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GENERAL INFORMATION 

The 7th International Symposium on Frontiers in Materials Science (FMS 2024) will be held at 

National Yang Ming Chiao Tung University, Hsinchu City, Taiwan, January 21-24, 2024. This event 

continues on the success of the six previous FMSs from 2013 to 2022 in Vietnam, Germany, and Japan. 

The FMS 2024 is co-organized by National Yang Ming Chiao Tung University (NYCU, Taiwan), 

National Synchrotron Radiation Research Center (NSRRC, Taiwan), The Physical Society of Taiwan 

(TPS), Goethe University (Germany), Waseda University (Japan), Crystal Defect Cores (Japan), Pusan 

National University (Korea), University of Engineering and Technology and University of Science 

(Vietnam National University), Hanoi National University of Education, (HNUE, Vietnam), and 

Scientific Gear Service (Taiwan). The FMS 2024 welcomes hundreds of participants from more than ten 

countries in over the world, including Bulgaria, Canada, the Czech Republic, Serbia, Germany, India, 

Japan, Korea, the Netherlands, Poland, the United States, and Vietnam. 

Besides, the Symposium is sponsored by Taiwan National Science and Technology Council (NSTC, 

Taiwan), National Yang Ming Chiao Tung University (NYCU), National Synchrotron Radiation 

Research Center (NSRRC), Scientific Gear Service (Taiwan), AST Instrument Corporation (AST, 

Taiwan), 科宇系統有限公司 (Attolight, Taiwan), 俊尚科技股份有限公司 (JST, Taiwan). 

The FMS 2024 expects to bring together professionals and experts from either industrial or academic 

fields to exchange knowledge and discuss emerging trends in material science, either fundamental or 

applied fields. The conference offers the chance to cultivate ideas, experiences, and research results while 

promoting international cooperation in education and research in several fields: Material for green energy 

and environment (EE), Multiferroics and magnetic materials (MM), Photonics and nanostructured hybrid 

materials (PH), Spintronic & topological materials (ST), Theoretical and computation materials science 

(TC), THz materials and devices (TD), and Two-dimensional materials and related applications (2D). 

Especially, there is also a special section from professors and researchers from Taiwan's National 

Synchrotron Radiation Center (NSRRC): Synchrotron X-ray Science & Applications. 

With diverse speakers, interactive parallel sessions, and networking opportunities, the conference 

promises to be a valuable platform for professional development. 

Venue: Department of Electrophysics (Science Building III), College of Science, National Yang 

Ming Chiao Tung University (Guangfu Campus), No. 1001, Daxue Road, East District, Hsinchu City 

300, Taiwan. Website: https://ep.nycu.edu.tw/en/  

Manuscript submission and publications 

Selected contributions from the symposiums have been subjected to a regular review process, and 

the accepted manuscripts have been published in the SCI journals, such as IEEE Transaction on 

Magnetics, Physica B, Optical Materials, Materials Transaction, and Journal of Applied Physics. 

In FMS 2024, the participants are invited to submit their manuscripts to the Journal of Electronic 

Materials (JEM)_IF: 2.1 (2022). The due date for the manuscript submission is May 31, 2024. 

Manuscripts need to be submitted via the submission system website at 

http://www.editorialmanager.com/jems/default.aspx.  Submitted manuscripts will be evaluated according 

to the same high standards as would be applied to any article published in the journal. The detailed 

instructions for manuscript submission will be updated later on the FMS 2024 website. 

Facilities: The necessary facilities such as exhibition equipment (pins, poster frame, etc.), materials, 

and FMS booklets will be supported as a part of the Symposium. For any further information, please 

contact the FMS Secretary via email: 2024fms@gmail.com 

  

https://ep.nycu.edu.tw/en/
http://www.editorialmanager.com/jems/default.aspx
mailto:2024fms@gmail.com
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FMS 2024 ORGANIZERS 

Department of Electrophysics  

National Yang Ming Chiao Tung 

University 

The Department of Electrophysics was 

established in 1964. It is one of the two earliest 

departments established by the National Chiao 

Tung University. Its long history has led to the 

department's leading role in the semiconductor 

and optoelectronic industry in Taiwan. Many 

alumni have strong influence in the scientific and 

technological fields at the international level, and 

our department has the largest and most active alumni association in Taiwan. It is worth mentioning that 

our department has more than 30 distinguished alumni so far. Now the department has 33 full time faculty 

members. Several professors have won distinguished teaching awards and outstanding research awards. 

Four professors are international scholars.  

The courses offered by our department are interdisciplinary: in addition to subjects such as 

fundamental physics, quantum nanotechnology, electrical engineering, optoelectronics, and quantum 

information, we also focus on cross-field related courses. With solid fundamental physics training, close 

connection with the industry, and cooperation with international large-scale scientific projects, the course 

structure is adequate for our students to cope with and grasp the future trend of science and technology. 

Our educational goals are to cultivate industry leaders and pioneers with strong leadership, 

creativity, professionalism, and the ability to collaborate and communicate effectively. The equal 

emphasis on fundamental science as well as modern technology is the core value of our department, 

which enhances students' horizons and cultivates high-tech and cutting-edge scientific research talents 

with a solid academic foundation. The research of our faculties focuses on forward-looking physics and 

technology research fields such as lasers and optoelectronics, nanomaterials, next-generation 

semiconductor devices, quantum materials and quantum information. Our research is fully in line with 

the world's most advanced research and technology and we aim to boost the new generation in high-tech 

industries. 

The alumni of the Department of Electrophysics spans all walks of life including academic 

researchers (professors or researchers at world-renowned universities or research institutes), high school 

physics or mathematics teacher, Engineers, R&D talents, and managers or founders of high-tech 

enterprises (TSMC, MediaTek, Hermes, Foxconn, ESMT, Macroblock), Founders (Hanmin, ESMT, 

Macroblock), etc.  

The Department welcomes applications from international students for admission. Admitted 

students have opportunities for fellowships and tuition waiver. Most of the students serve as teaching 

assistants (the stipend is around 200-830 US dollars per month) or research assistants (the stipend is 

around 300-1300 US dollars per month). Our PhD students have fellowship opportunities for publishing 

excellent journal papers (the stipend is around 6,000 US dollars a year). 
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早稲田大学 各務記念材料技術研究所 

On October 21, 1938, Kagami Memorial Research Institute for Materials Science and Technology 

was established as the Casting Research Laboratory—the first laboratory attached to private universities 

in Japan—by a donation from the prominent business leader, Koichiro Kagami and his son, Yoshiyuki. 

Until 1980s, the laboratory played an important role both in academic and industrial circles as a unique 

institute focusing on metal processing such as casting, forging, welding and surface treatment. However, 

the laboratory had expanded its research field to cover a wider range of materials and in 1988, on the 50th 

anniversary of its founding, the Casting Research Laboratory was renamed Kagami Memorial Research 

Institute for Materials Science and Technology (ZAIKEN, which is the abbreviation of its Japanese 

name). 

Since then, researchers studying structural materials and processes, functional materials, material 

properties, and material design and evaluation have joined ZAIKEN and have enhanced the quality and 

quantity of the research. Based on the research funding from outside the university, many professors and 

researchers are conducting various research projects. 

ZAIKEN has been (1) acting as a leading academic research hub for fundamental technologies on a 

wide range of materials; (2) managing a joint use of the equipment for cutting-edge analysis and sample 

preparation and (3) sharing information and know-how with researchers and engineers in a wide range 

of material fields and constructing networks. Recently, a variety of global-scale environmental and 

energy problems have emerged, and solving these problems are advocated in the United Nations’ 

Sustainable Development Goals and the Society 5.0 framework of the Japanese government. We believed 

that ZAIKEN can substantially contribute to solving these problems through fundamental materials 

technology, and accordingly, ZAIKEN applied to the program of “Joint Usage/Research Center” by 

MEXT, Japan, and was accepted and started in April 2018 the “Joint Research Center for 

Environmentally Conscious Technologies in Materials and Science”. 

The objectives of the Joint Research Center for Environmentally Conscious Technologies in 

Materials and Science are: (a) to develop fundamental technology for environmentally conscious 

materials, to establish scientific principles of environmentally conscious materials, to create innovative 

environmentally conscious materials, and to incorporate them into society. (b) to promote joint research 

and joint use for researchers in a variety of research fields and to contribute to the development of the 

material technologies in Japan by providing them with facilities, equipment, and know-how at ZAIKEN. 

(c) to provide researchers in a variety of research fields with academic interaction with 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/zaiken/ 

Kagami Memorial Research Institute for         

Materials Science and Technology,      

Waseda University, Tokyo, JAPAN 

https://www.waseda.jp/fsci/zaiken/
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 Since emergence of the human civilization, epoch-making 

innovations in fields of environmental conservation, energy development 

and information technology have been realized by emergence of novel 

and advanced materials of metals, ceramics, and semiconductors. In this 

regard, it is not too much to say that materials science has played an 

essential role for them in history of mankind. In the current complicated, 

diversified and globalized modern societies, however, timely 

development of unprecedented materials is indispensable and highly 

desired. Therefore, it is necessary to conduct materials development 

based on a new concept in materials science. 

In this project, we firmly conduct fundamental and scientific 

research on the structure property relationships in crystal defects of materials at the nanometer scale. This 

is because crystal defects such as grain boundaries, interfaces and dislocations are found to become 

physical origins of distinct properties in recent advanced materials. Moreover, scientific attempts are now 

being done in advanced-material 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 crystal 

defects, such knowledge should 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 crystal 

defects, especially at their core regions. 

Here we refer to specific electronic and atomic structures localized at crystal defects as “crystal 

defect cores”, and try to establish the new materials science. For this purpose, researchers specializing in 

theoretical calculations, nanoscale characterization and advanced materials processing conduct 

collaborative studies. Establishment of new scientific principles based on the concept of “crystal defect 

core” will make it possible to explore novel materials with excellent properties due to crystal defects. 

For further details, please visit the website which can be easily found by searching with the keyword 

“Crystal Defect Cores. 
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Goethe University, Germany 

 

The Johann Wolfgang Goethe University Frankfurt am Main is one of the largest universities in 

Germany with around 44,000 students 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 high 

degree of autonomy, modernity and professional diversity. As a comprehensive university, the Goethe 

University offers a total of 16 departments on five campuses and 154 degree programs along with an 

outstanding research reputation. Furthermore, the Goethe University is part of the Group of Rhine-Main-

Universities (RMU). 
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2023 Pusan National University, Korea 
Pusan National 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 of In-Ku Yun, the first president of PNU, 

who was then chief of academic affairs for South Gyeongsang Province, and 

funded by community contributions.  

PNU has become the No. 1 national university in research and educational 

competency, and its tradition and ability are estimated highly. More than 260,000 PNU alumni have taken 

responsibility for the development of their communities and the country, and about 35,000 students, 1,200 

professors, and 750 faculty members are working as one to develop PNU, an institution based on the 

principles of truth, freedom, and service.  

Shining with tradition and history, PNU has surpassed 20 million won in educational funding per 

student for the first time among national universities in the country. It ranks first among national 

universities and 11th in universities nationwide, 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 project, 

which measures the university's educational and research capabilities. PNU achieved second place among 

all universities nationwide.  

PNU has joined the Association of Pacific Rim Universities (APRU) in 2021, one of only 61 member 

universities in the world. PNU is the 6th member among domestic 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 and 

regions around the world and has been actively engaged in exchange activities. Many PNU students are 

having overseas experiences through interacting with nearly 60 foreign professors, taking foreign 

language courses among more than 1,200 provided annually, participating in study abroad programs and 

overseas volunteer programs, as they become international experts and leading global intellectuals. 

In addition, PNU declared a carbon-neutral eco-friendly campus and created a 'Path of Thought' on 

campus, boasting a beautiful campus environment located 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 the 

optimal foundation for student admission, education, and employment, and establishing and expanding 

various scholarships so that professors and students can focus more on research and education.  

Furthermore, PNU, as the eldest brother of national universities in Korea, is actively leading changes 

in university policies such as the enactment of the National University Act and the expansion and revision 

of the compulsory recruitment system for public institutions. PNU will lead an era of shared growth 

between the country, region and universities by fulfilling its roles and responsibilities as 'The University: 

Changing Universities' 

With the power of bold intellect leading a new era, as a central university in the southeastern 

megacity, the second most-populous 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 balanced 

national development.  

We hope for your interest and support.  
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Hanoi National University of Education, Vietnam  

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 exceptional. By 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. This 

dedication aimed to propel the development of the pedagogical system and K-12 education within the 

nation. 

Presently, the university comprises approximately 700 educators, including nearly 200 esteemed full and 

associate professors, along with over 300 doctorate holders. Its academic infrastructure spans across 23 

faculties, one department, and 14 distinguished research centers. Additionally, five affiliated schools have 

earned national recognition within Vietnam's K-12 educational framework. Across its illustrious 70-year 

journey, HNUE has shaped countless schoolteachers, university lecturers, and researchers committed to 

the nation's advancement. Each year, the university welcomes over 4,000 undergraduate and 1,000 

postgraduate students, nurturing and empowering the next generation of educators and scholars. 

Aligned with its dedication to scholarly excellence, HNUE has showcased prolific scholarly output. From 

2022 to 2023, the university made substantial contributions to the global academic discourse with a total 

of 313 international scientific articles published across esteemed platforms such as ISI, Scopus, and other 

international repositories. Domestically, the university has fostered intellectual dialogue with 1,034 

articles, hosted three international seminars, facilitated 191 domestic workshops, and authored 537 

textbooks. 

Moreover, HNUE has been entrusted with a 

comprehensive array of projects spanning various 

levels, reinforcing its pivotal role in educational 

development. With its robust legacy and continuous 

contributions to academia, Hanoi National University 

of Education remains an unwavering bastion of 

learning, innovation, and academic distinction, 

propelling Vietnam's educational landscape forward.. 

Ranked 8th in Vietnam and 139th in the Asian 

University Rankings - Southeastern Asia 2024, Hanoi 

National University of Education stands as one of the 

premier public universities in Hanoi, Vietnam. 
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Hanoi University of Science, Vietnam 
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mailto:wcchou957@nycu.edu.tw
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10:00-10:05: Opening remark 

Chi-Hung Lin, NYCU president 
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10:30-10:50 2D_T15 (Sonia Sharma) ST_T08 (Ying-Kuan Ko)   
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INSTRUCTION FOR CHAIRS, INVITED SPEAKERS, AND 

POSTER PRESENTERS 

For Session Chairs: 

● Chairs are recommended to be at the meeting room at least 15 minutes before the session starts.  

● Please precisely control the starting time for each talk according to the conference program to 

ensure the smooth proceeding of each session. 

For Plenary Speakers and Invited Speakers 

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 presentation slides at 

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 save 

time for installation. 

● Please arrive at your session meeting room at least 15 minutes before your session starts to 

discuss with the Session Chairs and have your presentation ready. 

Speaker Lounge 

● Venue: Room SC151 - SC159 

● Service Hours:  

▪ 7:30 – 18:00 Monday, 22 January to Tuesday, 23 January 2024 

▪ 7:30 – 13:00 Wednesday, 24 January 2024 

Instruction for Poster Presenters 

● Poster presentation will be held on the 1st floor, Science Building III of National Yang Ming 

Chiao Tung University. 

● At least one of the authors is required to be in attendance during the Poster Exhibition time. 

● Presenting authors are required to set up their posters at designated hours according to the 

program schedule. 

● Mounting and Removal 

▪ Adhesive staples will be provided onsite.  

▪ Authors who wish to keep their posters and remove them after the exhibition. 
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Plenary Talks 
Plenary Talk 1: Prof. Ryo Ishikawa 

University of Tokyo, Japan 

Location: SC001 

Section Chair: Prof. Masato Yoshiya 

Atomistic defect analysis by atomic-resolution electron microscopy  

Ryo Ishikawa* 

1Institute of Engineering Innovation, University of Tokyo, 2-11-16, Yayoi, Bunkyo, Tokyo 113-8656, Japan. 

* Corresponding e-mail: sishikawa@sigma.t.u-tokyo.ac.jp 

Following the development of modern aberration correction in electron microscopy, it has been 

routinely available sub-Ångstrom spatial resolution in inorganic materials. The currently achievable 

spatial resolution is less than half an Ångstrom [1], which seems sufficiently high enough to analyze local 

atomic structures. However, such high spatial resolution is only valid in the lateral two dimensions, and 

the last remaining depth resolution along the axial direction is still no better than 5 – 10 nm in scanning 

transmission electron microscopy (STEM). Since the physical limit of the depth resolution is dominated 

by the illumination angle (α) in STEM [2,3], we therefore have newly developed a Delta-type corrector 

that can correct up to 6th-fold 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. 

By utilizing such large α, we have systematically investigated the depth resolution by using single Ce 

dopants embedded in cubic boron nitride (c-BN) [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 sectioning, 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 the 

electron probe [7]. We, therefore, developed a new scanning probe system. By implementing this sub-

scanning probe system into our microscope, we achieved 25 fps (frame per second) with a 512 × 512 

pixels image size at an atomic resolution corresponding to 40 milliseconds per frame [8]. We will also 

discuss our new scanning probe system, tracking the Pt single atomic motion and the dynamics of Pt 

nanoparticles on TiO2 (110) at high temperatures [9]. 

Keywords: atomic-resolution STEM, depth sectioning, differential phase contrast 
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Plenary Talk 2: Prof. Ho Won Jang 

Seoul National University, Korea 

Location: SC001 

Section Chair: Prof. Si Young Choi 

Halide Perovskites for Data Storage and Neuromorphic Computing 

Ho Won Jang1* 

1 Department of Materials Science and Engineering, Seoul National University, Republic of Korea 

* Corresponding e-mail: hwjang@snu.ac.kr  

Halide perovskites have been noted for their exotic properties 

such as fast ion migration, tunable composition, facile synthetic 

routes, and flexibility in addition to large light absorption 

coefficients, long carrier diffusion lengths, and high defect tolerance. 

These properties have made halide perovskites promising materials 

for memristors. Applications in the field of resistive switching 

memory devices and artificial synapses for neuromorphic computing 

are especially noteworthy. This Perspective covers state-of-the-art 

perovskite-based memristive devices. Moreover, the fundamental 

mechanisms and characteristics of perovskite-based memristors are 

elucidated. Interesting opportunities to improve the performance of 

perovskite-based memristors for commercialization are provided, including improving film uniformity 

and air stability, controlling the stoichiometry, finding new all-inorganic and lead-free halide perovskites, 

and making perovskites into single crystals or quantum dots. We expect our Perspective to be the 

foundation of realizing next-generation halide perovskite-based memristors. 

Keywords: Memristors, Halide Perovskites, Random Acess Momory, Resitive Switching, 

Neuromorphic 
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In the last decade or so, Materials Informatics has been emerging as a new subfield of Materials 

Science & Engineering, focusing on developing suitable machine-learning (ML), and in a broader view, 

artificial-intelligence (AI) approaches, to advance the fundamental understanding and to accelerate the 

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/generated 

from experiments and (empirical- and first principles-based) simulations, and the advance of modern 

ML/AI infrastructures, e.g., hardware and algorithms. This highly-interdisciplinary research and 

development field is now blossoming globally with numerous game-changing approaches and toolkits 

that were developed and, ultimately, new functional materials with targeted, application-specific 

properties/performances that were discovered and/or designed. In this talk, I will outline the development 

of Materials Informatics, the current central problems and results, the critical challenges, and the next 

steps that can be envisioned for the near future. 
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 Materials scientists play a crucial role in addressing the issues of increasing global demand for 

sustainable and clean energy. To pave the way for a zero-emission future, developing advanced renewable 

energy materials holds significant importance, and thus we must tackle these challenges from multiple 

perspectives, with a specific emphasis on the materials that enhance energy conversion, storage, and 

conservation efficiencies. Improving the efficiency of existing energy materials is straightforward but 

presents technically challenges. The physical and chemical properties of materials are closely correlated 

with their atomic and electronic structures. Gaining a deep understanding of these fundamental 

characteristics, particularly their behavior at work, is essential for effective engineering and practical 

application. Synchrotron x-ray spectroscopies, including x-ray absorption and x-ray emission 

spectroscopies, serve as powerful tools for investigating the atomic and electronic structures of energy 

materials. By employing in situ techniques, the dynamic changes in the atomic and electronic structures 

during operation can be monitored. The emerging scanning transmission x-ray microscopy offers 

spatially resolved x-ray spectroscopy, holding great potential for exploring energy science. This 

presentation aims to underscore the significance of x-ray spectroscopies in characterizing the atomic and 

electronic structures of energy material systems, such as artificial photosynthesis materials, advanced 

nanocatalysts, and smart materials. It will also encompass recent advancements in in-situ techniques. 

Tamkang University TKU-NSRRC end-stations at the Taiwan Photon Source (TPS) 45A & 27A 

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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The integration of high uniformity, conformal and compact transparent conductive layers into next 

generation indium tin oxide (ITO)-free optoelectronics including wearable and bendable structures is a 

huge challenge [1-2]. 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 (PET) 

flexible substrates by using atomic layer deposition (ALD) technique. AZO thin films possess high 

optical transmittance at visible and near-infrared spectral range and electrical properties competitive to 

commercial ITO layers. AZO layers deposited on flexible PET substrate demonstrate very stable sheet 

resistance over 1000 bending cycles. Based on the performed optical and electrical characterizations 

several applications of ALD AZO as transparent conductive layer are shown: AZO/Glass supported 

Liquid Crystal (LC) display as well as AZO/PET based flexible Polymer Dispersed Liquid Crystal 

(PDLC) devices [3-4]. In addition, we demonstrate for the first time to the best of our knowledge a vertical 

orientation of the LC director achieved by controlling the crystallographic orientation of the AZO films, 

further enhanced by formation of nanogrooves on the films surface by the mechanical rubbing. The 

electro-optical characteristics of the AZO based LC phase retarder were demonstrated. Presented results 

show the superior potential of AZO for integration in next-generation indium-free LC devices. 

Keywords: Al-doped ZnO, ALD technique, transparent conductive layers, LC display, flexible 

PDLC devices. 
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 The pursuit of a circular carbon economy and the 

need to surmount the constraints of CO2 electroreduction 

technology has prompted the development of single-atom 

catalysts (SACs) for electrocatalysts. SACs consist of 

isolated metal atoms dispersed on a support material. 

First, zeolitic imidazolate framework (ZIF)-8 containing 

various transition metal ions—Ni, Fe, and Cu—at 

varying concentrations upon doping were fabricated for 

the electrocatalytic CO2 reduction reaction (CO2RR) to 

CO without further processing. The electron-rich sp2 C 

atoms of optimized copper doping on ZIF-8, leading to a 

local effect between the Zn–N4 and Cu–N4 moieties, 

achieve a maximum Faradaic efficiency for CO2 to CO of 

88.5% at -1.0 V (vs. RHE) with a stability over 6 h.[1] 

Second, compared to nanoparticles, single atom catalysts 

(SACs) have been shown to significantly enhance the 

efficiency of metal atom utilization by nearly 100%, 

which results in a higher concentration of active sites, leading to outstanding catalytic activity, excellent 

product selectivity, and stability. Among the diverse support materials, the ZIFs, a sub-class of metal-

organic frameworks (MOFs) with high nitrogen content, have been widely used to prepare metal-

nitrogen-doped carbon (M-N-C) SACs with dense active sites. Herein, we utilized an eco-friendly 

approach to produce two-dimensional ZIF-8 nanosheets (ZIF-8-NS) as an optimal support material for 

SACs. Additionally, we introduced Ni precursor into the synthesis process of Ni-ZIF-8-NS, which was 

then subjected to pyrolysis at 950 °C under a N2 atmosphere to yield the final product, Ni-NC-NS. Ni-

NC-NS demonstrated an outstanding CO2RR performance by exhibiting excellent Faradaic efficiency 

(FE) toward CO of ~100% both in the H-cell and flow-cell reactors as well as a remarkable turnover 

frequency (TOF) of 23,699 h
−1 [2] 

Keywords: carbon dioxide reduction, 2-dimensional material, metal-organic frameworks, single-

atom catalyst, vacancy sites 
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Single crystalline bodies in 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. However, 

the single crystal production is expensive and, therefore, neverending search for the cheaper but as much 

effective compounds is conducted worldwide. As the alternatives, especially, in optoelectronics, glasses 

or glass ceramics are proposed. Their fabrication is easier and cost effective in this case but still the 

efficiency is not enough as compared to the single crystals. At the same time, downscaling the size of the 

crystalline and amorphous compounds, i.e., growth of the nanoparticles can lead to the improved 

demanding characteristics due to the enhanced surface and increased surface to volume ratio. This effect 

is known in e.g., zinc oxide. 

ZnO, cesium lead bromide (CsPbBr3, CPB) or silicon have pronounced photovoltaic effect [1] which 

can be used not only in the solar cells but also for the environmental protection, in particular, for water 

purification [2]. There are several commonly known conventional chemical methods of the nanoparticles 

synthesis like sol-gel, hot injection, growth from liquid and others. Plasma torch can also be used for the 

nanoparticles synthesis [3,4]. Moreover, 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 output 

nanoparticles. As an example, thermal plasma synthesis of Si/SiC nanoparticles from silicon and 

activated carbon powders can be mentioned [3,4]. Plasma can also be used for the post-growth treatment 

of the produced nanomaterials. This can result in the improvement of the conductivity and luminescence 

properties as was reported for Er doped ZnO nanorods exposed to cold inductively coupled Ar + H2 

plasma [5]. As one can see, indeed, plasma chemical technologies are of great importance and, therefore, 

the aim of the present work was to demonstrate their potential for the carbon-based nanoparticles 

synthesis.  

Keywords: plasma torch, plasma reactor, carbon-based nanoparticles, luminescence, electron 

paramagnetic resonance 
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Quaternary chalcogenides AI
2BIIDIVQ4 (AI presents Cu or Ag; 

BII denotes Zn, Cd, and Hg; DIV stands for Si, Ge and Sn; whereas Q 

indicates S and Se) attract over recent two decades a tremendous 

attention from technological and scientific viewpoints because of 

their numerous feasible practical applications (see Fig.1). A number 

of the AI
2BIIDIVQ4 sulfides and selenides manifest a direct energy 

band gap being in the 1.0–1.5 eV range, high absorption coefficients 

(at least bigger than 104 cm–1), electrical conductivity of p-type, high 

conversion powers, etc. These properties are very attractive for 

application of the AI
2BIIDIVQ4 compounds, especially tin-bearing 

sulfides and selenides, as efficient materials of thin-film solar cell 

absorbers [1], thermoelectric and photovoltaic semiconductors [2], 

photocatalytic convertors of water splitting to hydrogen gas, 

promising materials for nonlinear optics and luminescence 

applications. Many physicochemical properties of the AI
2BIISnQ4 sulfides and selenides can be changed 

effectively via the formation of solid solutions and doping with other chemical elements, decreasing 

crystal dimensions to nanosizes, formation of special vacancies on peculiar crystallography sites or 

intrinsic defects to reach the desirable technological parameters. Because of the relative novelty of 

Tl2Hg(Sn,Ge)Se4 selenides, as the literature data feature, peculiarities of its electronic band structure and 

optical constants, to the best of our knowledge, have not yet been investigated, both theoretically and 

experimentally. To overcome this lack, we have made experimental as well as theoretical studies of the 

electronic and optical properties of the titled selenides. 

