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General Information

2024 5™ International Symposium on Precision Engineering 2024 (ISPE 2024) will be
held at The Hotel Formosa, Caotun, Nantou Country, during November 8 ~ 10, 2024.
The main objective of the ISPE 2024 is to provide a major international platform for
knowledge exchange and an interactive forum in integrated technologies, mechanical
engineering, optics, electronics, electrical engineering and material engineering into
precision manufacturing, precision measurement, precision inspection, MEMS,
semiconductor and precision environmental control, etc. These are all fascinating topics
related to future needs. On behalf of the ISPE 2024 organizing committee, we sincerely
welcome you for participating this symposium to share your experience and research
results. ISPE 2024 welcomes authors to submit papers on any branch of precision
engineering and its applications, and other subjects.
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The Hotel Formosa,

§ Fencao Rd
Location
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Caotun, Nantou Country Map
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Hotel Formosa Located at Bishan road :

Take 8~10 minute by car from hotel to Freeway No.3 and
Jhongtou Expressway.

Take 7 minute by car to Chung Hsing New Village.

Take 15 minute by car to Nantou city and Nangang Industrial
District

Take 50 minute by car to Sun Moon Lake National Scenic Area

ushan R

By Car

» [Gosouth])
National Highway No.3 — Kuaiguan Interchange towards Caotun Interchange (south) — then exit

towards Bo'ai Rd — turn right at Zhongzheng Rd — turn left at Bishan Rd — arrive hotel

«  [Go North]
National Highway No.3 (224K) — exit at Zhongxing System Interchange and toward Taiwan
Provincial Highway 14B — turn right at Shengfu Rd — turn left at Sec. 1, Taiping Rd — turn right
at Bishan Rd —» arrive hotel
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Symposium Agenda

All academic events will be held at The Hotel Formosa, Caotun, Nantou County, Taiwan

Time Activity
8 November, 2024 - Only Registration
15:00~17:00 Registration & Welcome Reception
9 November, 2024 - Symposium Day
08:00~08:30 Registration
08:30~10:00 Invited Talk & Oral Session (1)
10:00~10:15 Group Photo & Coftee Break
10:15~10:30 Opening Ceremony
10:30~11:15 Plenary Speech (1)
Ying-Hao Chu Moderator:
R Mesan i B
12:00~13:00 Lunch Time
13:00~13:45 Plenary Speech (2) Exl:i)zti:iron
Chengkuo Lee Moderator:
13:45-14:30 Keynote Speech (2) Jen-Chuan Tung
Uma N. Dulhare
14:30~15:45 Invited Talk & Oral Session (2)
15:00~16:00 Poster Session
15:45~16:00 Coffee Break
16:00~17:00 Oral Session (3)
17:00~18:00 Oral Session (4)
18:30 Symposium Banquet
10 November, 2024 - Academic Visit
09:00~13:30 Academic Visit - JOJOZOO PARK
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Plenary Speaker 1

Chair Prof. Ying-Hao Chu

Associate Vice President for Research and Development
Director of NTHU CNMM
Department of Materials Science and Engineering
National Tsing Hua University, Taiwan

Title of Plenary Speech
Epitaxial Growth of Bi2O2X Films and Related Heterostructures

Abstract of Plenary Speech

The pursuit of high-performance electronic devices has driven the research focus
towards 2D semiconductors with high electron mobility and suitable bandgap. Previous
studies have demonstrated that bismuth oxycompound (B1202X, X=S, Se, Te, BOX) has
remarkable physical properties, such as native oxide layer and ultrahigh carrier mobility,
facilitating the development of advanced electronic devices in the sub-silicon era.
However, the understanding of the growth of BOX is still unclear, and the methods to
control BOX’s physical properties should be further explored. Thus, in our lab, the
epitaxy of Bi2O2Se (BOSe) and Bi2O>S (BOS) can be obtained to realize the growth
mechanism and secure higher crystallinity. The intrinsic transportation property and
photoelectricity of BOX will also be investigated. Furthermore, various control methods
have been demonstrated on BOX, including compositional modification, doping process,
and non-volatile modulation. With these efforts, the controlled methods provide
pathways to manipulate the electrical properties of BOX and corresponding devices,
further advancing this material system for development in the next-generational
electronics.
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Plenary Speaker 2

