for LEO satellite applications, proton irradiation tests are necessary.

In this study, thelegradation of quaternary InAIGaN/AIN/GaN epitaxial structure under proton
irradiation was recorded. The structure being studied started with a GaN cap on a Si substrate, utiliz
a GaN:C bactbarrier (BB) and an AlGaN/AIN superlattice (SL) buffer layEhe irradiation tests
were conducted using protons with energy280 MeV at a fixed fluence level of x 1 %! x F'p
Significant changes were observed for all samples following proton irradiation in sheet resistant
(Rsh FDUULHU Pané& the snaet carrier density)(determined by a Hall measurement
system. Additionally, the forward vertichteakdown characteristics of the irradiated samples were
also recordedThese results provide insight to the understanding of device degradation expected fi
LEO satellite applications and valuable clues to the optimization of the technology.

Keywords:InAlGaN, Proton, Displacement damage (DD)
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Optical Access of Finite Momentum Excitons in Transitioametal Dichalcogenide
Monolayers Using Twisted Lights
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JhenDong Lint, ShaeYu Chert, Ting-Hua L%, and YanAWen Lar?
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In this work, we present a comprehensive theoretical investigation
of the full excitonic fine structures of transitiometal dichalcogenide
monolayers (TMBMLsS) by solving the densitfunctionattheory
(DFT)-based Beth&alpeter equation (BSE) with the full consideration
of both electrorhole direct and exchange Coulomb interactions.[1]
Because of enhanced Coulomb interactions in low dimensionality, the
excitoric spectra of TMBMLs are featured with especially complex
fine structures, spectrally well resolving the states of bright exciton
(BX), spinforbidden (SF) and various finite momentum (MF) excitons
as well. The finite momentum excitons have drawn a gieat of
attention because of their essential involvement in exciton transport,
but are usually hardly observed and identified. By means of theldaB&d methodology, we revealed
the optical signatures of the optically inactive #BK in temperaturelependenphotaluminescence, in
excellent agreement with the existing experimental data.[1] Further, we for the first time pointed out th
the application of twisted light enable the optical access of the finite momentum exciton states-of TMI
MLs, leading to spially localized exciton wave packets with the OA¥hd SAMencoded geometrical
patterns.[2,3] Those findings shed light on the prospect of the twigtdebased photonics in 2D
materials.

Keywords:twisted light, exciton, ransitiemetal dichalcogenides
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Epitaxial Growth, Chara cterizations, and Integration of BeO2X Semiconductors
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The search for 2D semiconductors with excellent electronic performance and stability in the ambie
environment is urgenBi-OX (X=S, Se, Te), a series of atable layered oxides, have emerged as
promising new semiconductors with excellent electronic and optoelectronic properties. Studie
demonstrate that its layered nature makes it ideal for fabricating electroniesidoion to a few atomic
layers. Currently, these materials are synthesized by either chemical solution or vapor methods. It remg
a great chance to have control of thickness and uniformity. In this study, the physical vapor depositi
method is adopteaf depositing these materials on various oxide substrates. A pathway to integrate wi
Si will also be demonstrated. For practical applications, electronic devices such as thin film transistc
and optoelectronic devices such as solar cells and photaaftstedt! be delivered with optimized

performances.

Keywords:2D, epitaxy, semiconductor, oxides, high mobility
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Toward Artificial 2D Hybrid Quantu m Materials
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The advent of atomically thin materials brings out innovative paradigms, exami@rigtticate
relationships among charge, spin, lattice, valley, and photons. Particularly striking are the quantt
effects observed when layering twlimensional (2D) materials. A notable example is the pioneering
study demonstrating that two graphene fayevisted at specific "magic" angles can exhibit insulating or
superconductivity. This approach paves the way to developing artificial 2D hybrid quantum materia
that merge various 2D materials deliberately, unlocking groundbreaking functions and egpiuedi
horizon of quantum materials. In my talk, | will share our latest advances in crafting artificial 2D hybric
materials with meticulous control over twist angles and strain. We integrate the 2D materials stackil
technologies with a handful of opticghectroscopy, including second harmonic generation, absorption,
photoluminescence, and Raman spectroscopy. Our homemade system can faedlitatengmnitoring
and precisely controls strain and twéstgle. Our research is a stepping stone toward neglthie full
potential of 2D materials, potentially leading to breakthroughs in quantum computing, exciton physic

and other emergent fields.
Keywords:artificial hybrid 2D quantum materials, dark excitons, straintronics, twistronics
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The surge in van der Waals layered materials has ushered in new realms of physics and proces
techniques, opening doors to innovation in electronic and optoelectdmvices. Among these,
ambipolar 2D semiconductors stand out for their exceptionalggatizolled capability and unique
physical traits, enabling the dynamic and reversible tuning of major charge carriers between holes &
electrons via an electrostafield. Nevertheless, the ambiguous and highstédte current hampers their
broader applications in logic circuits. In this presentation, | will delve into the transport mechanism ¢
ambipolarbased transistors, with a focus on MeBad ReSg Additionally, I'll present methods for
effectively manipulating their ambipolar properties. Finally, | will explore how these ambipolar
transistors could potentially serve as alternatives to achieve flash memory, simplify circuits, and addre
the computational bogthecks associated with von Neumann architectured. [1

Keywords:ambipolar charge transport, transistors, van der Waals electronics, logic circuits, artificie
synapses
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In this study various layer numbers of graphene interlayers are grown on a patterned sapphi
substrate (PSS). The layer number of graphene interlayers on PSS can be controlled by adjusting epi
temperature. The layer number of graphene interlayer on PSS incre#tbethcreasing epitaxy
temperature. In this presentation, theldyier graphene interlayer is grown on PSS at an epitaxy
temperature of 950C. The relationship between the electroluminescence (EL) peak wavelength an
injection current indicated that InGlaLEDs are grown on a #ayer graphene interlayer/PSS exhibit a
stable emitting wavelength in the current range oflQ0 mA. The transmission electron microscopy
showed that the TDs density of InGaN LEDs offelyer graphene/PSS (&ED) decreased sigridantly
compared to the InGaN LED on PSS (R&D). The spatiallyresolved micreRaman spectra confirmed
that the compressive strain in the naative layer of GrLED was lower than that in RéED. The
simulated piezoelectric fields were 1.60 and 1.16 &fiv} for RefLED and GILED, respectively [13].

The low piezoelectric field diminished the screen of the polarized field resulting in a stable emittin
wavelength of GILED in the current range of 1000 mA. On the other hand, the rate of increase in chip
temperature of GLED (i.e., ~0.16 K/mA) was lower than the ReED (~0.49 K/mA) (see Fig. 1). The
bi-layer graphene interlayer can improve the heat accumulation behavior-bERefThus, this study
demonstrates that the bilayer graphene interlayer orif?&Sromising substrate for higtower InGaN
LEDs.

Figure 1: The relationship between chip temperature and injection currentbERednd GrLED.

Keywords:Graphene interlayer, InGaN LEDs, Raman, electroluminescence
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Two-dimensional nanomaterials toward photonic appliations
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2D layered materials have attracted outstanding attention due to their stpdagercovalent bonds
and weak van der Waals bonds joining adjacent layers which provide extraordinary electron mobilit
band gap dependee on the number of layers and extremely high anisotropic optical response. Amon
the emerging twalimensional (2D) materials, transition metal dichalcogenides (TMDC) has imposec
their key role.

Here, we report the detailed
study of controlled synthesisid
characterization of graphene and
TMDCs and their intergation in
photonic devices. As example,
the application of graphene as
transparent conductive electrode
in liquid crystal (LC) display
devices is demostrated. In
addition, surface anchoring

energy ad pretilt angle value

were determined to characterize Figure 1. (a) Schematic diagram of 3 zone Atmospheric Pressure

the interfaces at the boundary system; (b)Temperature and flow diagrams of the growth process
Photographs of PtS&ayers on glass substrate; (d) AFM image of P(6e

deposition time of Pt layer) with the height profile across the straight <
performances of the assembled yyG OLQH WKH VFDOH &y@ithicknBss E9EGrh.F D W
LC cells. Besides the excellent

phase modulation repeatability over the lasgale area, graphene exhibitsarpotential for future ITO

free integrated photonic devices and-br@ented technologies.

and the impact on the dynamic

Next, we focus on synthesis details of 2D Ri&gers on regular glass substrates by selenization of
pre-deposited Pt layers using thermally assisted conver$ia@) method at atmospheric pressure. The
nanolayers were further studied by-ra&y photoelectron spectroscopy (XPS), Raman analysis,
transmission electron microscopy (TEM) and optical ellipsometry, revealing the thickness dependen
on metal precursor speting time.

Keywords:2D layers, synthesis, LC display devices
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SnS is one of the promising materials for the applications of optoelectronics and photovoltaics. Tt
study determines the nematic dynamics of photoexcited electrons and phonons in SnS single crys
using polarizatiordependent femtosecond spectroscapyarious temperatures, as shown in Fig. 1.
Besides the fast relaxation of photoexcited electrons, a damped oscillation component with a frequel
of 36~41 GHz is also present in transient reflectivity chariRR) spectra, which is generated by the
themoelastic effect [1]. The results of this study show that electrons and coherent acoustic phonc
demonstrate significant anisotropy on theptame in the transition region from 330 K to 430 K, possibly
because of strong electrgonon coupling (e.g., 16 along aaxis at 300 K). However, this -plane
anisotropy weakens dramatically in the lt@mperature (< 330 K) and higamperature (> 430 K)
phases. These play an important role in anisotropic heat dissipation and charge carrier mobility
polarizaton-sensitive optical and optoelectronic devices.

Figure 1. Crystal structure of SnS and schema
of the polarizatiordependent pump probe
measurements.
Keywords:nematicity, SnS, ultrafast spectroscopy
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WTe2: synthesis, properties and applications
Dimitre Dimitrov +%, Vera Marinov&®, Ken Yuh Hsd, and Shiuan Huei L

lnstitute of Solid State Physid3ulgarian Academy of Sciences, Sofia, Bulgaria
2nstitute of Optical Material and Technologies,
3Department of Electrophysics, National Yang Ming Chiao Tung University, Hsinchu 30010, Taiwan
“Department of Photonics, National Yang Ming Chiao Tung University, Hsinchu 30010, Taiwan

" Corresponding-enail{dzdimitrov@issp.babg

Since the discovery of a new material phase, topological quantum materials (TQMs), [1] tremendo
effort has been made to explore a wide variety of novel and abundant physics appearing in topologi
insulators (TIs), topolgical superconductors (TSCs), and Weyl semimetals for creating novel electric
and spintronics devices. Widbelongs to the family of transitiemetal dichalcogenides (TMDs) and
crystallizes naturally in a necentrosymmetric orthorhombic structure (ksmwn as the Jor distorted
1T phase, in which the tungsten atoms are octahedrally coordinated by the tellurium atoms) with po
space group Pmn21. The polar axis in WiBeoriented along the stacking direction of layers. Unlike
other TMDs, WTeis a Weyl semimetal in its native crystal phase [2]. Among Weyl semimetatyp€
WTe; is a new class, a tygé Weyl semimetal, [where the Weyl points appear at the crossing of the
oblique conduction and valence bands due to the broken inversion symmetrgresaturating giant
positive magnetoresistance is a manifestation of theltypéeyl character [3]. In this presentation the
current status of the research and emerging applications of &/ eeviewed.

Figurel. Vanadium doping quantified by XPS. Atormamcentration of about 2% V.

$FNQRZOHGJHPHQW "' DQG 9 0 DFNQRZOHGJH WKH VXSSR
FET-PROACTIVE project TOCHA under Grant No. 824140

Keywords:2D materials, single crystal, W,@opological insulator
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Superconductivity in PlumbeneAu Kagome Superstructure
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Superconductivity in ultrathin film rises an issue to
reconsider the pair correlation in BCS dhe in two
dimensional (2D) limit. Former studies by using scanning
tunneling microscopy (STM) and scanning tunneling
spectroscopy (STS) have observed the superconductivity in
atomicthickness layers of Pb and In on Si substrates [1].
Besides, the currertiscovery of superconductivity in twist
bilayer graphene drives the focus on electronic correlations in
honeycomb lattices. As an element of the carbon family, lead
(Pb) has also been proposed a similar structure as graphene,
which is called plumbene. Thieagical predictions indicate that
the tuning buckling and spiorbit couplings in 2D honeycomb
lattices may enhance the superconducting critical temperature. In the current study, a phaskdne
superstructure grown by deposition a small amount of ARlof111) surface are found. By STM and
temperaturalependent STS, a higher critical temperature (Tc) in plumbased superstructure than
that of Pb substrate is observed, which is totally beyond the proximity effect. By combining angle
resolved photoemigm spectroscopy with density functional theory, the monolayeinfarcalated low
buckled plumbene sandwiched between the top Au Kagome layer and the bottom Pb(111) substrat
confirmed and the electranhonon couplingenhanced superconductivity is reled [2].

Keywords:Plumbene, Kagome, Superconductivity
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Characteristic of 2D to 3D Heterostructures Grown by Molecular Beam Epitaxy
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Because the component requirements are getting thinner,
smaller, and shorter, the tvebmensional structure of van der Waals
film has become an important key technolodgevitably, the
heterogeneous structure formed by the -timensional (2D)
structure and the thredimensional (3D) structure will become an
unavoidable issue. In this study, we demonstrate the heterostructure
of InSe/ZnSe, InTe/ZnTe, and GaSe/ZnSe grdwnmolecular
beam epitaxy (MBE). Firstly, ZnSe is deposited on a lattie¢ched
GaAs(001) substrate. The van der Waals epitaxial (vdWE) InSe was
deposited on ZnSe. The growth method of vdWE layers employed
general MBE, solid phase epitay], and the idium precursor
method[2]. Additionally, the growth temperature of the vdWE layer,
ZnTe, and ZnSe are around 600 oC, 340 oC, and 300 oC,
respectively. In figure 1 (a), the-dy diffraction spectrum of
vdWE-InSe and cubiZnSe was found. A similar phenomenwas
observed on InTe/ZnTe system by using Raman scattering
measurement, as shown in Fig. 1(b). The fundamental properties of
the vdWE layer are not influenced by the ZnSe layer, although a
huge lattice mismatch in heterostructure and growth temperature.
Secondly, the deposition layer processes were inverse to fabricating
ZnSe on GaSe. The higamperature layer is grown first, followed
by the lowtemperature layer to avoid the impact of thermal damage
on the previously made film. According to the reflenthighenergy
electron diffraction and XRD results, the crystalline of ZnSe layer
exhibits Wurtzite, which is different from ZnSe deposited on GaAs
(001). However, due to the easy-iftf property of GaSe, a flexible
ZnSe with a few GaSe buffer layer wiagured out.

Keywords:Two-dimensional material, Heterostructure, 2D, 3D,
MBE Figure 1. (@) The Xay diffriction

spectrum of InSe grown on ZnS
References: sample. Raman spectra of (b) InTe th
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Epitaxy of Single Phase Twbimensional Layered InSe Grown by MBE.
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Method for the Growth of Two Dimensional Layered InSe Thin Films on
Amorphous Substrate by Molecular Beam Epitaxy. Front. Mater
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Two-dimensional (2D) semiconductors, in particular transition metal dichalcogenides (TMDs), hav
been actively considered akamnel materials in fiel@ffect transistors (FETSs) for continuing device
scaling beyond the-@m technology node. Wafercale singlecrystal growth of hexagonal boron nitrides
(hBN) and molybdenum disulfidé (MoS;) have recently been demonstrated, espnting a millstone
toward scalable and industcpmpatible fabrications of 2D devices. However, for practical applications
of 2D FETs in very largacale integration (VLSI) technology, multiple challenges remain. In this talk, |
will present our recentfforts on the growth of wafescale singlecrystal growth of 2D materials with
low defect density, interface and layer engineering to boost carrier mobility, hGL HOHFWULF L
with a low equivalent oxide thickness, and improved transfer prdaoessable low devicéo-device
variation. Through collaborations with industry, our higlality MoS have also been successfully
applied to nanosheet geaadi-around (GAA) devices, scaled contacted gate pitch devices, and low
operationvoltage ferroelecic FETs, demonstrating the potential of 2D FETs in future VLSI
technologies.
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Firstorder magnetic transitions (FOMTs) play an
important role in the giant losield magnetocaloric effect [1]
when the magnetization shows a step anomaly near the phase
transitbn temperature or in the jumps of the magnetization
curve with increasing field [2] (which is also called the First
Order Magnetization Process, or FOMP). Understanding the
microscopic mechanism of that effect is essential for the
application. In this resgch, FOMTs are investigated using
Blume- Capel spin 1 Hamiltonian with random anisotropy in
the external magnetic field This model is an extension of
the same model [3] without the external field

Figure 1. First order transition process in 2
square spin lattices at different temperatur

Here the random anisotropy follows the distributn law ~ Temperaturel and anisotropy strength are
given in the unit of the exchange parameter

HereD=-2.4,p=0.8.