Keywords: Crystal structure, Crystals, Mercury, Selenides, X-ray photoelectron spectroscopy, 

photovoltaics 
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Cuprous oxide (Cu2O) acquires considerbly attentions due to 

its potential use in photovoltaic device in recent years [1]. The 

Cu2O films can be successfully fabricated by various techniques, 

using either the following processes: oxidation of Cu, reduction 

of CuO into Cu2O, and direct deposition of Cu2O. Among them, 

an appropiate annealig process is required to obtain high-quality 

films. However, the annealing process may need caution to avoid 

over-oxidation or over-reduction of film.  

Photoluminescence (PL) measurement is a convenient and 

nondestructive technique to evaluate the quality of 

semiconductor thin films. Since the optical dipole transitions of 

lowest-energy exciton is forbidden in Cu2O [2], the emission band from Cu2O film is hardly detected and 

systematic PL studies on the films are still relatively rare.  

In this study, we grew a series of Cu2O films by rf-magnetron sputtering method. By controlling the 

post-annealing atmosphere, oxygen-riched to oxygen-deficient films are obtained. XRD and PL are used 

to study the structural and optical properties of these films. Fig. 1 shows the PL spectra of post-annealed 

films from oxygen-riched to oxygen-deficient (top to bottom), measured at 30 K and 300 K. The spectra 

are characterized by a broad visible band at around 2.2 eV, a near-infrared band at 1.75 eV, and phonon-

assisted transitions of ortho-exciton at about 2.0 eV. Temperature-dependent PL measurement was also 

performed to investigate the 1.75 eV-band and excitonic band. The line-shape of phonon-sideband is well 

modeled by a Maxwell-Boltzmann function and thermal shrinkage of band-gap obtained from the fitting 

is comparable to those reported [3]. It can be found that the most appropriate oxygen partial pressure for 

annealing the as-grown Cu2O thin films is about 2.5-5.3 mTorr at growth-temperature about 700 oC. In 

addition, by comparing the results of XRD and PL, the presence broad luminescence in the visible light 

spectral-region largely depends on the existence of structural defects in the films.  

Keywords: Cu2O, photoluminesce, post-annealing 
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A feasible nanoscale framework of heterogeneous 

plasmonic materials and proper surface engineering can 

enhance photoelectrochemical (PEC) water-splitting 

performance owing to increased light absorbance, efficient 

bulk carrier transport, and interfacial charge transfer. This 

article introduces a new magnetoplasmonic (MagPlas) Ni-

doped Au@FexOy nanorods (NRs) based material as a novel 

photoanode for PEC water-splitting. A two stage procedure 

produces core-shell Ni/Au@FexOy MagPlas NRs. The first-

step is a one-pot solvothermal synthesis of Au@FexOy. The 

hollow FexOy nanotubes (NTs) are a hybrid of Fe2O3 and Fe3O4, and the second-step is a sequential 

hydrothermal treatment for Ni doping. Then, a transverse magnetic field-induced assembly is adopted to 

decorate Ni/Au@FexOy on FTO glass to be an artificially roughened morphologic surface called a 

rugged forest, allowing more light absorption and active electrochemical sites. Then, to characterize its 

optical and surface properties, COMSOL Multiphysics simulations are carried out. The core–shell 

Ni/Au@FexOy MagPlas NRs increase photoanode interface charge transfer to 2.73 mAcm−2 at 1.23 V 

RHE. This improvement is made possible by the rugged morphology of the NRs, which provide more 

active sites and oxygen vacancies as the hole transfer 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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Platinum-based catalysts are widely used in many important chemical processes and electrocatalytic 

systems for energy conversion, storage and utilization.[1] However, the scarcity and high cost of Pt are 

the main issues that hinder the practical applications of these catalysts.[2] The search for cheap and 

abundant alternatives to replace Pt has resulted in the development of many novel catalysts.[3] Although 

the discoveries of promising catalysts are often reported, none can compete with Pt in the intrinsic 

activity.[4] Therefore, maximizing the catalytic performance while minimizing the Pt loading has become 

a more practical and efficient route for addressing the cost-related issues of Pt.[5] This requires a highly 

controllable method for the fabrication of Pt nanostructures. To this end, atomic layer deposition (ALD) 

has become an excellent candidate that offers the controllability at the single-atom precision.[5,6] In my 

presentation, I will talk about our recent achievements on ALD of Pt on high-surface-area substrates, i.e., 

graphene and TiO2 nanopowders, which is carried out in a fluidized bed reactor.[7–9] Our approach 

provides the capability of controlling the nucleation and growth of Pt at the atomic level, enabling the 

fabrication of advanced catalysts based on Pt nanoparticles and Pt single atoms. 

Keywords: Atomic layer deposition, fluidized bed reactor, platinum-based catalysts, single-atom 

catalysts 
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Enhancing Photocatalytic Activity in Bi2WO6 Photocatalyst  

through Controlled Oxygen Vacancy Formation 

Vu Quoc Trung1, Nguyen Dang Phu1, Pham Van Hai1, Ta Thi Thuy Nga2, Chong Li Dong2, Wu Ching 

Chou3, Nguyen Thi Ngoc Hue4, Pham Thi Hue4, Luu Anh Tuyen4 

Nguyen Quang Hung5 and Luc Huy Hoang1* 

1Faculty of Physics, Hanoi National University of Education, Hanoi, Vietnam 
2Department of physics, Tamkang University, New Taipei City, Taiwan 

3Department of Electrophysics, National Yang Ming Chiao Tung University, Taiwan 
4Center for Nuclear Technologies, Vietnam Atomic Energy Institute, Ho Chi Minh, Vietnam 
5Institute of Fundamental and Applied Sciences, Duy tan University, Ho Chi Minh, Vietnam 

* Corresponding e-mail: hoanglhsp@hnue.edu.vn 

In this study, we fabricated nano-thin Bi2WO6 layers using hydrothermal methods and introduced 

controlled oxygen vacancies through microwave-assisted alkali etching. We comprehensively 

characterized the resultant oxygen vacancy sites within the Bi2WO6 material using a combination of 

Raman spectroscopy, X-ray absorption spectroscopy (XAS), Transmission Electron Microscopy (TEM), 

X-ray photoelectron spectroscopy (XPS), and Positron Annihilation Spectroscopy. We explored the 

influence of oxygen vacancies at various surface and crystal structure sites on the photocatalytic 

performance of Bi2WO6. Our results reveal that a deliberate introduction of 5 out of 6 possible oxygen 

vacancies in the Bi2WO6 structure significantly enhances light absorption and facilitates the efficient 

separation of photogenerated charge carriers. Consequently, these vacancies lead to a substantial 

improvement in the photocatalytic activity of Bi2WO6. This research introduces an innovative approach 

to tailor oxygen vacancies on the surface of Bi2WO6 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 nitrogen-doped TiO2 

nanoparticles by a combination of ultrasonic irradiation and electrochemistry  

Nguyen Thi Khanh Van1, Dang Van Thanh2, Hoang Nam Nhat1, and Nguyen Nang Dinh 1,* 

1University of Engineering and Technology, Vietnam National University in Hanoi, Vietnam 
2Faculty of Basic Sciences, TNU-University of Medicine and Pharmacy, Vietnam 

* Corresponding e-mail: dinh158@gmail.com  

We report a facile and effective approach for large-scale production of N-doped TiO2 nanoparticles 

(UNTs) by using ultrasonic irradiation and electro-chemistry. NH4NO3 electrolyte as the nitrogen source 

has been used. Ten electrodes were made of high purity titanium metal with a purity of 99.7%, length of 

150 mm, and diameter of 6.35 mm. They were placed parallel in a glass tank containing 2 l of 0.5 M 

NH4NO3 solution. The DC power source connected to two electrodes has a voltage in the range of 20–25 

V, corresponding to a current of 8.0–9.5 A. The electrochemical system was placed in a large capacity 

ultrasonic bath (40 kHz, 400 W). After 45 min of a batch experiment, the solution was collected and 

filtered through a polyvinylidene fluoride (PVDF) membrane with a vacuum filter. The filtered solid 

powder was then washed with double-distilled 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 oven 

under the atmospheric condition for 1 h. As-prepared UNTs were characterized by x-ray diffraction, 

Raman spectroscopy, x-ray photoelectron spectroscopy, scanning electron microscopy, transmission 

electron microscopy, and UV–visible diffuse reflectance spectroscopy. The results indicated that the 

nitrogen content of UNTs reached 9.3% and bandgap energy of 2.62 eV. The photocatalytic activities of 

the materials were evaluated by the decoloration of synthetic wastewater containing methylene blue under 

visible light irradiation supplied by a 400 W xenon lamp. Light filters were used to remove the short 

wavelengths of λ < 420 nm. The distance from the lamp to the MB solution was set at 15 cm. To limit 

the influence of outside light, the entire experimental system was placed in a dark chamber. At first, the 

mixture (50 mg of photocatalytic material and 100 ml of 10 mg l-1 MB solution in a 250 ml double-layer 

jacketed beaker) was stirred in the dark for 60 min to reach the adsorption–desorption equilibrium and 

then irradiated with visible light for 120 min. During the reaction, 1.5 ml of water sample was collected 

every 15 min and sent for MB concentration analysis. In addition, the efficiencies of photolysis and 

photocatalysis were also compared by performing another similar experiment in the absence of the TiO2 

catalyst. Characterization of the UNTs gave the high photocatalytic degradation of methylene blue (MB) 

under visible light irradiation. The mechanism for the formation of UNTs by ultrasonic-assisted 

electrochemical approach has been also discussed. 

Keywords: Electrochemical, ultrasonic-assisted, N-doped, TiO2, visible light. 
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Piled-Up Energy Storage Capability of Nanoparticulate WO3/MoO3 Films  
Chia-Chun Wei,1 Jun-Wei Huang,1 Wen-Bin Jian*,1, Kazuhito Tsukagoshi1,2 
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Sustainable developments to improve 

energy consumption in buildings and energy 

storages are essential issues that can be 

solved by using green technologies. In this 

talk, we present electro-exploding wire and 

spray coating techniques for the synthesis of 

nanoparticulate films of WO3-MoO3 

composite films. The nanoparticulate films 

are used to assemble electrochromic devices 

for the transmittance and energy storage 

measurements. The nanoparticulate WO3-

MoO3 films exhibit high electrochromic 

performances with a diffusion coefficient of 

deintercalation of 3.39X10-10 cm2/s, a charge 

density of 28.5 mC/cm2, the coloration 

efficiency of 40.9 cm2/C at the light 

wavelength of 430 nm, and the transmittance 

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

 The nanoparticulate WO3-MoO3 films not only display good electrochromic performances but also 

energy storage capabilities. These films exhibit a high porosity that is beneficial for ion diffusions in 

electrolyte and for increasing the efficiency of oxidations and reductions. In particular, the porous 

nanoparticulate WO3-MoO3 films can be stacked to increase the thickness and to enhance the energy 

storage capability.  

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

Tungsten Trioxides 
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Figure 1. (a) Galvanostatic charge-discharge (GCD) 

curves at a current density of 0.1 mA/cm2 for Samples 

WMo-500-Wmo-2000. The charge-discharge operation 

voltage is set in the range between -1.2 and +0.5 V. (b) 

Calculated areal capacitance from GCD curves as a 

function of film thickness. The black squares, red dots, and 

blue triangles represent areal capacitance measured at 

current densities of 0.1, 0.2, and 0.3 mA/cm2. 
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Application of X-ray absorption spectroscopy at TPS 44A beamline to decipher 

the active site in energy material   

 Jeng-Lung Chen1*, Chih-Wen Pao1, Chun-Hong Kuo2,3, Luning Chen4, Ji Su4,5  
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United States. 
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X-ray absorption spectroscopy (XAS), which includes X-ray absorption near edge structure 

(XANES) and extended X-ray 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 atomic structure around the 

absorbing atoms, such as the nearest neighbor atomic type, the number of atoms in a specific coordination 

shell, the interatomic distance, and the structural disorder. Generally, one full spectrum which includes 

EXAFS region needs to spend 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. Here, a 

quick-scanning X-ray absorption spectroscopy beamline (TPS 44A) at the Taiwan Photon Source, is 

presented. The beamline is equipped with a quick-scanning monochromator (Q-mono), which can 

provide conventional step-by-step scans and on-the-fly scans for a full spectrum [1].  

Fossil fuels are the most commonly used fuels for energy in our daily lives. However, the 

concentration of carbon dioxide in the atmosphere has increased year by year due to the excessive use of 

fossil fuels. In turn, it has caused extreme changes in the global climate. Therefore, finding low-carbon 

emissions and clean renewable energy is the goal of all countries in the world. Hydrogen is regarded as 

an ideal alternative clean fuel because it can be effectively converted into energy without producing 

harmful substances or greenhouse gases. It can be produced by thermally cracking hydrocarbons to 

produce hydrogen or using photocatalytic or electrocatalytic ways for water splitting. These catalytic 

reactions are extremely dependent on the activity of metal catalysts. Therefore, it is very important to 

understand the working pathways of the catalyst. Here, in-situ/operando electrocatalyst characterization 

[2] and methane pyrolysis reactions [3] were presented by the XAS technique. 

Keywords: Time-resolved XAS, 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   

Nguyen Duy Thien1, Le Van Vu1, Nguyen Quang Hoa1, Sai Cong Doanh1, Vuong Van Hiep1,  
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In this study, we present an efficient method 

based on vertically oriented silicon nanowire arrays 

coated with silver nanoparticles to achieve 

significantly surface enhanced Raman scattering 

(SERS) signals. The method is applicable for the 

accurate detection of fungicides and related 

compounds. The substrates were obtained by a two-

step process consisting of the growth of Si nanowire 

arrays on a silicon wafer by metal-assisted chemical 

etching and subsequent coating with Ag nanoparticles 

by the sputtering method. The effect of sputtering 

time on the growth of nanowires, their morphology 

and enhancement factor of the signals obtained from 

the SERS sensor were studied in detail. The final 

enhancement factor of Raman shift is 1.1 × 107, 

allowing the limit of trace detection for carbendazim 

in acetone to be as low as 0.1 ppm, with a relative standard deviation of less than 2.07%. And then, the 

SERS sensor were used to detect carbenzadim (CBZ) residue in pomelo with CBZ concentration as low 

as 1 ppm. This result opens up the potential for direct application of prepared substrates in ultra-fast 

chemical analysis. 

Keywords: Raman, Surface enhanced, Sputtering Si NWs, Carbendazim 
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Figure 1. Raman spectra of 10 ppm CBZ on 

Si/Ag50 substrate masured at different points. 

mailto:namnhat@gmail.com
mailto:lvcuong1985@gmail.com


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

National Yang Ming Chiao Tung University                      Invited Talks 

Materials for green energy and environment_EE  49 

EE_T14 

 

Photothermal Natural-Inspired Materials For Highly Efficient Solar Steam 

Generation  
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Solar steam generation (SSG) is an emerging area in energy harvest and sustainable technologies. 

The nano-structured photothermal materials can harvest energy from the entire solar spectrum and 

convert it to heat with high efficiency. This work investigates the fabrication of novel natural-inspired 

photothermal materials such as the leaf, coconut husk, and green tea for application in SSG systems. It is 

observed that the light absorbance of fabricated materials exceeds 92% in the wavelength region of 300-

250nm. The developed SSG systems result in a water evaporation rate up to 1.92kgm-2h-1 under 1 sun 

illumination. The high water evaporation performance of SSG based on fabricated materials highlights 

the promising application toward sustainable seawater desalination. 

Keywords: solar stream generation (SSG), photothermal materials, plasmonics, water vapor 

generation 
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Study on P-type Ga2O3 epilayers using phosphorus-ion implantation technology  

Ray Hua Horng*, Xin-Ying Tsai and Fu-Gow Tarntair   
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Among the ultra-wide bandgap materials under consideration for power devices applications, 

gallium oxide (Ga2O3) is an promising candidate, due to a wide bandgap of 4.9 eV, a high breakdown 

electrical field strength of 8 MV/cm, and remarkable thermal stability [1-3]. Even though, there exists a 

challenge about p-type Ga2O3, which limits the power devices applications. 

In this study, we investigate the electrical properties of unintentionally doped (UID) β-Ga2O3 

epilayers and epilayer implanted phosphorous with low, medium, and high doses. These epilayers were 

grown on sapphire substrates by metalorganic chemical vapor deposition. 

Specifically, the low-dose implantation involved phosphorus ions at concentrations of 1.6Í1013, 

1Í1012 and 2.5Í1012 atoms/cm2, administered at implantation energies of 100, 50, and 40 keV, 

respectively. The medium-dose implantation utilized phosphorus ions at concentrations of 1.6Í1014, 

1Í1013 and 2.5Í1013 atoms/cm2, at same implantation energies. Finally, the high-dose implantation 

employed phosphorus ions at concentrations of 1.6Í1015, 1Í1014 and 2.5Í1014 atoms/cm2, with 

implantation energies of 100, 50, and 40 keV, respectively. The implantation parameters were also 

simulated using the Stopping and Range of Ions in Matter software, while the actual concentration of 

phosphorus ions was measured via secondary ion mass spectrometry. Subsequently, Ni and Au were 

deposited on the annealed phosphorus-implanted β-Ga2O3 epilayers, followed by rapid thermal annealing 

at 600°C in a nitrogen environment for one minute, for Hall measurement. The electrical properties of 

the phosphorus-implanted β-Ga2O3 epilayers were assessed through Hall measurements. Notably, the β-

Ga2O3 epilayers implanted with middle and high doses displayed p-type behavior. The resistivity of the 

p-type β-Ga2O3 epilayers with middle and high doses measured 9.699 and 6.439 Ω.cm, respectively, as 

determined by Hall measurements. Additionally, the hole carrier concentrations for these doses were 

measured as 1.612 ×1018 and 6.428× 1017, respectively. Consequently, the phosphorus ion implantations 

using middle and high doses were proven effective in obtaining p-type Ga2O3. To further explore the 

defect formation energies and Fermi energies of substitutional phosphorus defects within the β-Ga2O3 

lattices, first-principles density-functional simulations were employed. 

Keywords: ultra-wide bandgap materials, gallium oxide (Ga2O3), implantation 
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Enhancement of Dye Degradation in Piezo-Photocatalytic ZnO-MoS2 

Heterostructures  
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Photocatalysis is a novel approach to degrade hazardous compounds, frequently employed in 

environmental remediation such as eliminating methyl orange (MO) dye from wastewater.  However, 

low efficient usage of visible light due to the large band gap of photocatalysts and its high rate of 

recombination limit the process.  To address this issue, piezo-phototronics is utilized to improve the 

efficacy of catalytic degradation. Specifically for this study, the piezo-photocatalytic efficiency of ZnO-

MoS2 heterostructures is realized using solar and mechanical energy in degrading MO dye.  One-

dimensional heterostructures with an average length of 3.34 μm and an average diameter of 872.6 nm 

compactly aligned on glass substrates was synthesized through a two-step hydrothermal process. Under 

simulated solar illumination and ultrasonic vibration, the ZnO-MoS2 effectively degraded MO improving 

the degradation efficiency from 55% to 84% by introducing piezopotential in ZnO. Ultrasonication aided 

photocatalysis through field-assisted separation of the photogenerated electrons and holes, reducing 

recombination. Coupled liquid chromatography and mass spectrometry confirmed the degradation of MO 

into its smaller metabolites. The catalyst films have achieved 61% degradation even after 3x reuse. 

 

Figure 1. Degradation efficiencies of ZnO and MoS2 combinations with ultrasonic agitation and visible light 

illumination 

Keywords: Piezophotocatalysis, photocatalytic degradation, zinc oxide, molybdenum disulfide 

Presenting author Email address: ccmercado1@up.edu.ph 

  

mailto:ccmercado1@up.edu.ph
mailto:ccmercado1@up.edu.ph


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

National Yang Ming Chiao Tung University                      Invited Talks 

Materials for green energy and environment_EE  52 

EE_T17 

 

Advancing Metal Sulphide Photocatalysts in Artificial Photosynthesis for 

Sustainable Energy Solutions  
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 In recent years, the pursuit of sustainable energy sources has 

intensified, with an increasing focus on harnessing solar energy 

to meet our ever-growing energy demands. Artificial 

photosynthesis and photochemical CO2 reduction have emerged 

as a promising path in this effort, aiming to mimic the 

remarkable efficiency of natural photosynthetic processes in 

converting sunlight into chemical energy. To unravel the secrets 

of photo-induced light-matter interactions and propel the field 

of artificial photosynthesis forward, this talk will delve into 

cutting-edge research, innovative approaches, and potential 

applications.  

 This talk delves into the intricate realm of artificial photosynthesis, specifically exploring 

advancements in the modulation of two-dimentional metal sulfide based heterostructure photocatalysts 

for the simultaneous processes of photochemical CO2 reduction and photochemical water-splitting. 

Harnessing sunlight for sustainable energy solutions is at the forefront of scientific innovation, and this 

presentation sheds light on recent developments in tailoring advanced photocatalysts. By intricately 

manipulating heterostructures, our aim to optimize the efficiency of both CO2 reduction and water 

splitting, crucial components of the artificial photosynthetic process. This talk will provide insights into 

the several two dimentional metal sulfide based photocatalyst systems and their potential performances 

towards photochemical CO2 reduction and watersplitting which propelling us toward a more sustainable 

future by converting solar energy into valuable chemical fuels.  

 Keywords: Artificial photosynthesis, Photocatalysis, water-splitting, heterostructure, CO2 reduction 

 References: 

[1] Nature Communications, 2022, 13(1), 1-8 

[2] Nano Energy, 2022, 93, 106809 

[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 address: shownindrajit@gmail.com, indrajits@hindustanuniv.ac.in

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 

Multiferroics and magnetic materials_MM  53 

MM_T01 

 

Coupling between spin and lattice in an XY-like spin-glass (Ni0.40Mn0.60)TiO3  
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 Synchrotron-based resonant inelastic X-ray scattering (RIXS) and X-ray absorption spectroscopy 

(XAS) experiments were performed to probe the nature of XY-like spin-glass (SG) focusing on the spin-

flip (magnon) excitation and lattice distortion in single-crystal Ni0.4Mn0.6TiO3 (NMTO) close to the 

spin-glass temperature (TSG). RIXS provides clear evidence of crystal field (d-d) excitations at the Ni 

and Mn L3-edge, but the magnon is observed mainly at the Ni L3-edge RIXS at the scattering of NMTO 

close to TSG. Temperature-dependent extended X-ray absorption fine structure (EXAFS) measurement 

further reveals a large increase of the Ni-O bond length along the c-axis and phonon softening that is 

caused by the large static disorder of Ni sites near TSG, suggesting that the spin-lattice coupling that is 

associated with the anti-symmetric Dzyaloshinskii–Moriya (DM) interaction involved magnetic 

exchange interaction in NMTO. Ni L3,2-edge X-ray magnetic circular dichroism (XMCD) measurement 

revealed the ferromagnetic/ferrimagnetic ordering of Ni+2 ions in NMTO near TSG. This phenomenon 

is consistent with the measured magnetic hysteresis (H-M) curve, which exhibits the 

ferromagnetism/ferrimagnetism that is probably caused by a non-collinear or canted-type spin orientation 

of Ni2+ ions in the ab-plane of NMTO.  

 Keywords: RIXS, XAS, EXAFS, XMCD, spin-glass. 
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Materials for efficient conversion of low temperature waste heat  
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 The production and use of energy account for more than 75% 

of the EU’s greenhouse gas emissions. Decarbonising the EU’s 

energy system is therefore critical to reach our 2030 climate 

objectives and the EU’s long-term strategy of achieving carbon 

neutrality by 2050. At the same time, we will generate vast 

amounts of low-grade heat in e.g. datacenters, food, pulp and paper 

industries that is available 24/7. Efficient machines or devices to 

convert this low-grade heat in an economically sound way are 

however lacking. Upgrading only a small percentage, as dictated 

by laws of thermodynamics, of this otherwise wasted heat into 

electricity, can already be significant due to the sheer amount of 

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 similar 

to PV and offshore wind mainly to 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 have 

demonstrated where we can gain efficiency by improving designs and by tailoring materials properties. 

Promissing materials have to fulfill a few requirements [3]: Low and adjustable Curie temperature for 

low-grade heat, low remnant magnetization (Mr), which is generally fulfilled as one operates near or at 

the critical temperature. Significant and steep magnetization change at the Curie temperature as the figure 

of merrit of this type of materials is proportional to the change in magnetization, and inversly proportional 

to the heat input required to induce this change in magnetization. A high thermal conductivity to facilitate 

a rapid temperature change, and last but not least low-costs, which implies the preferred use of earth-

abundant elements. A few of these materials requirements are very similar to the requirements for 

magnetocaloric materials. 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 in 

temperature. We will discuss current state of the art devices and review developments 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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 Recent years have ushered in enormous advances in 

frustrated and complex magnetism. Progress in sample 

growing and in experimental techniques have changed the 

focus from perfecting material realizations of single or few 

parameter kagome or triangular lattice model Hamiltonians 

to a wealth of materials with low symmetry, lattice 

distortions and complex threedimensional networks. Simple 

fits to experimental data are often not enough to determine 

the magnetic Hamiltonian of such materials. However, an 

accurate density functional theory based energy mapping 

technique with statistical safeguards promises to be a step 

forward, allowing unbiased determination of completely 

non-intuitive hierarchies of exchange interactions. A number of recent examples will be discussed. In the 

search for quantum spin liquids, there are new fascinating possibilities to realize them in three 

dimensions: From five exchange couplings of equal rank in K2Ni2(SO4)3, energy mapping shows that two 

trillium lattices are in competition with a strong bipartite lattice coupling and puts the material on the 

verge of a 3D quantum spin liquid (QSL) of nickel S=1 spins [1,2]. The DFT based method also identifies 

a highly frustrated hyperkagome network in PbCuTe2O6 that explains the experimental QSL signatures 

[3]. In BaCoSiO4, energy mapping identifies the cause for a complex magnetic order where the magnetic 

cobalt sites are partitioned into three entwined networks; together with tiny frustration and anisotropic 

interactions, this leads to a magnetic field control of toroidal moments [4]. For the distorted lattice of Y-

kapellasite, energy mapping identifies a three parameter kagome lattice Hamiltonian with a very 

interesting phase diagram [5].  