GlobalFoundries Chair Prof. Chengkuo Lee

Center for Intelligent Sensors and MEMS
Department of Electrical and Computer Engineering
National University of Singapore, Singapore

Title of Plenary Speech
CMOS Photonics — Extending Si Photonics to In-Sensor Computing and Nanophotonic
Sensing Platforms

Abstract of Plenary Speech

In the rapidly evolving field of artificial intelligence of things (AloT), a key challenge
IS to process sensing signals efficiently while minimizing latency and power
consumption. Traditional microelectronic systems face limitations in speed and energy
efficiency, prompting the exploration of photonic integrated circuits for their superior
data transmission and computational capabilities. Silicon Photonic integrated Circuits
(Si PIC) offer miniaturized solutions for multimodal spectroscopic sensory systems by
leveraging the simultaneous interaction of light with temperature, chemicals, and
biomolecules. Furthermore, Si and AIN waveguides can manipulate light-matter
interactions at the nanoscale, become an appealing CMOS Photonics platform for
photonics neural networks (PNN) computation application and diversified biochemical
and physical sensing applications with high sensitivity and small footprints. The
multimodal spectroscopic sensory data is complex and shows huge data volume with
high redundancy, thus requiring high communication bandwidth associated with high
communication power consumption to transfer the sensory data. To circumvent this high
communication cost, we bring the photonic sensor and processor into intimacy and
propose a photonic multimodal in-sensor computing system using an integrated silicon
photonic convolutional processor.
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On the other hand, surface plasmons have proven their ability to boost the sensitivity of
mid-infrared hyperspectral imaging by enhancing light-matter interactions. Recently,
we have investigated the phonons in hyperspectral bioimaging by developing a
synergistic plasmon-phonon system. We demonstrated that phonons, in synergy with
plasmons, enhance the per-second spectral de-overlapping functionality in imaging
dynamic reaction process involved with COVID viruses.
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Kevynote Speaker 1

Prof. Dr. Chao-Cheng Kaun

Research Center for Applied Sciences, Academia Sinica, Taiwan

Title of Keynote Speech
Driving noncollinear interlayer exchange coupling intrinsically in magnetic trilayers

Abstract of Keynote Speech

Ferromagnetic side layers sandwiching a nonmagnetic spacer as a metallic trilayer has
become a pivotal platform for achieving spintronic devices. Recent experiments
demonstrate that manipulating the width or the nature of conducting spacer induces
noncollinear magnetic alignment between the side layers. Our theoretical analysis
reveals that altering the width of spacer significantly affects the interlayer exchange
coupling (IEC), resulting in noncollinear alignment. Through analytic and first-
principles methods, our study on the Fe/Ag/Fe trilayer shows that at a specific width of
the Ag spacer, the magnetic moments of side layers tend to be perpendicular. This
alignment is mediated by Ag quantum well states, exhibiting spin spirals across the
trilayer. Our results reveal that the noncollinear IEC offers a degree of freedom to
control magnetic devices and boot spintronic technology with improved transport
capabilities.
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Kevynote Speaker 2

Prof. Uma N. Dulhare

Computer Science & Artificial Intelligence Department,
Muffakham Jah College of Engineering & Technology, India

Title of Keynote Speech
Harnessing Deep Learning for Precision Diagnostics in Dermatology and
Rheumatology

Abstract of Keynote Speech

Deep learning is becoming essential in revolutionizing medical diagnostics and
personalized care for skin lesions and rheumatoid arthritis. As a subset of AI becomes
more integrated into healthcare, it significantly improves diagnostic accuracy, treatment
optimization and research advancement in dermatology and rheumatology.

A proposed framework leveraging convolutional neural networks (CNNs) with hybrid
architecture is designed to detect and classify various skin lesions including melanoma
and nodules with enhanced precision, early intervention and better prognosis.
Furthermore, deep learning is providing new insights into rheumatoid nodules by
integrating multimodal data such as imaging and patient histories, leading to a better
understanding of nodule progression and personalized treatment for autoimmune
conditions like rheumatoid arthritis (RA).