The Monte xCarlo method and the integral representation method for S=1 Callen equality are used

calculations. Both methods show similar results. It was shown that near the phase transition temperat
where the FOMT appeared [3], the FOMPe to the field occurs (see Fig. 1). The mechanism of this

phenomenon is competition between different kinds of interaction: positive ferromagnetic (FM
exchangel with negative suitable random anisotropy and Zeeman energy.

Acknowledgement: The authotsank Project 7 / & 227/23 for support.

Keywords:First order magnetic transitions, Blup@apel Ising spin 1 model, MonteCarlo method,
Integral representation for Callen equality.
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A scanning transmission-ray microscope (STXM) is a powerful tool to analyzelithensional
chemical state of a sample with high spatial resolutioarad 50 nm. Typical features of STXM are high
transmittance, lower radiation dose than electron microscopy, relative long working distance and analy
of organic materials (if used in a softrdy region). The author formerly worked at a STXM beamline,
BL4U, in UVSOR (Okazaki, Japan) and have developed special analytical techniques by using thc
features [13]. The special analytical techniques at BL4U enable researchers to explore wider scientif
field.

In recent days, a new beamline,-BRA, is uner construction in Photon Factory (Tsukuba, Japan)
and is due to begin its operation from 2024 spring. The conceptual desigrl@Bis shown in Fig. 1.
BL-12A uses white beam from a bending magnet and has two optical paths. These paths can bg select
used by inserting/extracting a first mirror (M0OS) to/from an optical axis. Each path equips with a varie
line spacing plane grating (50 ~ 2,000 eV) and a deatystal (1,700 ~ 5,000 e€V) monochromators,
respectively. Focal points of two paths are cwiant at the end of the beamline. Therefore, in total, a
wide energy range of the soft and the tendernys (50 ~ 5,000 eV) can be available at the focal point.
Basically, BL-12A will be used for Xray reflectometry and Xay absorption spectroscopy. lddition,
an advanced Xay microscope for chemical analysis, instead of a general STXM, is under planning.

In this session, perspective of softr&y microscopic analysis and a concept of the nevayX
microscope will be reported.

Figure 1. Conceptualksign of Bl-:12A in Photon Factory

Keywords:X-ray microscopy, Xray absorption spectroscopy, wide energy range beamline
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Multiferroic properties in 2D layered organicinorganic perovskite single crystals
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Two-dimensional (2D) hybrid organicorganic perovskites (HOIP) have emerged as one of the
most promising material candidates for photovoltaics, optoelectronic ageti@mapplicationsin this
study, the multiferroic property of the 2D layeregH@C,HisNH3).MCl4 perovskite single crysta(®1 =
& X 0Q 1has keen reported. The crystals were synthesized by theohrint evaporation method
in a layerby-layer male with a relatively smooth surface that was confirmed by SEM image. The XRD
SDWWHUQV UHYHDO D KLJK FU\WWWDOOLQH TXDOLW\ ZLWK
reproducible hysteresis phase loop, butteilg amplitude curve, and an effeati piezoelectric
coefficient of up to 327 pm/V were evaluated using Piezoelectric Force Microscopy (PFM
measurements. Particularly, the tunable magnetic properties of the materials have also been investig
by (CsHsCoHaNH3)2(Ni1xMny)Cls (x = 0, 0.05, (10. 0.20, 0.25, and 0.50) perovskite crystalse T
vibrating sample magnetometer (VSM) measurements show that the magnetic anisotropy of the mate
can be changed from parallel to perpendicular by increasing tHé fdtio. This study offers an
opporturity to develop new multiferroics and spintronics applications based on the 2D layered hybri
perovskite single crystals.

Keywords2D hybrid organieénorganic perovskite, single crystal, multiferroic property,-antivent
evaporation method.

References:
[1] Cuong, L. V.; Hieu, N. D.; Tu, B. D.; Tiep, N. H., Multiferroic Property of 2D Hybrid Orgdéndarganic
(CsHsC2H4NH3)2NiCl4 Perovskite Single CrystalMaterials Transaction2023 64 (9), 216&173.
[2] Tiep, N. H.; Ku, Z.; Fan, H. J., Recent Adeas in Improving the Stability of Perovskite Solar Celdyanced
Energy Material2016 6 (3), 1501420.

Presenting author Email addrel;:iepnh@vnu.edu. n

Two-dimensional materials and related applications_2D 97



The 7th International Symposium on Frontiers in Materials Science (FMS 2024)

National Yang Ming Chiao Tung University Invited Talks
2D T15
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Abstract : In this study, we successfully synthesized Gi8hkctionalized MoSQDs. By doping of GSH,
the PL of the Mo5QDs (GSHfunctionalized Mo$QDs) can be increased ~9.5 times. As a passivating
agent, GSH might be able teduced the surface defects in MG3s to enhance their fluorescence. The
mechanism of fluorescence quenching was used to develop the QIBBased metal ion sensor.
Additionally, the photoluminescence of Mp®Ds is studied with increasing ¥econcentation.
Moreover, it was discovered that the addition of fi@n decreased the PL intensity of the MG®s.The
quenching effect could be caused by an effective electron transfer fronfuastibanlized Mo%QDs

to Fe* ion. This research shows the ability MoS; QDs as a luminescence sensing probe for the
detection of F¥ ion.

Keywords:molybednum disulphide; quantum dots; photoluminescence quanching; iron ion.
Introduction :

Two-dimensional molybdenum disulphide (MQ®Ds have attracted considerableenest due to their
pronounced quantum confinement and edge effects. [1] Therefore,QisShave drawn a lot of interest
in photodynamic treatment, bioimaging, and sensing. [2] M@BSs functionalized with cysteine have
been employed to the detection df2and F&* metal ions.[3]In this research, we synthesized the GSH
functioanlized Mo% QDs using microwavassisted method. The resulting G8Hictionalized Mo%
QDs have strong fluorescence. Moreover, the @@8tdtionalized Mo QDs were developed as PL
sensing platforms to determine®Fasing these QDs. As a result, as th& s concentration increased,
the PL intensity of the GSifunctionalized Mo QDs steadily decreased. Most likely, the quenching
effect was caused by the effective electron fiemfsom GSHfunctionalized Mo$QDs to the F¥ ion.
Results and discussion :

As shown in Fig. 1a the PL spectra of 50 mM

GSHfunctioanlized Mo%QDs in the presence

of Fe* were also investigated. Additionally,

the photoluminescence of MpQDs is studdd

with increasing F& concentration. Moreover,

it was discovered that the addition offF®n

decreased the PL intensity of the M@&3Ds as

shown in Fig.1la. The quenching effect could

be caused by an effective electron transfeFigure 1. (a) PL emission spectra of G8Hctionalized
from GSHfunctionalized MS QDs to F&"  MoS: QDs with different concentrations of ¥¥dons (b)

ion. There is a good linear relationship betweerThe relationship between [(FF0)/F0]. FO and F are
the intensity of the GSH0S, QDs in the fluorescence intensitiegithout and with F&respectively.
absence and presence of *Fein the

concentration range of 0 to 7 puM, as shown in

Fig. 1b

References:

[1] Splendiani, A., et al., Emerging Photolunsgence in Monolayer MoS2. Nano Letters, 201@4): p. 1271

1275.

[2] Xu, S.J., et al., OnPot, Facile, and Versatile Synthesis of Monolayer MoS2/WS2 Quantum Dots as Bioimaging
Probes and Efficient Electrocatalysts for Hydrogen Evolution Reaction. Adgd&hmctional Materials, 20185(7):

p. 11271136.

[3] Wu, Q., et al., MoSD-Based DuaModel Photoluminescence Sensing Platform for Effective Determination
of Al and Fe Simultaneously in Various Environment. Chemistryselect, 3088 p. 23262331.

Presenting author Email addrejssonia.solan170295@qmail.ccl)m

Two-dimensional materials and related applications_2D 98



The 7th International Symposium on Frontiers in Materials Science (FMS 2024)
National Yang Ming Chiao Tung University Invited Talks

2D _T16

Manipulating 2D Carrier Density in Atomically -Thin In 203
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This talk presents recent advances in carrier density modulation and characterization in atomical
thin In,O3 semiconductors, offering insights that hold significant promise forgenéeration electronics.
The requiremet for miniaturization in semiconductor devices has led to the exploration of two
dimensional (2D) [1] and qua8D semiconductors [2]. We introduce the methods for precise carrier
density control, including opticahermal modulation, charge transfer duggpiusing viologen, and a
counterdegenerate -doping scheme in atomicalthin In,O3, and show that all of which are entirely
reversible. We also show that the carrier density can be tuned by viologen based on the charge tran
scheme previously employéd 2D semiconductors. Additionally, we employ a figlflect Hall device
to elucidate the intricate relationship between charge carrier density and mobility in atcthically
In20s, revealing quantum confinement effect with respect to the percolatiosptre characteristics.
These findings pave the way for advancements in semiconductor technology and the developmen
nextgeneration electronic applications.
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In the forthcoming talk, we will unveil a novel soft-pdy imaging technology, the Scanning
Transmission Xray Microscope (STXM). Highly valued for its ability to detect reaction heterogeneity,
STXM is utilized across various areas, including chemistry, magnetism, materials science, al
environmental studies. This tool not only provides nanorrstale spatial resafion but also exposes

specific chemical and electronic structures at precise locations.

The STXM facility located at TPS27A spans a broad energy spectrum from 90 to 3000 eV, enablir
the exploration of organic molecules, light elements, and transiticasn&lypically, STXM achieves a
30 nm spatial resolution, with potential to reach below 10 nm using a lensless approach known
ptychography. Additionally, STXM is equipped with comprehensivsititm environmental controks
ranging from temperature regutat to gas and electrochemical cells, and magnetic fletdfering
observers live analysis of reactive processes. Collaborative opportunities allow users to tail
environmental cells to meet the unique demands of their specialized research. Presentthe aft
completion of its hardware setup, the system is starting its initial commissioning phase, awaiting the fil
X-ray at TPS27A.
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Time-resolved angleesolved photoemission spectroscdpy-ARPES ) offers direct insights into
electron dynamics, revealing various intrinsic ultrafast behaviors within novel materials. In NSRRC
we've developed a ARPES appeatus utilizing a duerb-KGW laserbased high harmonic generation
(HHG) EUV system, which allows for the exploration of dynamic bandgap features, charge carrie
scattering, relaxation process, and collective excitations. This technique provides compeehens

information, capturing temporal, energy, and momentasolved data in a single experiment.

Moreover, ongoing research at NSRRC uses-piglier pulse laser sources for studying pheton
induced engineering phenomena. This project aims to leverage advVaseetechnology to manipulate
and engineer material properties via pheitmfuced processes.

The development of TARPES setups combined with advanced laser technology at NSRRC offer:
a promising platform for delving into fundamental material propertiwill offer a brief overview of the
current status and specifications of theARPES setup as well as explore the scientific opportunities it
presents.
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Characterizing Catalysts in Action through Synchrotron Radiation
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The primary goal of attaining ngero CQ emissions by 2050 hinges on the ability to transform
renewable energy into storable fuels. Hydrogen plays a crucial role in connecting renewable enel
sources with endisers. However, achieving cesffective, wicespread hydrogen production presents a
multifaceted challenge. This requires a thorough understanding of electrocatalysis for the creation
efficient catalysts. Current research in electrocatalysis primarily concentrates on grasping the alteratic
occuring on catalyst surfaces. To comprehend how dajidd interfaces impact electrochemical
processes, it is imperative to scrutinize the surface chemistry where the electrode and electrolyte inters
In this presentation, | will demonstrate how the N&Rfeamlines can furnish this essential information.
Our experimental findings underscore the valuable perspectives offereddity/aperando Xay

characterization in unveiling the authentic mechanisms governing catalytic reactions.

Keywords:Synchrotre Radiation, Xray, Catalyst, Hydrogen
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Transition metal dichalcogenide (TMDC) layered semiconductors exhibit great potentials i
electronics, optoelectronics, and spintronic devices. Because the gorfasieme ratio of quasiwo-
dimensional materials is extremely high, argtanding their surface characteristics is crucial for
practically controlling their intrinsic properties and fabricatintype and rtype layered semiconductors.

A comprehensive insight into the phenomena of surface electron accumulation (SEA) averses d
applications become crucial. Here in, the realm of three transition metal dichalcogenides (TML
materials? specifically, molybdenum disulfide (M@ molybdenum diselenide (Mogeand rhenium
disulfide (Re9) were carefully studied. Employing advagcexperimental techniques such as scanning
tunneling microscopy (STM) and anglesolved photoemission spectroscopy (ARPES), the results
exhibit preconceived notions about the inertness of van der Waals crystals, particulas\\id88 and

ReS, revealng its unexpected surface behavior as a significadping source. S and Se vacancies
could be identified as the primary source of SEA amtype conductivity, further explores the
enhancement of electrochemical hydrogen evolution reaction (HER) actbtith as in MoSe2,
demonstrating its potential as a stable and efficient catalyst, particularly following nitrogen plasm
treatment. These collective findings shed light on the intricate surface electronic properties of TM
materials, providing valuablensights crucial for finduning electronic structures and advancing the
development of efficient catalysts.

Keywords:Transition metal dichalcogenide, angésolved photoemission spectroscopy, hydrogen

evolution reaction, band structure
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The TPS 32A Beamline is a tendefray beamline that comes equipped with two typewater
cooled double crystal monochromators (DCMs): InSb(111) and Si(111), which can cover a photon enel
range from 1.7 to 11 keV. The beamline's design allows for a focus beam size of 0.9 x 0.9 mmz2 (horizor
x vertical, Full Width at Half Maximum) usg the Si(111) DCM at 4 keV, where the photon flux
approximates ~1022 photons per second. This beamline is capable of measuring the elemental spe
encompassing the -Kdges of elements from Silicon to Zinc, as well as tkedfles of secontbw
transition metals. Research at the TPS 32A beamline is anticipated to unveil valuable information on t
electronic structures of an assortment of metals and ligands, which is of considerable importance t
range of scientific disciplines, including physics, chetnyi, materials science, chemical engineering,
geology, earth sciences, biology, and environmental science. -Fag absorption spectroscopy (XAS)
technique, a mainstay in this context, is utilized to elucidate the electronic and atomic structures
spedfic elements within samples. The mutthannel fluorescence silicon drift detector (SDD) employed
here boasts a detection threshold that may extend to monolayer levels, or a few parts per milli
Moreover, this endstation also features Harda){ Photoedctron Spectroscopy (HAXPES), which aids
in the investigation of the electronic structures at deeper levels. Additionally, -M&®o offering a
VSDWLDO UHVROXWLRQ RI DSSUR[LPDWHO\ P ZLOO EH D
equipped \th various heating systems, cryogenic systems, and in situ electrochemical reaction cell
allowing for adjustments to be made according to the differing environmental conditions of the sample
These comprehensive efforts are geared towards providirngeesel and usefriendly experimental
milieu, thereby enhancing the scientific yield.
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In-situ X-ray Absorption Spectroscopic Studies of Copper Singi&tom
Incorporated on Cerium Dioxide Nanorods for Electrocatalytic Urea Synthesis
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Electrocatalytic @N coupling between carbon dioxide and
nitrate facilitates efficient urea synthesis which is one of the
important amines in the field of agriculture and industry.
Although singleatom materials have attracted significant
interest in the catalytic field because of their high activity, the
natue of active sites and the identification of electronic
structure transformation remain elusive. Here, we report the
catalyst of copper single atom decorated on cerium dioxide
nanorods (denoted asCu-CeQ) exhibits an average urea
yield rate of 53 mmol # gt at -1.6V versus reversible
hydrogen electrode. A comprehensive investigation of
operandaX-ray absorption spectroscopy (XAS) including hxrlS and softXAS for the electronic and
atomic structural dynamics ofCu-CeQ, during electrocatalytic retion are presente@perandoXAS
analytical results reveal copper singl®m is reduced to metallic copper during electrolytic conditions,
indicating metallic copper is the real active site for electrocatalytic urea synthesis. Notably, when tt
applied ptential is switched to an opeircuit potential, the reversible transformation of metallic copper
to copper singlatom attains. These findings strongly declare the outstanding potential ofatiogie
materials as well as the superiorityapferandoXAS technique for electrocatalytic research.