Acknowledgment : Work done in collaboration with Yasir Iqbal, Johannes Reuther, Ivica Živković, 

Henrik Ronnow, Bella Lake, Igor I. Mazin, Ronny Thomale, Huibo Cao and many others. 
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Figure 1. Three intertwined sublattices 

identified by DFT energy mapping in 

BaCoSiO4.  
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All-optical helicity-dependent magnetization switching 

(AO-HDS) is a fast and deterministic technique for data storage 

applications that solely uses the helicity of ultrashort laser 

pulses for magnetization reversal, see Figure 1. Developed for 

heat-assisted magnetic recording, granular high-density 

magnetic storage media are ideal for investigating 

magnetization switching effects. In the latest perception, we 

identify two effects, the magnetic circular dichroism (MCD) and 

the inverse Faraday effect (IFE), as the forces driving the 

switching process. During photon absorption, the magnetization 

quenching is caused by a rapid temperature rise due to helicity-

dependent absorption, which ensures two distinct electron 

temperatures. This effect already holds a nonvanishing 

probability for magnetization switching. Simultaneously, the 

IFE induces a magnetic moment in the material, thereby 

enhancing the probability of a switching event. In my talk, I will 

present AO HDS experiments using ultrashort laser pulses 

 in the near-infrared range from  to 

. The data indicates a strong dependence of the 

switching efficiency on the absorbed energy density, bringing the electron temperature close to the Curie 

Temperature, allowing for the IFE to take full effect, 

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 with a higher absorption induce a higher 

magnetic moment and switch magnetization at lower 

fluences more efficiently, see figure 2. The IFE takes 

full effect, when the electron temperature rises up to 

the Curie point.  

 

 Keywords: FePt, AOHDS, IFE, MCD 
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Figure 1. Experimental results, 

magnetization switching using helicity. 

Figure 2 Switching efficiency, supported by 

multiscale simulations. 
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Synthesis of some ferromagnetic materials in a magnetic field 
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 Magnetic field is one of the important thermodynamic parameters such as temperature and pressure 

to control the condensate equilibrium [1]. In order to discover and develop new materials, research on 

material synthesis using magnetic fields has been attempted all over the world. Interesting magnetic field 

effects on magnetic phase transitions, chemical reactions, solidification, etc. have been reported using 

strong magnetic fields. However, it has been difficult to conduct these experiments at high temperatures 

and in high magnetic fields using commercially available equipment.  

 Generally, magnetic energy is very small compared to thermal energy. For example, the magnetic 

energy of an electron spin due to one Bohr magneton (μB) under a magnetic field B of 1 T corresponds 

to a temperature T of 0.67 K [1]. This is why high magnetic fields are required to investigate the effect 

of magnetic fields on material synthesis above room temperature. On the other hand, some ferromagnetic 

materials have a large magnetic moment even at temperatures above 300 K due to strong exchange 

interactions. When a 10T class magnetic field is applied to a ferromagnetic material with a large magnetic 

moment and a high Curie temperature, such as Mn-Bi, Mn-Al, Mn-Ga, Fe-Ga systems, the magnetic 

energy reaches approximately 10K or more. A 10T class magnetic field can also be easily generated with 

commercially available cryocooled superconducting magnets.  

 Our research group has been studying the synthesis reactions of Mn-Bi [2], Mn-Al [3], Mn-Ga [4] 

systems, etc. in a magnetic field through experiments and calculations. We concluded that the equilibrium 

state of ferromagnets in a magnetic field is dominated by the gain of magnetic energy [2]. Furthermore, 

we found that a magnetic field promotes the ferromagnetic synthesis reaction and a paramagnetic-

ferromagnetic phase change in the Mn-Al system [3]. We have also shown that in binary systems 

containing many different magnetic phases, such as Mn-Ga [4], specific compounds can be grown in 

alloys by suppressing the diffusion of atoms using magnetic fields.  

In this presentation, I would like to report on the recent magneto-science research of our Kagoshima 

University group, focusing on the experimental result of Mn/Ga diffusion couple experiment.  

Keywords: ferromagnetic materials, magnetic field, synthesis  

References:  

[1] M. Yamaguchi and Y. Tanimoto, Magneto-Science, (Kodansha-Springer, Japan, 2006).  

[2] Y. Mitsui et al., J. Alloys & Compounds 577 (2013) 315.  

[3] R. Kobayashi et al., Mater. Trans. 58 (2017) 1511.  

[4] Y. Watanabe et al., J. Alloys & Compounds 887 (2021) 161310.  

Presenting author Email address: koyama@sci.kagoshima-u.ac.jp 

  



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

National Yang Ming Chiao Tung University   Invited Talks 

Multiferroics and magnetic materials_MM  58 

MM_T06 

 

Competing magnetic phases of frustrated quantum magnets: Field-induced 

quantum criticality and dimensional reduction in the quantum sawtooth chain 
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Frustrated low-dimensional quantum spin 

systems offer a unique opportunity to study complex 

quantum systems. In this field of research, a 

multitude of models such as the kagome lattice or 

the diamond chain are studied with respect to novel 

and exotic ground and field-induced states such as 

spin liquids or magnetization plateaus. 

Correspondingly, on the experimental side the task 

is to identify model compounds to test and verify 

these concepts. 

The natural mineral atacamite Cu2Cl(OH)3 is 

one such material, featuring a coupling scheme of a non-uniform quantum sawtooth chain with J = 336K 

along the basal sites of the chain and J' = 102K within the sawteeth [1]. The magnetization of this 

frustrated material is plateau-like with M ~ Msat/2 in high magnetic 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 present 

high-field heat capacity data in the field range of the plateau-like magnetization. We find evidence for a 

field-induced quantum critical point in atacamite which separates the antiferromagnetic phase in lower 

magnetic fields from a field region without long-range magnetic order in higher magnetic fields. This 

behavior is very distinct from that of classical frustrated triangular lattice systems and thus appears to be 

an unusual quantum phenomenon.  

 Keywords: sawtooth chain, high magnetic fields 
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The cycloidal (or sinusoidal) and the colinear E-type antiferromagnetic orders are the two primary 

magnetic ground states being identified to give rise to the magnetism-induced ferroelectric polarization 

unique to the multiferroic manganites. In the former the electric polarization is driven by the 𝑆𝑖
⃗⃗⃗  ∙ 𝑆𝑗⃗⃗⃗   - type 

Dzyaloshinskii-Moriya interaction, while in the latter the polarization arises through the type 𝑆𝑖
⃗⃗⃗  ∙ 𝑆𝑗⃗⃗⃗   

magnetostriction effect. Since the strength of the magnetism-induced polarization can vary dramatically 

depending on the magnetic ordering ground state, identifying or even manipulating the magnetic order 

by controlling available external parameters, thus, have been of extensive research interests from both 

fundamental and application points of view. In this study, we successfully fabricate single crystalline 

multiferroic orthorhombic YMnO3 (o-YMO) thin films on SrTiO3(110) substrates using the pulsed laser 

deposition. The high crystalline quality of the obtained o-YMO films, as being confirmed by X-ray 

scattering and reciprocal space mapping, allows us to probe the magnetic properties by applying the 

magnetic field along the respective crystallographic orientations. In particular, the temperature 

dependence of the magnetic hysteresis loops not only exhibit substantial anisotropy but also display 

characteristics of wasp-waisted M-H loops, signifying that there might be two or even more magnetic 

phases coexisting at temperatures well below the commonly recognized Neél temperature. The detailed 

analyses on how these coexisting magnetic phases evolves with the lowering temperature along the 

respective crystallographic axis will be presented and discussed.  

Keywords: Multiferroic manganites thin film; Wasp-waisted magnetic hysteresis loops; Cycloidal 

and collinear antiferromagnetic ordering 
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BCS-BEC crossover in two-band superconductors—A GG0 T-matrix approach  
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Given the recent noteworthy outcomes in experiments involving FeSe multi-band superconductors, 

we undertake a theoretical examination of the impacts of pairing fluctuation within a two-band 

superconductor. Our investigation encompasses both intra- and inter-band pairing interactions. 

Employing a diagrammatic self-consistent T-matrix method with a GG0 pair propagator, we explore the 

consequences of the matrix structure of the pair propagator on the Thouless criterion and self-energies. 

To comprehend experimental findings related to the pseudogap size, we concentrate specifically on the 

interplay between the strength of intra-band pairing interaction and the extent of the pseudogap region, 

particularly when one of the two bands is in the BCS-BEC crossover regime. In order to propose avenues 

for future experiments and verify the pseudogap's nature in a two-band superconductor, we also calculate 

various other significant physical quantities, including density-density response functions, critical 

temperature, and fermionic chemical potential, as functions of temperature and the strengths of intra- and 

inter-band interactions.  

Keywords: FeSe superconductors, pseudogap 
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Partial superconductivity and anomalous magnetoresistance in SnTe thin films  
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SnTe is a narrow band-gap topological crystalline insulator and a thermoelectric material working in 

a high-temperature regime. In this study, SnTe thin films with various thicknesses from 127 to 462nm 

were grown on Al2O3 (0001) substrates at 300°C and helium ambient pressure of 200 mTorr using pulsed 

laser deposition. The films exhibited cubic crystal structure of SnTe with space group 𝐹𝑚3𝑚 (a = 

6.327Å) and (2 0 0)-preferred orientation, and they had granular surface morphology. Interestingly, 

magnetotransport measurements at low temperatures (below 5 K) on the SnTe films reveal partial 

superconductivity with Tc
onset ~ 3.83 K, and various types of anomalous magnetoresistance (MR) curves. 

The SnTe films possessed Sn-rich compositions that could create Sn precipitates inside the films, and 

consequently, Sn precipitates induced the partial superconductivity and anomalous MR phenomena. Two 

superconducting transitions were observed for a 462 nm-thick SnTe film, which is likely due to the 

proximity effect, suggesting the formation of superconducting regions at the Sn/SnTe interfaces.   

Keywords: SnTe thin films; superconductivity; anomalous magnetoresistance; pulsed laser 

deposition. 
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Ferroelectricity is an intriguing phenomenon essential for non-volatile memory device applications 

with the advantages of high operation speed and low power consumption, which store information by 

spontaneous electric polarization. An innate property of ferroelectricity is that the spontaneous 

polarization can be switched under the application of an electric field. Singly-oriented polarization is 

electrostatically unstable because of the uncompensated charge at the surface, and a domain is formed to 

minimize the free energy. The domain size or pattern of conventional ferroelectrics is mostly determined 

by mechanical boundary conditions, such as interfacial strain and electrical boundary conditions. In this 

regard, there have been lots of efforts to reduce the ferroelectric domains; i.e., an ultrafine ferroelectric 

domain structure with an approximate width of 10 nm has been reported in conventional perovskites, 

Pb(Zr,Ti)O3 thin films, and the critical size of ferroelectric domains in a BaTiO3 nanocrystal is limited to 

approximately 5–10 nm scale.  

Ferroelectric HfO2 has been considered as an appropriate candidate owing to its ultimately fine 

domains and half-unit cell width.1 The orthorhombic phase of HfO2 can be switched to zero-width domain 

walls contrary to the case in PbTiO3 having diffused domain walls. Freestanding membrane CsBiNb2O7 

has also been known to have unit cell wide ferroelectric domains;2 however, there is insufficient 

understanding of the application of these materials to actual devices. In this talk, I do introduce a 

controllable unit cell-scale domain in the brownmillerite oxides.3 The first-principles phonon calculations 

show that the phonon modes related with oxygen-octahedra are fully decoupled from those with oxygen-

tetrahedra, and the strongly localized oxygen-tetrahedral phonons enable site-selective control of the unit 

cell-wide domain. By combining atomic-scale imaging and in situ transmission electron microscopy, we 

visualized unit cell-wide ferroelectricity separated by electrically neutral unit cell-wide walls and its 

switchable characteristics. Our findings provide inspiration for designing high-density memory devices 

at the quantum limit. 
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 Luminescence decay times are a key indicator of the extent of non-radiative phenomena influencing 

the luminescence response of an optical material.[1-2] The complex nature of the light-matter interactions 

at the nanoscale represents sometimes a barrier to uniquely correlating a certain trend in the measured 

decay times to a specific luminescence mechanism. Power dependencies, stronger for non-linear 

luminescence mechanisms, are often undervalued,[2-3] contributing to the broad spectrum of decay time 

values provided in the literature for a certain emitter. The plethora of available synthesis protocols and 

resulting geometries of the produced nanosystems, each influencing the luminescence response, further 

complicates the analysis of decay time curves.  

 The combination of different spectroscopic techniques and mathematical modeling of the 

luminescence mechanisms represent unsubstitutable tools to unravel the luminescence mechanisms at the 

nanoscale,[2] enabling novel applications of luminescent nanomaterials.[3] The dependency of the decay 

time curves on several parameters is reported for linear and non-linear luminescence mechanisms 

involving lanthanide ions, considering their wel-characterized spectroscopic footprint and broad 

application fields.[4] The presented spectroscopic and mathematical tools could further promote the 

desirable definition of an analysis routine to characterize the luminescence dynamics in nanomaterials, 

potentially mitigating the discrepancies in the data provided in the literature. 

 Keywords: Luminescence, nanomaterials, decay times, energy transfer 
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Surface-enhanced Raman scattering (SERS) is a powerful technique for detecting pollutants. Recent 

studies have shown that the sensitivity of SERS can be further improved by using appropriate light 

excitation before or during Raman measurements, a phenomenon known as photo-induced enhanced 

Raman scattering (PIERS). However, the underlying mechanism of PIERS is still under debate.  

In this research, sensitive SERS platforms based on ZnO/Au nanorods and ZnO/Au thin films were 

prepared by hydrothermal and sputtering processes. The study showed that an in situ UV excitation 

helped to enhance Raman signal efficiently up to 30.1 times compared with traditional SERS 

measurement under the same measurement condition. The enhancement process showed a reversible 

nature where a quick relaxation of Raman intensity to the initial level after shutting down UV excitation 

was observed. Experiment and simulation were performed to reveal the nature of photo induced 

enhancement process. The mechanism of PIERS effect is attributed to the generation of electron – hole 

pairs and charge transfer between ZnO and Au nanostructures.   

 Keywords: ZnO; Au nanoparticles; sputtering; surface enhanced Raman scattering (SERS); UV 

excitation 
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Non-conventional Surface Plasmon Resonance Sensors 
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Surface plasmon resonance (SPR)  is an optical phenomenon that occurs when a p-polarized incident 

light is directed at a metal surface and stimulates the electrons of the metal to oscillate collectively. The 

oscillation generates surface electromagnetic waves called evanescent waves. SPR sensors can exploit 

these waves to measure tiny changes in the refractive index (RI) of the medium near the metal surface. 

The changes in the RI can be due to biomolecular interactions, chemical reactions, substance 

concentrations, etc. The SPR sensors have been developed and become the standard tool for 

characterizing and quantifying in real-time applications, including biological studies, biointeractions, 

clinical diagnosis, medical diagnosis, food safety, environment monitoring, etc. However, conventional 

SPR sensors rely on an outside photoreceiver and a complex mechanical system to measure the changes 

in the RI by detecting the reflected light's position and intensity. This is the most significant disadvantage 

of the conventional SPR sensors. This paper exhibits a photodiode-integrated SPR sensor to get over this 

main problem. Furthermore, the working principle and factors affecting the sensitivity of our SPR sensors 

are also outlined. 

Keywords: surface plasmon resonance, SPR sensor, evanescent wave sensor, refractive index sensor. 
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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 these crystals via academic collaborations. Up to now, we have synthesized 

more than one hundred kinds of single crystalline compounds by using the flux growth, chemical vapor 

transport, and Bridgman methods. Such an achievement is not ubiquitous among the worldwide crystal 

growth laboratories. These crystals cover a wide range of material systems from novel superconductors, 

charge-density-wave compounds, emergent topological materials, layered magnetic systems, and 

multifunctional 2D materials. From the fundamental and applied research, we have a fruitful publication 

with more than seventy papers in recent five years. The papers published on top journals include Nature 

Electronics, Nature Communications, Science Advances, Physical Review Letters, Physical Review B, 

Applied Physics Letters, Advanced Materials, Advanced Functional Materials, Small, 2D Materials, ACS 

Nano, ACS Catalysis, Journal of Materials Chemistry A, etc.  
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Growth and characterization of MnSb and InSb on GaAs (111)B using molecular 

beam epitaxy for spin-FET application  
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(JAIST)1-1 Asahidai, Nomi, Ishikawa 923-1292, Japan 

* Corresponding e-mail: akabori@jaist.ac.jp 

Ferromagnetic metal/semiconductor (FM/SC) hybrid structures are anticipated to lead a new era in 

spintronic device fabrication, particularly in spin field-effect transistors (spin-FETs) [1]. Hexagonal 

MnSb, a ferromagnetic metal, exhibits compatibility with III-V compounds such as GaAs and InSb [2,3], 

and InSb, a narrow gap semiconductor, exhibits strong spin-orbit coupling. Therefore, MnSb/InSb hybrid 

structure emerges as an appealing FM/SC hybrid structure for spin-FET application. Additionally, (111)B 

surfaces of III-V compounds are attractive due to their crystallographic compatibility with hexagonal FM 

structures [4,5]. Despite this potential, there is no significant work on the growth of MnSb/InSb hybrid 

structures on GaAs (111)B substrates. In this study, we report our recent MnSb and InSb growth on GaAs 

(111)B using molecular beam epitaxy (MBE) and their characterization. For MnSb growth on GaAs 

(111)B, we varied growth temperature from 300 °C to 600 °C. By scanning electron microscopy (SEM), 

energy dispersive x-ray spectroscopy (EDS) and x-ray diffraction (XRD), we found that not only MnSb 

but also other compounds were deposited at 300 °C, and only Mn was deposited at 600 °C. Therefore, 

we found that the optimum growth temperature for MnSb is between 400 °C and 500 °C in our study. 

Then, we varied Sb/Mn beam equivalent pressure (BEP) ratio from 1 to 6 at 400 °C. By SEM and XRD, 

we found the optimum BEP is between 3 and 6. Moreover, we measured magnetization curves by 

superconducting quantum interface device (SQUID) magnetometer as shown in Figure 1. We found a 

good property of the sample with BEP of 3. Similarly for InSb growth on GaAs (111)B, we varied growth 

temperature from 400 °C to 500 °C. By Hall measurement 

with van der Pauw geometry, we obtained room temperature 

electron mobility of 5000 cm2/V-s with electron 

concentration of 1.6×10¹⁷ cm-3 in the sample grown at 400 °C. 

Through a comprehensive analysis of growth and 

characterization, superior MnSb and InSb samples were 

identified for the prospective InSb/MnSb hybrid structure on 

GaAs (111)B substrate. This hybrid structure holds promise 

as a high-performance spin-FET device, with magnetically 

improved MnSb acting as source/drain and conductive InSb 

with spin-orbit coupling acting as channel.  

Keywords: Spin-FET, MnSb/InSb, MBE 

References 

[1] S. Datta and B. Das, Appl. Phys. Lett. 56, 665 (1990). 

[2] H. Akinaga et al., Appl. Phys. Lett. 70, 2472 (1997). 

[3] A. Kochura et al., EPJ Web of Conferences 185, 06003 (2018). 

[4] Y. Morishita et al., Jpn. J. Appl. Phys. 36, L1100 (1997). 

[5] Md. E. Islam and M. Akabori, J. Crystal Growth 463, 86 (2017). 

Presenting author Email address: akabori@jaist.ac.jp 

 

Figure 1 Magnetization curves. 

Sb/Mn=1

Sb/Mn=5

Sb/Mn=3

Magnetic field (Oe)

mailto:akabori@jaist.ac.jp


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

National Yang Ming Chiao Tung University   Invited Talks 

Spintronic & topological materials_ST  68 

ST_T03 

 

Spin transport and spin thermo-electric properties of 2D vdW FeGaTe film 
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 Recent progress of two-dimensional (2D) van der Waals (vdW) materials provides much research 

attention owing to their fascinating features with intriguing quantum mechanisms.  These characteristics 

open high potential applications in future advanced nano-electronic devices but also the investigation of 

novel quantum phenomena. Particularly, 2D vdW magnetic materials have attracted a great deal of 

interest for developing low-dimensional magnetic and spintronic devices as well as exploring novel spin-

related quantum phenomena The advantage of 2d vdW magnets over the conventional non-VdW magnets 

is that the physical properties of these magnets can be effectively modulated by varying the external 

parameters, such as the charge carrier doping, thickness effect, pressure and strain. In addition, the 

efficient spin-heat conversion processes have been demonstrated by using the 2d vdW magnets.  These 

enables us to realize the pioneering applications in spintronics, spin-caloritronics, spin-sensing and 

quantum spin computation based on additional modulation functions.  However, despite significant 

advancements for 2D vdW FMs, in most cases, their Curie temperatures remain below room temperature.  

In addition, the miniaturization of the ferromagnet and the perpendicular magnetic anisotropy (PMA) are 

crucial roles for the efficient operation and ultra-small device fabrication for spin-related devices.  Here, 

we show that the vdW FeGaTe films shows an excellent spin-thero-electric property with the robust large 

room-temperature PMA.  Moreover, we show that the magnetic ansitropy is effectively modulated by the 

pressure application.   

Keywords: 2D materials, Perpendicular magnetic anisotropy, Anomalous Nernst effect, Pressure effect, 
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Figure 1.  (a) Scanning electron microscope image of the fabricated FeGaTe film device and (b) its schematic 

illustration.  (c) Temperature dependence of electrical resistance an longitudinal electrical conductivity (d) 

Anomalous Hall resistance curves for various temperatures (e) Anomalous Nernst signal under the perpendicular 

magnetic field for various temperatures. 
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Study on the spin-flop transition in epitaxial α-Fe2O3 films  
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 In recent years, antiferromagnetic material has garnered significant attention to replace ferromagnets, 

particularly in spintronics [1]. They have attractive functionalities like spin colossal magnetoresistance, 

ultra-fast dynamics, high domain-wall propagation velocities, etc. Despite all these advantages, they have 

thus far only served in support roles as pinning or exchange bias layers in thin-film spintronic devices 

because their magnetic ordering is challenging to detect and control. Previously, α-Fe2O3 exhibits a spin-

flop transition known as the Morin transition near the 263 K [2]. It has weak ferromagnetism between 

263 K and 960 K, with the antiferromagnetically ordered spins slightly canted in ab plane. Below the 

Morin transition temperature (TM), the spins align parallel to the c-axis, forming a collinear 

antiferromagnetic order. This transition is attributed to the competition between magnetic dipole (KDM) 

and single-ion anisotropy (KSI) 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 epitaxial α-Fe2O3 

films. The various thicknesses of α-Fe2O3 films were grown on an α-Al2O3 substrate using pulsed laser 

deposition. As a result, the different spin-flop transition characteristics were observed with film thickness 

from magnetization and X-ray linear dichroism measurements. Further structural analysis confirmed the 

presence of the strained-thin layers at the interface and local distortion. These structural distortions 

triggered variation of the electronic structure and the single-ion anisotropy (KSI), suggesting the 

possibility of controlling the spin-flop transition without chemical defects. 

 Keywords: α-Fe2O3, Morin transition, Strain, Single-ion anisotropy 
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Ultrafast dynamics in critical topological materials 
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Topological materials exhibiting symmetry-protected surface states have recently attracted attention 

due to its unique physical properties and potential novel applications. In this talk, the present the study 

of the ultrafast dynamics on AB2X2 type (i) SrCd2Sb2 and SrCd2As2 single crystals; (ii) EuCd2Sb2 single 

crystals. 

Case (i): Helicity-dependent THz emission measurements have been performed on both SrCd2Sb2 and 

SrCd2As2 single crystals. This technique provides a contact-free method to study spin-polarized 

photocurrent from topological surface states due to circular hotogalvanic effect (CPGE). Our results agree 

with theoretical calculations and indicate a chemical pressure-induced topological phase existing in 

SrCd2Sb2. 

Case (ii): Ultrafast optical pump-probe (OP-OP) spectroscopy, both at low temperature and in magnetic 

fields, was employed to investigate the presumed magnetic topological EuCd2Sb2. A detailed analysis on 

the OP-OP spectra will provide deeper understanding on the underlying physics of the electronic and 

magnetic structure of EuCd2Sb2 single crystals. The relation between magnetic and topological 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 

broken-symmetry states in condensed matter 

systems, manifesting topological properties.  In 

particular, in superfluid 3He, relevant symmetry 

operations are described by U(1), SO(3)L for orbital, 

and SO(3)S for spin degrees of freedom.  Here, U(1) 

denotes a guage rotation, which is essential to exhibit 

superfluidity, and SO(3) denotes 3D rotation.  In 

superfluid 3He, in addition to U(1), both SO(3)L and 

SO(3)S are broken, so that the order parameter of 

superfluid 3He may have a very rich structure as 

shown in FIG. 1.  This is because the Cooper pair in 

seperfluid 3He has the orbital angular momentum, 

L=1, and the spin angular momentum, S=1 (p-wave).  

Note that space and time inversion are applicable as 

well. 

 After the symmetry breaking, the order parameter of superfluid 3He, which is essentially the 

wavefunction of Cooper pair, remains invariant under certain symmetry operations involved in the 

original SO(3).  Such a remaining symmetry property can be specified by assigning the eigenstates of 

Cooper pair.  The B-phase corresponds to J=0 eigenstate, and invariant under the simultaneous rotation 

of the orbital and spin space, where J is the total angular momentum, J=L+S.  The B-phase is invariant 

under time inversion as well. 