Experimental studies shows a pathway of relationship between skin lesions and
rheumatoid arthritis progression. These finding shed light on how inflammation can
contribute to secondary skin conditions, recommending disease management and
treatment strategies.

17



Invited Speaker 1

Assoc. Prof. Jyoti Jaiswal

Department of Physics, Rajiv Gandhi University
Rono-Hills, Doimukh, Arunachal Pradesh, India

Title of Invited Talk
Novel miniaturized pH sensing technologies for advanced health and biomedical
applications

Abstract of Invited Talk

The discovery of miniaturized pH sensing technologies represents an important frontier
in modern health care and biomedical research. These miniature sensors promise to
revolutionize diagnosis, treatment monitoring, and disease management by providing
real-time, non-invasive, and accurate measurement of pH levels in various biological
environments. From microneedle pH sensors to microfluidic pH sensors and flexible e-
skin pH sensors, the spectrum of miniaturized pH sensing technologies offer a diverse
range of devices designed for advanced health and biomedical applications. However,
the development of these miniature pH sensing technologies is not without its challenges.
Some hurdles include achieving high sensitivity and accuracy while maintaining the
miniaturized dimensions required for seamless integration into biological systems and
the design and fabrication of miniature sensors capable of withstanding the complex and
dynamic conditions within the human body. Moreover, ensuring biocompatibility, long-
term stability, and ease of use are critical considerations that must be addressed to unlock
the full potential of these technologies in biomedical applications. In this context, we
have probed into the design and development of various miniature pH sensing
technologies, exploring the challenges encountered along the way and invented
innovative solutions to overcome them. Recently, we reported, for the first time, a new
design of miniaturized microneedle pH sensors based on AglOs/Ag/PTFE/WO3/W,
enabling in-situ real-time pH monitoring of small biological entities, such as fish eggs.
Additionally, we recently proposed a novel microfluidic pH sensor using Sb>03z/Sb and
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AglOs/Ag thin films, demonstrating robust Nernstian sensitivity, linear correlation
coefficient, stability over time, and in-vitro pH testing of human lung cancer (A549)
cells with minimal sample volumes. We also recently introduced a novel flexible on-
skin wearable pH sensor patch composed of PDMS, incorporating thin films of
Sh203/Sh and AglO3/Ag for real-time sweat sensing to monitor pH levels across various
body parts, which is highly desirable for sports medication and personal wellness.
Overall, this talk would present new results in the design and development of various
miniature pH sensing technologies for advanced health and biomedical applications.
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Invited Speaker 2

Associate Professor Dr. Ratchatin Chancharoen

Department of Mechanical Engineering, Robotics and Al Program
Chulalongkorn University, Thailand

Title of Invited Talk
Collaborative 3D Welding Robots with Augmented Vision Utilizing the Digital Twin
Concept

Abstract of Invited Talk

This project, in collaboration with industry, focuses on enhancing the precision of
collaborative 3D welding robots through the integration of digital twins and sensor
fusion. A key challenge lies in managing the 3D trajectory, where errors in both position
and time must be carefully addressed to ensure accurate weld joint alignment and
execution. The task becomes even more complex due to the use of a heavy welding tool
and the nature of the part being welded, which is not rigid or uniform, adding further
variability to the process. Additionally, limitations in measurement accuracy, caused by
sensor constraints and the difficulty of capturing real-time data in dynamic environments,
present further obstacles. To address these issues, extensive mapping techniques are
utilized to model and adjust for spatial and temporal discrepancies, while advanced
image processing algorithms are applied to analyze and correct weld joint deviations.
These strategies are crucial for compensating for trajectory errors and achieving the
required precision despite the significant challenges inherent to the system.
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Invited Speaker 3

Associate Professor Dr. Teeranoot Chanthasopeephan

Department of Mechanical Engineering
King Mongkut’s University of Technology Thonburi, Bangkok, Thailand

Title of Invited Talk
Hybrid PI-Neural Network Control of a Fluid-Driven Origami-Inspired Pneumatic
Acrtificial Muscle

Abstract of Invited Talk

This research focuses on the development and design of a lower limb exoskeleton
inspired by pneumatic artificial muscles (PAMs). PAMs are highly valued as actuators
due to their low weight, favorable mass-to-force ratio, compliance, and ability to closely
mimic the function of human biological muscles. These characteristics make them well-
suited for applications in robotics and rehabilitation. However, PAMs pose significant
challenges in modeling and control, given their time-varying parameters, complex
hysteresis behavior, and nonlinear dynamics.