Keywordsin-situ X-ray absorption spectroscopy, copper single atom, cerium dioxide, urea synthes|
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A study of contact electrification process on PVDF metal interface:
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The Recently, triboelectric nanogeneratarENGs) are
getting considerable attention as an energy harvesting tool
that can convert random mechanical energy into electricity
due to the wide material selection, low cost and easy
fabrication. TENGs work by contact electrification on the
interface andelectrostatic induction on the electrodes when
two surfaces contact and separate. Herein, the study of the
contact electrification process on the mé&IDF interface
LV FRQGXFWHG IRFXVLQJ RQ WKH HIIHFW RI SKDVH FRQWHAQ
electrical properties of hPVDF films. It was found through
WKH ()0 DQG .3)0 VXUIDFH HOHFWULFDO VWXGLHVY WKDW D KL
phase promotes stronger electrostatic interactions and
enhanced electrecloud overlap with the metal coated cantilever tip that lead to higher amount of charg
transfer. Additionally, there is overall enhancement of the TENGs electric output performance for
KLJKHU SKDVH FRQWDLQLQJ 39') ILOPV DQG WKH PD[LPXP H(
IRU WKH 7(1* PDGH ZLWK SKDVH 39') ILOP

Keywads: Triboelectricity, Nanogenerator, contact electrificatiophase PVDF
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Large StokesShift Gold-doped Silver Nanoclustersbased Efficient Luminescent
Solar Concentrators

Russel Cruz Sevill#, Ruth Jeane Soebrét HsiuYing Huang? and ChiTsu Yuart?'
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Reabsorptioffree luminescent solar concentrators
(LSCs) play a vital role in the developmnie of
photovoltaic windows [1]. Metal nanoclusters (NCs) that
possess perfect atomic arrangement and exhibit a
significant change in photoluminescence (PL) known as
Stokesshift, have considerable potential for utilization
in luminescent solar concentragor(LSCs) [2]. In
addition, photons with wavelengths ranging from 500
900 nm is beneficial for commercial solar cell in
accordance to its external quantum efficiency [3]. Figure 1. Absorbance PLE, and PL Spectra

. . . of Au-AaNCs@PVP
The fabricated LSC with Goldoped Silver
nanoclusters embedded in Polyvinylpyrrolice (AUAgNCs@PVP), with PL peak at ~ 650 nm, Stokes
shift of ~ 230 nm, and high photoluminescence quantum yield (PLQY) of ~ 50%, yielded ~ 1.3% powe
conversion efficiency (PCE) under appropriate experimental condition. Owing to these values, tl
synthested AUAgNCs@PVP holds great potential for an efficient andfeemdly buildingintegrated
photovoltaics (BIPV).

Keywords:silver nanoclusters, luminescent solar concentrators, photoluminescence
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Cells Via aFacile SILAR Method
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This study investigates the synthesis of AglgBantum dots (QDs) using a facile successive ionic
layer adsorpbn and reaction (SILAR) method, exploring their application in solar cells. The AgInS
QDs were grown on mesoporous fti@ia a twostage SILAR process at room temperature. The
optimization of AgS SILAR cycles i) was performed to discern the ideal coindis, while the IAS
SILAR cycles were held constant at 7 cyclestax diffraction (XRD) pattern analysis revealed the
orthorhombic crystalline structure of the synthesized Agl@Bs. Optical spectra analysis exhibited a
decrease in the optical energyndgap Eg,op) Of AgInS, QDs from 2.00 eV to 1.77 eV with increasing
from 1 to 3, corroborated by cyclic voltammetry (CV) analysis showing a similar trend albeit with slightly
different values: 1.83 e\h€l), 1.76 eV (=2), and 1.65 eVnE3). Employing AdnS,; QDs, a polysulfide
electrolyte, and a CuS counter electrode, liguitttion semiconductor quantum esensitized solar
cells (QDSSCs) were fabricated. Optimal conditions were achieve@ atesulting in a champion power
conversion efficiency (PCE)f 3.57% (s=8.56 mA/cn3, Vo=0.64 V,FF=65.2%). Under reduced light
intensity (0.25 sun), the PCE increased to 5.26%. The external quantum efficiency (EQE) spectrt
VSDQQHG i QP PDLQWDLQLQJ D QHDUO\ FRQVWDQW (4( Y
Remarkably, the achieved PCE saspes previously reported ligtjighction Aging QDSSCs. These
findings highlight the facile production of Agle®Ds through a roorremperature SILAR method and
the tunable optical properties of Agin@Ds by controlling SILAR cycles, highlighting theiofentialas

an efficient solar absorber.

Keywords:silver indium sulfide, quantum dot, solar energy materials, bandgap engineering, roor
temperature synthesis.

References:

[1] Cai, C., Zhai, L., Ma, Y., Zou, C., Zhang, L., Yang, Y., & Huang, S. (208yhthesis of AgInS2 quantum dots
with tunable photoluminescence for sensitized solar cells. Journal of power sources; 331, 11

Presenting author's #nail addresgsiti.utari@usu.ac.id

Materials for green energy and environment_EE 112



The 7th International Symposium on Frontiers in Materials Science (FMS 2024)
National Yang Ming Chiaothg University Poster Presentations
EE_PO5

Green Synthesis of NiO Nanoporous Film for Flexible NorREnzymatic Glucose
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Glucose, a fundamental carbohydrate and essential component
in the human body, plays a critical role in maintaining physiological
health. For individuals with diabetes or predi@se monitoring
blood glucose levels is imperative to prevent complications.
Modern healthcare technology enables precisetimal glucose
monitoring. Their ability to improve diagnostic accuracy not only
enhances healthcare services but also maintaverdge quality
standards. Compared to other sensors, electrochemical sensors
feature exceptional sensitivity and selectivity, making them -

. . Lo Figure 1. A schematic of the
preferred choice for accurate and rade glucose monitoring. g

mechanism for the oxidation o

In recent years, nickel oxideased glucose sensdrave gained glucose on the surface of NiC
attention due to their high sensitivity, selectivity, and co Nanoporous fim
effectiveness, making them a promising choice for accurate and
accessible glucose monitoring. The eleaxploding wire technique involving rapid discharge of
electrical energydcilitates the controlled formation of porous nickel oxide nanoparticles, improving
sensitivity and reactivity in glucose detection.

In this study, we introduce a singdéep, green synthesis nenzymatic glucose sensor: a flexible
electrode coated withiO nanoporous film. The NiO suspension synthesized by the elegptoding
wire technique provides a large surface area with active catalytic sites which increases their efficiency
catalyzing chemical reactions. The results show an impressive é¢BWHFWLRQ UDQJH IUR
0 ZLWK D VHQVLWLY L Wanda remarka$ly low defection limit of 502 nM. In addition,
NiO exhibits excellent selectivity and reliability in detecting glucose in beverages.

Keywords: Non-enzymatic Glucas sensor, NiO nanoporous film, Electrochemical interaction,
Flexible electrode, electrexploding wire technique
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The Effect of Tribo-Active Layer Surface Functionalization on Triboelectric
Nanogenerator Output Performances
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We studied the effect of surface
functionalization of tribeactive layers on a
triboelectric nanogenerator (TENG) output.
First, we functionalized Au surfaces by
cysteamine (Cys) to improve a TENG
output performance. We found that Cys
forms a monolagr on Au film and that the
contact separation mode output power of the
TENG with polytetrafluoroethyleneRTFE)
film as a tribenegative layer was improved from 0.11 nWfdiimare Au) to 0.37 nW/cE(Cys on Au).
We also studied the effect of a number of mengroups in the surface funtionalization of tridtive
surfaces by using -Bminopropyl triethoxysilane (APTEZN), N-[3-(Trimethoxysilyl) propyl]
ethylenediamine (AHAPZN), and NZ1(3-Trimethoxysilylpropyl) diethylenetriamine (TMPT-AN).
We found thathle amount of generated charges on the chemically functionalized surface as the ami
group number increased. The amount of charges increased more than 19 times compared to that ol
barePTFEsurfacewith increasing the number of amine groups. Therefitie surface functionalization
of the tribeactive layer seems to be an effective way of controlling the amount ofyeiberated charges
and the power output of TEN&2.

Keywords:Triboelectricity, Nanogenerator, Surface Functionalization, Amin @rou
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As a fourthgeneration compound semiconductor, gallium oxidse b wider energy gap (about
4.6~4.9eV), a higher collapse electric field (8MV/cm) and a very high Baliga FOM thasggnetation
semiconductors such as gallium nitride and silicon carbide. (~3444). Based on the above mate
characteristics, gallium de has greater potential than the above two compound materials to be used
prepare higkpower components. In the production of components, it can also be made into ultraviole
components due to its wider energy gap. Photo sensors (UV sensors), adwgihvaltage metabxide
semifield effect transistors (MOSFETSs) and Schottky diodes (SBDs).

7KHUH DUH VL[ GLITHUHQW FU\VWDO SKDVHV RI JDOOLXP R]
type is a thermally stable monoclinic phase. In this experiment, the organometallic chemical vap
deposition method was used (MOCVD) grows kgtee gallium oxide heterojunction epitaxial crystals
on an alumina substrate ¢8ls). Trimethylgallium (Trimethylgallium) is used as a precursor to achieve
a faster growth rate, and the temperature, oxygen flow, etc. are controlled. Different conditions al
various material analysis instruments were used to confirm whether the epitaxial quality of gallium oxic
was improved as a result.

Figure 1. SEM TopView at different temperatures (850, 875, 900°C).

Figure 2. SEM crossection at difference meperatures (850, 875, )

Keywords:MOCVD, gallium oxide, trimethylgallium
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Membrane technology is one of the emerging technologies for the recovery of toxic elements fro
wastewater. Liquid membrane is gaining more importance due to its vaabest features such less
expensive, more permeability, higher diffusivity coefficient, one step operation. Emulsion liquid
membrane (ELM) techniques is successfully used for the extraction of heavy metals or precious met:
dyes, Organic acids and otrempounds. PELM is the modified version of ELM in which the emulsions
are stabilized by colloidal solid particles. In PELM, the solid particles with a balance of hydrophilic an
hydrophobic surface properties could strongly absorb at interfaces anizstabillsions have emerged
in recent years. Pickering stabilization is the phenomena that solid particles employed on the interface
droplets to provide resistance to opposing coalescences, fusion and coarsening. In the pre:s
investigation, alginate bpolymer stabilized Pickering emulsion liquid membrane (PELM) was
employed for the extraction of Methylene blue (MB) from aqueous solution. The novel PELM compose
of aliquat 336 as a carrier, potassium hydroxide (KOH) as a stripping agent, and wastg ctd¢®¥/CO)
as the green diluent. WCO is a Amxic organic solvent was used as substitution of petroleum based
organic solvent in the preparation of PELM. The optimum conditions for the maximum removal of ME
were: Emulsifier concentration?.3 (v/v %),Carrier concentration5.6 (v/v%), Treat ratiat12, internal
phase concentratior0.92 M, initial external feed phase concentratibh00 ppm, O/A ratiox1. The
mechanism of MB extraction was also presented. At optimized condition, the maximumi@xtodict
98.8% was recorded. Kinetic analysis shows that the MB extraction by PELM followartiestreaction.
Furthermore, the thermodynamic analysis reveals that the extraction process was an endothermic,
spontaneous in nature.

Keywords:Emulsion Lguid Membrane Biopolymer, Dye, Alginate, Extraction,
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of Co-based amorphous ribbons
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In this study, the effects of ion irradiation on structure, magnetic properties and gian
magnetoimpedance (GMI) have been investigated f6obased amorphous ribbon with various kinds
of ions such as H and Ni. The structure of the samples before and after the ion irradiation was stud
using Xray diffractometer. The magnetic properties and GMI ratio were used to characterize the samp|
before and after the ion irradiation. Ther&y diffraction analysis shows that the samples before and after
the ion irradiation are amorphous. The GMI ratio increased considerably in the ion irradiated sampl
and the GMI response showed a strong deperdemthe irradiated ion species and driving frequencies.
The observed GMI features in @ased materials can be interpreted by adapting theefid@at model
in conjunction with the magnetic field dependence of the longitudinal permealbhity.result isvery
beneficial for developing highly sensitive GMI sensor applications.

Keywords:lon radiation, GMI, Cebased amorphous ribbon, magnetic properties.
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The ferromagnetic MO 2 SKDVH LV -bageH fdrdmagiietic @@y with high uniaxial
PDJQHWLF DQLVRWURS\ 7KH 2 SKDVH LV PHWDVWDEOH VR W
FDQ EH REWDLQHG IURP 0 SKDVH ZLWK KFS VWUXFWXUH E\ D

On the other hand, the ferromagnetic phase stabilizes by high magnetic fiefpietiddield effects
on the phase transformation of Al s, MnssZn.Alss and MnssAl4sCy have been evaluated-[2@- 20
phase transformation of Mghlss and MnssZnAlss were promoted by magnetic fields. However, this
promotion effect by the magnetic fietuld not be observed in MgAI4sC; ,Q DG G LW LRKD WHI
transformation of MgsAl4s and MrssZn,Al ss were suppressed by magnetic fields.

Thus, it is necessary to clarify the kinetics more in detail because the magnetic field effect chanc
dependig on the substituted elements.

In this study, differential thermal analysis (DTA) was performed in a magnetic field. The activatior
HQHUJ\2RD@G KDVH WUDQVIRUPDWLRQV ZDV GHWHUPLQHG
temperatures, and the maguodteld effect on the activation energy was evaluated.

Mns3sZnpAlss and MrssAl4sC, were prepared by reactive
sintering. The obtained pellets were hgatted at 1373 K for 48
hours and quenched in ice water. After quenching, the samples
were confirmed toEH VLQJOH 0 -$ RiNfdcti@n\ ;
measurement. The pellets were cut into the cubes with 2 x 2 x 2
mm. The DTA under high magnetic fields up to 10 T were carried
out. The obtained peak temperatures from DTA were analyzed by
using Kissinger plotstoe@ XDWH DFWLYDWLRQGH®RHUJLHY RI1 0
SKDVH WUDQVIRUPDWLRQV

Fig.1 shows themagetic field dependence of activation
energy of MisZn,Alss. According to Figure 1, a minimum was
REVHUYHG DW 7 7KLV LV GXH \A/ZRD/(DIGH '7$ SHD NV QFOXGH
2 SKDWWIDQVIRUPDWLRQV 0DJQRVEIKD actlvalon% J\ gﬁgg C
WUDQVIRUPDWLRQ DQGS¥RSESUWN\DHW,LRLK P
resulting in an activation energy has minimum. On the other hand,
the activation energy increased with magnetic field at of DTAsMRsC,. This suggests that only the
VXSSUHVVLRQ HISBHKPWHR WWRBVAIWLRQ DSSHDUHG 7KXV FRQ
effects are dependent on the substituted elements.

Keywords:Magnetic fields, MaAl, Substitution, (Mn,ZrAI, Mn-Al-C
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In-magnetiefield annealing affects magnetocrystalline anisotropy of ferromagnetic phase, resultin
in a unique microstructure and crystal growth. Uniaxial crystal growth and aligned structure ¢
ferromagnetic MnBi pases were synthesized bynragnetiefield solidification or semisolid MnBi/Bi
composite [13]. On the other hand, solighase reaction of MnBi from Mn and Bi was enhanced and
uniaxial oriented MnBi phases were synthesized by magnetic field [4]. Unigsilcgrowth of MnBi
phase is expected becausariagnetiefield affects both kinetics of reaction and microstructure. The
influence of magnetic fields on the kinetics of reaction have been evaluated by diffusion couples [~
Therefore, in this study, imagnetiefield annealing of Bi/Mn diffusion couples were performed.

In-magnetiefield reaction of Bi/Mn was performed at 573 K for up to 48 h with or without a magnetic
field of 5 T. Under this condition, liquid Bi and Mn reacted at Bi/Mn interfdéiest, the sample
temperature was heated to 673 K for 1 h to bond Bi/Mn interface and then cooled to 573 K. The directi
of applied magnetic field was perpendicular to the interface. Crystal growth behavior of ferromagnet
MnBi phase at Bi/Mn interfaceas observed using an electron probe micro analyzer and metallographi
microscope.

Microscopic observation revealed that caves were created on the Mn surface and MnBi particles w
synthesized at the Bi/Mn interface. Some MnBi grains were observBdanea at 0 and 5 T. It is
suggested that the synthesized MnBi grain separated from Bi/Mn interface during annealing and flew
Bi liquid. When a magnetic field of 5 T was applied, the elongated MnBi grains were observed at Bi/M
interface, and the numbef caves increased, resulting the rough surface of Mn phase. Consequently,
was found that the imagnetiefield reaction in Bi/Mn diffusion couple enhanced nucleation site and
subsequent uniaxial crystal growth of MnBi phase.

Acknowledgment: This wdris partly supported by KAKENHI grant no. 21K18833.
Keywords:magnetic field, diffusion couple, liquigolid reaction, anisotropic growth

References:
[1] H. Morikawaet al, Mater. Trans. 39 (1998) 814.
[2] Y. Liu et al, Solid State Commun. 138 (2006)410
[3] C. Louet al, J. Alloys Compd. 505 (2010) 96.
[4] Y. Mitsui et al, J. Alloys Compd. 615 (2014) 131.
[5] X. Ren,et al, J. Alloys Compd 472 (2009) 525.