 The A-phase is described by the eigenstate corresponding to Lz=1 and Sz=0, that is, the A-phase is 

invariant under spin rotation about the z-axis, and orbital rotations about the z-axis by an arbitrary angle 

q accompanied by simultaneous gauge rotation by the angle q/2.  Lz=1 implies that the orbital angular 

momentum aligns along z-axis in momentum space and in real space.  The macroscopic alignment of 

Cooper pair angular momentum results broken time reversal symmetry and the A-phase is chiral.  This 

axial anisotropy follows that a moving small object perpendicular to angular momentum vector 

experiences asymmetric (skew) scattering off by thermally excited quasiparticles in the direction 

perpendicular to both moving direction and angular momentum of Cooper pair.  Thus, an anomalous Hall 

effect is produced in superfluid 3He-A.  This effect is observed by measuring the ion transport trapped 

under the free surface of superfluid 3He-A [1,2], which is in good agreement with the theory [3].  

 Keywords: superfluid 3He, A-phase, chiral, broken symmetry, topological 
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Figure 1. Phase diagram of Superfluid 3He in 

temperature (T), magnetic field (B), and pressure (P) 

space.  The B-phase (green) occupies a corner near 

origin.  The A-Phase (yellow) is preferred under 

finite magnetic fields and pressures. 
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Spin state transition and intermetallic charge transfer can both essentially change the d-electronic 

configurations without introducing any doping element, giving rise to drastic variations for materials 

structures and physical properties. However, these two effects are never found to occur together in a 

specific material. Here we report that pressure can sequentially induce the spin state transition and 

intermetallic charge transfer in PbCoO3 perovskite which possesses a very rare A- and B-site ordered 

charge format Pb2+Pb4+
3Co2+

2Co3+
2O12 at ambient conditions. With increasing pressure, the high spin 

Co2+ gradually changes to be low spin, while the AA3B2B2O12-type crystal structure maintains 

unchanged with insulating conductivity below 20 GPa. Between 20 and 30 GPa, the ordered 

Co2+/Co3+charge states are melted into a mixed Co2.5+ at higher temperatures accompanying with 

metallization, but lowering temperature leads to a metal-insulator transition. Moreover, Pb4+-Co2+ 

intermetallic charge transfer also takes place in this pressure region. With further compression up to 30 

GPa, the charge transfer completes, and the compound most probably develops into an A-site ordered 

Pb2+Pb4+Co3+
2O6 phase. Since the B-site is fully occupied by the low spin Co3+, insulating behavior 

emerges again in this phase.   

Keywords: high pressure, spin state transition and intermetallic charge transfer  
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Topological materials (TMs) have attracted much interests both theoretically and experimentally due 

to their exotic transport phenomena, and potential applications in spintronics and quantum computing. 

Dirac and Weyl semimetal are quantum matters which its conduction and valance bands cross each other 

and show linear dispersion around pairs of nodes in reciprocal space. Magnetic Weyl semimetal is bearing 

seeking for long time, and EuCd2Sb2 has been predicted as an ideal magnetic Weyl semimetal in the spin-

polarized ferromagnetic state by applying external magnetic field [1]. SrCd2Sb2 (SrCd2AsxSb2-x, x = 0), 

the non-magnetic analogue of EuCd2Sb2, has also been predicted to show non-trivial topological phase 

in room temperature. Besides, THz emission spectroscopy is a powerful contact-free tool to detect the 

dynamics of photocurrents in topological materials through circular photogalvanic effect [2, 3]. The 

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

able to emit electromagnetic wave in THz frequency range i.e. 𝐸𝑇𝐻𝑧 ∝
𝜕𝐽𝑇𝐻𝑧

𝜕𝑡
. In this study, we report on 

terahertz emission spectroscopy of topological material SrCd2AsxSb2-x single crystals. For SrCd2Sb2 

single crystal, at the oblique incidence case (θ = 45°), a significant nonzero CPGE term of terahertz 

emission were extracted by time-domain decomposition and recombination, and however, at the normal 

incident case (θ ~ 0°), the CPGE value is almost zero. This phenomenon agrees with the characteristics 

of nontrival topological surface state on the surface of a topological Dirac semimetal SrCd2Sb2 single 

crystal. 

𝑱𝑻𝑯𝒛(𝜶, 𝒕) ∝ 𝑪(𝒕)𝒔𝒊𝒏⁡(𝟐𝜶) + 𝑳𝟏(𝒕)𝒔𝒊𝒏⁡(𝟒𝜶) + 𝑳𝟐𝒄𝒐𝒔⁡(𝟒𝜶) + 𝑫(𝒕)                                 (1) 

 

Figure 1. a, circularly polarized optical pulses illuminated a SrCd2Sb2 single crystal at an oblique angle θ = 45o of 

incidence to generate photocurrents (JTHz) with direction perpendicular to the plane of incidence. In b-c, the figures 

show the emitted THz radiation at different incident angle of θ ~ 0° and 45° respectively. α : the phase angle of the 

quarter-wave plate (QWP). 

 Keywords: Terahertz emission, Topological materials, Spintronics. 
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 Combination of complementary calculation techniques – first-principles and crystal field 

calculations – is a powerful tool for getting a deeper understanding of complicated interrelations between 

the structural and electronic properties of a host material, on one side, and energy levels of a dopant, on 

the other side. The first-principles calculations allow for calculating the electronic band structure of 

solids, whereas the crystal field models give a possibility of calculating the crystal field splittings of the 

multielectron energy levels of impurities. Such calculations, if performed for large groups of isostructural 

materials or isoelectronic impurities, can help in revealing certain correlations, sometimes not obvious, 

between local structure and optical properties. Numerous examples focused on the Mn4+-, Eu2+- and Cr3+-

doped phosphor materials for lighting and thermometry will be discussed in detail, with an emphasis on 

tunabilty of the spectral positions of the emission peaks and their intensity by varying host’s chemical 

composition [1-5]. 

 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 the electrolysis 

of water, industrial electrolytic anodes, and metal-air secondary batteries. Various transition metal 

composite oxides are currently being studied as non-precious metal catalysts to reduce the overpotential 

of OER. Among them, perovskite oxides represented by the formula ABO3 are extensively researched. 

There are mainly two approaches for material design: one is to optimize the catalytic activity by altering 

the chemical composition by mixing different elements at the A and B sites. The other approach is to 

maximize catalytic activity by changing the crystal structure. For example, quadruple perovskite oxides 

show improved OER activity compared to simple perovskite oxides with the same constituent elements. 

However, understanding how these approaches enhance OER catalytic activity at the atomic level is 

essential for developing novel OER catalysts. 

This study investigated the OER catalytic activity in perovskite-related oxides using density 

functional theory calculations. Upon systematically examining the relationship between the bulk 

electronic state and the OER activity of perovskite oxides, we found that the charge transfer energy Δ, 

defined as the difference between the occupied oxygen 2p band center and the unoccupied cation 3d band 

center, serves as 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. In 

quadruple perovskite oxides, it was clarified that OER overpotential decreases when adsorbing at bridge 

sites spanning two cation sites on the (220) surface (see Figure 1). In the presentation, we will also discuss 

how catalytic activity is improved by mixing multiple cations. 

Figure 1. OER reaction mechanism in simple and quadruple perovskite oxides 

 Keywords: Electrocatalysis; First-principles calculations; Quadruple-perovskite; 
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 Machine learning molecular dynamics (MLMD) is a promising method for large-scale 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 FP 

calculations. The input and output of the ANNs are a configuration of atoms and the total energy 

corresponding to the configuration, respectively; the ANNs mimic the potential energy surface (PES) of 

the FP calculations. In general, the MLMD simulations of materials with complex structures have 

complex PES. Therefore, the 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 ANNs 

easier than those of amorphous materials due to the complexity of the PES. The presentation 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 can be synthesized artificially. Kaolinite is used as a raw 

material for ceramics, cosmetics, and papermaking. Kaolinite has a larger unit cell than simple materials, 

e.g., the bcc or fcc metals. In addition, they contain hydroxy groups (OH), which do not have rigid 

structures. The finite temperature phonon spectra of such a soft structure are not easy to obtain. Our 

MLMD simulation gave the phonon spectrum of the hydroxy group consistent with an experimental 

result, which classical molecular dynamics simulation failed to reproduce it. 

The second one is thorium dioxide (ThO2), which has a simple fluorite-type crystalline structure. 

However, this material shows the superionic phase transition, i.e., the oxygen moves like liquid above 

the transition temperature although thorium maintains the frame of the solid. This coexistence of liquid-

like and solid-like materials is challenging for MLMD simulations because the PES drastically changes 

before and after the transition. Our MLMD simulation captured the phase transition, and 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 find 

some clear structures, although amorphous is considered a material without order. For example, the 

tetrahedra structure of SiO2 can be easily identified by the second peak of the total structure factor 

observed by the X-ray diffraction. The first peak of the spectrum called the first sharp diffraction peak 

(FSDP), is an issue; the origin of the FSDP has been debated for a long time. To tackle this issue, we 

focused on the FSDPs of two types of compressed quartz glasses: permanently compressed silica glasses 

made by cold and hot compressions. Our MLMD simulation revealed that the 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 ACE2 receptor 

interacting with the viral RBDs of SARS-CoV virus and two 

variants of SARS-CoV-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 as 

dimenstionality reduction approaches with different focuses. The results support the molecular dynamics 

results that the two variants of SARS-CoV-2 bind stronger and more stable to the human ACE2 receptor 

than SARS-CoV virus does. Moreover, stronger bindings also affects the structure of the human receptor, 

making it fluctuate more, a sensitive feature which is hard to detect using standard analyses. Importantly, 

is is found that the VAE model interestingly can learn and arrange randomly shuffled protein structures 

obtained from molecular dynamics in time order in the latent space represetation. This result potentially 

has promissing application in computional biomolecules. One could use this VAE model to jump forward 

in time during a molecular dynamics simulation, and to enhance the sampling of protein configuration 

space. Nevertheless, our results are reportedly preliminary, more rigorous investigation to optimize 

parameters and hyperparameters of the model are needed in the future.  

 Keywords: Coronaviruses, human ACE2, variational autoencoder, enhanced sampling, molecular 

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 simultaneously achieved 

for thermoelectric applications, despite those transport properties obviously have a positive correlation 

[1], instead of negative which is desired for the applications, in terms of relationship in terms of quantum-

waves or their scattering, on the text-book level. Extensive experimental studies have demonstrated the 

deviation of it, exhibiting high thermoelectric performance through high electronic and low phonon 

thermal conducitivies. Peculiar crystal structures is one of the reasons which are used upon 

phenomenologically elucidating underlying mechanisms behind the disparity. Lattice defects, such as 

grain boundaries, point defects and dislocations, are known to be responsible for the deviation, through 

atomic coodination environments deviated from those in perfect crytals. Yet another elucidation includes 

explotation the difference in mean free paths of electrons and phonons. However, less attnetion has been 

paid to ones of the most fundamental factors, i.e., chemical bonding among constituent atoms and ground 

states of electrons and phonons before their scattering upon travelling through crystals. 

 A series of a quasi-ternary sulphide system, Cu-Zn-Sn-S exhibits mosaic-like patterns of ordered 

phases and disorderd phases on the meso-scale between nanometer and micrometer dimensions. It has 

been found that the mosaic patterns substantially contribute to lowering phonon thermal conductivity by 

a simple set of model calculations by some of the authors [2]. However, detailed mechanism behind the 

transport properties remain uncertain, unconvering of which would pave the way for further materials 

designing for the applications. 

 In this study, we have done first principles calculations for electronic structures and their transport 

properties and molecular dynamics calculations for phonon structures and their transport properties, to 

uncover the underlying mechanisms behind the transport properties. These calculations assumes nothing 

of the conventional theories for the transport properties and thus would enable us to further explor the 

mechanisms beyond the conventional theories. It is found that, while disordered atomic arrangements of 

the disoder phase supposedly triggers scattering of electrons and phonons, thereby lowering both 

electronic conductivity and phonon thermal conductivity, modifications of ground states of electrons and 

phonons acommpanies something more than simple scattering of electrons and phonons, respectively. 

This leads to the modification in electronic and phonon thermal conductivity beyond what the 

conventional theories would predict based on scatting theories, providing further rooms to selectrively 

optimize the two transport properties separately. 

 Keywords: electronic conductivity, thermal conductivity, lattice defects, ab initio calculations, 

molecular dynamics 
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Correlation between Orbital Hybridizations, Phonon Spectra, and Thermal 

Properties of Graphene, Germanene, and Plumbene  
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Based on first-principles calculations within the harmonic approximation, the phonon properties and 

specific heat capacities of 2D honeycomb lattices are investigated. Graphene, germanene, and plumbene 

manifest interesting phonon properties. The similarities and differences in their nature, for example, the 

total phonon bandwidth, low-frequency phonon dispersion, and phonon bandgap mostly arise from the 

significant orbital interactions. These features are reflected in the phonon branch-dependent specific heat 

capacity. The information obtained in this work about the relative contributions of distinct phonons to 

different temperature ranges is crucial for energy storage and heat management applications. 

 Keywords: group IV monolayer, orbital hybridizations, phonon branch-dependent 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, by combining the tight-binding 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, we will, 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 model, 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 excitation channels 

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 from Jv = -1 to Jc = 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 and upward subbands around the Fermi level. Consequently, the obtained results have offered 

suggestions for using the appropriate type of stimulants for different purposes and have driven the 

material's applications in optoelectronic and photovoltaic devices [2,3]. 

Keywords: optical properties, tight-binding method, divacancies, perpendicular electric field, 

parallel electric field 
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ammonia sensors 
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In this presentation I will introduce two topics on organic semiconductor devices: the solar panels 

and the gas sensor. We have developed a simple and reliable fabrication method for large-area organic 

photovoltaic (OPV) panels on A4 glass substrate with active area of 216 cm 2. Using the non-fullerene 

active materials the certificated efficiency is over 10%. The key step is the blade coating of the active 

and interface layers with high precision over the A4 area. The sunlight lifetime is improved by ternary 

(three-component) active layer to prevent the molecular aggregations under ultraviolet irradiation. 

The small-area sunlight half-lifetime 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 is 

maintained when the think opaque metal electrode is replaced by the thin transparent electrode of 15 

nm. The semi-transparent OPV panels are applied in a greenhouse to study the vegetable growth in 

the potentially self-powered greenhouse. For the gas sensor, we have developed a sensitive and 

reliable ammonia sensor with vertical electrical channel. The sensor is applied to detect the breath 

ammonia level of over 120 patients in the hospital. It is shown that the breath ammonia level of 0.9 

ppm can be used as a standard to screen kidney diseases. 

 Keywords: gas sensor, solar cell, breath 
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Carbon nanotubes (CNT) have been widely studied because of their specific characters like 

tensile strength, high thermal conductivity, and adjustable electrical conductivity dependent on its 

structure. The structure of CNT can be described using (n, m) notation. CNT has metallic 

(semiconductor-like) character when the difference of 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 (TA) 

spectroscopy for original sample, alkylated sample (attaching both ends of C4H8 on side surface of 

SWCNT), and the alkylated sample annealed at 350 oC to remove excess chemical modification. The 

result has indicated that the intraband relaxation of ~100 fs time scale is delayed by the excess 

modification but this relaxation rate recovers in annealed alkylated sample to be the same as that of 

original sample. 

In all of these three samples, radial breathing mode (RBM) was found to be well coupled with 

the electronic excitation showing frequency shift after photoexcitation. Different chirality gives 

different diameter resulting in difference of RBM frequency. Thus, the observed frequency shift of 

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 to 

be (6,5) and not purified as mixed one. The result shows that RBM frequency shift is only observed 

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 without 

chemical modification to clarify how their relaxation dynamics could be controlled by the 

modification. 
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 In space, electronic devices must endure energetic particles capable of inducing signal disruptions 

and permanent degradations. In the low earth orbit (LEO), protons with energy up to several hundreds 

MeV are the main source of radiation-induced reliability issues, and testing electronic devices using 

high-energy protons is crucial to ensuring a safe and reliable operation. Compared to Si-based devices, 

GaN high electron mobility transistors (HEMTs) are considered more resilient against ionizing 

damage from radiation due to the wide bandgap of GaN. [1]-[3]. This, combined with the inherent 

advantages of GaN to operate under high power and high frequency, makes GaN HEMTs especially 

appealing for LEO satellite applications. For next-generation GaN technology, the quaternary 

InAlGaN/GaN structure provides improved device performance over the traditional AlGaN/GaN [4]. 

Besides ionizing damage, displacement damage (DD) resulting from the collisions between energetic 

particles and the atoms in the lattice can also degrade the device. These radiation-induced defects 

impact the epitaxial structure the most by creating 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, the degradation of quaternary InAlGaN/AlN/GaN epitaxial structure under proton 

irradiation was recorded. The structure being studied started with a GaN cap on a Si substrate, utilizing 

a GaN:C back-barrier (BB) and an AlGaN/AlN superlattice (SL) buffer layer. The irradiation tests 

were conducted using protons with energy of 230 MeV at a fixed fluence level of 1 × 1011 cm
−2

. 

Significant changes were observed for all samples following proton irradiation in sheet resistance 

(RSH), carrier mobility (μn) and the sheet carrier density (ns) determined by a Hall measurement 

system. Additionally, the forward vertical breakdown characteristics of the irradiated samples were 

also recorded. These results provide insight to the understanding of device degradation expected for 

LEO satellite applications and valuable clues to the optimization of the technology. 

 Keywords: InAlGaN, Proton, Displacement damage (DD) 
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 In this work, we present a comprehensive theoretical investigation 

of the full excitonic fine structures of transition-metal dichalcogenide 

monolayers (TMD-MLs) by solving the density-functional-theory 

(DFT)-based Bethe-Salpeter equation (BSE) with the full consideration 

of both electron-hole direct and exchange Coulomb interactions.[1] 

Because of enhanced Coulomb interactions in low dimensionality, the 

excitonic spectra of TMD-MLs are featured with especially complex 

fine structures, spectrally well resolving the states of bright exciton 

(BX), spin-forbidden (SF) and various finite momentum (MF) excitons 

as well. The finite momentum excitons have drawn a great deal of 

attention because of their essential involvement in exciton transport, 

but are usually hardly observed and identified. By means of the DFT-based methodology, we revealed 

the optical signatures of the optically inactive MF-DX in temperature-dependent photo-luminescence, in 

excellent agreement with the existing experimental data.[1] Further, we for the first time pointed out that 

the application of twisted light enable the optical access of the finite momentum exciton states of TMD-

MLs, leading to spatially localized exciton wave packets with the OAM- and SAM-encoded geometrical 

patterns.[2,3] Those findings shed light on the prospect of the twisted-light-based photonics in 2D 

materials. 
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The search for 2D semiconductors with excellent electronic performance and stability in the ambient 

environment is urgent. Bi2O2X (X=S, Se, Te), a series of air-stable layered oxides, have emerged as 

promising new semiconductors with excellent electronic and optoelectronic properties. Studies 

demonstrate that its layered nature makes it ideal for fabricating electronic devices down to a few atomic 

layers. Currently, these materials are synthesized by either chemical solution or vapor methods. It remains 

a great chance to have control of thickness and uniformity. In this study, the physical vapor deposition 

method is adopted for depositing these materials on various oxide substrates. A pathway to integrate with 

Si will also be demonstrated. For practical applications, electronic devices such as thin film transistors 

and optoelectronic devices such as solar cells and photodetectors will be delivered with optimized 

performances. 

Keywords: 2D, epitaxy, semiconductor, oxides, high mobility 
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The advent of atomically thin materials brings out innovative paradigms, examining the intricate 

relationships among charge, spin, lattice, valley, and photons. Particularly striking are the quantum 

effects observed when layering two-dimensional (2D) materials. A notable example is the pioneering 

study demonstrating that two graphene layers twisted at specific "magic" angles can exhibit insulating or 

superconductivity. This approach paves the way to developing artificial 2D hybrid quantum materials 

that merge various 2D materials deliberately, unlocking groundbreaking functions and expanding the 

horizon of quantum materials. In my talk, I will share our latest advances in crafting artificial 2D hybrid 

materials with meticulous control over twist angles and strain. We integrate the 2D materials stacking 

technologies with a handful of optical spectroscopy, including second harmonic generation, absorption, 

photoluminescence, and Raman spectroscopy. Our homemade system can facilitate in-situ monitoring 

and precisely controls strain and twist-angle. Our research is a stepping stone toward realizing the full 

potential of 2D materials, potentially leading to breakthroughs in quantum computing, exciton physics, 

and other emergent fields. 

Keywords: artificial hybrid 2D quantum materials, dark excitons, straintronics, twistronics 

Presenting author Email address: shaoyuchen@ntu.edu.tw 

  



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

National Yang Ming Chiao Tung University   Invited Talks 

Two-dimensional materials and related applications_2D 87 

2D_T04 

 

Ambipolar 2D Transistor:  Potentially Pioneering the Next Wave of 

 Device Applications 
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The surge in van der Waals layered materials has ushered in new realms of physics and processing 

techniques, opening doors to innovation in electronic and optoelectronic devices. Among these, 

ambipolar 2D semiconductors stand out for their exceptional gate-controlled capability and unique 

physical traits, enabling the dynamic and reversible tuning of major charge carriers between holes and 

electrons via an electrostatic field. Nevertheless, the ambiguous and high off-state current hampers their 

broader applications in logic circuits. In this presentation, I will delve into the transport mechanism of 

ambipolar-based transistors, with a focus on MoTe2 and ReSe2. Additionally, I'll present methods for 

effectively manipulating their ambipolar properties. Finally, I will explore how these ambipolar 

transistors could potentially serve as alternatives to achieve flash memory, simplify circuits, and address 

the computational bottlenecks associated with von Neumann architectures. [1-8]. 

Keywords: ambipolar charge transport, transistors, van der Waals electronics, logic circuits, artificial 

synapses 
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 In this study, various layer numbers of graphene interlayers are grown on a patterned sapphire 

substrate (PSS). The layer number of graphene interlayers on PSS can be controlled by adjusting epitaxy 

temperature. The layer number of graphene interlayer on PSS increased with increasing epitaxy 

temperature. In this presentation, the bi-layer graphene interlayer is grown on PSS at an epitaxy 

temperature of 950 oC. The relationship between the electroluminescence (EL) peak wavelength and 

injection current indicated that InGaN LEDs are grown on a bi-layer graphene interlayer/PSS exhibit a 

stable emitting wavelength in the current range of 10-100 mA. The transmission electron microscopy 

showed that the TDs density of InGaN LEDs on bi-layer graphene/PSS (Gr-LED) decreased significantly 

compared to the InGaN LED on PSS (Ref-LED). The spatially-resolved micro-Raman spectra confirmed 

that the compressive strain in the near-active layer of GrLED was lower than that in Ref-LED. The 

simulated piezoelectric fields were 1.60 and 1.16 MV/cm-1 for RefLED and Gr-LED, respectively [1-3]. 

The low piezoelectric field diminished the screen of the polarized field resulting in a stable emitting 

wavelength of Gr-LED in the current range of 10-100 mA. On the other hand, the rate of increase in chip 

temperature of Gr-LED (i.e., ~0.16 K/mA) was lower than the Ref-LED (~0.49 K/mA) (see Fig. 1). The 

bi-layer graphene interlayer can improve the heat accumulation behavior of Ref-LED. Thus, this study 

demonstrates that the bilayer graphene interlayer on PSS is a promising substrate for high-power InGaN 

LEDs.  

 

 

 

 

 

 

Figure 1: The relationship between chip temperature and injection current of Ref-LED and Gr-LED. 

  Keywords: Graphene interlayer, InGaN LEDs, Raman, electroluminescence  
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 2D layered materials have attracted outstanding attention due to their strong in-plane covalent bonds 

and weak van der Waals bonds joining adjacent layers which provide extraordinary electron mobility, 

band gap dependence on the number of layers and extremely high anisotropic optical response. Among 

the emerging two-dimensional (2D) materials, transition metal dichalcogenides (TMDC) has imposed 

their key role. 

Here, we report the detailed 

study of controlled synthesis and 

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 and pre-tilt angle value 

were determined to characterize 

the interfaces at the boundary 

and the impact on the dynamic 

performances of the assembled 

LC cells. Besides the excellent 

phase modulation repeatability over the large-scale area, graphene exhibits great potential for future ITO-

free integrated photonic devices and bio-oriented technologies. 

Next, we focus on synthesis details of 2D PtSe2 layers on regular glass substrates by selenization of 

pre-deposited Pt layers using thermally assisted conversion (TAC) method at atmospheric pressure. The 

nanolayers were further studied by X-ray photoelectron spectroscopy (XPS), Raman analysis, 

transmission electron microscopy (TEM) and optical ellipsometry, revealing the thickness dependence 

on metal precursor sputtering time.  

Keywords: 2D layers, synthesis, LC display devices  
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Figure 1. (a) Schematic diagram of 3 zone Atmospheric Pressure TAC 

system; (b) Temperature and flow diagrams of the growth process (c) 

Photographs of PtSe2 layers on glass substrate; (d) AFM image of PtSe2 (6s 

deposition time of Pt layer) with the height profile across the straight solid 

red line (the scale bar 2 μm) indicating the layer thickness ~9.5nm. 
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SnS is one of the promising materials for the applications of optoelectronics and photovoltaics. This 

study determines the nematic dynamics of photoexcited electrons and phonons in SnS single crystals 

using polarization-dependent femtosecond spectroscopy at various temperatures, as shown in Fig. 1. 

Besides the fast relaxation of photoexcited electrons, a damped oscillation component with a frequency 

of 36~41 GHz is also present in transient reflectivity change (ΔR/R) spectra, which is generated by the 

thermoelastic effect [1]. The results of this study show that electrons and coherent acoustic phonons 

demonstrate significant anisotropy on the ac-plane in the transition region from 330 K to 430 K, possibly 

because of strong electron-phonon coupling (e.g., 1.16 along a-axis at 300 K). However, this in-plane 

anisotropy weakens dramatically in the low temperature (< 330 K) and high-temperature (> 430 K) 

phases. These play an important role in anisotropic heat dissipation and charge carrier mobility in 

polarization-sensitive optical and optoelectronic devices.  

 

Keywords: nematicity, SnS, ultrafast spectroscopy 
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Figure 1. Crystal structure of SnS and schematics 

of the polarization-dependent pump probe 

measurements. 
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Since the discovery of a new material phase, topological quantum materials (TQMs), [1] tremendous 

effort has been made to explore a wide variety of novel and abundant physics appearing in   topological   

insulators (TIs), topological   superconductors (TSCs), and Weyl semimetals for creating novel electric 

and spintronics devices.  WTe2 belongs to the family of transition-metal dichalcogenides (TMDs) and 

crystallizes naturally in a non-centrosymmetric orthorhombic structure (also known as the Td or distorted 

1T phase, in which the tungsten atoms are octahedrally coordinated by the tellurium atoms) with polar 

space group Pmn21. The polar axis in WTe2 is oriented along the stacking direction of layers. Unlike 

other TMDs, WTe2 is a Weyl semimetal in its native crystal phase [2]. Among Weyl semimetals, Td-type 

WTe2 is a new class, a type-II Weyl semimetal, [where the Weyl points appear at the crossing of the 

oblique conduction and valence bands due to the broken inversion symmetry and non-saturating giant 

positive magnetoresistance is a manifestation of the type-II Weyl character [3]. In this presentation the 

current status of the research and emerging applications of WTe2 are reviewed. 