To address these challenges, we propose a novel approach for controlling PAM-driven
systems, specifically focusing on a fluid-driven origami-inspired artificial muscle
(FOAM). The control strategy utilizes a hybrid control algorithm that integrates a
proportional-integral (P1) controller with a feed-forward neural network. This
combination allows the controller to adapt and learn from the system's behavior,
Improving its responsiveness and accuracy over time.

The proposed control algorithm was tested for its ability to manage displacement control
in FOAM under varying input signals. Additionally, experiments were conducted to
assess the controller's performance under different load conditions. The results
demonstrate that the control system exhibits excellent adaptability and robustness.
These findings highlight the potential of this hybrid approach for enhancing PAM-based
systems in dynamic environments, making them highly suitable for rehabilitation and
robotic applications.
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Oral Sessions

Session 1

Nov. 9, 2024

Precision manufacturing machines and technologies

Session Chair: Assist. Prof. Chi-Pin Hsu
Department of Mechanical Engineering

Ming Chi University of Technology

08:30~10:00

I-1

Novel miniaturized pH sensing technologies for advanced health and
biomedical applications

Jyoti Jaiswal’

Department of Physics,
Rajiv Gandhi University, India

Collaborative 3D Welding Robots with Augmented Vision Utilizing the
Digital Twin Concept

Ratchatin Chancharoen’

Mechanical Engineering Department, Robotics and Al Program,
Chulalongkorn University, Thailand

0-2

Mannose-modified Interfaces in the Application of Anti-cancer Drug
Loading or Bio-Sensing

Chian-Hui Lai"

Graduate Institute of Biomedical Engineering
National Chung Hsing University, Taiwan

0-9

PVDF-Muscovite bimorph system as flexible transparent thermal
sensor

Ching-Ming Su™?, Jyh-Ming Wu?, Che-Ning Yeh?, and Ying-Hao Chu?”

! Department of Materials Science and Engineering,
National Yang Ming Chiao Tung University, Taiwan
2 Department of Materials Science and Engineering,
National TsingHua University, Taiwan
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08:30~10:00

Interfacial Characteristics on the Joint of unidirectional Carbon fiber
reinforced thermoplastics Composite /Aluminum alloy laminate

Ming-Yuan Shen”, Chih-Hsien Cheng', and Shin-Yu Chen

Department of Mechanical Engineering,
National Chin-Yi University of Technology, Taiwan

O-1

A simplified method for joining polyetheretherketone and aluminum
6061 dissimilar materials based on the interface structure of aluminum
rods

Chil-Chyuan Kuo™'?, Armaan Farooqui™

! Department of Mechanical Engineering,
Ming Chi University of Technology

2 Research Center for Intelligent Medical Devices,
Ming Chi University of Technology
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Session 2

Nov. 9, 2024

Optics, Photonic and Optomechatronic Engineering

Session Chair: Assoc. Prof. Zhi-Ting Ye
Co-Chair: Assoc. Prof. Chia-Hsien Teng
Graduate Institute of Opto-Mechatronics, Department of Mechanical Engineering

National Chung Cheng University

14:30~15:35

Hybrid PI-Neural Network Control of a Fluid-Driven Origami-Inspired
Pneumatic Artificial Muscle

I-3 Teeranoot Chanthasopeephan'
Mechanical Engineering Department
King Mongkut’s University of Technology Thonburi, Thailand
Microstructure and Microwave Dielectric Properties of Low-
Temperature Sintering Mg>-xMnxV207 Ceramic for 5G communication
components
Zhong-Hao Wang™?, Yong-Tai Xu?, Che-Hao Liao?, Chia-Hung
O-3 | Chang?, and Shih-Hung Lin*!
! Department of Electronic Engineering
National Yunlin University of Science and Technology, Taiwan
2 Department of Electrical Engineering
National Yunlin University of Science and Technology, Taiwan
Microwave dielectric properties of CaTiix(Co13Nb23)xO3 for
applications in high-frequency device
Yu-Hsuan Tseng™!, Jyun-Fong Lin?, Che-Hao Liao?, Chia-Hung
0-4 | Chang?, and Shih-Hung Lin™?
! Department of Electronic Engineering
National Yunlin University of Science and Technology, Taiwan
2 Department of Electrical Engineering
National Yunlin University of Science and Technology, Taiwan
Optimization of Telecentric Lens Design Using Zemax for Precision
Machine Vision
O-11 | Ming-Ren Liu™" and Cheng-Mu Tsai