Presenting author Email addregsiitsui@sckagoshimau.ac.jg

Multiferroics and magnetic materials_ MM 119



The 7th International Symposium on Frontiers in Materials Science (FMS 2024)

National Yang Ming Chiao Tung University Poster Presentations
MM_P04

Dynamic response of multilayered multiferroic structures
Sonal Nirwal*, Ernian Pan® 2, Chih-Ping Lin''2, and Tran Quoc Kirth

IDepartment of Civil Engineering, National Yang Ming Chiao Tung University, 1001
Daxue Rd., Hinchu 300, Taiwan
’Disaster Prevention and Water Environment Research Center, National Yang Ming
Chiao Tung University, 1001 Daxue Rd., Hsinchu 300, Taiwan

* Corresponding-enail: sonal.iitism@qmail.corln

Magnetcelectroelastic (MEE) materials are a
specific class of advanced smart materials that
simultaneously manifest the -®xistence of electric and
magnetic fields. This unique combination of properties
allows MEE materials to respond to mechanical,
electical, and magnetic stimuli, making them versatile for
various applications. In this problem, the response of a
three dimensional (3D) multilayered transversally
isotropic linear MEE layered ha#fpace induced by
dynamic and static deformation (which haseb applied
KRULIRQWDOO\ DQG YHUWLFDOO\ LV LQYHVWLJDWHG
function  corresponding to the tirf@rmonic
deformations (mechanical and electrical) on the surface of
the multilayered structure are derived by using a new and
novel Fourier Bessel ses (FBS) system of vector
function. By the virtue of FBS method, two set of first

7KH

order ordinary differential equation (i.e.;tipe and LM  Figure 1. ATIMEE layered hatspace under

type) are obtained, where these extension coefficiefifneharmonic loads
being Love number. In addition, the dual variable and

*

position method (DVP) is taken into account to deal with the multilayered system. Some numeric:
examples are shown to discuss the influence of load types on the dynamic and static response of

structure.

Keywords:Multiferroics, Multilayers, Love numbers, FBvectors, DVP method, Dynamics
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Up-conversion Photoluminescence in Carboihased Nanomaterials
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Up-conversion photoluminescence (UCPL) is a
phenomenon where a material was excited gugdver
energy photons and emit higher energy photons which is
beneficial for various applications in optoelectronics,
bioimaging, and optical refrigeration [1]. This
phenomenon is commonly found in semiconductor
materials and few are found in organic mias. This
study will focus in reporting the occurrence of UCPL in
carbonbased nanomaterials, mainly focused in graphene
quantum dots. The results showed bright orange emission
of graphene quantum dots when it was excited using
higher energy photons. Meover, UCPL was detected
with ant-Stokes shift of more than 200 milli  Figure 1. DCPL and UCPL in graphen
electronvolts. This study provides the evidence of UCPL quantum dots
phenomenon in carbdmased nanomaterials.

Keywords:up-conversion photoluminescence, graphene quantum dots
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Photo-aligned PAZO Liquid crystal cell writing Geometric phase
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Optical components like
lenses, prisms, and wave plates
traditionally alter light fields
within dielectric materials, yet
their compactnesis hindered by
size and weight. The recent
alternative is the "Geometric
Phase (GP)" approach, which
utilizes the relationship between Figure 1. The experimental febrication of {b@ased GP device and
phase change and polarization testing setup
conversion  in  anisotropic
mediums [13]. The "geometric phase" is tied to the opticalsagrientation angle, making related
components flat, physically thin, and resistant to manufacturing tolerances. This innovation, often term
a "diffractive waveplate," enables simultaneous conversion of polarization state and wavefror
presenting divers photonic applications. The GP effect can be achieved by imposing subwavelengt
structures on artificial materials like metasurfaces or in natubéigfringent materials. Liquid crystal
(LC) materials, with significant natural birefringence, are commaséd in GP optical elements. Photo
aligned LC cells, exhibiting geometric phase proportional to the local optic axis orientation, offe
advantages in largecale fabrication without requiring nanoscale lithography. Leveraging establishec
technologies inthe flatpanel display industry, polarization holography emerges as a powerful methoc
for generating diffractive GP LC waveplates. This study shows the implementation of diffractive GI
devices on an NLC cell, with the photoinduced polymer using poly [f(3-carboxy4-
hydroxyphenylazo) benzenesulfonamidg?-ethanediyl, sodium salt] azgmolymer (PAZO) [4],
outlining the design, production, and evaluation of GP grating and lens components.

Keywords:Geometric Phase, Polarization holography, Liquid ctystl, Photoinduced polymer
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in Graphene Quantum Dots
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Up-conversion photoluminescence (UCPL) is an optical
process in which the electrons from ground state absorb lower
energy photon (NIR and/or IR) to excite to the excited state and
the electrons will return to the grodistate while emitting higher
energy photon (UV and/or visible light). In this study, the
occurrence of UCPL in graphene quantum dots (GQDs), which
is carborbased nanomaterials was found. It also shows the
optical properties variations of GQDs dissolvadsolvent with
different solvent polarity. According to the findings, it is
observed that the occurrence of UCPL is independent with tfddure 1. GQDs dissolved in differer
. . . . olvent
interaction between GQDs and the surrounding environment.
Therefore, this study will reveal the relation of GQDs digsdl
in various solvent and their pivotal role in UCPL process.

Keywords:Up-conversion photoluminescence, graphene quantum dots
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Optical Properties of Graphene Quantum Dots
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Graphene quantum dots (GQDs) are one kind of carbon
based nanomaterials which has low toxicity, high conductivity
and exceptional optical propertiesjncluding tunable
photoluminescence (PL) emission which could be adjusted from
blue to red emission depending on the solvent. Therefore, GQDs
can be used for numerous applications, such as energy
conservation, luminescent solar concentrators,jroaging,and
bio-sensing. In this study, GQDs were prepared with 1,3,6
trinitropyrene as the precursor, then dissolved in toluene
(GQDs@TL). In order to understand GQDs@TL opticafigure 1. GQDs@TL Under UV light
properties, several measurements were done. The results show

that GQDs@TL has PL ensi®n and excitation peaks at ~595 nm and ~530 nm, respectively, with PL
lifetime of ~7.4 ns and PL quantum yield (QY) of ~31%. Therefore, this study will conclude the optica

properties of GQDs.
Keywords:graphene quantum dots, photoluminescence, quayitlch
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Perovskite solar cells (PSCs) proposed 2009 [1] have been actively studied, in which
methylammonium (MA) lead triiodide, MAPjlhas been maily used for the light absorption layer.
However its lifetime is short, then various types of materials are now being considered to replace MAPI
[2]. Among them, one of the good candidates is formamidinium (FA) lead triiodide, kAwihl superior
conversion permanence, heat resistance than MAPIoWwever, the stable phase of FAPhBt room
W HPSHUD W-Xhase, WkiciKrdt good for light absortion layer and the suitable phase for ligh
D E V R U Bha3d] is hot stable at room temperature. As a trigger of phase transition, perovskite rea
with water in the air, which leade decomposition [3]. In a previous study, it has been reported that Bi
GRSLQJ LPSURY H G-phakdbf ¥ APBI[E] L vdhicviasRekplained that the Bi doping improved
a crystal adhesion, preventing penetration of moisture from the air. Howeveo)dlof Bi doping in an
atomic scale has not yet been understood well.

In this study, Bidoped FAPK was
synthesized with a spin coating method and
several analytical measurements were carried out
to investigate the role of Bloping in the
improvement R | -phase stability of FAPBI
Observed Xray diffraction (XRD) patterns of
FAPbL films are shown in Fig. 1, which suggest
phase transition occurred rapidly within a few
hours in non Bdoped FAPW, whereas slower
transition can be seen in-Boped oneln addition
to the phase identification, lattice constants ef
phase were determined by the XRD results, which
showed contraction of the lattice constants by Bi
doping. Considering the ionic radii, Bi ions were
likely to be substituted at Pbsite. Scaning
electron microscope observation of the sample
surface showed that the crystal adhesion was
improved and the surface roughness was reduced
by Bi-doping. Xray photoelectron measurements
were also performed to determine valence states of
Bi ions, whichsuggested two states exists in the sample.

Keywords:Perovskite Solar Cells, FAPhIphase transition, Bismuth, crystal adhension
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Up-conversion (UC) phosphors, which can convert lower energy photons to higher energy ones, he
been widely investigated, in which several types of oxides with-@arh ions dopings such as
Y203:Er,Yb [1] and C&8O.:Er [2] were reported as efficient UC phosphors with long life time. These
materials also have potential application for the enhancement of the efficienly of the solar cells [3].
was reported that UC luminescence intensity can be enhanced byapirg of alkalinemetals in
CaTiOs:Er [4].

In this study, influence of alkalirmetals cedopings in CaMo@Er on its UC luminescence intensity
has been investigated. Samples were prepared using astdédreaction method. Crystal structure
analysis andbhase identification were performed usingray diffraction (XRD) measurements, and
electronic states were evaluated usingd¥ measurements. Thermo gravimetry and differential thermo
analysis (TGDTA) measurements were also carried out to see theoratiiring the thermal treatments.
UC luminescence measurements were performed at room temperature by 980 nm laser irradiation.

Figure 1 shows the UC luminescence spectra ofduped and Na edoped CaMo@Er, which
suggest significant enahancement of W@inescence is acheived by Naaoping in CaMoQEr.

Figure 1. Upconversion emission spectra of rdoped and Naloped CaMo@Er excited by 980 nm
Keywords:Up-conversion(UC) Phosphor , Soliate reaction , Sheelite structure , Alkalmetals
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Perovskite solar cells (PSQ®nowned for
their low production costs and mechanical
flexibility, stand at the forefront of photovoltaic
research and are going to be used in practical
use, though there remains to be overcome their
low durability. The integration of mixedation
appro&hes has notably enhanced the
operational stability and overall efficiency of
these PSCs [1]. Prior research suggested that the
incorporation of ethylammonium (EA) into
MAPDI; matrices improves its stability [2].

In this study, FACsPhlperovskite films
were fabricated with and without EA using a
spin coating method. Observed -ry
diffraction (XRD) patterns of the films are
presented in Fig. 1, which reveals the retention
of the desirable photo active-phase by EA
addition, implying an additivenediated
dtabilization. An  anomalous peak at
approximately 2 = 8 degrees indicated by
star symbol in Fig. 1, which is absent in the
control samples, was shown in EA added
FACsPDbg. The consistent presence of this peak
suggests a structural expression specific to EA
integration. This feature may allude to the Fig. 1 XRD patterns of control and EA added FACsPt
formation of intermediate phases or a modified
crystal orientation, which could be instrumental in impeding phase transitions. In addition, scannir
electron microscope and other analyses were also conductetefdurther understandings of the
influence of EA additions in FACsPbI

Keywords:Perovskite Solar Cells, Ethylammonium, FACsPBhase Transition Inhibition
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Perovskite solar cells (PSCs) have rapidly gained widespread attention [1] due to its relatively lo
fabrication cost, facile synthesis, high optical absomtcoefficient, and excellent charge transfer
characteristics. Among PSCs, formamidinium (f&sed PSCs are regarded as one of the most
promising materials for solar energy conversion, owing to their outstanding thermal stability an
narrower bandgap thahose of conventional methylammonium (MBased PSCs. Nevertheless, despite
significant progress in this field, challenges persist in terms of stability andtdamg usability.
Passivation through the suppression of surface defects in thin films iseatsas an effective strategy
to address these issues [2].

In this study, we introduced the
nicotinamide (NTM) addition to modify
the precursor solution for the preparation
of modified perovskite thin films [3].
Figure 1 shows the Xay diffraction
(XRD) patterns of films with and without
NTM additives. It is noteworthy that the
stability of the films improved with the
addition of NTM. Initially, the pure
FAPblk  films almost completely
transferred to gbhase within a first hour,
whereas the film with NTMmaintained a
relatively good state even after 2 hours,
indicating a noticeable positive impact on
the stability of the film. Additionally, we
conducted irdepth studies using scanning
electron microscopy and Fourigansform
infrared spectroscopy to undéand the
influence of NTM on the crystalline
stability.

Keywords:Perovskite Solar Cells, FAPHICrystalline Stability, Nicotinamide

References:
[1] Kim, M. et al., Science, 375: 30206 (2022).
[2] Dejun, H. et al., Sci. China Mater., 66(4): 131322 (2023).
[3] Zhu M. et al., ACS Appl. Mater. Interface, 52582508 (2020).

Presenting author Email addresghangkaiqi@toki.waseda.jp

Photonics ad nanostructured hybrid materials_PH 128



The 7th International Symposium on Frontiers in Materials Science (FMS 2024)
National Yang Ming Chiao Tung University Poster Presentations
PH_P09

Interface Modification with Guanidinium Chloride in FAPbI 3 Based
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Perovskite solar cells have emerged as a
frontrunner in the renewable energy sector due to
their exceptnal photovoltaic performance and cost
effectiveness. However, lortgrm stability remains
a pivotal challenge to be addressed, with the
interface between the liglabbsorbing layer and other
functional layers being a crucial determinant. The
electron trangort layer situated at the base is
particularly critical as poor interface quality with the
light-absorbing layer, which leads to carrier
recombination and adversely affect the crystallinity
of the overlaying absorber [1].

In this study, we have introducemlianidinium
chloride (GA) modification layer [2] between the
SnQ electron transport and the FARblight-
absorbing layers [3]. The experimental procedure
involved sequentially depositing SROGA, and
FAPbL layers on cleaned glass substrates using the
spin-coating method. Samples without the GA layer

introduction were also prepared for comparison.  Figure 1. XRD patterns of FAPbWwith and without

The X-ray diffraction (XRD) patterns of the GA modification over time
synthesized films with and without GA modifications are shown in Fig.1, where the stability of the light
absorbingFAPDL layer with GA modification is markedly enhanced from an initial 30 minutes to an
impressive duration of 3 days, accompanied by an enhancement in peak intensities. Scanning Elec
Microscope analyses further confirmed a notable reduction in suréads and cracks pestodification.

Keywords: Perovskite Solar Cells, Interface Modification, Crystalline Stability, guanidinium
chloride
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The integration of artificial intelligence
(Al) into pathology has significantly
diminished the likelihood of human error and
streamlined the time spent on predicting or
diagnosing disease through imaging
analysis. The application of imaging analysis
exceeds healthcare professionals, extending
to students in academia who must master and
visually depict various tissue structures

through hanetirawn illustrations.  Figure 1. Compared with real H&E staincaAl Image in
Nevertheless, the depictiofia particular cell Hyaline cartilage.

structure by or?e. student may differ from_(a) Real H&E stain (b) Al Image. Comparing a and b, you
another student's interpretation based on theia see the same position as in a, and you can also clear

individual perception of objects. Therefore, it perichondrium (P), chondrocytes (C), and matrix (M) in (t
becomes crucial to establish a standardized

criterion to ensure fair and unbiased assessmentefdrawings. Our goal is to convert Hematoxylin
and Eosin stained histology sections into anrg@herated image, aiming for a visual result closely
resembling a hanrdrawn illustration.

Following this, we intend to integrate our generated image intmage Management System (IMS)
and Laboratory Information System (LIS) to systematically store information for the pathology labelin
of a tissue section derived from a hadrdwn illustration. Looking ahead, our vision involves harnessing
Al software, likeQuPath, to objectively assess student hand drawings, ensuring a fair and standardiz
assessment of their quality. Through these advancements, we aim to elevate the quality of stude
learning through the practice of pen drawing.

Keywords Tissue sectin, Image Management System (IMS),Al Imagie, Hematoxylin and Eosin
stain
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To simplify the thermal oxidation proces$ the conditional vertical cavity surface emitting laser
(VCSEL), an ion implant confined VCSEL was fabricated. The oxygen ion was used to oxidize th
current confined region, which can increase the current density that flow into thegoantum well.

This device was used the SiOx/Si as the distributed Bragg reflector (DBR), and thiayeultvas grown
by the sputter which can save the cost and the processing time from the conditional DBR that grew
the metal organic chemical vapor deposition sygtd@CVD).

Figure 1. (a) the top view of the implant confined VCSEL (b) the emmision spectrum and the FWHM of the implar
confined VCSEL.

Keywords:ion implantation, dielectric DBR
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Herein, we present a novel EHD electrospray coating
system designed for trentinuous fabrication of largarea
guantum deQD thin films, contributing to higiperformance
LED devices. Our system allows systematic control of QD
droplet size by establishing a stable EHD electrospray mode
through the mixture of red QDs inbutand and rthexane
solvent. This mode proves to be a crucial factor for forming
of large and smooth QD thin films. Additionally, the minimal
consumption of QD materials during the laysrlayer
deposition process using our unique coating system is
noteworthy. Furthermore, we explore and optimize the
electrospray of PEDOT:PSS solution by adjusting EHD
parameters and incorporating various solvents into the supply
solution. This optimization process determines the final
quality of the printed features. Employitige optimized ink
formulations (PEDOT:PSS: Water: IPA: Triton-200), we
successfully electrospray films with precisely controllable
thickness, scalability, and extremely low surface roughness
(Ra of 0.55 nm). As a result, we achieve an RMS of 0.0308
pum for the electrosprayed QD thin film, with a maximum
luminance of 12.082 cd fa maximum current efficiency of
nearly 4.0 cd A&, and a maximum EQE of 1.86% for Red QD
LEDs with a regular structure. Notably, the inverted Green
QDLED device (ITO/ZnO/QDs/PVKlectrosprayed
PEDOT:PSS/AI/Encap) exhibits outstanding performance with a maximum luminance of 56$2ad m
current density of 3.76 cd A and an EQE of 2.22%.