Figure1. Vanadium doping quantified by XPS. Atomic concentration of about 2% V. 
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 Superconductivity in ultrathin film rises an issue to 

reconsider the pair correlation in BCS theory in two-

dimensional (2D) limit. Former studies by using scanning 

tunneling microscopy (STM) and scanning tunneling 

spectroscopy (STS) have observed the superconductivity in 

atomic-thickness layers of Pb and In on Si substrates [1]. 

Besides, the current discovery 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. Theoretical predictions indicate that 

the tuning buckling and spin-orbit couplings in 2D honeycomb 

lattices may enhance the superconducting critical temperature. In the current study, a plumbene-based 

superstructure grown by deposition a small amount of Au on Pb(111) surface are found. By STM and 

temperature-dependent STS, a higher critical temperature (Tc) in plumbene-based superstructure than 

that of Pb substrate is observed, which is totally beyond the proximity effect. By combining angle-

resolved photoemission spectroscopy with density functional theory, the monolayer Au-intercalated low-

buckled plumbene sandwiched between the top Au Kagome layer and the bottom Pb(111) substrate is 

confirmed and the electron–phonon coupling-enhanced superconductivity is revealed [2].  

 Keywords: Plumbene, Kagome, Superconductivity 
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Because the component requirements are getting thinner, 

smaller, and shorter, the two-dimensional structure of van der Waals 

film has become an important key technology. Inevitably, the 

heterogeneous structure formed by the two-dimensional (2D) 

structure and the three-dimensional (3D) structure will become an 

unavoidable issue. In this study, we demonstrate the heterostructure 

of InSe/ZnSe, InTe/ZnTe, and GaSe/ZnSe grown by molecular 

beam epitaxy (MBE). Firstly, ZnSe is deposited on a lattice-matched 

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 epitaxy [1], and the indium 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 X-ray diffraction spectrum of 

vdWE-InSe and cubic-ZnSe was found. A similar phenomenon was 

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 high-temperature layer is grown first, followed 

by the low-temperature layer to avoid the impact of thermal damage 

on the previously made film. According to the reflection high-energy 

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 lift-off property of GaSe, a flexible 

ZnSe with a few GaSe buffer layer was figured out.  

Keywords: Two-dimensional material, Heterostructure, 2D, 3D, 

MBE  
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Figure 1. (a) The X-ray diffriction 

spectrum of InSe grown on ZnSe 

sample. Raman spectra of (b) InTe thin 

films grown on ZnTe and (c) ZnSe 

grown on GaSe, respectively. The 

insert image of fig. (c) is a lift off 

ZnSe/GaSe flexiable sample. 
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Two-dimensional (2D) semiconductors, in particular transition metal dichalcogenides (TMDs), have 

been actively considered as channel materials in field-effect transistors (FETs) for continuing device 

scaling beyond the 2-nm technology node. Wafer-scale single-crystal growth of hexagonal boron nitrides1 

(hBN) and molybdenum disulfide2,3 (MoS2) have recently been demonstrated, representing a millstone 

toward scalable and industry-compatible fabrications of 2D devices. However, for practical applications 

of 2D FETs in very large-scale integration (VLSI) technology, multiple challenges remain. In this talk, I 

will present our recent efforts on the growth of wafer-scale single-crystal growth of 2D materials with 

low defect density, interface and layer engineering to boost carrier mobility, high-κ dielectric integration 

with a low equivalent oxide thickness, and improved transfer process to enable low device-to-device 

variation. Through collaborations with industry, our high-quality MoS2 have also been successfully 

applied to nanosheet gate-all-around (GAA) devices, scaled contacted gate pitch devices, and low-

operation-voltage ferroelectric FETs, demonstrating the potential of 2D FETs in future VLSI 

technologies. 
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First-order magnetic transitions (FOMTs) play an 

important role in the giant low-field magnetocaloric effect [1] 

when the magnetization shows a step anomaly near the phase 

transition 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 research, FOMTs are investigated using 

Blume- Capel spin 1 Hamiltonian with random anisotropy in 

the external magnetic field h. This model is an extension of 

the same model [3] without the external field  

  

Here the random anisotropy  follows the distribution law  

  . 

The Monte – Carlo method and the integral representation method for S=1 Callen equality are used in 

calculations. Both methods show similar results. It was shown that near the phase transition temperature, 

where the FOMT appeared [3], the FOMP due to the field occurs (see Fig. 1). The mechanism of this 

phenomenon is competition between different kinds of interaction: positive ferromagnetic (FM) 

exchange J with negative suitable random anisotropy and Zeeman energy. 
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Figure 1. First order transition process in 2D 

square spin lattices at different temperatures. 

Temperature T and anisotropy strength D are 

given in the unit of the exchange parameter J. 

Here D= -2.4, p=0.8. 
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 A scanning transmission x-ray microscope (STXM) is a powerful tool to analyze 2-dimensional 

chemical state of a sample with high spatial resolution around 50 nm. Typical features of STXM are high 

transmittance, lower radiation dose than electron microscopy, relative long working distance and analysis 

of organic materials (if used in a soft X-ray region). The author formerly worked at a STXM beamline, 

BL4U, in UVSOR (Okazaki, Japan) and have developed special analytical techniques by using those 

features [1-3]. The special analytical techniques at BL4U enable researchers to explore wider scientific 

field.   

 In recent days, a new beamline, BL-12A, is under construction in Photon Factory (Tsukuba, Japan) 

and is due to begin its operation from 2024 spring. The conceptual design of BL-12A is shown in Fig. 1. 

BL-12A uses white beam from a bending magnet and has two optical paths. These paths can be selectively 

used by inserting/extracting a first mirror (M0S) to/from an optical axis. Each path equips with a varied 

line spacing plane grating (50 ~ 2,000 eV) and a double-crystal (1,700 ~ 5,000 eV) monochromators, 

respectively. Focal points of two paths are coincident at the end of the beamline. Therefore, in total, a 

wide energy range of the soft and the tender X-rays (50 ~ 5,000 eV) can be available at the focal point. 

Basically, BL-12A will be used for X-ray reflectometry and X-ray absorption spectroscopy. In addition, 

an advanced X-ray microscope for chemical analysis, instead of a general STXM, is under planning. 

 In this session, perspective of soft X-ray microscopic analysis and a concept of the new X-ray 

microscope will be reported.  

Figure 1. Conceptual design of BL-12A in Photon Factory 

  

Keywords: X-ray microscopy, X-ray absorption spectroscopy, wide energy range beamline 
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Multiferroic properties in 2D layered organic-inorganic perovskite single crystals  
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Two-dimensional (2D) hybrid organic-inorganic perovskites (HOIP) have emerged as one of the 

most promising material candidates for photovoltaics, optoelectronic and magnetic applications. In this 

study, the multiferroic property of the 2D layered (C6H5C2H4NH3)2MCl4 perovskite single crystals (M = 

Cu, Mn, Ni, …) has been reported. The crystals were synthesized by the anti-solvent evaporation method 

in a layer-by-layer mode with a relatively smooth surface that was confirmed by SEM image. The XRD 

patterns reveal a high crystalline quality with (n00) dominant planes (n = 2, 4, 6, …). The 180o 

reproducible hysteresis phase loop, butterfly-like amplitude curve, and an effective 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 investigated 

by (C6H5C2H4NH3)2(Ni1-xMnx)Cl4 (x = 0, 0.05, 0.10. 0.20, 0.25, and 0.50) perovskite crystals. The 

vibrating sample magnetometer (VSM) measurements show that the magnetic anisotropy of the material 

can be changed from parallel to perpendicular by increasing the Mn2+ ratio. This study offers an 

opportunity to develop new multiferroics and spintronics applications based on the 2D layered hybrid 

perovskite single crystals.  

Keywords: 2D hybrid organic-inorganic perovskite, single crystal, multiferroic property, anti-solvent 

evaporation method. 
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Abstract : In this study, we successfully synthesized GSH-functionalized MoS2 QDs. By doping of GSH, 

the PL of the MoS2 QDs (GSH-functionalized MoS2 QDs) can be increased ~9.5 times. As a passivating 

agent, GSH might be able to reduced the surface defects in MoS2 QDs to enhance their fluorescence. The 

mechanism of fluorescence quenching was used to develop the MoS2-QD-based metal ion sensor. 

Additionally, the photoluminescence of MoS2 QDs is studied with increasing Fe3+ concentration. 

Moreover, it was discovered that the addition of Fe3+ ion decreased the PL intensity of the MoS2 QDs.The 

quenching effect could be caused by an effective electron transfer from GSH-functioanlized MoS2 QDs 

to Fe3+ ion. This research shows the ability of MoS2 QDs as a luminescence sensing probe for the 

detection of Fe3+ ion. 

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

Introduction : 

Two-dimensional molybdenum disulphide (MoS2) QDs have attracted considerable interest due to their 

pronounced quantum confinement and edge effects. [1] Therefore, MoS2 QDs have drawn a lot of interest 

in photodynamic treatment, bioimaging, and sensing. [2] MoS2 QDs functionalized with cysteine have 

been employed to the detection of Al3+ and Fe3+ metal ions.[3] In this research, we synthesized the GSH-

functioanlized MoS2 QDs using microwave-assisted method. The resulting GSH-functionalized MoS2 

QDs have strong fluorescence. Moreover, the GSH-functionalized MoS2 QDs were developed as PL 

sensing platforms to determine Fe3+ using these QDs. As a result, as the Fe3+ ion concentration increased, 

the PL intensity of the GSH-functionalized MoS2 QDs steadily decreased. Most likely, the quenching 

effect was caused by the effective electron transfer from GSH-functionalized MoS2 QDs to the Fe3+ ion. 

Results and discussion : 

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

GSH-functioanlized MoS2 QDs in the presence 

of Fe3+ were also investigated. Additionally, 

the photoluminescence of MoS2 QDs is studied 

with increasing Fe3+ concentration. Moreover, 

it was discovered that the addition of Fe3+ ion 

decreased the PL intensity of the MoS2 QDs as 

shown in Fig.1a. The quenching effect could 

be caused by an effective electron transfer 

from GSH-functionalized MoS2 QDs to Fe3+ 

ion. There is a good linear relationship between 

the intensity of the GSH-MoS2 QDs in the 

absence and presence of Fe3+ in the 

concentration range of 0 to 7 µM, as shown in 

Fig. 1b 
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Figure 1. (a) PL emission spectra of GSH-functionalized 

MoS2 QDs with different concentrations of Fe3+ ions (b) 

The relationship between [(F -F0)/F0]. F0 and F are 

fluorescence intensities without and with Fe3+ respectively. 
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This talk presents recent advances in carrier density modulation and characterization in atomically-

thin In2O3 semiconductors, offering insights that hold significant promise for next-generation electronics. 

The requirement for miniaturization in semiconductor devices has led to the exploration of two-

dimensional (2D) [1] and quasi-2D semiconductors [2]. We introduce the methods for precise carrier 

density control, including optical-thermal modulation, charge transfer doping using viologen, and a 

counter-degenerate n-doping scheme in atomically-thin In2O3, 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 transfer 

scheme previously employed in 2D semiconductors. Additionally, we employ a field-effect Hall device 

to elucidate the intricate relationship between charge carrier density and mobility in atomically-thin 

In2O3, revealing quantum confinement effect with respect to the percolation transport characteristics. 

These findings pave the way for advancements in semiconductor technology and the development of 

next-generation electronic applications. 
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In the forthcoming talk, we will unveil a novel soft X-ray imaging technology, the Scanning 

Transmission X-ray Microscope (STXM). Highly valued for its ability to detect reaction heterogeneity, 

STXM is utilized across various areas, including chemistry, magnetism, materials science, and 

environmental studies. This tool not only provides nanometer-scale spatial resolution 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, enabling 

the exploration of organic molecules, light elements, and transition metals. Typically, STXM achieves a 

30 nm spatial resolution, with potential to reach below 10 nm using a lensless approach known as 

ptychography. Additionally, STXM is equipped with comprehensive in-situ environmental controls—

ranging from temperature regulation to gas and electrochemical cells, and magnetic fields—offering 

observers live analysis of reactive processes. Collaborative opportunities allow users to tailor 

environmental cells to meet the unique demands of their specialized research. Presently, after the 

completion of its hardware setup, the system is starting its initial commissioning phase, awaiting the first 

X-ray at TPS27A. 
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 Time-resolved angle-resolved photoemission spectroscopy (Tr-ARPES ) offers direct insights into 

electron dynamics, revealing various intrinsic ultrafast behaviors within novel materials. In NSRRC, 

we've developed a Tr-ARPES apparatus utilizing a duo-Yb-KGW laser-based high harmonic generation 

(HHG) EUV system, which allows for the exploration of dynamic bandgap features, charge carrier 

scattering, relaxation process, and collective excitations. This technique provides comprehensive 

information, capturing temporal, energy, and momentum-resolved data in a single experiment. 

 Moreover, ongoing research at NSRRC uses high-power pulse laser sources for studying photon-

induced engineering phenomena. This project aims to leverage advanced laser technology to manipulate 

and engineer material properties via photon-induced processes. 

 The development of Tr-ARPES setups combined with advanced laser technology at NSRRC offers 

a promising platform for delving into fundamental material properties. I will offer a brief overview of the 

current status and specifications of the Tr-ARPES setup as well as explore the scientific opportunities it 

presents. 
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 The primary goal of attaining net-zero CO2 emissions by 2050 hinges on the ability to transform 

renewable energy into storable fuels. Hydrogen plays a crucial role in connecting renewable energy 

sources with end-users. However, achieving cost-effective, widespread hydrogen production presents a 

multifaceted challenge. This requires a thorough understanding of electrocatalysis for the creation of 

efficient catalysts. Current research in electrocatalysis primarily concentrates on grasping the alterations 

occurring on catalyst surfaces. To comprehend how solid-liquid interfaces impact electrochemical 

processes, it is imperative to scrutinize the surface chemistry where the electrode and electrolyte intersect. 

In this presentation, I will demonstrate how the NSRRC beamlines can furnish this essential information. 

Our experimental findings underscore the valuable perspectives offered by in-situ/operando X-ray 

characterization in unveiling the authentic mechanisms governing catalytic reactions. 

 Keywords: Synchrotron Radiation, X-ray, Catalyst, Hydrogen 
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 Transition metal dichalcogenide (TMDC) layered semiconductors exhibit great potentials in 

electronics, optoelectronics, and spintronic devices. Because the surface-to-volume ratio of quasi-two-

dimensional materials is extremely high, understanding their surface characteristics is crucial for 

practically controlling their intrinsic properties and fabricating p-type and n-type layered semiconductors. 

A comprehensive insight into the phenomena of surface electron accumulation (SEA) and its diverse 

applications become crucial. Here in, the realm of three transition metal dichalcogenides (TMD) 

materials—specifically, molybdenum disulfide (MoS2), molybdenum diselenide (MoSe2), and rhenium 

disulfide (ReS2) were carefully studied. Employing advanced experimental techniques such as scanning 

tunneling microscopy (STM) and angle-resolved photoemission spectroscopy (ARPES), the results 

exhibit preconceived notions about the inertness of van der Waals crystals, particularly MoS2, MoSe2 and 

ReS2, revealing its unexpected surface behavior as a significant n-doping source. S and Se vacancies 

could be identified as the primary source of SEA and n-type conductivity, further explores the 

enhancement of electrochemical hydrogen evolution reaction (HER) activity, such as in MoSe2, 

demonstrating its potential as a stable and efficient catalyst, particularly following nitrogen plasma 

treatment. These collective findings shed light on the intricate surface electronic properties of TMD 

materials, providing valuable insights crucial for fine-tuning electronic structures and advancing the 

development of efficient catalysts.  

 Keywords: Transition metal dichalcogenide, angle-resolved photoemission spectroscopy, hydrogen 

evolution reaction, band structure 
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The TPS 32A Beamline is a tender X-ray beamline that comes equipped with two types of water-

cooled double crystal monochromators (DCMs): InSb(111) and Si(111), which can cover a photon energy 

range from 1.7 to 11 keV. The beamline's design allows for a focus beam size of 0.9 × 0.9 mm² (horizontal 

× vertical, Full Width at Half Maximum) using the Si(111) DCM at 4 keV, where the photon flux 

approximates ~10¹² photons per second. This beamline is capable of measuring the elemental spectra 

encompassing the K-edges of elements from Silicon to Zinc, as well as the L-edges of second-row 

transition metals. Research at the TPS 32A beamline is anticipated to unveil valuable information on the 

electronic structures of an assortment of metals and ligands, which is of considerable importance to a 

range of scientific disciplines, including physics, chemistry, materials science, chemical engineering, 

geology, earth sciences, biology, and environmental science. The X-ray absorption spectroscopy (XAS) 

technique, a mainstay in this context, is utilized to elucidate the electronic and atomic structures of 

specific elements within samples. The multi-channel fluorescence silicon drift detector (SDD) employed 

here boasts a detection threshold that may extend to monolayer levels, or a few parts per million. 

Moreover, this endstation also features Hard X-ray Photoelectron Spectroscopy (HAXPES), which aids 

in the investigation of the electronic structures at deeper levels. Additionally, Micro-XAS, offering a 

spatial resolution of approximately 10 μm, will be available in the endstation. The beamline is also 

equipped with various heating systems, cryogenic systems, and in situ electrochemical reaction cells, 

allowing for adjustments to be made according to the differing environmental conditions of the samples. 

These comprehensive efforts are geared towards providing a diverse and user-friendly experimental 

milieu, thereby enhancing the scientific yield. 
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In-situ X-ray Absorption Spectroscopic Studies of Copper Single-Atom 
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Electrocatalytic C-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 single-atom materials have attracted significant 

interest in the catalytic field because of their high activity, the 

nature 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 as L-Cu-CeO2) exhibits an average urea 

yield rate of 53 mmol h-1 gcat
-1 at -1.6V versus reversible 

hydrogen electrode. A comprehensive investigation of 

operando X-ray absorption spectroscopy (XAS) including hard-XAS and soft-XAS for the electronic and 

atomic structural dynamics of L-Cu-CeO2 during electrocatalytic reaction are presented. Operando XAS 

analytical results reveal copper single-atom is reduced to metallic copper during electrolytic conditions, 

indicating metallic copper is the real active site for electrocatalytic urea synthesis. Notably, when the 

applied potential is switched to an open-circuit potential, the reversible transformation of metallic copper 

to copper single-atom attains. These findings strongly declare the outstanding potential of single-atom 

materials as well as the superiority of operando XAS technique for electrocatalytic research. 

Keywords: in-situ X-ray absorption spectroscopy, copper single atom, cerium dioxide, urea synthesis 
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A study of contact electrification process on PVDF metal interface: 
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The Recently, triboelectric nanogenerators (TENGs) 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 and electrostatic induction on the electrodes when 

two surfaces contact and separate. Herein, the study of the 

contact electrification process on the metal-PVDF interface 

is conducted focusing on the effect of β phase content on the 

electrical properties of the PVDF films. It was found through 

the EFM and KPFM surface electrical studies that a higher β 

phase promotes stronger electrostatic interactions and 

enhanced electron-cloud overlap with the metal coated cantilever tip that lead to higher amount of charge 

transfer. Additionally, there is overall enhancement of the TENGs electric output performance for a 

higher β phase containing PVDF films and the maximum electric output of 8.1 V and 12.2 nA is obtained 

for the TENG made with 79 %   β phase PVDF film. 

Keywords: Triboelectricity, Nanogenerator, contact electrification, β phase PVDF 
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Large Stokes Shift Gold-doped Silver Nanoclusters-based Efficient Luminescent 

Solar Concentrators  
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Reabsorption-free luminescent solar concentrators 

(LSCs) play a vital role in the development of 

photovoltaic windows [1]. Metal nanoclusters (NCs) that 

possess perfect atomic arrangement and exhibit a 

significant change in photoluminescence (PL) known as 

Stokes-shift, have considerable potential for utilization 

in luminescent solar concentrators (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]. 

The fabricated LSC with Gold-doped Silver 

nanoclusters embedded in Polyvinylpyrrolidone (Au-AgNCs@PVP), with PL peak at ~ 650 nm, Stokes 

shift of ~ 230 nm, and high photoluminescence quantum yield (PLQY) of ~ 50%, yielded ~ 1.3% power 

conversion efficiency (PCE) under appropriate experimental condition. Owing to these values, the 

synthesized Au-AgNCs@PVP holds great potential for an efficient and eco-friendly building-integrated 

photovoltaics (BIPV). 

Keywords: silver nanoclusters, luminescent solar concentrators, photoluminescence 
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Enhanced Photovoltaic Performance of AgInS2 Quantum Dot-Sensitized Solar 
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This study investigates the synthesis of AgInS2 quantum dots (QDs) using a facile successive ionic 

layer adsorption and reaction (SILAR) method, exploring their application in solar cells. The AgInS2 

QDs were grown on mesoporous TiO2 via a two-stage SILAR process at room temperature. The 

optimization of Ag-S SILAR cycles (n) was performed to discern the ideal conditions, while the In-S 

SILAR cycles were held constant at 7 cycles. X-ray diffraction (XRD) pattern analysis revealed the 

orthorhombic crystalline structure of the synthesized AgInS2 QDs. Optical spectra analysis exhibited a 

decrease in the optical energy bandgap (Eg,op) of AgInS2 QDs from 2.00 eV to 1.77 eV with increasing n 

from 1 to 3, corroborated by cyclic voltammetry (CV) analysis showing a similar trend albeit with slightly 

different values: 1.83 eV (n=1), 1.76 eV (n=2), and 1.65 eV (n=3). Employing AgInS2 QDs, a polysulfide 

electrolyte, and a CuS counter electrode, liquid-junction semiconductor quantum dot-sensitized solar 

cells (QDSSCs) were fabricated. Optimal conditions were achieved at n=2, resulting in a champion power 

conversion efficiency (PCE) of 3.57% (Jsc=8.56 mA/cm2, Voc=0.64 V, FF=65.2%). Under reduced light 

intensity (0.25 sun), the PCE increased to 5.26%. The external quantum efficiency (EQE) spectrum 

spanned 400−700 nm, maintaining a nearly constant EQE value of ~65% within the 400−600 nm range. 

Remarkably, the achieved PCE surpasses previously reported liquid-junction AgInS2 QDSSCs. These 

findings highlight the facile production of AgInS2 QDs through a room-temperature SILAR method and 

the tunable optical properties of AgInS2 QDs by controlling SILAR cycles, highlighting their potential as 

an efficient solar absorber.   

Keywords: silver indium sulfide, quantum dot, solar energy materials, bandgap engineering, room 

temperature synthesis. 
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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 prediabetes, monitoring 

blood glucose levels is imperative to prevent complications. 

Modern healthcare technology enables precise real-time glucose 

monitoring. Their ability to improve diagnostic accuracy not only 

enhances healthcare services but also maintains beverage quality 

standards. Compared to other sensors, electrochemical sensors 

feature exceptional sensitivity and selectivity, making them the 

preferred choice for accurate and real-time glucose monitoring. 

In recent years, nickel oxide-based glucose sensors have gained 

attention due to their high sensitivity, selectivity, and cost-

effectiveness, making them a promising choice for accurate and 

accessible glucose monitoring. The electro-exploding wire technique involving rapid discharge of 

electrical energy facilitates the controlled formation of porous nickel oxide nanoparticles, improving 

sensitivity and reactivity in glucose detection. 

In this study, we introduce a single-step, green synthesis non-enzymatic glucose sensor: a flexible 

electrode coated with a NiO nanoporous film. The NiO suspension synthesized by the electro-exploding 

wire technique provides a large surface area with active catalytic sites which increases their efficiency in 

catalyzing chemical reactions. The results show an impressive linear detection range from 50 μM to 1000 

μM, with a sensitivity of 1.2 (μA/μM) cm-2 and a remarkably low detection limit of 502 nM. In addition, 

NiO exhibits excellent selectivity and reliability in detecting glucose in beverages.  

Keywords: Non-enzymatic Glucose sensor, NiO nanoporous film, Electrochemical interaction, 

Flexible electrode, electro-exploding wire technique 
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We studied the effect of surface 

functionalization of tribo-active 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 monolayer on Au film and that the 

contact separation mode output power of the 

TENG with polytetrafluoroethylene (PTFE) 

film as a tribo-negative layer was improved from 0.11 nW/cm2 (bare Au) to 0.37 nW/cm2 (Cys on Au). 

We also studied the effect of a number of amine groups in the surface funtionalization of tribo-active 

surfaces by using 3-Aminopropyl triethoxysilane (APTES-1N), N-[3-(Trimethoxysilyl) propyl] 

ethylenediamine (AHAPS-2N), and N1-(3-Trimethoxysilylpropyl) diethylenetriamine (TMPTA-3N). 

We found that the amount of generated charges on the chemically functionalized surface as the amine 

group number increased.  The amount of charges increased more than 19 times compared to that on the 

bare PTFE surface with increasing the number of amine groups. Therefore, the surface functionalization 

of the tribo-active layer seems to be an effective way of controlling the amount of tribo-generated charges 

and the power output of TENG [1,2]. 

Keywords: Triboelectricity, Nanogenerator, Surface Functionalization, Amin Group 
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As a fourth-generation compound semiconductor, gallium oxide has a wider energy gap (about 

4.6~4.9eV), a higher collapse electric field (8MV/cm) and a very high Baliga FOM than third-generation 

semiconductors such as gallium nitride and silicon carbide. (~3444). Based on the above material 

characteristics, gallium oxide has greater potential than the above two compound materials to be used to 

prepare high-power components. In the production of components, it can also be made into ultraviolet 

components due to its wider energy gap. Photo sensors (UV sensors), as well as high-voltage metal-oxide 

semi-field effect transistors (MOSFETs) and Schottky diodes (SBDs). 