Graduate Institute of Precision Engineering,
National Chung Hsing University, Taiwan
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14:30~15:35

0O-14

Silicon Photonics Switch with Electrostatic MEMS Actuator and Zero
Power Consumption in Steady State

Jyun-Yan Luof, Wei-Siang Dai, Jin-Jia Ye, Chen-Yu Fu, and Chun-Wei
Tsai”

Department of Electronic Engineering,
National United University, Taiwan
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Session 3

Nov. 9, 2024

Micro Manufacturing and Optomechatronic Engineering

Session Chair: Assoc. Prof. Chun-Wei Tsai
Moderator: Assist. Prof. Jen-Chuan Tung

Department of Electronic Engineering

National United University, Taiwan

16:00~17:00

0O-10

Research on U-Net thyroid nodule segmentation based on attention
mechanism

Shi-Hong Qiu™"!, Cheng-Mu Tsai', and Chuan-Wang Chang?

! Graduate Institute of Precision Engineering,
National Chung Hsing University, Taiwan

2 Department of Computer Science and Information Engineering,
National Chin-Yi University of Technology, Taiwan

O-13

LEDs Application of Virtual Factory Environment Simulation in Safety
Education Training

Chiao-Ling Lin™', Shih-Hung Lin®, and Yao-Chin Wang™!

! Department of Computer Science and Information Engineering
Cheng Shiu University, Taiwan

2 Department of Electronic Engineering,
National Yulin University of Science and Technology, Taiwan

0-8

AIN SAW Humidity Sensing Enhancement with SiO2 Nanoparticles

Lu-Xiang Wang®, Zhong-Hong Yen, Che-Hao Liao, Shih-Hung Lin,
and Chien-Sheng Huang”

Department of Electronic Engineering
National Yunlin University of Science and Technology, Taiwan

UV detector fabricated using ZnO thin film prepared by RF magnetron
sputtering with a raw powder target

Wei-Cheng Pan’, Lin-Yi Tang, Che-Hao Liao, and Chien-Sheng
Huang”

Department of Electronic Engineering
National Yunlin University of Science and Technology, Taiwan
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Nov. 9, 2024

Session 4

Electronic, Photonic and Optomechatronic Engineering

Session Chair: Assoc. Prof. Che-Hao Liao

Moderator: Assist. Prof. Jen-Chuan Tung

Department of Electronic Engineering

National Yunlin University of Science and Technology, Taiwan

Enhancing Field of View in 3D Floating Holographic Display Using
Multiple LCoS-SLMs

0-6 | Hao-Ming Kuof, Jyun-Yan Luo, Cang-Ci Guo, and Chun-Wei Tsai"

Department of Electronic Engineering,
National United University, Taiwan

A Mach-Zehnder Modulator with One-Dimensional Photonic Crystal
Filter and Integrated Liquid Crystal Material

0-15 | Cang-Ci Guof, Hao-Ming Kuo, Yu-Sheng Kan, Zhi-Xiang Huang, and
Chun-Wei Tsai”

Department of Electronic Engineering,
National United University, Taiwan

17:00~18:00 ) . ] ] ] o ) )
Design of Silicone Light Guide with Mini LED in Automotive

Headlamps

0-12 | Yu Fu Hsuf, Chia Chun Hu, Yang Jun Zheng, and Zhi Ting Ye"

Graduate Institute of Opto-Mechatronics, Department of Mechanical
Engineering,
National Chung Cheng University, Taiwan

Performance Analysis and Optimization of Ship and Human
Recognition in 2D Optical Radar Images Based on YOLOv7
0-16 | Li-Lin Chen" and Yao-Chin Wang

Department of Computer Science and Information Engineering
Cheng Shiu University, Taiwan
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Poster Session

Poster
No.