Keywords:quantum dots, electrospray, Red QDLED, Inverted Green QDLED,
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Topological materials (TMs) have attracted mattention for their potential to reveal fascinating
physics and to paveéhe way for various applications like optoelectronics, spintronics and quantum
computing [13]. Topological insulators (Tls), one kind of TMs, exhibit conducting surface states
protected by tim@eversal symmetry, and the gapless surface states are ddsntteband inversion as
well as spirorbit coupling.With density functional theory calculations, J. M. DeStefeinal [4] showed
that SrCdAs; is a narrow band gap semiconductor under ambient conditions. A negative pressure col
reduce the band gap amluce the band inversion in Srédd,. Alloying Sb at the As site is the most
promising, because of both the larger atomic size and less electronegativity of Sb than As, which will
induce band inversion [4]The predictions of J. M. DeStefamt al[4] were interesting, however the
experimental results of topological SSty crystal have not been reported yetthis study, we report
on the ultrafast carrier dynamics of TM SgSt single crystals by twaolor optical pumgoptical probe
(OP-OP) techmjue with 400nm pulses for pump beam and 80® pulses for probe beam. The
GHSHQGHQFH RI WUDQVLHQW UHIOHFWLYLW\ (055 RI WKH S
WHPSHUDWXUHY 7KH 05 5 FXUYH IURP . W Rhange frahLr@@atiteeHo H [ |
positive signal for the decreased band gap as the same wagbéthial substitution of Sb on As lattice
site of the topological critical material Sré2d,. Analysing ultrafast carrier dynamics will provide
information of electrorelectron scattering and electrphonon coupling. In addition, a magnetic field
up to 6 T was applied to theaxis of the sample to study the effect of magnetic field on th€©®P
measurements in the temperature range-8® K. The detailed analysis tiese results will provide a
deeper understanding about band structure of Sigdingle crystals.

Keywords:Topological materials, ultrafast carrier dynamics.
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Pressure effect on unidirectional magnetoresistance in
heavy metal/ferromagnetic bilayer

Riku limori¥, Teppei Kimurd, Taishiro Yamazakj Kazmasa YamadaAkihiro Mitsudd,
and Takashi Kimura

1Department of Physics, Kyushu University, 744dé&a, Fukuoka, 819395, Japan

* Corresponding-enailiimori.riku@phys.kyushu.ac.jg

Recently, a heavy metal (HM)/ferromagnet (FM) bilayer has been paid considerable attention fro
the fundameral and technological view points. The HM/FM interface is known to exhibit a novel
asymmetric spirdependent scattering, namely unidirectional magnetoresistance (UMR) [1]. Since th
magnetization direction can be indentified by using the UMR, the enhantefitbte UMR ratio could
be a key for developing negeneration spibased electric devices. On the other hand, recently, we
have shown that the pressure application to the HM/FM interface modulates the interfacial spin mixil
conductance. Similarlyhe UMR in the HM/FM bilayers is expected to be tuned by the application of
the pressure. In the present study, we experimentally investigate the pressure effect on the UMR in
Pt/NiFe bilayer.

To investigate the pressure dependence of the UMR, wkaiggbrid pistorcylindertype high
pressure cell consisting of NiCrAl alloy (inner cylinder) and CuBe alloy (outer cylinder) as schematicall
shown in Fig. 1(a). As a sample for the magnetoresistance measurements, we have prepared
nm)/NiFe(5 nm) fim on a SiQ/Si substrate by using a magnetron sputtering system as shown in the ins
of Fig. 1(b). The sample has been patterned into a Wheatstone bridge shape in order to extract
asymmetric component of the magnetoresistance. The observed asymesidtimce Basym Spectra
show perfectly asymmetric as shown in Fig. 1(b). Figure 1(c) shows the pressure dependence of
DRasym It should be noted that theRRymis enhanced with increasing the pressure. As possible origins,
the enhancement can beured by the modulation of the spin mixing conductance [2] or thermal effects
including the anomalous Nernst effect. The detailed results and the microscopic origin will be present
at the conference.

Figure 1. (a) Schematic illustration of the hybrid pistylindertype highpressure cell. (b) Asymmetric resistance
Rasymas a function of the magnetic fieitifor the Pt/NiFe(Py) bilayer. (c) PressleGHSHQ G HRgymH R 0

Keywords:Pressure effect, magnetoresistance, anomalous Nernst effect, spirfddall ef
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in CoFeB/Pt bilayer on PMN-PT substrate
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The control of physical properties by means of the electric fields is a powerful attention in recel
years. Particularly, the manipulation of the magnetization by electrical means omitipdwer
consumption is recognized as a key technique for the development of future spintronic device
Especially, the voltage control of the magnetization has attracted considerable attention owing to its lov
power consumption than the curratrivenmanipulation with the significant Joule heating. Multiferroic
heterostructures combining ferromagnetic and ferroelectric materials with the interface nedgcteio
(ME) coupling, namely interface multiferroic systems, are promising approach towaeffithent
voltage control of the magnetism. The mechanism of voltagerolled magnetization is mainly due to
the strain from the ferroelectric substrate. In addition to the strain effect, other interface interactions st
as the charge modulation and rsprbit interaction are known to contribute the control of the
magnetization. The proper combination of these interactions is expected to yield the efficient electric
manipulation of the magnetization [1]. In order to explore efficient electrical cooittble spintronic
systems, we focus on multiyered structures consiting of ferromagnetic/ heavy metal/ ferroelectric
materials (FM/HM/FE). These structures can be expected to have significant modulation effects of t
magnetetranport properties in FM/M bilayer films through straimediated ME coupling. In the
present study, we explore the efficient control of ggiarge interconversion by using the electric field.

We have fabricated CoFeB/Pt bilayer films on (:6€gnted 0.7Pb(MgsNb23)Os - 0.3PbTiOs
(PMN-PT) substrates using a DC magnetron sputtering system. Fig. 1(a) shows the DC voltage spe
due to the dynamical spin injection with the magnetic field a 45 degree under the various electric
field. The inset is a schematic diagram of side gating. It can be found th¥bdhmeak is strongly
dependent on the electric field. Furthermore, we analyze the spectra by separating as a sum of symm
and antisymmetric Lorentz functions. Fig. 1(b) shows the electric field dependence of the symmetri
Lorentz component o¥bc. The Vsym shows both the PMNPT strain curve and decreasing functional
characteristics. This result suggests that the spin Hall angie Ptiayer and/or the mixing conductance
for CoFeB/Pt interface is modulated by the piezoelectric/electrostrictive behavior ofFHMVivid the
charge transfer effect [2, 3]. Based on the systematic measurements such as angular dependence
transport proprties, we will discuss the mechanism for the modulation ofcménge conversion.

Figure 1. (aVoc spectra under the magnetic fieldf at45 degree for various electric field, and a schematic of the
sample structure(inset). (b) Electric field depervdeof the amplitude of the symmetric componési.
Keywords:electric field effect, spiorbit interaction, spircharge conversion, dynamical spin injection
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Spinel: Insights from Synchrotron Spectroscopy
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Spinel structures (AB.) exhibit diverse physical properties influenced by the specific atoms
occupying the tetrahedrahd octahedral sites at-And Bsites, respectively, within the unit cell. This
research delves into the magnetic characteristics of Gefd,04, elucidating the interplay of local
electronic, atomic, and crystal structures through synchrotron radlzdised spectroscopic techniques.
Singlephase of the samples was established viwoimse Xray diffraction. The investigation revealed a
*ULITLWKV SKievhper&x@exe@ntr@R spin glass state in the structure, as evidenced-by zer
field-cooled(ZFC) and fieldcooled (FC) magnetization studies at low temperatures. The glassy state we
further analyzed by AC susceptibility measurements at various frequencies and magnetic fields. T
multivalence state of Mn ions within the structures was confirthealighls »edge Xray absorption
studies. At low temperatures;fdy magnetic circular dichroism (XMCD) demonstrated the ordered state
of Mn spins, contributingtolond DQJH RUGHU 7KH JODVV\ VWDWHY{V RULJ
amongdifHUHQW 0Q VSLQV ZKLOH WKH *ULIILWKYV SKDVH FRXOC
Fe spins.

Keywords:6 SLQHO 6WUXFWXUH *ULIILWKYJVY SKDVH 6SLQ *ODV)
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We report on terahertz radiation of topological material EuC&2#isgle crystals under ultrafast
optical excitation with different helicity. By time domain decomposition and recombination, circular
photogalvanic effect signal originated from spiolarized currents were obtained. By changing the
incident angle, the miular photogalvanic effect became significant at large incident angle. This
phenomenon indicates that the circular photgalvanic effect is the results from two dimensional electrol
system. In low temperature experiment, we observed significant enharicamtéie amplitude of THz
radiation. The details of the experimental results will be shown in the poster.

Keywords:Terahertz emission, sppolarized photocurrent, topological material
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Design of Biosensor for Detection of Botulinum Neurotoxin
Ly Nguyen Hat 2 Quynh Luu Manh Viet Bac T. Phury Toan T. Nguyefh®
IDigital Materials Science laboratory, Center for Envirnantal Intelligence (VinUniversity, Hanoi 100000,
Vietnam)
2Key Laboratory for Multiscale Simulation of Complex SysteivisiU Hanoi University of Sciene¥ietnam
National University, (334 Nguyen Trai, Thanh Xuan, Hanoi 11400, Vietham)
SFaculty of PhysicstUniversity of ScienceVietnam National University (334 Nguyen Trai, Thanh Xuan,
Hanoi 11400, Vietnam)
4College of Engineering & Computer (VinUniversity, Hanoi 100000, Vietnam)

* Corresponding emaitbannt@hus.edu.vn

Botulism is a potentially fatallhess caused by toxin produced by a bacteria called Clostridium
botulinum found in food. The treatment of this illness requires very expensive antitoxin drugs. Therefor
there is a strong need for development of sensitive biosensors for detectiotoaftilie food produce.
These bacteria produce a protein called Botulinum neurotoxin (BoNT). In this work, by using atomisti
computer modeling and simulation, we investigate potential aptamer (singifeled DNA orRNA) that
binds BoNT protein for use inidsensor for sensitive detection at low concentrations of Botulinum
neurotoxin. With our experimental colleague's focus, two types of BONT types A and C are investigate
The 3D structure of the aptamer from the primary nucleotide sequence are consanata docked
to BoNT proteins. Then the complexes are simulated for 100 nhanoseconds by using GROMACS 202(
The results show that aptamers designed for type A prefer binding to BoNT/A and vice versa. Amoil
them, aptamer A4 was the candidate with thergfest binding energy to both types of proteins, BONT
A and BoNT C. Although, for the detection of BONT/C only the C5 aptamer seems to be the be
candidate. This computational study strongly suggests that aptamer A4 could be used in biosensor
detectboth of these types of botulinum neurotoxins. This calculation method helps save expensive a
time-consuming experiment laboratory

Figure 1. The thredimensional structures of the aptam#BoNT complex

Keywords:Botulinum neurotoxin (BoNT), aptamer, negular dynamics simulation, proteildDNA
interaction, biosensor
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Thermoelectric materials can realize the conversion of waste
heat into electricity and operate as an energy source without side
products or moving parts, effectively a maintenafiee system.
They offer not only a sustainable energy generation methoalldmit
make it possible to power devices in isolated environments, ranging
from outer space to body implants. Despite their potential
applications, the efficiency of thermoelectric materials is tied to their
transport properties, quantified by the figiremerit zT. To attain a
high zT value, a thermoelectric material must simultaneously have,gi\gure 1. Crystal structure o
high electronic conductivity and a low thermal conductivity [1].NaMgBi
These two properties are positively correlated in materials in general,
where phonon and electronash similar conducting
paths and scattering factors. Therefore, research is
currently focused on the lattice thermal conductivity
of materials where electron and phonon are only
weakly coupled, allowing more manipulation and
control. One of these materials NaMgBi, a Zintl
compound with layered crystal structure, showing low
thermal conductivity according to preceding studies
by simulations and experiments [2,3]. Under the
harmonic approximation, the general understanding igigure 2. Calculated lattice thermal contivity
that a heavier element will he lower oscillations ©f NaMgBi and KMgBi
frequency, leading to slower phonon group velocity of acoustic modes and therefore lower thermnr
conductivity [4]. However, using firgrinciples calculations and lattice dynamics, we have shown that
the thermal conductivity of KMgBperfect crystal is several times higher than that of NaMgBi. Through
the analysis of phonon properties, this relationship was explained, shedding light on the cause
1D0J%LYV ORZ WKHUPD O -#eRt cdnigakisanyof thékmas digpldde matit anteratomic
force constants, it becomes apparent that various factors, including electronegativity and atomic radi
all play an important part in lattice thermal conductivity. This study also shows possible directions t
further suppress lattice theain conductivity while retaining desirable electronic conductivity for
thermoelectricity applications.
Keywordsfirst-principles calculation, lattice dynamics, lattice thermal conductivity, thermoelectric
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High-entropy alloy (HEA) is an important class of materials that has been receiving significan
research focus recently. The design of new HEAs is a challenging task because of a huge spact
potential alloys. For instance,ifdcle et al. showed that there are 592 billion potent&keBment HEAs
[1], yet only a fraction of these have been explored. Consequently, accurate prediction of HEA
properties, such as yield strength, is crucial to refine the search space. Maahiirggl (ML), a novel
approache for prediction of HEA's properties, is increasingly used in recent years. It has been successtf
applied to predict the structure and properties of various types of materials, including yield strength
HEAs [2, 3]. Tradiionally, the performance of ML prediction models is assessed on test data an
expected to be good on new data. However, proficient model performance doesn't necessarily guaral
good future predictions [4]. Moreover, most ML methods offer point predietimithout incorporating
uncertainty information. Uncertainty quatification of ML models is vital to enhance the reliability of ML
in materials science [4]. Conformal prediction [5] is one of the uncertainty quantification methods that
not computationdy expensive and can be applied for any ML method. It offers a prediction region for
each observation of new data.

,Q WKLV UHVHDUFK ZH H[SHULPHQWDOO\ LQYHVWLJDWH V
on a dataset comprising 199 HEAs, sodrfrem the work of S. Gorsse et al. [6]. Predictors for the yield
strength include valence electron concentration, electronegativity difference, atomic size differenc
mixing entropy, and mixing enthalpy. Our experimental setup involves two independiaiies the
sizes of training datasets and the method of creagdation, namely split (SP) or leaomeout (LOO)

[7]. The experiment's dependent variable is the @iz prediction regions. For prediction, we employ
ML methods automatically definedylihe AutoGluon framework [8]. Our experimental findings are
expressed through linear modelsas 1215.13+3.18&for SP andQ = 1165.3 +£3.18 for LOO. These
results imply that on average, (1) size of prediction regions of LOO is 49.83 smaller thainSRa&nd

(2) size of prediction regions decreases by 3.18 if size of training datasets increases by 1. Additiona
the results suggest the potential benefit of adding generative data to training datasets to further reduce
size of prediction regions

Keywords:materials informatics, highntropy alloys, yield strength, conformal prediction
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The ultraviolet (UV) radiation in the solar spectrum causes most of the decay under sunlight for sol
cells based on organichptovoltaics (OPV). In addition to PCE, the most crucial consideration for
practical applications is stability under sunlight irradiation. So far most papers focus on the stability ¢
smallarea OPV devicésTo make the OPVs practical applications, inecessary to show that the
durability of the small area can be scaled up to the large area. Even with the filter, the OPV modul
decays more rapidly than the OPV small devices. To our best knowledge, there are a few papers
module sunlight stabilil. Therefore, the high stabilized efficiency of the OPV module is the primary
goal of this project. Herein, we study the photostability of OPV modules by three cells connected in ser
with a total effective area of 10.8 énThe stability of the devices ssudied under continuous irradiation
by an UV LED of 365 nm with a long tracking time. The intensity of 50 W/m2 is the same as the sunligl
UV. As aresult, a good stability is achieved for the ternary OPV modules based on therfigmance
blend PM6:Y6with 1300 h UV half lifetime without UV filter. The series resistance is an essential factor
affecting the performance and stability of OPV modules. The inverted and normal structures are a
studied in this work under UV irradiation. The initial PCEluoé inverted structure is higher than normal
structure devices, however, the UV stability of the normal structure is found to be more stable than t
inverted structure. The physical study of the related structure will be discussed in the future wamk secti
Moreover, semitransparent OPV is promising to show a stable lifetime under UV. In the upcoming wor
the UV stability of the semitransparent OPV modules will be conducted to improve the UV lifetime ani
transmittance.