     There are six different crystal phases of gallium oxide, namely α, β, γ, δ, ε, and κ, among which the β 

type is a thermally stable monoclinic phase. In this experiment, the organometallic chemical vapor 

deposition method was used (MOCVD) grows beta-type gallium oxide heterojunction epitaxial crystals 

on an alumina substrate (Al2O3). Trimethylgallium (Trimethylgallium) is used as a precursor to achieve 

a faster growth rate, and the temperature, oxygen flow, etc. are controlled. Different conditions and 

various material analysis instruments were used to confirm whether the epitaxial quality of gallium oxide 

was improved as a result. 

 Figure 1. SEM Top-View at different temperatures (850, 875, 900°C). 

  

  

 

  

 

 

 

Figure 2. SEM cross-section at difference temperatures (850, 875, 900oC) 
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Membrane technology is one of the emerging technologies for the recovery of toxic elements from 

wastewater. Liquid membrane is gaining more importance due to its various salient 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 metals, 

dyes, Organic acids and other compounds. 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 and 

hydrophobic surface properties could strongly absorb at interfaces and stabilize emulsions have emerged 

in recent years. Pickering stabilization is the phenomena that solid particles employed on the interface of 

droplets to provide resistance to opposing coalescences, fusion and coarsening. In the present 

investigation, alginate biopolymer stabilized Pickering emulsion liquid membrane (PELM) was 

employed for the extraction of Methylene blue (MB) from aqueous solution. The novel PELM composed 

of aliquat 336 as a carrier, potassium hydroxide (KOH) as a stripping agent, and waste cooking oil (WCO) 

as the green diluent. WCO is a non-toxic organic solvent was used as substitution of petroleum based 

organic solvent in the preparation of PELM. The optimum conditions for the maximum removal of MB 

were: Emulsifier concentration – 2.3 (v/v %), Carrier concentration – 5.6 (v/v%), Treat ratio – 12, internal 

phase concentration – 0.92 M, initial external feed phase concentration – 100 ppm, O/A ratio – 1. The 

mechanism of MB extraction was also presented. At optimized condition, the maximum extraction of 

98.8% was recorded. Kinetic analysis shows that the MB extraction by PELM follows first-order reaction. 

Furthermore, the thermodynamic analysis reveals that the extraction process was an endothermic, and 

spontaneous in nature.  
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In this study, the effects of ion irradiation on structure, magnetic properties and giant 

magnetoimpedance (GMI) have been investigated for a Co-based amorphous ribbon with various kinds 

of ions such as H and Ni. The structure of the samples before and after the ion irradiation was studied 

using X-ray diffractometer. The magnetic properties and GMI ratio were used to characterize the samples 

before and after the ion irradiation. The X-ray diffraction analysis shows that the samples before and after 

the ion irradiation are amorphous. The GMI ratio increased considerably in the ion irradiated samples 

and the GMI response showed a strong dependence on the irradiated ion species and driving frequencies. 

The observed GMI features in Co-based materials can be interpreted by adapting the skin-effect model 

in conjunction with the magnetic field dependence of the longitudinal permeability. This result is very 

beneficial for developing highly sensitive GMI sensor applications. 

Keywords: Ion radiation, GMI, Co-based amorphous ribbon, magnetic properties. 
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 The ferromagnetic Mn-Al (τ phase) is one of the Mn-based ferromagnetic alloy with high uniaxial 

magnetic anisotropy. The τ phase is metastable, so that it is difficult to obtain pure τ phase. The τ phase 

can be obtained from ε phase with hcp structure by annealing [1]. 

 On the other hand, the ferromagnetic phase stabilizes by high magnetic fields. Magnetic field effects 

on the phase transformation of Mn55Al45, Mn53Zn2Al45 and Mn55Al45C2 have been evaluated [2-3]. ε-τ 

phase transformation of Mn55Al45 and Mn53Zn2Al45 were promoted by magnetic fields. However, this 

promotion effect by the magnetic field could not be observed in Mn55Al45C2. In addition, the τ-β phase 

transformation of Mn55Al45 and Mn53Zn2Al45 were suppressed by magnetic fields.  

 Thus, it is necessary to clarify the kinetics more in detail because the magnetic field effect changes 

depending on the substituted elements. 

 In this study, differential thermal analysis (DTA) was performed in a magnetic field. The activation 

energy of ε-τ and τ-β phase transformations was determined from the obtained phase transition 

temperatures, and the magnetic field effect on the activation energy was evaluated. 

Mn53Zn2Al45 and Mn55Al45C2 were prepared by reactive 

sintering. The obtained pellets were heat-treated at 1373 K for 48 

hours and quenched in ice water. After quenching, the samples 

were confirmed to be single ε phase by X-ray diffraction 

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 plots to evaluate activation energies of ε-τ and τ-

β phase transformations.  

Fig.1 shows the magnetic field dependence of activation 

energy of Mn53Zn2Al45. According to Figure 1, a minimum was 

observed at 5 T. This is due to the DTA peaks include the ε-τ and 

τ-β phase transformations. Magnetic field promotes the ε-τ phase 

transformation and suppresses the τ-β phase transformation, 

resulting in an activation energy has minimum. On the other hand, 

the activation energy increased with magnetic field at of DTA Mn55Al45C2. This suggests that only the 

suppression effect of the τ-β phase transition appeared. Thus, considering kinetics, the magnetic field 

effects are dependent on the substituted elements. 
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Fig.1 Magnetic field dependence of 

activation energy on τ-β and τ-β phase 

transformations at Mn53Zn2Al45 
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    In-magnetic-field annealing affects magnetocrystalline anisotropy of ferromagnetic phase, resulting 

in a unique microstructure and crystal growth. Uniaxial crystal growth and aligned structure of 

ferromagnetic MnBi phases were synthesized by in-magnetic-field solidification or semi-solid MnBi/Bi 

composite [1-3]. On the other hand, solid-phase reaction of MnBi from Mn and Bi was enhanced and 

uniaxial oriented MnBi phases were synthesized by magnetic field [4]. Unique crystal growth of MnBi 

phase is expected because in-magnetic-field affects both kinetics of reaction and microstructure. The 

influence of magnetic fields on the kinetics of reaction have been evaluated by diffusion couples [5]. 

Therefore, in this study, in-magnetic-field annealing of Bi/Mn diffusion couples were performed. 

      In-magnetic-field 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 interface. First, the sample 

temperature was heated to 673 K for 1 h to bond Bi/Mn interface and then cooled to 573 K. The direction 

of applied magnetic field was perpendicular to the interface. Crystal growth behavior of ferromagnetic 

MnBi phase at Bi/Mn interface was observed using an electron probe micro analyzer and metallographic 

microscope. 

     Microscopic observation revealed that caves were created on the Mn surface and MnBi particles were 

synthesized at the Bi/Mn interface. Some MnBi grains were observed in Bi area at 0 and 5 T. It is 

suggested that the synthesized MnBi grain separated from Bi/Mn interface during annealing and flew in 

Bi liquid. When a magnetic field of 5 T was applied, the elongated MnBi grains were observed at Bi/Mn 

interface, and the number of caves increased, resulting the rough surface of Mn phase. Consequently, it 

was found that the in-magnetic-field reaction in Bi/Mn diffusion couple enhanced nucleation site and 

subsequent uniaxial crystal growth of MnBi phase.  
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Magneto-electro-elastic (MEE) materials are a 

specific class of advanced smart materials that 

simultaneously manifest the co-existence of electric and 

magnetic fields. This unique combination of properties 

allows MEE materials to respond to mechanical, 

electrical, 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 half-space induced by 

dynamic and static deformation (which has been applied 

horizontally and vertically) is investigated.  The Green’s 

function corresponding to the time-harmonic 

deformations (mechanical and electrical) on the surface of 

the multilayered structure are derived by using a new and 

novel Fourier Bessel series (FBS) system of vector 

function. By the virtue of FBS method, two set of first 

order ordinary differential equation (i.e., N-type and LM 

type) are obtained, where these extension coefficient 

being Love number. In addition, the dual variable and 

position method (DVP) is taken into account to deal with the multilayered system. Some numerical 

examples are shown to discuss the influence of load types on the dynamic and static response of the 

structure.  
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Up-conversion photoluminescence (UCPL) is a 

phenomenon where a material was excited using lower 

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 materials. This 

study will focus in reporting the occurrence of UCPL in 

carbon-based 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. Moreover, UCPL was detected 

with anti-Stokes shift of more than 200 milli-

electronvolts. This study provides the evidence of UCPL 

phenomenon in carbon-based nanomaterials.  
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Figure 1. DCPL and UCPL in graphene 

quantum dots 
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Optical components like 

lenses, prisms, and wave plates 

traditionally alter light fields 

within dielectric materials, yet 

their compactness is hindered by 

size and weight. The recent 

alternative is the "Geometric 

Phase (GP)" approach, which 

utilizes the relationship between 

phase change and polarization 

conversion in anisotropic 

mediums [1-3]. The "geometric phase" is tied to the optical axis orientation angle, making related 

components flat, physically thin, and resistant to manufacturing tolerances. This innovation, often termed 

a "diffractive waveplate," enables simultaneous conversion of polarization state and wavefront, 

presenting diverse photonic applications. The GP effect can be achieved by imposing subwavelength 

structures on artificial materials like metasurfaces or in naturally birefringent materials. Liquid crystal 

(LC) materials, with significant natural birefringence, are commonly used in GP optical elements. Photo-

aligned LC cells, exhibiting geometric phase proportional to the local optic axis orientation, offer 

advantages in large-scale fabrication without requiring nanoscale lithography. Leveraging established 

technologies in the flat-panel display industry, polarization holography emerges as a powerful method 

for generating diffractive GP LC waveplates. This study shows the implementation of diffractive GP 

devices on an NLC cell, with the photoinduced polymer using poly [1- [4-(3-carboxy-4- 

hydroxyphenylazo) benzenesulfonamido]-1,2-ethanediyl, sodium salt] azo-polymer (PAZO) [4], 

outlining the design, production, and evaluation of GP grating and lens components.  
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Figure 1. The experimental febrication of LC-beased GP device and  

testing setup 
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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 ground state while emitting higher 

energy photon (UV and/or visible light). In this study, the 

occurrence of UCPL in graphene quantum dots (GQDs), which 

is carbon-based nanomaterials was found. It also shows the 

optical properties variations of GQDs dissolved in solvent with 

different solvent polarity. According to the findings, it is 

observed that the occurrence of UCPL is independent with the 

interaction between GQDs and the surrounding environment. 

Therefore, this study will reveal the relation of GQDs dissolved 

in various solvent and their pivotal role in UCPL process.  
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Figure 1. GQDs dissolved in different 

solvent 
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Graphene quantum dots (GQDs) are one kind of carbon-

based nanomaterials which has low toxicity, high conductivity 

and exceptional optical properties, including 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, bio-imaging, 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 optical 

properties, several measurements were done. The results show 

that GQDs@TL has PL emission 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 optical 

properties of GQDs. 
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Figure 1. GQDs@TL Under UV light 
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Perovskite solar cells (PSCs) proposed in 2009 [1] have been actively studied, in which 

methylammonium (MA) lead triiodide, MAPbI3, has been maily used for the light absorption layer. 

However its lifetime is short, then various types of materials are now being considered to replace MAPbI3 

[2]. Among them, one of the good candidates is formamidinium (FA) lead triiodide, FAPbI3, with superior 

conversion permanence, heat resistance than MAPbI3. However, the stable phase of FAPbI3 at room 

temperature is the α-phase, which is not good for light absortion layer and the suitable phase for light 

absorbing, α-phase, is not stable at room temperature. As a trigger of phase transition, perovskite reacts 

with water in the air, which leads to decomposition [3]. In a previous study, it has been reported that Bi 

doping improved the stability of α-phase of FAPbI3 [4], which was explained that the Bi doping improved 

a crystal adhesion, preventing penetration of moisture from the air. However, the role of Bi doping in an 

atomic scale has not yet been understood well. 

In this study, Bi-doped FAPbI3 was 

synthesized with a spin coating method and 

several analytical measurements were carried out 

to investigate the role of Bi-doping in the 

improvement of α-phase stability of FAPbI3. 

Observed X-ray diffraction (XRD) patterns of 

FAPbI3 films are shown in Fig. 1, which suggest 

phase transition occurred rapidly within a few 

hours in non Bi-doped FAPbI3, whereas slower 

transition can be seen in Bi-doped one. In addition 

to the phase identification, lattice constants of -

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 Pb2+ site. Scanning 

electron microscope observation of the sample 

surface showed that the crystal adhesion was 

improved and the surface roughness was reduced 

by Bi-doping. X-ray photoelectron measurements 

were also performed to determine valence states of 

Bi ions, which suggested two states exists in the sample. 
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Up-conversion (UC) phosphors, which can convert lower energy photons to higher energy ones, have 

been widely investigated, in which several types of oxides with rare-earth ions dopings such as 

Y2O3 :Er,Yb [1] and CaWO4: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]. It 

was reported that UC luminescence intensity can be enhanced by a co-doping of alkaline-metals in 

CaTiO3:Er [4].  

In this study, influence of alkaline-metals co-dopings in CaMoO4:Er on its UC luminescence intensity 

has been investigated. Samples were prepared using a solid-state reaction method. Crystal structure 

analysis and phase identification were performed using X-ray diffraction (XRD) measurements, and 

electronic states were evaluated using UV-vis measurements. Thermo gravimetry and differential thermo 

analysis (TG-DTA) measurements were also carried out to see the reaction during the thermal treatments. 

UC luminescence measurements were performed at room temperature by 980 nm laser irradiation. 

Figure 1 shows the UC luminescence spectra of non-doped and Na co-doped CaMoO4:Er, which 

suggest significant enahancement of UC luminescence is acheived by Na co-doping in CaMoO4:Er.  

Figure 1. Up-conversion emission spectra of non-doped and Na-doped CaMoO4:Er excited by 980 nm 

Keywords: Up-conversion(UC) Phosphor , Solid-state reaction , Sheelite structure , Alkaline-metals 
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Perovskite solar cells (PSCs) renowned 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 mixed-cation 

approaches has notably enhanced the 

operational stability and overall efficiency of 

these PSCs [1]. Prior research suggested that the 

incorporation of ethylammonium (EA) into 

MAPbI3 matrices improves its stability [2]. 

In this study, FACsPbI3 perovskite films 

were fabricated with and without EA using a 

spin coating method. Observed X-ray 

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 additive-mediated 

stabilization. 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 

FACsPbI3. The consistent presence of this peak 

suggests a structural expression specific to EA 

integration. This feature may allude to the 

formation of intermediate phases or a modified 

crystal orientation, which could be instrumental in impeding phase transitions. In addition, scanning 

electron microscope and other analyses were also conducted for the further understandings of the 

influence of EA additions in FACsPbI3. 
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Fig. 1 XRD patterns of control and EA added FACsPbI3 
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Perovskite solar cells (PSCs) have rapidly gained widespread attention [1] due to its relatively low 

fabrication cost, facile synthesis, high optical absorption coefficient, and excellent charge transfer 

characteristics. Among PSCs, formamidinium (FA)-based PSCs are regarded as one of the most 

promising materials for solar energy conversion, owing to their outstanding thermal stability and 

narrower bandgap than those of conventional methylammonium (MA)-based PSCs. Nevertheless, despite 

significant progress in this field, challenges persist in terms of stability and long-term usability. 

Passivation through the suppression of surface defects in thin films is considered as 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 X-ray 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 

FAPbI3 films almost completely 

transferred to d-phase within a first hour, 

whereas the film with NTM maintained a 

relatively good state even after 2 hours, 

indicating a noticeable positive impact on 

the stability of the film. Additionally, we 

conducted in-depth studies using scanning 

electron microscopy and Fourier-transform 

infrared spectroscopy to understand the 

influence of NTM on the crystalline 

stability. 
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Perovskite solar cells have emerged as a 

frontrunner in the renewable energy sector due to 

their exceptional photovoltaic performance and cost-

effectiveness. However, long-term stability remains 

a pivotal challenge to be addressed, with the 

interface between the light-absorbing layer and other 

functional layers being a crucial determinant. The 

electron transport 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 introduced guanidinium 

chloride (GA) modification layer [2] between the 

SnO2 electron transport and the FAPbI3 light-

absorbing layers [3]. The experimental procedure 

involved sequentially depositing SnO2, GA, and 

FAPbI3 layers on cleaned glass substrates using the 

spin-coating method. Samples without the GA layer 

introduction were also prepared for comparison.  

The X-ray diffraction (XRD) patterns of the 

synthesized films with and without GA modifications are shown in Fig.1, where the stability of the light-

absorbing FAPbI3 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 Electron 

Microscope analyses further confirmed a notable reduction in surface voids and cracks post-modification.  

Keywords: Perovskite Solar Cells, Interface Modification, Crystalline Stability, guanidinium 

chloride 
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Figure 1. XRD patterns of FAPbI3 with and without 

GA modification over time 
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Using AI drawing software scan H&E-stained rat tissue sections and harnessing 

AI software objectively assess student hand drawings.   
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The integration of artificial intelligence 

(AI) into pathology has significantly 

diminished the likelihood of human error and 

streamlined the time spent on predicting or 

diagnosing diseases 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 hand-drawn illustrations. 

Nevertheless, the depiction of a particular cell 

structure by one student may differ from 

another student's interpretation based on their 

individual perception of objects. Therefore, it 

becomes crucial to establish a standardized 

criterion to ensure fair and unbiased assessments of their drawings. Our goal is to convert Hematoxylin 

and Eosin stained histology sections into an AI-generated image, aiming for a visual result closely 

resembling a hand-drawn illustration. 

Following this, we intend to integrate our generated image into an Image Management System (IMS) 

and Laboratory Information System (LIS) to systematically store information for the pathology labeling 

of a tissue section derived from a hand-drawn illustration. Looking ahead, our vision involves harnessing 

AI software, like QuPath, to objectively assess student hand drawings, ensuring a fair and standardized 

assessment of their quality. Through these advancements, we aim to elevate the quality of students' 

learning through the practice of pen drawing.  

 Keywords: Tissue section, Image Management System (IMS),AI Imagie, Hematoxylin and Eosin 

stain  
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Figure 1. Compared with real H&E stain and AI Image in 

Hyaline cartilage. 

(a) Real H&E stain (b) AI Image. Comparing a and b, you 

can see the same position as in a, and you can also clearly see 

perichondrium (P), chondrocytes (C), and matrix (M) in (b) 
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Fabrication and Characterization of Implant Confined VCSEL with  

Dielectric DBR Mirror. 

Yu-Lin Zhou1*, Ray-Hua Horng1 

1Institute of Electronics, National Yang Ming Chiao Tung University, Hsinchu, 30010, Taiwan 

* Corresponding e-mail: yulin.ee11@nycu.edu.tw 

To simplify the thermal oxidation process of the conditional vertical cavity surface emitting laser 

(VCSEL), an ion implant confined VCSEL was fabricated. The oxygen ion was used to oxidize the 

current confined region, which can increase the current density that flow into the multi-quantum well. 

This device was used the SiOx/Si as the distributed Bragg reflector (DBR), and the multi-layer was grown 

by the sputter which can save the cost and the processing time from the conditional DBR that grew by 

the metal organic chemical vapor deposition system (MOCVD). 

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

confined VCSEL. 
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Develop Electrospray for Quantum Dot Light- Emitting Diode Fabrication  
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Herein, we present a novel EHD electrospray coating 

system designed for the continuous fabrication of large-area 

quantum dot-QD thin films, contributing to high-performance 

LED devices. Our system allows systematic control of QD 

droplet size by establishing a stable EHD electrospray mode 

through the mixture of red QDs in n-butanol and n-hexane 

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 layer-by-layer 

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. Employing the optimized ink 

formulations (PEDOT:PSS: Water: IPA: Triton X-100), 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 

µm for the electrosprayed QD thin film, with a maximum 

luminance of 12.082 cd m-2, a maximum current efficiency of 

nearly 4.0 cd A-1, and a maximum EQE of 1.86% for Red QD-

LEDs with a regular structure. Notably, the inverted Green 

QDLED device (ITO/ZnO/QDs/PVK/Electrosprayed-

PEDOT:PSS/Al/Encap) exhibits outstanding performance with a maximum luminance of 5692 cd m-2, a 

current density of 3.76 cd A-1, and an EQE of 2.22%. 

Keywords: quantum dots, electrospray, Red QDLED, Inverted Green QDLED, 
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Topological materials (TMs) have attracted much attention for their potential to reveal fascinating 

physics and to pave the way for various applications like optoelectronics, spintronics and quantum 

computing [1-3]. Topological insulators (TIs), one kind of TMs, exhibit conducting surface states 

protected by time-reversal symmetry, and the gapless surface states are resulted from band inversion as 

well as spin-orbit coupling. With density functional theory calculations, J. M. DeStefano et al.[4] showed 

that SrCd2As2 is a narrow band gap semiconductor under ambient conditions. A negative pressure could 

reduce the band gap and induce the band inversion in SrCd2As2. 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 to 

induce band inversion [4]. The predictions of J. M. DeStefano et al.[4] were interesting, however the 

experimental results of topological SrCd2Sb2 crystal have not been reported yet. In this study, we report 

on the ultrafast carrier dynamics of TM SrCd2Sb2 single crystals by two-color optical pump-optical probe 

(OP-OP) technique with 400-nm pulses for pump beam and 800-nm pulses for probe beam. The 

dependence of transient reflectivity (ΔR/R) of the probe pulses on time delay was recorded for various 

temperatures. The ΔR/R curve from 2 K to 300 K will be expected to shows the change from negative to 

positive signal for the decreased band gap as the same way of the chemical substitution of Sb on As lattice 

site of the topological critical material SrCd2As2. Analysing ultrafast carrier dynamics will provide 

information of electron-electron scattering and electron-phonon coupling. In addition, a magnetic field 

up to 6 T was applied to the c-axis of the sample to study the effect of magnetic field on the OP-OP 

measurements in the temperature range of 2-30 K. The detailed analysis of these results will provide a 

deeper understanding about band structure of SrCd2Sb2 single crystals. 

Keywords: Topological materials, ultrafast carrier dynamics. 
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 Recently, a heavy metal (HM)/ferromagnet (FM) bilayer has been paid considerable attention from 

the fundamental and technological view points.  The HM/FM interface is known to exhibit a novel 

asymmetric spin-dependent scattering, namely unidirectional magnetoresistance (UMR) [1]. Since the 

magnetization direction can be indentified by using the UMR, the enhancement of the UMR ratio could 

be a key for developing next-generation spin-based electric devices.  On the other hand, recently, we 

have shown that the pressure application to the HM/FM interface modulates the interfacial spin mixing 

conductance.  Similarly, the 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 the 

Pt/NiFe bilayer.  

 To investigate the pressure dependence of the UMR, we used a hybrid piston-cylinder-type high-

pressure cell consisting of NiCrAl alloy (inner cylinder) and CuBe alloy (outer cylinder) as schematically 

shown in Fig. 1(a). As a sample for the magnetoresistance measurements, we have prepared Pt(5 

nm)/NiFe(5 nm) film on a SiO2/Si substrate by using a magnetron sputtering system as shown in the inset 

of Fig. 1(b). The sample has been patterned into a Wheatstone bridge shape in order to extract the 

asymmetric component of the magnetoresistance. The observed asymmetric resistance DRasym spectra 

show perfectly asymmetric as shown in Fig. 1(b). Figure 1(c) shows the pressure dependence of the 

DRasym. It should be noted that the DRasym is enhanced with increasing the pressure. As possible origins, 

the enhancement can be induced 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 presented 

at the conference. 

Figure 1. (a) Schematic illustration of the hybrid piston-cylinder-type high-pressure cell. (b) Asymmetric resistance 

Rasym as a function of the magnetic field H for the Pt/NiFe(Py) bilayer. (c) Pressure P dependence of ΔRasym 

Keywords: Pressure effect, magnetoresistance,  anomalous Nernst effect, spin Hall effect 
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The control of physical properties by means of the electric fields is a powerful attention in recent 

years.  Particularly, the manipulation of the magnetization by electrical means with low power 

consumption is recognized as a key technique for the development of future spintronic devices.   

Especially, the voltage control of the magnetization has attracted considerable attention owing to its lower 

power consumption than the current-driven manipulation with the significant Joule heating. Multiferroic 

heterostructures combining ferromagnetic and ferroelectric materials with the interface magneto-electric 

(ME) coupling, namely interface multiferroic systems, are promising approach toward the efficient 

voltage control of the magnetism. The mechanism of voltage-controlled magnetization is mainly due to 

the strain from the ferroelectric substrate. In addition to the strain effect, other interface interactions such 

as the charge modulation and spin-orbit interaction are known to contribute the control of the 

magnetization. The proper combination of these interactions is expected to yield the efficient electrical 

manipulation of the magnetization [1]. In order to explore efficient electrical control of the spintronic 

systems, we focus on multi-layered structures consiting of ferromagnetic/ heavy metal/ ferroelectric 

materials (FM/HM/FE). These structures can be expected to have significant modulation effects of the 

magneto-tranport properties in FM/HM bilayer films through strain-mediated ME coupling. In the 

present study, we explore the efficient control of spin-charge interconversion by using the electric field.  

 We have fabricated CoFeB/Pt bilayer films on (100)-oriented 0.7Pb(Mg1/3Nb2/3)O3 - 0.3PbTiO3 

(PMN-PT) substrates using a DC magnetron sputtering system. Fig. 1(a) shows the DC voltage spectra 

due to the dynamical spin injection with the magnetic field at  = 45 degree under the various electric 

field. The inset is a schematic diagram of side gating. It can be found that the VDC peak is strongly 

dependent on the electric field. Furthermore, we analyze the spectra by separating as a sum of symmetric 

and anti-symmetric Lorentz functions. Fig. 1(b) shows the electric field dependence of the symmetric 

Lorentz component of VDC. The Vsym shows both the PMN-PT strain curve and decreasing functional 

characteristics. This result suggests that the spin Hall angle in the Pt layer and/or the mixing conductance 

for CoFeB/Pt interface is modulated by the piezoelectric/electrostrictive behavior of PMN-PT and the 

charge transfer effect [2, 3]. Based on the systematic measurements such as angular dependence and 

transport properties, we will discuss the mechanism for the modulation of spin-charge conversion.  

Figure 1. (a) VDC spectra under the magnetic field at f = 45 degree for various electric field, and a schematic of the 

sample structure(inset). (b) Electric field dependence of the amplitude of the symmetric component Vsym. 