Keywords :Module organic solar d¢le photostability; ultraviolet (UV) radiation; high performance
PM6:Y6; ternary organic solar cells
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Abstract: This study explores the photoluminescence excitation (PLE) in GaN/AIGaN high electror
mobility transistors (HEMTSs). Based on the Fragadysh effect, the electric field within the two
dimensional electron gas (2DEG) in GaN/Al& heterostructure was examined using PLE analysis. This
research introduces a ndestructive luminescence technique for investigation the optoelectronic
properties in GaN/AlGaN HEMTs at room temperature, which is advantageous for device design.
Introduction: AlGaN/GaN high electron mobility transistors (HEMTs) have attracted considerable
attraction due to many applications such as biological sensorsfraggrency and higipower devices
[1]. In the HEMT structure, high electric fields can be generatiéttbwt doping because of the strong
polarization fields and the high conduction band offset between AlGaN and GaN. The electric fiel
strength plays an essential role in the device operation because it is the driving force to move the elect
into the clannel to form twedimensional electron gas. Here, using PLE techniques, a method for
estimating internal electric fields, band offsets, and bandgaps have been proposed.
Experiments: An AlGaN/GaN HEMT structure was grown by metalorganic chemical vapor iiepos
on the Si (111) substrate. The layer structure consists of a GaN cap layer, an undoped AlGaN bar
layer, a AIN interlayer, a undoped GaN channel layer, a AlIGaN buffer layer, and a AIN nucleation layer
The photoluminescence (PL) and PLE were istthavith FluoroMax4PL spectrometer.
Results and DiscussionThe black line in Figure 1a shows the PL spectrum of the studied HEMT under
an excitation wavelength of 260 nm at room temperature. A dominant PL peak was observed, whict
assigned as the donbound excitonic (BX) emission in GaN. The red line in Fig. 1a displays the PLE
spectrum of HEMTs with the detection energy at 2.53 eV. The bandgap of GaN and the internal elect
field in AlIGaN/GaN heterostructures were obtained through a model bagbe FranKeldysh effect.

(2]

Figure 1. (c) PL and PLE of GaN/AlGaN HEMTs (b) The electric field and bandgap obtained by PLE spectrum
Conclusion: We have measured the PL and PLE of AIGaN/GaN HEMTs at room temperature. The bar
gap of GaN and the eleittifield within the twedimensional electron gas in GaN/AIGaN heterostructure
was estimated through the contactless PLE technique. Measurements of these properties is essentic
the device design and applications in AIGaN/GaN HEMTs.

Keywords: photoluminescence excitation, high electron mobility transistors (HEMTS), electric field
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Atomically thin impedance switches for 6G communication
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We pregnt a highperformance twderminal impedance memristor on a flexible substrate with the
potential for integration with 2.5D IC technology. The switch utilizes a memristor withla§@rs grown
through atomic layer deposition (ALD) serving as the insudptayer. By manipulating the impedance
state, it achieves modulation of radiequency (RF) signal transmission by switching between on and
off states using a bipolar mechanism. Experimental results demonstrate that the device operates wi
the 6G commanication frequency range, achieving a cutoff frequency of up to 160 GHz, an insertion los
S21 =-6 dB, and high isolation performanc&@ dB). The RF switch is integrated on a photosensitive
polyimide (PSPI) flexible substrate, enabling potential irdeign as a redistribution layer (RDL) in 2.5D
IC technology. Importantly, the entire manufacturing process maintains a thermal budget below 250 ¢
for back end of line (BEOL), making it suitable for monolithic integration with 6G functions.

Keywords:flexible, RF switch, PSPI
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Abstract: Memristive synapstic devices are recognized as onmpdiitant electronic components for
neuromorphic computing. In this work, a synaptic menrisistor using lsiretionalized Mogquantum

dots (QDs) is reported. By adjusting the concentration of lysine concentration in the micems#sted
synthesis, theonduction of the MoSQDs change gradually after multiple conductive paths. Diverse
synaptic functions such as shtetm plasticity and longerm plasticity have been examined in the
artificial memory devices based on Ma3Ds.

Introduction: As one of he fastesgrowing electronic devices in the field of data storage and-lika&in
neuromorphic computing, memristors have attracted a lot of attention in recent years. [1][2] The memc
of the memristor can be maintained for a long time, but once it {glisdpwith an opposite negative
voltage, it may change the resistance in one second or even less than microseconds. Variation in cha
will impact the resistance of the memristor in both high resistance and low resistance mode
corresponding to one azéro, and allowing data storage by recording these alterations.

Mo$S; quantum dots (QDs) are a promising candidate for a memristor due to its tunable energy gap, h
reliability, stability, and low power consumption, enabling more stablevotatile resstive switching

(RS) behavior [1]. In this study, the MpQDs with functionalization of lysine provide the suitability to
the memristor, which simulates a variety of synaptic functions such as such g@smshqiasticity, long

term plasticity and excitary postsynaptic current (EPSC).

Result and Discussion:Figure 1 shows a positive and

negative DC voltage (0 to 2V, 2V t@8V, -2V to 0) applied

to lysinefunctionalized Mog QDs with 100 consecutive

scans. The data shows that the current decreaseshwith t

increase in the number of scans. That is, the electronic

synapses will gradually change from loesistance state

(LRS) to highresistance state (HRS). The lysine

concentration was changed to control conductance, which is

similar to synaptic plasticitin biological nervous systems. _

The localized states in lysifanctionalized MogQDs are ' 9ure 1 #V curves under consecutive 10
. . L times positive and negative voltage sweep

responsible for gradual change in conductivity. When

carriers are trapped in localized states, they are immobilized or have a reduced ability to move throt

the mateial, leading to a decrease in the overall current flow. This trapping effect can thus result in

gradual reduction of the maximum current during an cuvettage (FV) scan

Conclusion: We measured theV curve of the lysindunctionalized Mo% QDs. After repeated scans

with one hundred times, it was found that the current gradually decreased with the number of scans.

speculate that this is the result of carrier capture in the localized stated produced by lysi

functionalization. These propertiesutd be useful for memristor applications and design.

Keywords:Resistive Switching Behavior, Electronic Synapses, Mp&antum Dots
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Counter-Degenerate Ptype Doping in Ultrathin Oxide Semiconductor
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Amorphous oxide semiconductor (AOS) is a
promising candidate for next generation semiconductor
due to their high mobility, extremely thin thickness,
wafer scale growth and low temperature deposition
compatiable with Baclendof-line (BEOL) process [1].
Among these materials, indium oxide stands out as a
particularly promising candidate, finding extensive
application in thidfilm transistors (TFTs) within the
display industry [2]. However, In203 exfitib very high
carrier concentrations [3]; the gate of the In203 device
cannot effectively control such a large number Ofjgyre 1. Schematic of counter degeneratgep
carriers, resulting in poor switching characteristics. Outioping
study demonstrates atype doping method on ultrathin
INn203 deposited by ainic layer deposition (ALD) at a low temperature of 275°C. We performed carbon
tetrafluoride plasma treatment on In203 devices to passivate oxygen vacancies and substitute
absorbed oxygen atoms [4], all of which contribute to a reduction in the camiegntration in the In203
channel. It is worth noting that we can counter the electrical characteristics from degenerate
enhancement mode, resulting in a significantly larger positive tuning window for threshold voltage (VT
Besides, the introduceapant can be eliminated, and the electrical characteristics can be back to origin:
state through organic solvent cleaning. This indicates that this doping method is reversible. Finally, \
successfully achieved the fabrication of a deplelimd NMOS inerter with a relatively high gain
through selective doping using this method, indicating that AlaBed ultrathin In203 holds significant
potential in the field of logic circuits.

Keywords: indium oxide, Amorphous oxide semiconductor, Atomic Layer Depositplasma
doping, Threshold Voltage
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Zinc oxide (ZnO) is a HWI compound
semiconductor with excellent optical
characteristics, but it is susceptible to +fion
radiative recombination defects, limiting its
capability andperformance as an optoelectronic
device [1]. This study successfully demonstrated
an innovative process in passivating current metal
oxide semiconductor defects with ntoxic
biomaterial. To illustrate, we utilized a
hydrothermal synthesis technique tpnthesize
zinc oxide nanorods (ZnO NRs) and incorporated
chicken egg white (albumen) as a defect
passivator. Enhanced structural and optical Figure 1. Photoluminescence (PL) spect:

s and TEM images of pristine ZnO NRs an

characteristics were observed for the ZnO NRs albumercapped ZnO NRs.
with annealed albumen.-Ky diffraction (XRD)
analysis reveals a sigicant improvement in the quality and crystallinity of the ZnO NRs following
albumen incorporation. In addition to determining the chemical interaction between albumen and t
pristine ZnO NRs, Xay photoelectron spectroscopy (XPS) measurements weimrped to validate
the was observed that the process of annealing albumen led to the generation of sulthydryl groups
subsequent production of disulfide bonds (which resulted in disulfide bridges) because of the chemi
reaction that occurred duringéversible thermal denaturation. This interaction passivates the oxyger
vacancies, preventing them from trapping charge carriers, resulting iradiative recombination and
improving the characteristics of ZnO NRs. Near badde emission (NBE) and dekgvel emission
(DL) were observed in the steadtate photoluminescence (PL) of ZnO nanorods (NRs). The NBE
significantly increases after capping and annealing the albumen compared to DL emission. T
suppression of DL emission suggests that surface gdedeckt oxygen vacancies in ZnO NRs have been
reduced. Because of the advantages and improved features of aratieatedncapped ZnO NRs, a
stable and highly efficient lighgmitting device (LED) was developed which exhibited tenfold EL
intensity as compacdeto pristine ZnO NRs devices. This work reveals the significant potential of
usingbiomaterial to mitigate the existing defects of oxide semiconductor materials for developing bic
inspired and enhanced optoelectronic devices.

Keywords:Zinc oxide nanorod&ZnO NRs), chicken egg white (albumen), near badde emission
(NBE), deeplevel emission (DL), lightemitting device (LED)
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Present work deals with the comparison of paramettienggation of SiCN thin film coating using
chemical vapor deposition (CVD) method by four different multicriteria decision making (MCDM)
methods along with different weight allocation methods. In this work the SiCN coating is deposited ov
p-type Si (100kubstrate using CVD method considering flowrates of H2 and N2 gases and the depositi
WHPSHUDWXUH DV LQSXW SDUDPHWHUY ZKLOH KDUGQHVV \R
parameters. Additive ratio assessment (ARAS), Complex Propdrtidesessment (COPRAS),
Evaluation based on distance from average solution (EDAS) and-dbj#ictive optimization on the
basis of ratio analysis (MOORA), MCDM methods are used for ranking of alternatives. For weigh
allocation of criterion four differentethniques are used viz., mean weight, standard deviation, entropy
and MEREC methods are used. Form the results, it is observed that the raking given by all the meth
for every weight allocation is similar. From the overall discussion it observed thasct?® (H2
flowrate), 120 sccm (N2 flow rate) and 1250°C temperature is best suited combination to obta
optimized results for the response variables. From the correlation chart it can also be observed that
maximum variation in ranking occurs when ttiéerent MCDM methods are clubbed with MEREC
weight allocation. Overall maximum variation in the correlation coefficient is 10%, which also suggest
that all the methods are providing similar results.

Keywords:CVD, MCDM, ARAS, COPRAS, EDAS
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Encoding information into Terahertz pulses via spectrally modulated
ultrafast optical pulses
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Figure 1. The schematic of spectrally modulated ultrafast optics pulsed before the photoexcitation
of the PCA

We tried to achieve Terahertz communication through photoconductive antenna (B&#igvat
800-nm ultrafast optical pulses. Encoding a set ofddte information into the waveform of single THz
pulse, which was generated by a PCA. Theniée information was encoded via a spatial light modualtor
(SLM) in frequency domain before théagtoexcitation of the PCA. We utilized a grating to split the
optical pulses to frequency domain, and employed a SLM to modulate the spectral intensity of opti
pulses. The spectral frequency of pulses can be determined to pass or to be blocked hgrtheé des
pattern of the SLM. The selectively modulated pulses will stimulate the PCA and generate correspond
THz waveforms. Our simulation demonstrates that THz waveforms exhibit varying responses und
different spectrally modulated injected pulses.

Keywords: THz communication, Pulse shaping, Photoconductive antenna
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Generation of circularly polarized THz dual pulses
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Since highdatarate communication is desired, to realiegabit (Tbit) wireless telecommunication,
such as 6G and beyond, new technology is being developed, and it may well rely on THz photonics.
6KDQQRQTV &DSDFLW\ 7KHRUHP > @ D KLJK IUHTXHQF\ FKDQ
information han a channel at a lower frequency. Therefore, the carrier frequency of communication h
been raised from megahertz (MHz) to stz in present telecommunication systems [2]. However, the
generation of circularly polarized (CP) THz waves remain rare ceglyefor high output power. In this
work, we report a simple and reliable system with Michelson interferometer (MI) for the generation ¢
circularly polarized (CP) THz dual pulses with variable helicity, frequency, and interval between pulse
[3,4]. The® degrees of freedom allow us to arbitrarily control the THz dual pulses of interests, which he
potential applications in imaging, spectroscopy, and in-gereration communications.

Keywords:circular polarization, polarization control
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Rare earth (R) tellurides layered single tay&Ten (n=2, 2.5, 3) are considered to be charge density
ZDYH &': PDWHULDOV 7R JDLQ D EHWWHU XQGHUVWDQGLQJ
whether it exhibits CDW behavior, we employed doalor pumpprobe timeresolved spectroscofat
various temperatures, as well as {emperature Xay diffraction. In the temperature range of 8 K to

WKH WUDQVLHQW UHIOHFWLYLW\ FKDQJHV 05 5 H[KLELYV
trends in the variations of thedxis kength around the temperature of 120 K in the-temperature X
ray diffraction results. By comparing these findings to Clik&d properties observed in other CDW
PDWHULDOV ZH FRQFOXGH WKDW 7Ew7Hz FDQ EH FODph&selLH
transition temperature (TCDW) falling in the range of 12D K.

Keywords:pump-probe spectroscopy, rare earth tellurides
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We will generate midnfrared (MIR) ultrashort pulses for measurements in this work. Through a

birefringent crystal makes our
pulses (400 nm, 7). The polariz

fundamental pulses (800 nincolinearly generate second harmonic
ation is orthogonal betweee tivo pulses. Then tuning them for time

overlapping and phase matching. And then we can rotate their polarization to control the genera
SXOVHVY SRODUL]DlbRi@mentiatibR t6 anek&t® RIR pulses via fowave difference

frequency gemation (FWDFG)

[1]. To minimize dispersion of our pulses, we will decrease using

transmissive optical components in our setup system. For the measurements part, we can use a refel
beam to have it collinear focus with our MIR light source forcopvering photon energy from MIR

region to visible region through a gaseous medium [2]. The spectrum can be upconverted into a visi
signal ( 2) through an FWDFG process. It is more convenient and quicker to measure MIR spectru
based on the detected-opnvesional visible spectrum. After recomputing the signal back, we can get

the MIR spectrum to obtain the

information we want.

Keywords: mid-infrared (MIR), fourwave difference frequency generation (FWDFG),- up

conversion
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We study the ultrafast electron dynamics TaTiSe2 within femtosecond scale via tinznd angle
resolved photoelectron spectroscopy-ARPES). By extracting the transient evolution of the electron
population, we praide a dynamic picture to describe the electhofe pair generation and the electron
phonon interaction within TiSe2. The charge density wave (CDW) phase transitioATisd42 whose
origins are still not completely understood.

Keywords:itime-angleresolved photoemission spectroscopy, charge density wave, ultrafast electror
transport dynamics
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We investigated the ultrafast electron dynamics of the charge density(@BW¥) material T-
TiSe2 using the timeand angleresolved photoemission spectroscopy-ARPES) system. The
experimental results provide a direct visualization of the8dlconduction band and the indirect
correlation between effective mass and the COM&sp. The data show that the effective mass of the Ti
3d electron pocket displays two opposite behaviors at different pump fluences and temperature regim
which indicates varying degrees of suppression of the CDW phase. Notably, transient complet
suppession of the CDW phase with a fluence abéwe0.5mJ cn?. We also present the time evolution
of the Ti3d band, and the change of effective mass suggest the recovery of the CDW phase.

Keywords:charge density wave, timand angleesolved photoemissiospectroscopy, effective
mass
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Generation of circularly polarized ultra-broadband MIR pulses through the
laser-induced filament of atmosphere
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Circularly polarized MIR pulses were generated by polarizatiosting optical dual pulses via a
modified Michelson intedrometer with the turnability of frequency, helicity, and time interval between
two pulses. Different configurations of DWPs can control the applieecohar fields, and the resultant
polarizations of MIR pulses were shown in Fig 1. When azimuthal aBgfeDWP was matched with
the polarization of fundamental pulses, the polarizatio&@bfind & were perpendicular to each other
due to the phase match of SHG. As a result, the output MIR powers were pretty weak as shown in F
1(a,c). On the other hanghen 3was at 0 or 135 degree, the polarized combinations etbhar pulses
were shown in Fig. 1(e). Based on the results in Fig. 1(b, d), we can clearly find the circularly polarize
MIR pulses is only determined by the polarized type of-8@0fundametal pulses,&L. Besides, both
circularly polarized&l and & can enhance the efficiency of FWM MIR generation.

Figure 1. The power of FWM MIR pulses after passing through a MIR polarizer.

Keywords:MIR pulses, twecolor filamentation, circularly pilarizEMIR
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High Efficiency Terahertz Emission from Weyl Semimetal EuCdSh
Single Crystals
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We report on high efficiency terahertz rata of Weyl semimetal EuG8h, single crystals under
ultrafast optical excitation. Huge amplitude of THz radiation were observed from &Csingle
FU\WWWDOV DQG LWVY bRI& O magKitde largerDhan BeHTBiX/ radidiap ffom stahda
sample InAs under the same condition. We also performed sample orientation measurement to conf
the THz generation mechanism. The details of the experimental results will be shown in the poster.

Keywords:Terahertz emission, Weyl semimetal, Nonlineptics.
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Ultrafast Carrier Dynamics of the Grain Boundaries in LSMO Homostructure
by Spatial Resolved Ultrafast PumpProbe Spectroscopy
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Perovskite manganites are known as functional materials
showing colossal magnetoresistance (CMR) and one of perovskite
LaSnr.xMn,O3 (LSMO) is kind of classic halmetallic oxide that
exhibits large spin polarization and CMR effect. Recent research
shows that an unconventional butterfllgaped hysteresis
magnetoresistance is observed in grain boundaries of LSMO
homostructure, to further exploit its potential, we study the
quasiparticle dyamics of the LSMO homostructure with the
spatial resolved ultrafast pungeobe microscopy.

Keywords:Homostructure, Half metal, Carrier dynamics.
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Photocatalytic degradation of metronidazole by TiQ and Bi-SeTe /TiO2
nanomaterials
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Antibiotic residues in aguaculture wastewater are considered as an emerging environmental proble
as they are not efficiently removed in wastewater treatmentspldio degrade antibiotic residues in
aqueous environment, we fabricated T1@nowires on nanotube arrays (TNWs/TNAs);3iTe
nanoparticle (NRJecoratedTlNWs/TNAs, which were applied for assessing the photocatalytic
degradation of metronidazole withtial concentration of 300 ng/mL. The TNWs/TNAs was synthesized
by anodization using an aqueous IR¥ethylene glycol solution, meanwhile -BeTe NPs were
synthesized by plasmassisted exfoliation method from:BieTe single crystal, and used to decorate
TNWSs/TNAs. The photocatalytic performance of TNWs/TNAs aneSBife NPSTNWs/TNAs was
studied by monitoring the degradation of metronidazole under ultravioletysi)e (Vis) illumination
by a highperformance liquid chromatography (HPLC). All thé&¥ nanostructures exhibited anatase
phase and welllefined morphology of nhanowires on nanotubes. The TNWs/TNAs aig®kBe NPs
TNWSs/TNAs nanomaterials degraded metronidazole effectively and rapidly, in which the metronidazo
removal percentages of TNW®As and BiSeTe NPSTNWSs/TNAs were 71.8% and 83.0% after 20
min treatment under UWIS irradiation (100 mW-cr¥), respectively. In addition, the reaction rate
constant of BiSeTe NPSTNWs/TNAs was higher than that of TNWs/TNAs (85.4 x*1in vs. 607
x 10% min?), which could be attributed to the localized surface plasmon resonance effeesef 8i
NPs and the enhanced charge separation effect in hydri8eBé NPSTNWS/TNAs system.
TNWSs/TNAs and BiSeTe NPsTNWSs/TNAs were synthesized succeslfuand possessed high
performance in photocatalytic degradation of a representative antibiotic of metronidazole.

Keywords:TiO2 nanowires on nanotube arrays; &3 Te, metronidazole, HPLC.
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Enhancing Deep Ultraviolet Light-Emitting Diodes by Graphene Transparent
Conductive Layer
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Graphene is a towimensional carbon material with a hexagonal lattice structure. It has excellen
SURSHUWLHYV VXFK DV O R Zcv) khidtiéridat o havdiviiZD 6a+40a0 W/mK) and
excellent carrier mobility. Compared with traditional indium tin oxide (ITO), graphene has a
transmittance of more than 90% at wavelength below 280 nm, making it an excellent choice for tl
transparent conductive layer od deep ultvhatilightemitting diodes (DUVLEDS). The experiment used
a lowpressure chemical vapor deposition process to synthesize graphene on copper foil and tt
transferred it to a DUM.LED substrate. And the electroluminescence spectra in-DBBSs containing
graphene can be studied through metal electrodes formed by thermal evaporation in high vacuum.
results show that compared with DENEDs using traditional nickegold electrodes as shown in Figure
1, the luminous intensity is significantly increased bytiges. This improvement shows the key role of
graphene as a current diffusion layer, enhancing the luminous intensity ofLIBDY¥. Utilizing
graphene as a transparent conductive layer to enhancellBD\performance opens up a promising
avenue for the devaebment of more efficient and higierformance DUMLEDs.

Keywords:DUV-LEDs, cuttent diffusion layer, graphene
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Preparation of Graphene Mask using Solid State Carbon Source
Ashutosh ShirsatFrazna ParastdtiNafila Amalia Syahidhd WenCheng Ke*

IMaterials Science and Engineering, National Taiwan University of Science and Technology, Taipei,
Taiwan.
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Gallium Nitride (GaN) and similar materials with wide
band gaps and high critical fields are commonly used in
optoelectronics components and are emerging as viable
semiconductors for energgfficient power electronic
systems. In fact, integrating Gabdsed materials in power
electronics can improve device efficiency and lower
electric power consumption. However, the lack of high
quality gallium nitride impedes the advancement of nitride
technoloy. Currently, all the GaMbased devices are
heteroepitaxially grown on foreign substrates such as
sapphire (AlOs), because of the lack of native substrates.
This introduces significant lattice mismatch and differencé&9ure 1. Raman scattering of graphene m
. . . and inset SEM of graphene mask
in thermal expansion coefficient betere the layer and
substrates, leading to the formation of multiple strained layers with a high threading dislocation dens
and cracking behaviour. To address these challenges, the sapphire substrate is considered a prom
platform, which shares a hexawal symmetry with GaN. However, its lattice constants are very different
from those of GaN. In this study, we aim to improve the uniformity of a patterned graphene mask usi
nitrogendoped ultrananocrystalline diamond-(MNCD) employed as a carbon sourfoe graphene
synthesis offering high thermal stability, excellent adherence on a sapphire substrate which can be furt
used for epitaxial lateral overgrowth technology. This mask helped to enhance the heat dissipation us
graphene and reduce the thiiegy dislocation and strain relaxation moreover, it also helped in achieving
lateral epitaxial overgrowth, leading to better crystal quality of GaN and improving the device
performance. The fabrication involved the growth efJNCD on a sapphire substratea microwave
plasma chemical vapour deposition (MP CVD), a 100 nm Ni layer was subsequently deposited on
UNCD to convert it into graphene using a rapid thermal process (RTP) usingpadssure CVD system.
Wet etching effectively removed the residusuléing in a uniform graphene layer. To create a dot mask,
30nm of Ni was deposited onto the uniform graphene layer using a metal mask via thermal evaporati
followed by an O2 plasma etching process. The characterisation of the graphene mask coudd be d
through qualitative and quantitative analysis using Raman scattering and scanning electron microsc
(SEM) as shown irfFigure 1. In our Raman scattering we obtained an Id/Ig ratio of 0.3 additionally,
scanning electron microscopy (SEM) confirmed thamirdform graphene layer could be achieved
successfully.

Keywords:Sapphire substrate,-NNCD, Graphene mask, threading dislocation, lattice mismatch.
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Wide-range and areaselective threshold voltage tunability in
guasi2D oxide semiconductor
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The scaling of transistors with thinner channel thicknesses has led to a surge in research on t
dimensional (2D) and qua2D semiconductors. However, modulating the threshold voltslgk if
ultrathin transstors is challenging, as traditional doping methods are not readily applicathlis. work,
we introduce a novel opticthermal method, combining ultraviolet (UV) illumination and oxygen
annealing, to achieve broadngeVr tunability in ultrathin IrOs. This method can achieve both positive
and negative/t tuning and is reversibler'he modulation o$heet carrier density, which corresponds to
V7 shift, is comparable to that obtained using other doping and capacitive charging techniques in otf
ultrathin transistors, including 2D semiconductoWith the controllability ofVr, we successfully
demonstrate theepletionload inverterand multistate logic devices, and wafscaleVr modulation,
showcasing its potential for lopower circuit design and neron Neumann computing applications.

Figure 1. (a) A schematic &fr tuning in ultrathin 1aOs transistors through UV exposure combined with thermal
annealing. (b) Transfer curves of 2 nra@atransistors with channel width/length of 10/2 um and after sxpoto
UV light. (c) A contour plot of/r shifts as a function of UV exposure time gralver density.

Keywords:quasi2D, oxide semiconductol/r modulation, UV exposure, widange
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Abnormal short channel effect in ultrathin oxide semiconductors
Yi-Yu Parl, DerHsien Liert"
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Ultrathin 1InOs at sub2 nm thickness has recently emerged as a promising channel material fo
achieving highperformance ultrathin transistors with excellent transport characteristics. However, shor
channel efécts (SCEs) have been observed uDktransistors at channel lengths: far longer than
the shortchannel limit. Our experimental and simulation studies indicate that the observed SCEs a
caused by the annealing effect during the fe@gbrgy metal deosition, which shifts the threshold voltage
(Vi) of the oxide semiconductors. The inhomogeneous heating effect resulignigradient formed
along the channel of the transistor, where the meadtjrésl determined by the lowest, within the
gradien. As L shortens, this heating effect becomes more pronounced due to limited heat dissipatic
capability, leading to greatéf shifts and the observed SCEs. Based on these findings, we formulate
deposition conditions to engineer thfg gradient and ntigate the observed SCEs in ultrathinQg
transistors. Our results shed light on the impact of local heating in ultrathin transistors and provi
guidelines for the design of higierformance and reliable devices based on ultrathin oxide
semiconductors.

Figure 1. (a) Schematic diagram of the bgeked InOs transistor. (b) Transfer characteristics of
ultrathin InOs transistors with differenitch. (c) Natural scaling length calculated for planar UTB with an
equivalent oxide layer thickness (EOT) of 3f.rScatter square points indicate theof the transistors

demonstrated in this study.

Keywords:Ultrathin oxide semiconductor, Thiiilm Transistor (TFT), shorthannel effectsyin
shift

References:
>@ 0 6L DQG 3 ' <H 3:K\ ,(@QP $&DRPOBNB\HU 7KLQ 7UDQVLVWRUV
> @ 0 6L DQG 3 ' <HMolde@Qkmighyerdpstted In203 Transistors With Maximum Drain

Current of 2.2 A/mm at Drain Voltage of 0.7 V by LeMemperature Annealing and Stability kydrogen
(QYLURQPHQW ~ ,((( TUDQVDFWLRQV RQ (OHFWURQ 'HYLFHV

> @ * $OH[DQGHU 3 QWHUSOD\ EHWZHHQ 2 DQG 6Q2 R[\JHQ LRQR
R[\JHQ ~ & KHPSK\VFKHP

Presenting author Email adess:yypan.eel0@nycu.edu.tw

Two-dimensional materials and applications_2D 161



The 7th Interational Symposium on Frontiers in Materials Science (FMS 2024)
National Yang Ming Chiao Tung University Poster Presentations

2D_P06

Insights into the Formation of CweO Nanostructures and lon
Exchange Reactions by IrSitu X-Ray Absorption Spectroscopy
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CwO0 is a kind ofp-type semiconductor. The nanopelds of CuO have been widely used as the
catalysts in the realms of photocatalysis, electrocatalysis and CO reduction reaction. Furthers@ore, Cl
nanoparticles can serve as morphological templates to fop & ZnS. In this study, we applied in
situ X-ray absorption spectroscopy to investigate the changes in the electronic Figure 1. Scheme
structure of CeO and the process of anion and cation exchange. Possible ion exchange proce
intermediates formed during the reaction will also be examinegetdtly, the approaches may be
beneficial for understanding the formation of;Ounanoparticles and the mechanism of ion exchange
reactions, broadening the applications in future.

Figure 1. Scheme of ion exchange process

Keywords:CwO, ZnS, XAS, iorexchange
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Formation of Nickel After WS2 Hydrogen-Cracking Modifications
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Tungsten disulfide (W$, with a lighter carrier mass among all transitioetal dichalcogenides
(TMDs), is attractive with potentially high aéer mobility for nextgeneration electronic devices [1]. In
advance of future application, we should overcome an obstacle, a relatively high contact resistar
between metals and TMD materials, which results inthe poor performance of electronic dedices a
impedes the further application of twdimensional materials. Nickel is often used as the contact metal
in modern electronic devices. We have tried growing Ni islands on pristineunt&r an ultréhigh
vacuum condition, but a scanning tunneling micopgc(STM) study revealed that Ni atoms form large
and irregular size and shapes clusters, which is unideal asThéEatontact.

Here, we tried to develop a better formation for Ni grown on the SMB8ace by exposing it to
cracked H to introduce S defeain the surface. STM images clearly show that the Ni islands grow layer
by-layer mode on the defective surface instead of island growth on the pristine surface. This change
the growth behavior is expected to improve the contact resistance in theretesttivice in future studies.

Keywords:transitionmetal dichalcogenides (TMDs), STM , hydrogen, contact resistance
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Tomography Scan of Charge Density Wave in NbSe
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Charge density wave (CDW) resulting from a periodic distortion in the lattice createsrdens o
beyond the original lattice. IBH-NbSe, one of the layered transition metal dichalcogenides (TMD), the
3x3 charge order appears in tdimmensional (2D) layers. Although CDW can be observed by different
techniques, the spatial distribution withir2B layer has never been systematically visualized. Here, by
using scanning tunneling microscopy (STM) and density functional theory (DFT), we monitored th
evolution of CDW along the-axis and realized a tomography scan of CDW of the topmost layer. The
results show that the appearance of the CDW varies while tuning the tunneling current and undergoe
transition from the outermost Se level to Nb level. The calculation of orbital charge distributions show
that both CDW intensity modulation and the traositare strongly correlated with the distribution of Se
4p orbitals and Nb d orbitals.

Keywords:Charge density wave (CDW), Scanning tunneling microscopy (STM), Transition metal
dichalcogenides (TMD), Density functional theory (DFT)
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Radiation and Annealing Effects on NChannel MOSFETSs
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Metaloxide-semiconductor fieleeffect transistors
(MOSFETSs) are common and essential electronic components
that are widely used in digital and analog citgun this paper,
we will discuss the radiation effects encountered by MOSFETSs
when they are applied to leearth orbit satellites. That may
result in electrical degradations or component damages.

In this study, n-type MOSFETs were selected as the
devices under test (DUT) for the investigation of radiatign
damages and annealing effects under proton irradiation at mean
Figurel. Curent varied with time

energy of 200 MeV and fluence up to

The electrical characteristics were measured before and
after the proton irradiation. The expaental findings indicate changes in the curresitge (V) curves
after irradiation. It correlats with increasing conductivity that could be attributed to a creation of oxid
charges in the channel nitype MOSFETS.

After reviewing the impacts of theadiation effect on the MOSFETS, there are some approach
strategies that can be concluded to ensure the reliability of MOSFETSs under the irradiation environme
of low-Earth orbit (LEO).

Keywords:Metal-oxide-semiconductor fielgeffect transistor (MOSFBT Total ionizing dose (TID),
Low-earth orbit (LEO).
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Recently, transitioometal dichalcogenide
(TMD) materials have been extensively studied in
electronic and thermoelectric devices due to their
unique physical properties. Among them, rhenium
diselenide (ReSg manifests itself dueotits strong
anisotropy of its atomic structure from array clusters
Re atoms. It exhibits a low symmetry 1T structure.
The shape of isolated ReStakes usually exhibit
long straight edge in optical microscope images thus
it is easy to determine its axatong the long straight
edge as the-bxis which is in line with the direction
of chains of clustered Re atoms. In this report, we
will discuss the anisotropy effect of electrical and
thermoelectric characterizations in the ReBasal Figure 1. (a) Schematic diagram of ReS
plane. thermoelectric device (b) Correlation betwet

conductivityG and back gate voltagés for each of

In electricd characterizations, we fabricated the two measurement angles. (c) Red@vice used

ReSe field-effect transistors with 12 electrodesin this experiment to measure the amispic

evenly spaced at 30° to measure the anglgroperties. (d) Seebeck coefficienersus back gate
dependences of electron mobilities  andvoltageVe.

conductivities. It was found that the maximum and
minimum of mobilities are 29 and 17 &M s, respectively, with a 90° change, which corresponding to
the parallel to kaxis and perpendicular tedxis.