 Keywords: electric field effect, spin-orbit interaction, spin-charge conversion, dynamical spin injection 
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Spinel structures (AB2O4) exhibit diverse physical properties influenced by the specific atoms 

occupying the tetrahedral and octahedral sites at A- and B-sites, respectively, within the unit cell. This 

research delves into the magnetic characteristics of CuMn1.8Fe0.2O4, elucidating the interplay of local 

electronic, atomic, and crystal structures through synchrotron radiation-based spectroscopic techniques. 

Single-phase of the samples was established via in-house X-ray diffraction. The investigation revealed a 

Griffith’s phase and a low-temperature reentrant spin glass state in the structure, as evidenced by zero-

field-cooled (ZFC) and field-cooled (FC) magnetization studies at low temperatures. The glassy state was 

further analyzed by AC susceptibility measurements at various frequencies and magnetic fields. The 

multivalence state of Mn ions within the structures was confirmed through L3,2-edge X-ray absorption 

studies. At low temperatures, X-ray magnetic circular dichroism (XMCD) demonstrated the ordered state 

of Mn spins, contributing to long-range order. The glassy state’s origin could be attributed to frustration 

among different Mn spins, while the Griffith’s phase could be explained by the dilution of Mn spins with 

Fe spins. 

Keywords: Spinel Structure, Griffith’s phase, Spin Glass, XMCD 
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We report on terahertz radiation of topological material EuCd2As2 single crystals under ultrafast 

optical excitation with different helicity. By time domain decomposition and recombination, circular 

photogalvanic effect signal originated from spin-polarized currents were obtained. By changing the 

incident angle, the circular photogalvanic effect became significant at large incident angle. This 

phenomenon indicates that the circular photgalvanic effect is the results from two dimensional electronic 

system. In low temperature experiment, we observed significant enhancement on the amplitude of THz 

radiation. The details of the experimental results will be shown in the poster. 
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Botulism is a potentially fatal illness caused by toxin produced by a bacteria called Clostridium 

botulinum found in food. The treatment of this illness requires very expensive antitoxin drugs. Therefore, 

there is a strong need for development of sensitive biosensors for detection of the toxin in food produce. 

These bacteria produce a protein called Botulinum neurotoxin (BoNT). In this work, by using atomistic 

computer modeling and simulation, we investigate potential aptamer (single-stranded DNA orRNA) that 

binds BoNT protein for use in biosensor for sensitive detection at low concentrations of Botulinum 

neurotoxin. With our experimental colleague's focus, two types of BoNT types A and C are investigated. 

The 3D structure of the aptamer from the primary nucleotide sequence are constructed, and are docked 

to BoNT proteins. Then the complexes are simulated for 100 nanoseconds by using GROMACS 2020.4. 

The results show that aptamers designed for type A prefer binding to BoNT/A and vice versa. Among 

them, aptamer A4 was the candidate with the strongest 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 best 

candidate. This computational study strongly suggests that aptamer A4 could be used in biosensors to 

detect both of these types of botulinum neurotoxins. This calculation method helps save expensive and 

time-consuming experiment laboratory 

Figure 1. The three-dimensional structures of the aptamer – BoNT complex 

Keywords: Botulinum neurotoxin (BoNT), aptamer, molecular dynamics simulation, protein - DNA 

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 maintenance-free system. 

They offer not only a sustainable energy generation method but also 

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 figure-of-merit zT. To attain a 

high zT value, a thermoelectric material must simultaneously have a 

high electronic conductivity and a low thermal conductivity [1]. 

These two properties are positively correlated in materials in general, 

where phonon and electron share 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 is 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 is 

that a heavier element will have lower oscillations 

frequency, leading to slower phonon group velocity of acoustic modes and therefore lower thermal 

conductivity [4]. However, using first-principles calculations and lattice dynamics, we have shown that 

the thermal conductivity of KMgBi perfect crystal is several times higher than that of NaMgBi. Through 

the analysis of phonon properties, this relationship was explained, shedding light on the cause for 

NaMgBi’s low thermal conductivity. After in-depth comparison of thermal displacement and interatomic 

force constants, it becomes apparent that various factors, including electronegativity and atomic radius, 

all play an important part in lattice thermal conductivity. This study also shows possible directions to 

further suppress lattice thermal conductivity while retaining desirable electronic conductivity for 

thermoelectricity applications.  

Keywords: first-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 significant 

research focus recently. The design of new HEAs is a challenging task because of a huge space of 

potential alloys. For instance, Miracle et al. showed that there are 592 billion potential 3-6 element HEAs 

[1], yet only a fraction of these have been explored. Consequently, accurate prediction of HEA's 

properties, such as yield strength, is crucial to refine the search space. Machine learning (ML), a novel 

approache for prediction of HEA's properties, is increasingly used in recent years. It has been successfully 

applied to predict the structure and properties of various types of materials, including yield strength of 

HEAs [2, 3]. Traditionally, the performance of ML prediction models is assessed on test data and 

expected to be good on new data. However, proficient model performance doesn't necessarily guarantee 

good future predictions [4]. Moreover, most ML methods offer point predictions without 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 is 

not computationally expensive and can be applied for any ML method. It offers a prediction region for 

each observation of new data. 

 In this research, we experimentally investigate sizes of prediction regions of HEA’s yield strength 

on a dataset comprising 199 HEAs, sourced from the work of S. Gorsse et al. [6]. Predictors for the yield 

strength include valence electron concentration, electronegativity difference, atomic size difference, 

mixing entropy, and mixing enthalpy. Our experimental setup involves two independent variables: the 

size s of training datasets and the method of cross-validation, namely split (SP) or leave-one-out (LOO) 

[7]. The experiment's dependent variable is the size Q of prediction regions. For prediction, we employ 

ML methods automatically defined by the AutoGluon framework [8]. Our experimental findings are 

expressed through linear models as Q = 1215.13 – 3.18s for SP and Q = 1165.3 – 3.18s for LOO. These 

results imply that on average, (1) size of prediction regions of LOO is 49.83 smaller than that of SP and 

(2) size of prediction regions decreases by 3.18 if size of training datasets increases by 1. Additionally, 

the results suggest the potential benefit of adding generative data to training datasets to further reduce the 

size of prediction regions. 

 Keywords: materials informatics, high-entropy 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 solar 

cells based on organic photovoltaics (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 of 

small-area OPV devices1. To make the OPVs practical applications, it is necessary to show that the 

durability of the small area can be scaled up to the large area. Even with the filter, the OPV modules 

decays more rapidly than the OPV small devices. To our best knowledge, there are a few papers on 

module sunlight stability2 . 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 series 

with a total effective area of 10.8 cm2. The stability of the devices is studied 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 sunlight 

UV. As a result, a good stability is achieved for the ternary OPV modules based on the high-performance 

blend PM6:Y6 with 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 also 

studied in this work under UV irradiation. The initial PCE of the inverted structure is higher than normal 

structure devices, however, the UV stability of the normal structure is found to be more stable than the 

inverted structure. The physical study of the related structure will be discussed in the future work section. 

Moreover, semitransparent OPV is promising to show a stable lifetime under UV. In the upcoming work, 

the UV stability of the semitransparent OPV modules will be conducted to improve the UV lifetime and 

transmittance.  

Keywords : Module organic solar cell; 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/AlGaN high electron 

mobility transistors (HEMTs). Based on the Franz-Keldysh effect, the electric field within the two-

dimensional electron gas (2DEG) in GaN/AlGaN heterostructure was examined using PLE analysis. This 

research introduces a non-destructive 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 sensors, high-frequency and high-power devices 

[1]. In the HEMT structure, high electric fields can be generated without doping because of the strong 

polarization fields and the high conduction band offset between AlGaN and GaN. The electric field 

strength plays an essential role in the device operation because it is the driving force to move the electrons 

into the channel to form two-dimensional 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 deposition 

on the Si (111) substrate. The layer structure consists of a GaN cap layer, an undoped AlGaN barrier 

layer, a AlN inter-layer, a undoped GaN channel layer, a AlGaN buffer layer, and a AlN nucleation layer. 

The photoluminescence (PL) and PLE were studied with FluoroMax-4PL spectrometer. 

Results and Discussion:  The 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, which is 

assigned as the donor-bound excitonic (D0X) 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 electric 

field in AlGaN/GaN heterostructures were obtained through a model based on the Franz-Keldysh 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 AlGaN/GaN HEMTs at room temperature. The band 

gap of GaN and the electric field within the two-dimensional electron gas in GaN/AlGaN heterostructure 

was estimated through the contactless PLE technique. Measurements of these properties is essential for 

the device design and applications in AlGaN/GaN HEMTs.    
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 We present a high-performance two-terminal impedance memristor on a flexible substrate with the 

potential for integration with 2.5D IC technology. The switch utilizes a memristor with HfO2 layers grown 

through atomic layer deposition (ALD) serving as the insulating layer. By manipulating the impedance 

state, it achieves modulation of radio-frequency (RF) signal transmission by switching between on and 

off states using a bipolar mechanism. Experimental results demonstrate that the device operates within 

the 6G communication frequency range, achieving a cutoff frequency of up to 160 GHz, an insertion loss 

S21 = -6 dB, and high isolation performance (-60 dB). The RF switch is integrated on a photosensitive 

polyimide (PSPI) flexible substrate, enabling potential integration as a redistribution layer (RDL) in 2.5D 

IC technology. Importantly, the entire manufacturing process maintains a thermal budget below 250 oC 

for back end of line (BEOL), making it suitable for monolithic integration with 6G functions. 
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Presenting author Email address: twbeatsoul.ee10@nycu.edu.tw 

  

about:blank


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

National Yang Ming Chiao Tung University                      Poster Presentations 

THz materials and devices_TD  144 

TD_P05 

Electronic Synapse Memristive Switaching based on Lysine-functionalized MoS2 

Quantum Dots 

Yu-Ling Liao, Yu-Ting Chen and Ji-Lin Shen*   

Department of Physics, Chung Yuan Christian University, Taoyuan City, 32023, Taiwan 

* Corresponding e-mail: jlshen@cycu.edu.tw  

Abstract: Memristive synapstic devices are recognized as one of important electronic components for 

neuromorphic computing. In this work, a synaptic menrisistor using lysine-functionalized MoS2 quantum 

dots (QDs) is reported. By adjusting the concentration of lysine concentration in the microwave-assisted 

synthesis, the conduction of the MoS2 QDs change gradually after multiple conductive paths. Diverse 

synaptic functions such as short-term plasticity and long-term plasticity have been examined in the 

artificial memory devices based on MoS2 QDs. 

Introduction: As one of the fastest-growing electronic devices in the field of data storage and brain-like 

neuromorphic computing, memristors have attracted a lot of attention in recent years. [1][2] The memory 

of the memristor can be maintained for a long time, but once it is supplied with an opposite negative 

voltage, it may change the resistance in one second or even less than microseconds. Variation in charges 

will impact the resistance of the memristor in both high resistance and low resistance modes, 

corresponding to one and zero, and allowing data storage by recording these alterations. 

MoS2 quantum dots (QDs) are a promising candidate for a memristor due to its tunable energy gap, high 

reliability, stability, and low power consumption, enabling more stable non-volatile resistive switching 

(RS) behavior [1]. In this study, the MoS2 QDs with functionalization of lysine provide the suitability to 

the memristor, which simulates a variety of synaptic functions such as such as short-term plasticity, long-

term plasticity and excitatory postsynaptic current (EPSC). 

Result and Discussion: Figure 1 shows a positive and 

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

to lysine-functionalized MoS2 QDs with 100 consecutive 

scans. The data shows that the current decreases with the 

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

synapses will gradually change from low-resistance state 

(LRS) to high-resistance state (HRS). The lysine 

concentration was changed to control conductance, which is 

similar to synaptic plasticity in biological nervous systems. 

The localized states in lysine-functionalized MoS2 QDs are 

responsible for gradual change in conductivity. When 

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

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

gradual reduction of the maximum current during an current-voltage (I-V) scan 

Conclusion: We measured the I-V curve of the lysine-functionalized MoS2 QDs. After repeated scans 

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

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

functionalization. These properties could be useful for memristor applications and design. 
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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 Back-end-of-line (BEOL) process [1]. 

Among these materials, indium oxide stands out as a 

particularly promising candidate, finding extensive 

application in thin-film transistors (TFTs) within the 

display industry [2]. However, In2O3 exhibits very high 

carrier concentrations [3]; the gate of the In2O3 device 

cannot effectively control such a large number of 

carriers, resulting in poor switching characteristics. Our 

study demonstrates a p-type doping method on ultrathin 

In2O3 deposited by atomic layer deposition (ALD) at a low temperature of 275°C. We performed carbon 

tetrafluoride plasma treatment on In2O3 devices to passivate oxygen vacancies and substitute the 

absorbed oxygen atoms [4], all of which contribute to a reduction in the carrier concentration in the In2O3 

channel. It is worth noting that we can counter the electrical characteristics from degenerate to 

enhancement mode, resulting in a significantly larger positive tuning window for threshold voltage (VT). 

Besides, the introduced dopant can be eliminated, and the electrical characteristics can be back to original 

state through organic solvent cleaning. This indicates that this doping method is reversible. Finally, we 

successfully achieved the fabrication of a depletion-load NMOS inverter with a relatively high gain 

through selective doping using this method, indicating that ALD-based ultrathin In2O3 holds significant 

potential in the field of logic circuits.  

Keywords: indium oxide, Amorphous oxide semiconductor, Atomic Layer Deposition, plasma 

doping, Threshold Voltage  
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Zinc oxide (ZnO) is a II-VI compound 

semiconductor with excellent optical 

characteristics, but it is susceptible to non-

radiative recombination defects, limiting its 

capability and performance as an optoelectronic 

device [1]. This study successfully demonstrated 

an innovative process in passivating current metal 

oxide semiconductor defects with non-toxic 

biomaterial. To illustrate, we utilized a 

hydrothermal synthesis technique to synthesize 

zinc oxide nanorods (ZnO NRs) and incorporated 

chicken egg white (albumen) as a defect 

passivator. Enhanced structural and optical 

characteristics were observed for the ZnO NRs 

with annealed albumen. X-ray diffraction (XRD) 

analysis reveals a significant improvement in the quality and crystallinity of the ZnO NRs following 

albumen incorporation. In addition to determining the chemical interaction between albumen and the 

pristine ZnO NRs, X-ray photoelectron spectroscopy (XPS) measurements were performed to validate 

the was observed that the process of annealing albumen led to the generation of sulfhydryl groups and 

subsequent production of disulfide bonds (which resulted in disulfide bridges) because of the chemical 

reaction that occurred during irreversible thermal denaturation. This interaction passivates the oxygen 

vacancies, preventing them from trapping charge carriers, resulting in non-radiative recombination and 

improving the characteristics of ZnO NRs. Near band-edge emission (NBE) and deep-level emission 

(DL) were observed in the steady-state photoluminescence (PL) of ZnO nanorods (NRs). The NBE 

significantly increases after capping and annealing the albumen compared to DL emission. The 

suppression of DL emission suggests that surface defects and oxygen vacancies in ZnO NRs have been 

reduced. Because of the advantages and improved features of annealed-albumen-capped ZnO NRs, a 

stable and highly efficient light-emitting device (LED) was developed which exhibited tenfold EL 

intensity as compared to pristine ZnO NRs devices. This work reveals the significant potential of 

usingbiomaterial to mitigate the existing defects of oxide semiconductor materials for developing bio-

inspired and enhanced optoelectronic devices.  
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Figure 1. Photoluminescence (PL) spectra 

and TEM images of pristine ZnO NRs and 

albumen-capped ZnO NRs. 
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Present work deals with the comparison of parametric optimization 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 over 

p-type Si (100) substrate using CVD method considering flowrates of H2 and N2 gases and the deposition 

temperature as input parameters while hardness, young’s modulus and ID/IG ratio were taken as response 

parameters. Additive ratio assessment (ARAS), Complex Proportional Assessment (COPRAS), 

Evaluation based on distance from average solution (EDAS) and Multi-objective optimization on the 

basis of ratio analysis (MOORA), MCDM methods are used for ranking of alternatives. For weight 

allocation of criterion four different techniques 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 methods 

for every weight allocation is similar. From the overall discussion it observed that 120 sccm (H2 

flowrate), 120 sccm (N2 flow rate) and 1250°C temperature is best suited combination to obtain 

optimized results for the response variables. From the correlation chart it can also be observed that the 

maximum variation in ranking occurs when the different MCDM methods are clubbed with MEREC 

weight allocation. Overall maximum variation in the correlation coefficient is 10%, which also suggests 

that all the methods are providing similar results.  
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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 (PCA) working at 

800-nm ultrafast optical pulses. Encoding a set of bit-wise information into the waveform of single THz-

pulse, which was generated by a PCA. The bit-wise information was encoded via a spatial light modualtor 

(SLM) in frequency domain before the photoexcitation 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 optics 

pulses. The spectral frequency of pulses can be determined to pass or to be blocked by the designed 

pattern of the SLM. The selectively modulated pulses will stimulate the PCA and generate corresponding 

THz waveforms. Our simulation demonstrates that THz waveforms exhibit varying responses under 

different spectrally modulated injected pulses.  

 Keywords: THz communication, Pulse shaping, Photoconductive antenna 
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Since high-data-rate communication is desired, to realize terabit (Tbit) wireless telecommunication, 

such as 6G and beyond, new technology is being developed, and it may well rely on THz photonics. By 

Shannon’s Capacity Theorem [1], a high frequency channel has a larger bandwidth and can carry more 

information than a channel at a lower frequency. Therefore, the carrier frequency of communication has 

been raised from megahertz (MHz) to sub-THz in present telecommunication systems [2]. However, the 

generation of circularly polarized (CP) THz waves remain rare, especially for high output power. In this 

work, we report a simple and reliable system with Michelson interferometer (MI) for the generation of 

circularly polarized (CP) THz dual pulses with variable helicity, frequency, and interval between pulses 

[3,4]. These degrees of freedom allow us to arbitrarily control the THz dual pulses of interests, which has 

potential applications in imaging, spectroscopy, and in next-generation communications. 

Keywords: circular polarization, polarization control 
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Rare earth (R) tellurides layered single crystal RTen (n=2, 2.5, 3) are considered to be charge density 

wave (CDW) materials. To gain a better understanding of the ultrafast dynamics of Tb₂Te₅ and determine 

whether it exhibits CDW behavior, we employed dual-color pump-probe time-resolved spectroscopy at 

various temperatures, as well as low-temperature X-ray diffraction. In the temperature range of 8 K to 

100 K, the transient reflectivity changes (ΔR/R) exhibit a 3.77 THz oscillation mode, and there are distinct 

trends in the variations of the b-axis length around the temperature of 120 K in the low-temperature X-

ray diffraction results. By comparing these findings to CDW-liked properties observed in other CDW 

materials, we conclude that Tb₂Te₅ can be classified as a CDW material, with an estimated CDW phase 

transition temperature (TCDW) falling in the range of 110-120 K.  

Keywords: pump-probe spectroscopy, rare earth tellurides  

References:  

[1] H. Hosono, et al., Mater. Today 21, 278 (2018).  

[2] F. Pfuner, et al., J. Phys. Condens. Matter 24, 036001 (2011).  

[3] N. Ru, et al., Phys. Rev. B 77, 035114 (2008).  

Presenting author Email address: chienming.sc11@nycu.edu.tw 

  

mailto:chienming.sc11@nycu.edu.tw


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

National Yang Ming Chiao Tung University                      Poster Presentations 

THz materials and devices_TD  151 

TD_P12 

 

Generate Mid-infrared Ultrashort Pulses via Four-Wave Difference Frequency 

Generation for Measurements  

Chun-Ying Lin1*, Shi-Zao Chang1, Wei-Hong Huang1, Chih-Wei Luo1 

1 Department of Electrophysics, National Yang Ming Chiao Tung University, Hsinchu, 300093 Taiwan 

* Corresponding e-mail: chunying.sc11@nycu.edu.tw 

 We will generate mid-infrared (MIR) ultrashort pulses for measurements in this work. Through a 

birefringent crystal makes our fundamental pulses (800 nm, 1) colinearly generate second harmonic 

pulses (400 nm, 2). The polarization is orthogonal between the two pulses. Then tuning them for time 

overlapping and phase matching. And then we can rotate their polarization to control the generated 

pulses’ polarization. We focus two-color filamentation to generate MIR pulses via four-wave difference 

frequency generation (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 reference 

beam to have it collinear focus with our MIR light source for up-converting photon energy from MIR 

region to visible region through a gaseous medium [2]. The spectrum can be upconverted into a visible 

signal ( ′2) through an FWDFG process. It is more convenient and quicker to measure MIR spectrum 

based on the detected up-conversional visible spectrum. After recomputing the signal back, we can get 

the MIR spectrum to obtain the information we want.  

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

conversion 
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Shih-Chi Hung1,3, Zhi-Ling Chen2,3, Sheng-Chiao Wang2,3, Hao-Hsiang Jia3,4, Woei-Wu Pai5,  

Chih-Wei Luo2*, Ping-Hui Lin3* 

1Department of Physics, National Yang Ming Chiao Tung University, Hsinchu, Taiwan 
2Department of Electrophysics, National Yang Ming Chiao Tung University, Hsinchu, Taiwan 

3National Synchrotron Radiation Research Center, Hsinchu, Taiwan 
4 Institute of Photonics Technologies, National Tsing Hua University, Hsinchu, Taiwan 

5Center for Condensed Matter Sciences, National Taiwan University, Taipei, Taiwan 

* Corresponding e-mail: cwluoep@nycu.edu.tw, lin.pinghui@nsrrc.org.tw 

We study the ultrafast electron dynamics in 1T-TiSe2 within femtosecond scale via time- and angle-

resolved photoelectron spectroscopy (Tr-ARPES). By extracting the transient evolution of the electron 

population, we provide a dynamic picture to describe the electron-hole pair generation and the electron-

phonon interaction within TiSe2. The charge density wave (CDW) phase transition in 1T-TiSe2 whose 

origins are still not completely understood.  

Keywords: time-angle-resolved photoemission spectroscopy, charge density wave, ultrafast electron 

transport dynamics  
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We investigated the ultrafast electron dynamics of the charge density wave (CDW) material 1T-

TiSe2 using the time- and angle-resolved photoemission spectroscopy (Tr-ARPES) system. The 

experimental results provide a direct visualization of the Ti-3d conduction band and the indirect 

correlation between effective mass and the CDW phase. The data show that the effective mass of the Ti-

3d electron pocket displays two opposite behaviors at different pump fluences and temperature regimes, 

which indicates varying degrees of suppression of the CDW phase. Notably, transient completed 

suppression of the CDW phase with a fluence above F = 0.5 mJ cm-2. We also present the time evolution 

of the Ti-3d band, and the change of effective mass suggest the recovery of the CDW phase. 

Keywords: charge density wave, time- and angle-resolved photoemission spectroscopy, effective 

mass  
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Circularly polarized MIR pulses were generated by polarization-twisting optical dual pulses via a 

modified Michelson interferometer with the turnability of frequency, helicity, and time interval between 

two pulses. Different configurations of DWPs can control the applied two-color fields, and the resultant 

polarizations of MIR pulses were shown in Fig 1. When azimuthal angle φ of DWP was matched with 

the polarization of fundamental pulses, the polarization of ω1 and ω1 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 Fig. 

1(a,c). On the other hand, when φ was at 0 or 135 degree, the polarized combinations of two-color pulses 

were shown in Fig. 1(e). Based on the results in Fig. 1(b, d), we can clearly find the circularly polarized 

MIR pulses is only determined by the polarized type of 800-nm fundamental pulses, ω1. Besides, both 

circularly polarized ω1 and ω2 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, two-color filamentation, circularly pilarized MIR  
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We report on high efficiency terahertz radiation of Weyl semimetal EuCd2Sb2 single crystals under 

ultrafast optical excitation. Huge amplitude of THz radiation were observed from EuCd2Sb2 single 

crystals, and its’ amplitude is at least one-order in magnitude larger than the THz radiation from standard 

sample InAs under the same condition. We also performed sample orientation measurement to confirm 

the THz generation mechanism. The details of the experimental results will be shown in the poster. 

Keywords: Terahertz emission, Weyl semimetal, Nonlinear optics. 
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Perovskite manganites are known as functional materials 

showing colossal magnetoresistance (CMR) and one of perovskite-

LaSr1-xMnxO3 (LSMO) is kind of classic half-metallic oxide that 

exhibits large spin polarization and CMR effect. Recent research 

shows that an unconventional butterfly-shaped hysteresis 

magnetoresistance is observed in grain boundaries of LSMO 

homostructure, to further exploit its potential, we study the 

quasiparticle dynamics of the LSMO homostructure with the 

spatial resolved ultrafast pump-probe microscopy. 

Keywords: Homostructure, Half metal, Carrier dynamics. 
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Antibiotic residues in aquaculture wastewater are considered as an emerging environmental problem, 

as they are not efficiently removed in wastewater treatment plants. To degrade antibiotic residues in 

aqueous environment, we fabricated TiO2 nanowires on nanotube arrays (TNWs/TNAs), Bi-Se-Te 

nanoparticle (NP)-decorated-TNWs/TNAs, which were applied for assessing the photocatalytic 

degradation of metronidazole with initial concentration of 300 ng/mL. The TNWs/TNAs was synthesized 

by anodization using an aqueous NH4F/ethylene glycol solution, meanwhile Bi-Se-Te NPs were 

synthesized by plasma- assisted exfoliation method from Bi2Se2Te single crystal, and used to decorate on 

TNWs/TNAs. The photocatalytic performance of TNWs/TNAs and Bi-Se-Te NPs-TNWs/TNAs was 

studied by monitoring the degradation of metronidazole under ultraviolet (Uv)-visible (Vis) illumination 

by a high-performance liquid chromatography (HPLC). All the TiO2 nanostructures exhibited anatase 

phase and well-defined morphology of nanowires on nanotubes. The TNWs/TNAs and Bi-Se-Te NPs-

TNWs/TNAs nanomaterials degraded metronidazole effectively and rapidly, in which the metronidazole 

removal percentages of TNWs/TNAs and Bi-Se-Te NPs-TNWs/TNAs were 71.8% and 83.0% after 20 

min treatment under UV-VIS irradiation (100 mW·cm–2), respectively. In addition, the reaction rate 

constant of Bi-Se-Te NPs-TNWs/TNAs was higher than that of TNWs/TNAs (85.4 × 10-3 min-1 vs. 60.7 

× 10-3 min-1), which could be attributed to the localized surface plasmon resonance effect of Bi-Se-Te 

NPs and the enhanced charge separation effect in hydrid Bi-Se-Te NPs-TNWs/TNAs system. 

TNWs/TNAs and Bi-Se-Te NPs-TNWs/TNAs were synthesized successfully and possessed high-

performance in photocatalytic degradation of a representative antibiotic of metronidazole. 

Keywords: TiO2 nanowires on nanotube arrays, Bi-Se-Te, metronidazole, HPLC. 
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Graphene is a tow-dimensional carbon material with a hexagonal lattice structure. It has excellent 

properties such as low sheet resistance (~250 Ω-cm), high thermal conductivity (2000~4000 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 the 

transparent conductive layer od deep ultraviolet light-emitting diodes (DUV-LEDs). The experiment used 

a low-pressure chemical vapor deposition process to synthesize graphene on copper foil and then 

transferred it to a DUV-LED substrate. And the electroluminescence spectra in DUV-LEDs containing 

graphene can be studied through metal electrodes formed by thermal evaporation in high vacuum. The 

results show that compared with DUV-LEDs using traditional nickel-gold electrodes as shown in Figure 

1, the luminous intensity is significantly increased by 20 times. This improvement shows the key role of 

graphene as a current diffusion layer, enhancing the luminous intensity of DUV-LEDs. Utilizing 

graphene as a transparent conductive layer to enhance DUV-LED performance opens up a promising 

avenue for the development of more efficient and high-performance DUV-LEDs. 

Keywords: DUV-LEDs, cuttent diffusion layer, graphene 
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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 energy-efficient power electronic 

systems. In fact, integrating GaN-based 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 

technology. Currently, all the GaN-based devices are 

heteroepitaxially grown on foreign substrates such as 

sapphire (Al2O3), because of the lack of native substrates. 

This introduces significant lattice mismatch and difference 

in thermal expansion coefficient between the layer and 

substrates, leading to the formation of multiple strained layers with a high threading dislocation density 

and cracking behaviour. To address these challenges, the sapphire substrate is considered a promising 

platform, which shares a hexagonal 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 using 

nitrogen-doped ultrananocrystalline diamond (N-UNCD) employed as a carbon source for graphene 

synthesis offering high thermal stability, excellent adherence on a sapphire substrate which can be further 

used for epitaxial lateral overgrowth technology. This mask helped to enhance the heat dissipation using 

graphene and reduce the threading 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 of N-UNCD on a sapphire substrate via microwave 

plasma chemical vapour deposition (MP CVD), a 100 nm Ni layer was subsequently deposited on N-

UNCD to convert it into graphene using a rapid thermal process (RTP) using a low-pressure CVD system. 

Wet etching effectively removed the residue resulting 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 evaporation, 

followed by an O2 plasma etching process. The characterisation of the graphene mask could be done 

through qualitative and quantitative analysis using Raman scattering and scanning electron microscopy 

(SEM) as shown in Figure 1. In our Raman scattering we obtained an Id/Ig ratio of 0.3 additionally, 

scanning electron microscopy (SEM) confirmed that a uniform graphene layer could be achieved 

successfully. 

Keywords: Sapphire substrate, N-UNCD, Graphene mask, threading dislocation, lattice mismatch. 
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The scaling of transistors with thinner channel thicknesses has led to a surge in research on two-

dimensional (2D) and quasi-2D semiconductors. However, modulating the threshold voltage (VT) in 

ultrathin transistors is challenging, as traditional doping methods are not readily applicable. In this work, 

we introduce a novel optical-thermal method, combining ultraviolet (UV) illumination and oxygen 

annealing, to achieve broad-range VT tunability in ultrathin In2O3. This method can achieve both positive 

and negative VT tuning and is reversible. The modulation of sheet carrier density, which corresponds to 

VT shift, is comparable to that obtained using other doping and capacitive charging techniques in other 

ultrathin transistors, including 2D semiconductors. With the controllability of VT, we successfully 

demonstrate the depletion-load inverter and multi-state logic devices, and wafer-scale VT modulation, 

showcasing its potential for low-power circuit design and non-von Neumann computing applications. 

Figure 1. (a) A schematic of VT tuning in ultrathin In2O3 transistors through UV exposure combined with thermal 

annealing. (b) Transfer curves of 2 nm In2O3 transistors with channel width/length of 10/2 µm and after exposure to 

UV light. (c) A contour plot of VT shifts as a function of UV exposure time and power density. 

  

Keywords: quasi-2D, oxide semiconductor, VT modulation, UV exposure, wide-range  
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Ultrathin In2O3 at sub-2 nm thickness has recently emerged as a promising channel material for 

achieving high-performance ultrathin transistors with excellent transport characteristics. However, short-

channel effects (SCEs) have been observed in In2O3 transistors at channel lengths (Lch) far longer than 

the short-channel limit. Our experimental and simulation studies indicate that the observed SCEs are 

caused by the annealing effect during the high-energy metal deposition, which shifts the threshold voltage 

(Vth) of the oxide semiconductors. The inhomogeneous heating effect results in a Vth gradient formed 

along the channel of the transistor, where the measured Vth is determined by the lowest Vth within the 

gradient. As Lch shortens, this heating effect becomes more pronounced due to limited heat dissipation 

capability, leading to greater Vth shifts and the observed SCEs. Based on these findings, we formulate 

deposition conditions to engineer the Vth gradient and mitigate the observed SCEs in ultrathin In2O3 

transistors. Our results shed light on the impact of local heating in ultrathin transistors and provide 

guidelines for the design of high-performance and reliable devices based on ultrathin oxide 

semiconductors.  

Figure 1. (a) Schematic diagram of the back-gated In2O3 transistor. (b) Transfer characteristics of 

ultrathin In2O3 transistors with different Lch. (c) Natural scaling length calculated for planar UTB with an 

equivalent oxide layer thickness (EOT) of 30 nm. Scatter square points indicate the Lch of the transistors 

demonstrated in this study. 

 Keywords: Ultrathin oxide semiconductor, Thin-film Transistor (TFT), short-channel effects, Vth 

shift 
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 Cu2O is a kind of p-type semiconductor. The nanoparticles of Cu2O have been widely used as the 

catalysts in the realms of photocatalysis, electrocatalysis and CO reduction reaction. Furthermore, Cu2O 

nanoparticles can serve as morphological templates to form Cu2S and ZnS. In this study, we applied in-

situ X-ray absorption spectroscopy to investigate the changes in the electronic Figure 1. Scheme of   

structure of Cu2O and the process of anion and cation exchange. Possible ion exchange process 

intermediates formed during the reaction will also be examined. Hopefully, the approaches may be 

beneficial for understanding the formation of Cu2O nanoparticles and the mechanism of ion exchange 

reactions, broadening the applications in future.  

Figure 1. Scheme of ion exchange process 

 

  Keywords: Cu2O, ZnS, XAS, ion-exchange  
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Formation of Nickel After WS2 Hydrogen-Cracking Modifications 
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Tungsten disulfide (WS2), with a lighter carrier mass among all transition-metal dichalcogenides 

(TMDs), is attractive with potentially high carrier mobility for next-generation electronic devices [1]. In 

advance of future application, we should overcome an obstacle, a relatively high contact resistance 

between metals and TMD materials, which results inthe poor performance of electronic devices and 

impedes the further application of two-dimensional materials. Nickel is often used as the contact metal 

in modern electronic devices. We have tried growing Ni islands on pristine WS2 under an ultra-high 

vacuum condition, but a scanning tunneling microscopy (STM) study revealed that Ni atoms form large 

and irregular size and shapes clusters, which is unideal as metal-TMD contact.  

Here, we tried to develop a better formation for Ni grown on the WS2 surface by exposing it to 

cracked H to introduce S defects on 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 in 

the growth behavior is expected to improve the contact resistance in the electronic device in future studies. 

Keywords: transition-metal dichalcogenides (TMDs), STM , hydrogen, contact resistance 
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 Charge density wave (CDW) resulting from a periodic distortion in the lattice creates new orders 

beyond the original lattice. In 2H-NbSe2, one of the layered transition metal dichalcogenides (TMD), the 

3×3 charge order appears in two-dimensional (2D) layers. Although CDW can be observed by different 

techniques, the spatial distribution within a 2D layer has never been systematically visualized. Here, by 

using scanning tunneling microscopy (STM) and density functional theory (DFT), we monitored the 

evolution of CDW along the c-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 undergoes a 

transition from the outermost Se level to Nb level. The calculation of orbital charge distributions shows 

that both CDW intensity modulation and the transition are strongly correlated with the distribution of Se 

4p orbitals and Nb 4d orbitals. 

 Keywords: Charge density wave (CDW), Scanning tunneling microscopy (STM), Transition metal 

dichalcogenides (TMD), Density functional theory (DFT) 
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 Metal-oxide-semiconductor field-effect transistors 

(MOSFETs) are common and essential electronic components 

that are widely used in digital and analog circuits. In this paper, 

we will discuss the radiation effects encountered by MOSFETs 

when they are applied to low-earth 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 radiation 

damages and annealing effects under proton irradiation at mean 

energy of 200 MeV and fluence up to  . 

  The electrical characteristics were measured before and 

after the proton irradiation. The experimental findings indicate changes in the current-voltge (I-V) curves 

after irradiation. It correlats with increasing conductivity that could be attributed to a creation of oxide 

charges in the channel of n-type MOSFETs. 

 After reviewing the impacts of the radiation effect on the MOSFETs, there are some approach 

strategies that can be concluded to ensure the reliability of MOSFETs under the irradiation environments 

of low-Earth orbit (LEO). 

 Keywords: Metal-oxide-semiconductor field-effect transistor (MOSFET), Total ionizing dose (TID), 

Low-earth orbit (LEO). 
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Recently, transition-metal dichalcogenide 

(TMD) materials have been extensively studied in 

electronic and thermoelectric devices due to their 

unique physical properties. Among them, rhenium 

diselenide (ReSe2) manifests itself due to its strong 

anisotropy of its atomic structure from array clusters 

Re atoms. It exhibits a low symmetry 1T structure. 

The shape of isolated ReSe2 flakes usually exhibit 

long straight edge in optical microscope images thus 

it is easy to determine its axis along the long straight 

edge as the b-axis 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 ReSe2 basal 

plane.  

In electrical characterizations, we fabricated 

ReSe2 field-effect transistors with 12 electrodes 

evenly spaced at 30° to measure the angle 

dependences of electron mobilities and 

conductivities. It was found that the maximum and 

minimum of mobilities are 29 and 17 cm2/V⋅s, respectively, with a 90° change, which corresponding to 

the parallel to b-axis and perpendicular to b-axis.  

In addition, we further explored the anisotropy effect of thermoelectric properties. We made heating 

electrodes parallel and perpendicular to the b-axis for the test of anisotropy. This arrangement allowed us 

to measure thermopowers due to temperature gradient on ReSe2 during the heating process thus we 

estimated the Seebeck coefficients of the few-layer ReSe2.  

Our data supports that the mobility and conductivity is higher in the direction parallel to the b-axis 

of ReSe2 whereas the Seebeck coefficient and the thermoelectric power factor are lower which is 

opposition to anisotropic electrical manners. 

 Keywords: Rhenium diselenide, Transition-metal dichalcogenide, anisotropy, Seebeck effect  
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Figure 1. (a) Schematic diagram of ReSe2 

thermoelectric device (b) Correlation between 

conductivity G and back gate voltage VG for each of 

the two measurement angles. (c) ReSe2 device used 

in this experiment to measure the anisotropic 

properties. (d) Seebeck coefficient S versus back gate 

voltage VG. 
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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 creates a vector 

vortex beam (VVB) in non-separable 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 spin-orbit interaction, constitute the 

profound spin-orbit physics in photonics. 

 Our investigation focuses on the interaction between VVBs and 

WSe2 monolayers (WSe2-MLs), particularly with gray excitons 

(GXs), a type of spin-forbidden dark exciton [2]. Utilizing the 

longitudinal field of twisted light, we observe a significant 

enhancement in photo-excitation of GXsOur research showcases 

that spin-orbit-coupled VVBs remarkably imprint orbital angular 

momentum information onto the optical matrix elements of gray 

excitons. This imprinting remains resilient against inherent 

decoherence mechanisms within materials, highlighting the 

robustness of this approach [3]. This finding proposes an effective approach to decode transferred angular 

momentum from structured lights to excitons. 

Keywords: gray-exciton; vector vortex beam; transition-metal dichalcogenide; 

References: 

[1] Forbes, Andrew, Michael de Oliveira, and Mark R. Dennis, Nat. Photonics 15, 253-262 (2021). 

[2] S.-Y. Chen, T. Goldstein, T. Taniguchi, K. Watanabe, and J. Yan, Nat. Commun. 9, 3717 (2018). 

[3] Sanchez, O. J. G., Peng, G. H., Li, W. H., Shih, C. H., Chien, C. H., & Cheng, S. J, arXiv preprint 2307.10916 

(2023). 

Presenting author Email address: gomezsanchez.oscarjavier@gmail.com 

  

Figure 1. Vector vortex beam (VVB) as 

a light source for the phto-generation of 

excitons in a WWSe2-ML. 
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 During the past decade, many researchers have demonstrated that leveraging hybrid dimensionality 

figures of merits, such as integration of 2D-layered materials with 3D substrates/templates via 

heteroepitaxy could be a crucial benefit to enhance the performance of 2D-based optoelectronic devices. 

This work aims to demonstrate that molecular beam epitaxy (MBE) is reliable for achieving the GaXs (X 

= Se, Te) materials on 3D substrates with highly controlled crystal structures, morphologies, and physical 

properties, by using in-situ reflection high-energy electron diffraction (RHEED) and surface morphology 

characterization techniques. A coexistence of hexagonal-GaTe (h-GaTe) and monoclinic-GaTe (m-

GaTe) phases in the film was explored, leading to the formation of lateral h/m-GaTe heterophase-

homojunction in the MBE-grown GaTe on GaAs (001). Moreover, the growth fashions of GaSe on 3D 

substrates, screw-dislocation-driven (SDD) mode, or layer-by-layer (LBL) mode, are demonstrated to be 

controllable via tuning the growth temperature, resulting in various film morphologies with distinct 

physical properties. Typically, high-density and uniform spiral structures were observed in the SDD-

GaSe at low temperatures, whilst µm-scale triangular LBL-GaSe morphology was dominant at a high-

temperature regime. As a result, a significant blueshift of ~ 0.21 eV in PL spectra of the LBL-GaSe layer 

concerning the SDD-GaSe layer indicated, opening 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) LBL-GaSe grown on 

GaN/sapphire. 

Keywords: GaSe, GaTe, Molecular Beam Epitaxy. 
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 The integration of two-dimensional (2D) layered van der Waals (vdWs) materials with wide bandgap 

semiconductors (WBS) has unveiled impressive opportunities for exploring novel physics and device 

concepts. Most of the studies realized these heterostructures using the exfoliation techniques or transfer 

methods, and this can limit their usage in large area applications due to the reduced scalability and may 

be prone to the origination of defects or contamination issues. A more reliable method to fabricate this 

heterostructure in situ can overcome these challenges and further enhance its practical usage. In the 

present study, we realized 2D βIn2Se3 on 3D β-Ga2O3/c-sapphire heterostructure by plasma-assisted 

molecular beam epitaxy. In the initial stage, we employed a two-stepped β-Ga2O3 film on c-sapphire 

under low temperature (LT-450oC) and high temperature (HT-700oC) conditions, with the LT film used 

as a nucleation step to optimize the crystalline quality of the HT film. This heterostructure follows the in-

plane epitaxial relationship of [010] β-Ga2O3 || [1010] c-sapphire and [102] β-Ga2O3 || [11-20] c-sapphire 

and further yielded the in-plane ‘b’ lattice constant of β-Ga2O3 (~3.038 Å ) as evaluated by in-situ 

reflection high-energy electron diffraction (RHEED) patterns. The growth of single-phase β-Ga2O3 films 

on c-sapphire was confirmed by X-ray diffraction and Raman measurements. In the next stage, for the 

first time, 2D In2Se3 layers were epitaxially realized on 3D β-Ga2O3 film by employing a substrate 

temperature of 280oC and Se/In flux ratio ~28. Despite the 3D surface morphology of the Ga2O3 film, the 

single phase β-In2Se3 layers were successfully realized which is a consequence of vdWs epitaxy and 

followed the in-plane epitaxial relationship of [11-20] β-In2Se3 || [010] βGa2O3 and [10-10] β-In2Se3 || 

[102] β-Ga2O3. Also, the in-plane ‘a’ lattice constant of β-In2Se3 was evaluated to be ~4.027Å. The 

surface of the grown In2Se3 layers exhibited a triangular domain morphology with an average size of ~ 

450nm. The fabrication of this mixed dimensional 2D β-In2Se3/3D β-Ga2O3 heterostructure realized in 

this study with their bandgaps ranging from near-infrared (~ 1.43eV) [1] to deep ultraviolet (~5.04 eV) 

can reveal potential applications in the field of optoelectronics.  

 Keywords: 2D layered materials, In2Se3, Ga2O3, mixed-dimensional heterostructure, Molecular 

Beam Epitaxy  
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Since the discovery of graphene, the rapid development of two-dimensional (2D) materials has 

become a leading topic in materials science and condensed matter physics. The 2D GaSe belonging to 

the group III-metal monochalcogenide (GIIIMC) with outstanding properties offers great potential in 2D 

material-based heterostructure for next-generation electronic and optoelectronic applications. In this 

work, by manipulating the growth temperature and fixing the VI/III ratio, the growth mechanism of 2D-

GaSe could be driven from the Layer-by-layer (LBL) to the Screw-Dislocation-Driven (SDD) growth 

mode, resulting in various surface morphologies. In addition, the influence of 2D-GaSe/sapphire surface 

characteristics with distinct growth modes on the growth of InGaSe ternary alloy by molecular beam 

epitaxy was also discussed. It is found that even at a low In/Ga flux ratio, Indium incorporation efficiency 

could strongly affect the crystal structure and growth mechanism of InGaSe ternary alloy. This study 

provides an understanding of the GaSe-MBE growth mechanism and opens up the opportunity to 

investigate GaSe-based heterostructure for realizing future nanodevices. 

Keywords : 2D heterostructures, Molecular Beam Epitaxy, group III-metal monochalcogenide, GaSe 
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Going beyond graphene and Transition Metal Dichalcogenides (TMDs) materials, Group III-metal 

chalcogenide (GIIIMC) appears as a bright star with unique properties that could widen the potential of 

applications in the semiconductor industry. In this work, for the first time, full-range InGaSe ternary 

alloys were grown on the c-sapphire substrate using Molecular Beam Epitaxial (MBE). This report aims 

to discuss the crystal structure evolution of InGaSe ternary alloys versus the Indium (In) flux ratio. Based 

on the in-situ observation via Reflection High-Energy Electron Diffraction (RHEED) and ex-situ 

characterizations of the alloys, it is found that the growth mechanism of the InGaSe ternary alloy 

undergoes two-dimensional (2D) to three-dimensional (3D) growth mechanism relying on the In/Ga flux 

ratio. With the current growth condition, at low In concentration, the MBE growth of InGaSe transferred 

from 2D-InxGa1-xSe to 3D zinc blende (InxGa1-x)2Se3. On contrary, the growth mechanism may be driven 

by the transformation from 2D β- InxGa1-xSe to 3D wurtzite (InxGa1-x)2Se3 at very high flux ratio. The 

results obtained from this study provide a preliminary 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 2D 

InGaSe ternary alloys in the near future. 

Keywords: InGaSe ternary alloys, 2D to 3D transition, MBE 
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It is interesting to see how surface modification or reconstruction can be used to manipulate the 

physical properties and electronic properties of unoccupied states on solid surfaces. An important 

representative of unoccupied surface states is the image potential state [1,2]. This state exhibits unique 

characteristics, such as long lifetime and strong confinement near the surface, making it valuable for 

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, the 

image potential state has not shown bandgap opening due to the long-range periodic potential within the 

material. Nevertheless, surface reconstruction, such as the formation of a (5 1) superstructure with 

Iridium (Ir), can potentially affect the image potential state by introducing additional confinement and 

modifying electron wavefunctions.  

In this study, we have employed two-photon photoemission (2PPE) spectroscopy to investigate the 

states above the Fermi level. Our observations revealed that the Ir(001)-(5 1) reconstructed surface 

exhibits a band gap, which arises from the surface reconstruction, whereas such a band gap is not seen 

on Ir(001)-(1 1) surface. This difference can be attributed to the distinct surface reconstructions of the 

two structures. This study of the Ir system with surface reconstructions, such as the (5 1) superstructure, 

offers a platform to investigate electronic properties and phenomena associated with confined electron 

dynamics.  

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

telluride (InSe1-xTex, 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 
[1]. Base on this idea, the atomic flat silicon dioxide (SiO2/Si) 

substrates were employed in this experiment. Initially, the InSeTe 

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 samples, the 

narrowest full width at half maximum and the largest singnal to noise 

ratio of A1’ phonon mode are employed to select the growth 

temperature. Finally, the growth temperature was optimized at 

around 550 °C. 

Figure 1 dispalies the X-ray diffriction spectra of InSe1-xTex 

(0≤x≤1) thin films. The crystalline of these samples divids into three 

phases. When x less than 0.6, InSe related crystalline dominates the 

spectrum. The lattice constant enlarges with increasing the tellurium 

content. The relationship between lattice constant and composition 

does not satisfy Vegard’s Law, especially when the tellurium 

concentration is low, as shown in Fig. 1(b). When x higher than 0.6, 

the crystalline is complex. It is consistent with InSe-related and 

InTe-related. When the composition of tellrium closes to 1, InTe-

related crystallography dominates, as shown in Fig. 1(c). The 

changes in surface morphology detected by scanning electron 

microscope are similar to the crystal structure analyzed by XRD. In 

Raman scattering analysis, it was found that the longitudinal phonon 

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 mode 

Keywords: indium telluride, indium selenide, van der Waals film, indium precursor 
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Figs. 1(a) X-ray diffriction spectra 

of InSe1-xTex (0x1) thin films. (b) 

XRD signal of InSe (004) of x 

between 0 and 0.6 and (c) Focus on 

InTe and InSe0.16Te0.84. 
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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 low-

dimensional materials. This study presents a 

detailed analysis of time-resolved spectra on 

LaTe3 and LaSeTe2, quasi-two-dimensional 

paradigmatic CDW systems. Numerous 

coherent (Raman active) modes appear upon 

the phase transition into the CDW state. 

Using the time-dependent Ginzburg-Landau 

model, we examine the temperature 

dependence of mode frequencies, their 

damping times, and their oscillator strengths. 

These low-temperature modes originate 

from the linear coupling between the 

normal-state phonons at the CDW wave 

vector and the modulation of the conduction 

electron density induced by Fermi surface 

nesting. Furthermore, we can identify the 

nature of excitation of these coupled modes. The softening mode was discovered to be an overdamped 

mode, which is primarily electronic in nature. The experimental observation and theoretical. 

Understanding of ultrafast dynamics may offer insight into other general principles behind 

nonequilibrium phase transitions in many-body systems 

Keywords: time-resolved ultrafast spectroscopy, charge density wave  

References:  

[1] Pavel E. Dolgirev et al., Phys. Rev. B 101, 054203 (2020). 

[2] H. Schaefer et al., Phys. Rev. B 89, 045106 (2014).  

Presenting author's Email address: nhatquyen126@gmail.com  

Figure 1. Ultrafast dynamics at various temperatures n the ac-

plane of LaTe3 and LaSeTe2 single crystals. 
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In the pursuit of high-performance nanosemiconductors, 

the twodimensional material Indium Selenide (InSe) stands out 

as an exceptional subject for study. Two-dimensional materials, 

distinguished by their atomicscale thickness, offer higher 

mobility compared to the widely used material Silicon. 

Importantly, InSe shares a similar bandgap with Silicon while 

maintaining its classification as a two-dimensional 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 the indium precursor 

method [2]. In our previous result, the indium precursor layer 

provides larger growth window, i.e. the larger, parameter 

setting range. In this study, we aim to delve further into the 

mechanism of the indium precursor layer. An observed phenomenon is that the additional indium atoms, 

which come from indium precursor layer, diffuse into the subsequent growing of indium selenide. In this 

moment, the growth condition was set under indium-poor, which is suitable to form In2Se3. In the result, 

the indium precursor layer assisting to fabricate a pure InSe thin film. Our methodology involves precise 

control of the indium-to-selenium flux ratio and manipulation of the growth time to observe resulting 

differences.   

In Figure 1, the differences in intensity and signal-to-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 in 

the mechanism, we employ surface morphology analysis to observe smoothness, Raman spectroscopy to 

verify the presence of pure InSe, and X-ray diffraction (XRD) to observe crystalline quantity. 

Additionally, Transmission Electron Microscopy (TEM) is deployed to observe the quantity of residue 

containing indium. Base on these experimental resoults, 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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Figure 1. Raman spectra of InSe thin films 

with TIn=650, 670, 680, and 735 °C, 

respectively. 
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We observed the nonradiative energy transfer (NRET) 

in the hybrid structure of semiconducting quantum dots 

(QDs) spin-coated on a monolayer (ML) molybdenum 

disulfide (MoS2). This study investigated the ultrafast 

dynamics of excitons in the ML MoS2 with and without the 

QDs using optical pump-probe spectroscopy. From 

photoexciting the heterostructure of QDs/MoS2, we obtained 

a faster relaxation and a longer lifetime in the transient 

transmission spectra. By inspecting the energy l evels of 

QDs and ML MoS2, we address the dipole-dipole coupling 

between QDs and ML MoS2 as the observation of NRET that 

appeared in the photoexcited heterostructure of QDs/MoS2.And we construct the physical model to obtain 

the efficiency of energy transfer process by using QDs with different emission wavelengths, so that we 

can uncover the mechanism of NRET in QDs/MoS2. 
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 We utilized a single-shot pulsed laser to ablate monolayer MoS2, employing both Ti:sapphire and 

Yb-KWG lasers. Ablation areas were measured under varying dispersion conditions. The Ti:sapphire 

laser covered a pulsewidth range from 60 fs to 4 ps, while the Yb-KWG laser, with multiplate 

compression (MPC), covered a range from 4.9 fs to 97 fs. Through the relationship between ablation area 

and pulse energy, we calculated spot sizes and ablation thresholds under different dispersion conditions. 

Our observations show a decrease in the ablation threshold as pulsewidth decreases. This ablation 

thresholds-pulse dispersion relation was categorized into three intervals; ionization mechanisms, 

coulomb interaction in the many-body effect, and bandgap renormalization effects can explain each trend.   

 Keywords: 2D material, laser ablation, strong-field effect 
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