In addition, we further explored the anisotropy effect of thermoelectric properties. We made heatir
electrodes parallel and perpendiculattte baxis for the test of anisotropy. This arrangement allowed us
to measure thermopowers due to temperature gradient on ReS®y the heating process thus we
estimated the Seebeck coefficients of the-fayer ReSg

Our data supports that the motyiland conductivity is higher in the direction parallel to thexis
of ReSe whereas the Seebeck coefficient and the thermoelectric power factor are lower which
opposition to anisotropic electrical manners.
Keywords:Rhenium diselenide, Transitienetal dichalcogenide, anisotropy, Seebeck effect
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A light beam can be structured in its complex amplitude to possess
orbital angular momentum (OAM), adding to the inherent spin angular
momentum (SAM) linked to circular polarization. Combining two
differently twisted lights with distinct SAM and OAM creategeztor
vortex bam (VVB) in nonseparable states [1]. In these states, not
only the complex amplitude but also polarization are spatially
structured and entangled. Additionally, the SAM and OAM in a VVB
are interconnected through optical spitit interaction, constitutine
profound spirorbit physics in photonics.

Our investigation focuses on the interaction between VVBs and
WSe2 monolayers (WS#Ls), particularly with gray excitons
(GXs), a type of spiforbidden dark exciton [2]. Utilizing the
longitudinal field of twisted light, we observe a significant
enhancement in photxcitation of GXsOur research showcases
that spirorbit-coupled VVBs remarkably imprint orbital angular Figure 1. Vector vortex beam (VVB) a
momentum information onto the optical matrix elements of gray light source for the phigeneration of
excitons. This imprinting mains resilient against inherent excitons in a WWSeML.
decoherence mechanisms within materials, highlighting the
robustness of this approach [3]. This finding proposes an effective approach to decode transferred ang
momentum from structured lights to excitons.

Keywords:gray-exciton; vector vortex beam; transitiometal dichalcogenide;
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During the past decade, many researchers have demonstrated that leveraging hybrid dimension:
figures of merits, such as integration of -Biyered materialswith 3D substrates/templates via
heteroepitaxy could be a crucial benefit to enhance the performancehbas2id optoelectronic devices.
This work aims to demonstrate that molecular beam epitaxy (MBE) is reliable for achieving the GaXs (
= Se, Te) mateais on 3D substrates with highly controlled crystal structures, morphologies, and physic:
properties, by using isitu reflection higkenergy electron diffraction (RHEED) and surface morphology
characterization technigues. A coexistence of hexag@ndlke (h-GaTe) and monocliniGaTe (m
GaTe) phases in the film was explored, leading to the formation of lateraGaira heterophase
homojunction in the MBEgrown GaTe on GaAs (001). Moreover, the growth fashions of GaSe on 3D
substrates, scredislocationdriven (SDD) mode, or laydsy-layer (LBL) mode, are demonstrated to be
controllable via tuning the growth temperature, resulting in various film morphologies with distinc
physical properties. Typically, higilensity and uniform spiral structures were obsgrvethe SDD
GaSe at low temperatures, whilst smale triangular LBEGaSe morphology was dominant at a high
temperature regime. As a result, a significant blueshift of ~ 0.21 eV in PL spectra of thed®d layer
concerning the SDEsaSe layer indicate@pening up the probability for band structure engineering of
the 2D GaSe epitaxial layers by switching the growth mode.

Figure 1. (a) Azimuthal RHEED 2D reciprocal map of GaTe/GaAs (001), and (b)3a#8e grown on
GaN/sapphire.

Keywords:GaSe, GaTe, Moletar Beam Epitaxy.
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The integration of twalimensional (2D) layered van der Waals (vdWs) materials with wide bandgap
semiconductors (WBS) has unveiled impressive opportunities for exploring novel physics and devi
concepts. Most of the studies realized these bstierctures using the exfoliation techniques or transfer
methods, and this can limit their usage in large area applications due to the reduced scalability and r
be prone to the origination of defects or contamination issues. A more reliable methodctidzahis
heterostructuren situ can overcome these challenges and further enhance its practical usage. In t
SUHVHQW VWXG\ Z4%e¢UHD O1Ga03zc-sapphi@ heterostructure by plasassisted
molecular beam epitaxy. In the initial stage, we employed a\WW H S-&6&(; film on c-sapphire
under low temperature (L#5C°C) and high temperature (HAD®’C) conditions, with the LT film used
as a nucleation step to optimize the crystalline quality of the HT film. This heterostructure follows the it
plane epitaxial relationshiR | > -@»03||[1010]c VDSSKLUH B3&Gs |p[11-28)] c-sapphire
and further yielded the iSODQH PEYT O D W W3aPkl (~B.B33 W\ as@Wiluiéd big-situ
reflection highenergy electron diffraction (RHEED) patterns. The growtbingle S K D \G&0:s films
on ¢sapphire was confirmed by-pay diffraction and Raman measurements. In the next stage, for the
first time, 2D InSeg OD\HUV ZHUH HSLWD]|L B3@20s\filtd HyDenplblirtg sRIQbstrate
temperature of 28C and Se/lfflux ratio ~28. Despite the 3D surface morphology of theGz&lm, the
VLQJOH -B8&Mydrs were successfully realized which is a consequence of vdWs epitaxy an
followed the inplane epitaxial relationship of [11 @-In.Ses > @ afdD[10- @-InzSe; ||
>  @G&0s. Also, the inSODQH pDY ODWWLSeHZ BR QWY\DDOQW VRHG WR El
surface of the grown ¥e; layers exhibited a triangular domain morphology with an average size of ~
450nm. The fabrication of this m[HG G L P H Q VinfS€ D'O-G&Os heterostructure realized in
this study with their bandgaps ranging from rigdirared (~ 1.43eV) [1] to deep ultraviolet (~5.04 eV)
can reveal potential applications in the field of optoelectronics.

Keywords: 2D layered materials, ke, GaOs, mixeddimensional heterostructure, Molecular
Beam Epitaxy
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Since the discovery of graphene, the rapid development ofliwensional (2D) materials has
become a leading topia imaterials science and condensed matter physics. The 2D GaSe belonging
the group Illtmetal monochalcogenide (GIIIMC) with outstanding properties offers great potential in 2D
materiatbased heterostructure for negéneration electronic and optoelecimapplications. In this
work, by manipulating the growth temperature and fixing the VI/IlI rdakie,growth mechanism of 2D
GaSe could be driven from the Layy-layer (LBL) to the ScrewvDislocationDriven (SDD) growth
mode, resulting in various surfan@rphologies. In addition, the influence2id-GaSe/sapphire surface
characteristics with distinct growth modes on the growth of InGaSe ternary alloy by molecular bea
epitaxy was also discussed. It is found that even at a low In/Ga flux ratio, Indiorpanation efficiency
could strongly affect the crystal structure and growth mechanism of InGaSe ternary alloy. This stu
provides an understanding of the Gd#BE growth mechanism and opens up the opportunity to
investigate GaSbased heterostructure firalizing future nanodevices.

Keywords 2D heterostructures, Molecular Beam Epitaxy, growpriétal monochalcogenide, GaSe
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Going beyond graphene and Transition Metal Dichalcogenides (TMDs) materials, Grougtdll
chalcogenide (GIIIMC) appears as a brigtar with unique properties that could widen the potential of
applications in the semiconductor industry. In this work, for the first timerdalje InGaSe ternary
alloys were grown on thegapphire substrate using Molecular Beam Epitaxial (MBE). fdgpsrt aims
to discuss the crystal structure evolution of InGaSe ternary alloys versus the Indium (In) flux ratio. Bas
on the insitu observation via Reflection Higinergy Electron Diffraction (RHEED) and -siu
characterizations of the alloys, it isund that the growth mechanism of the InGaSe ternary alloy
undergoes twalimensional (2D) to thredimensional (3D) growth mechanism relying on the In/Ga flux
ratio. With the current growth condition, at low In concentration, the MBE growth of InGaStetrads
from 2D-InyGaxSe to 3D zinc blende {{Ga-x)2Se;. On contrary, the growth mechanism may be driven
E\ WKH WUDQVIRUPID®aLEeQo BD virtzite (IxGai-x)2Se; at very high flux ratio. The
results obtained from this study provide @&lpninary idea for the influence of Indium components on
the physical properties of the GaSe host material, which could propose the premise for the growth of
InGaSe ternary alloys in the near future.

Keywords:InGaSe ternary alloys, 2D to 3D transitidnBE
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It is interesting to see how surface modification or reconstruction can be used to manipulate t
physical properties and electronic properties ofcenpied states on solid surfaces. An important
representative of unoccupied surface states is the image potential state [1,2]. This state exhibits uni
characteristics, such as long lifetime and strong confinement near the surface, making it valuable
understanding the forces experienced by the electron in the vicinity of the metal.

The periodicity of atoms results in the opening of bandgaps, a common occurrence. However, t
image potential state has not shown bandgap opening due to thatmegpaodic potential within the

material. Nevertheless, surface reconstruction, such as the formation ofla q@perstructure with
Iridium (Ir), can potentially affect the image potential state by introducing additional confinement an
modifying electron waefunctions.

In this study, we have employed typhoton photoemission (2PPE) spectroscopy to investigate the
states above the Fermi level. Our observations revealed that the 1§0)reconstructed surface
exhibits a band gap, which arises from thdaxe reconstruction, whereas such a band gap is not seer
on Ir(001}(1 1) surface. This difference can be attributed to the distinct surface reconstructions of tf
two structures. This study of the Ir system with surface reconstructions, such asihsu@erstructure,

offers a platform to investigate electronic properties and phenomena associated with confined elect
dynamics.

Keywords:Two-Photon Photoemission, Image Potential State, Surface Madification, Iridium
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In this work, a series ternary compounds of indium selenide

telluride (InSexTe, 0 x 1) van der Waals (vdW) thin films were
grown via the indium precursor assisted molecular beam epitaxy
(MBE). The advantage of indium precursor method provides an easy
way to produce a vdW thin films with low relationship of substrate
[, Base on this idea, the atomic flat silicon dioxide &30
substrates were employed in this experiment. Initially,Itt8eTe
thin films were deposied at various temperature with a fixed
elemental flux ratio to opimize the crystal quality and figure out the
growth parameters. The growth temperature were used from 450 to
600 °C. In the Raman scattering spectra of these Isamphe
narrowest full width at half maximum and the largest singnal to noise
ratio of A SKRQRQ PRGH DUH HPSOR\HG WR VHOHFW WKH Jl
temperature. Finally, the growth temperature was optimized at
around 550 °C.
Figure 1 dispalies the -Xay diffriction spectra of InSgTe

" WKLQ ILOPV 7KH FU\WWDOOLQH RI WKHVH VDPSOHV GL)
phases. When x less than 0.6, InSe related crystalline dominates the
spectrum. The lattice constant enlarges with increasing the tellurium
content. The relationghibetween lattice constant and compaosition
GRHV QRW VDWLVI\ 9HJDUGYV /DZ HVSHFLDOO\ ZKHQ WKH
concentration is low, as shown in Fig. 1(b). When x higher than 0.6,
the crystalline is complex. It is consistent with Ir@&ated and
InTe-related. Wien the composition of tellrium closes to 1, InTe
related crystallography dominates, as shown in Fig. 1(c). Thegs. 1(a) Xray diffriction spectra
changes in surface morphology detected by scanning electr®h!nSexTex (0x1) thin films. (b)
microscope are similar to the crystal structure analyzed by XRD. RD signal of InSe (004) ok

- o M tween 0 and 0.6 and (c) Focus 1

Raman scatteringnalysis, it was found that the longitudinal phononnTe and InSe16Teo 84
mode is significantly affected by tellurium concentration, and the
difference in phonon energy states can be up to four times greater than that of the transverse phonon n

Keywords:indium telluride, imium selenide, van der Waals film, indium precursor
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Charge density waves (CDW) involved
with electronic and phononic subsystems
simultaneously are a common quantum state
in solid-state physics, especially in lew
dimensional materials. This study presents a
detailed analysis of timeesolved spectra on
LaTe; and LaSeTg quasitwo-dimensional
paradigmatic CDW systems. Numerous
coherent (Raman active) modes appear upon
the phase transition into the CDW state.
Using the timedependent Ginzburbandau
model, we examine the temperature
dependence of mode frequaes, their
damping times, and their oscillator strengths.
These lowtemperature modes originate
from the linear coupling between the
normatstate phonons at the CDW wave

vector and the. m(?dulatlon of the andUCt'O' Figure 1. Ultrafast dynamics at various temperatures aghe
electron density induced by Fermi sudac pjane of LaTeand LaSeTesingle crystals.
nesting. Furthermore, we can identify the

nature of excitation of these coupled modes. The softening mode was discovered to be an overdam
mode, which is primarily electronic in nature. The experimental observation and theoretica
Understanding of ulafast dynamics may offer insight into other general principles behind
nonequilibrium phase transitions in mabgdy systems

Keywords:time-resolved ultrafast spectroscopy, charge density wave
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In the pursuit of higiperformance nanosemiconductors,
the twodimensiorlanaterial Indium Selenide (InSe) stands out
as an exceptional subject for study. Fdimensional materials,
distinguished by their atomicscale thickness, offer higher
mobility compared to the widely used material Silicon.
Importantly, InSe shares a sintilbandgap with Silicon while
maintaining its classification as a twdimensional material.

Our research has been diligently focused on the growth of
InSe using molecular beam epitaxy (MBE), incorporating with
general MBE, solid phase epitaxy [1], and ithgium precursor
method [2]. In our previous result, the indium precursor lay Figure 1. Raman spectra of InSe thHim$
provides larger growth windowi.e. the larger, parameter With Tin=650, 670, 680, and 735 °C
setting range. In this study, we aim to delve further into i "eSPectively.
mechanism of the indium precursor layer. An observethpimenon is that the additional indium atoms,
which come from indium precursor layer, diffuse into the subsequent growing of indium selenide. In th
moment, the growth condition was set under indpor, which is suitable to form 48e;. In the result,
the indium precursor layer assisting to fabricate a pure InSe thin film. Our methodology involves preci
control of the indiurrto-selenium flux ratio and manipulation of the growth time to observe resulting
differences.

In Figure 1, the differences intamsity and signatio-noise ratio are depicted at various indium cell
temperatures (650°C, 670°C, 680°C, and 735°C) during the synthesis of InSe. To discern key points
the mechanism, we employ surface morphology analysis to observe smoothness, Ratr@stgpg to
verify the presence of pure InSe, andray diffraction (XRD) to observe crystalline quantity.
Additionally, Transmission Electron Microscopy (TEM) is deployed to observe the quantity of residu
containing indium. Base on these experimentsdudts, although the indium cell temperature changes 30
degree, these samples still exhibt single InSe phase.

Keywords:Two-dimensional material, Indium precursor layer, Indium Selenide
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We observed the nonradiative energy transfer (NRET)
in the hybrd structure of semiconducting quantum dots
(QDs) spincoated on a monolayer (ML) molybdenum
disulfide (Mo0S). This study investigated the ultrafast
dynamics of excitons in the ML Ma$vith and without the
QDs using optical pumprobe spectroscopy. From
phaoexciting the heterostructure of QDs/Mo®e obtained
a faster relaxation and a longer lifetime in the transient
transmission spectra. By inspecting the energy | evels of
QDs and ML Mo$, we address the dipaetiipole coupling
between QDs and ML Ma&s he observation of NRET that
appeared in the photoexcited heterostructure of QDs/Mao8 we construct the physical model to obtain
the efficiency of energy transfer process by using QDs with different emission wavelengths, so that \
can uncover the mechiam of NRET in QDs/Mo$%
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We utilized a singleshot pulsed laser to ablate monolayer MoS2, employing both Ti:sapphire anc
Yb-KWG lasers. Abdtion areas were measured under varying dispersion conditions. The Ti:sapphir
laser covered a pulsewidth range from 60 fs to 4 ps, while th&kWB laser, with multiplate
compression (MPC), covered a range from 4.9 fs to 97 fs. Through the relatiortgfgprbablation area
and pulse energy, we calculated spot sizes and ablation thresholds under different dispersion conditi
Our observations show a decrease in the ablation threshold as pulsewidth decreases. This able
thresholdspulse dispersion refi@an was categorized into three intervals; ionization mechanisms,
coulomb interaction in the masbody effect, and bandgap renormalization effects can explain each trend
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