Paper Title

Enhancing the bending strength of polylactic acid biomedical polymer rods
using ultrasound-assisted continuous drive friction welding

Chil-Chyuan Kuo™'? and Hong-Wei Chen'>

! Department of Mechanical Engineering,
Ming Chi University of Technology

2 Research Center for Intelligent Medical Devices,
Ming Chi University of Technology

3 International Ph. D. Program in Innovative Technology of Biomedical
Engineering and Medical Device, Ming Chi University of Technology

P-2

Ab initio Studies of Work Function Changes of NO Adsorption on
ZnGaz04(111) Surface for Gas Sensors

Jhih-Hong Shao?, Guan-Yu Chen'?, and Po-Liang Liu™?

! Graduate Institute of Precision Engineering,
National Chung Hsing University, Taiwan

2 Department of Applied Materials and Optoelectronic Engineering,
National Chi Nan University, Taiwan

P-3

Highly Sensitive Anti-Resonance Liquid Core Fiber Fabry-Perot
Interferometer

Han-Wei Xie', Bing-Qiu Lai, and Cheng-Ling Lee”

Department of Electro-Optical Engineering,
National United University, Taiwan

P-4

Designs of a Badminton Training Assistant System with Recognition of
Badminton Stroke Gestures by a Deep Learning Strategy of Dual-Modality
Senor Data of Both Imaging RGB and Wearable IMU

Ing-Jr Ding™", Cheng-Feng Yang, Cheng-Yan Hu, and Bing-Cheng Gan

Department of Electronic Engineering,
National United University, Taiwan
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P-5

Reconstruction of Multimode Optical Fiber Transmission Images Using
Pix2Pix GAN

Jin-Lin Wang™', Hsu-Chih Cheng"™', and Chun-Ming Huang?

! Department of Electro-Optical Engineering,
Natlonal Formosa University, Taiwan
2 Department of Electronic Engineering,
National Formosa University, Taiwan

Ab initio Studies of Work Function Changes of NO Combined with NO,, CO,
CO», H»S, and O3 Co-Adsorption on ZnGaxO4(111) Surface for Gas Sensors

Guan-Yu Chen®! and Po-Liang Liu™!?

! Graduate Institute of Precision Engineering,
National Chung Hsing University, Taiwan
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ABSTRACT

The study uses rotary friction welding to investigate a novel method for joining polyetheretherketone
(PEEK) and aluminum 6061 dissimilar materials. The research focuses on optimizing the interface geometry
by employing both bored and dovetail designs, which aim to enhance joint strength and durability. The
aluminum interface is preheated using a laser welding machine before performing rotary friction welding with
PEEK to improve the welding process. This approach is designed to achieve a more robust and reliable bond,
particularly by ensuring a stronger interface through controlled preheating. The experimental results
demonstrate that the modified interface designs, coupled with preheating, significantly enhance the
mechanical properties of the welded joints. The findings provide valuable insights into the development of
advanced joining techniques for dissimilar materials, contributing to the broader application of PEEK and
aluminum composites in various industries. The proposed method shows promise in reducing material wastage
and energy consumption, aligning with sustainable manufacturing practices. Future work will explore the
long-term durability of these joints under various operational conditions.

Keyword: Polyetheretherketone; Aluminum 6061; Rotary friction welding; Interface design; Preheating;
Laser welding; Dissimilar materials
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ABSTRACT

Our lab work is addressed on the molecular-level design to fabricate an anticancer drug carrier or bio-
sensing platform. For the bio-sensing, a label-free and ultrasensitive electrochemical impedance cyto-sensor
was developed to specifically detect the MDA-MB-231 cells, a triple-negative breast cancer cell, via the
interaction between the mannosyl glassy carbon electrode (GCE) and the overexpressed mannose receptors
on the target cell surface.[1] A recycle-used GCE surface based on host-guest interaction was further
developed for fungicide detection.[2] For the drug delivery, silica-based Man@Cy3SiO2NPs were developed,
which has great potential for cell image.[3] The data showed that the best specific cellular uptake rate of
Man@Cy3SiO2NPs size is about 250 nm.[2] M-mDOX@SiO2 was then designed to target cancer cells and
release the DOX in an acidic tumor microenvironment (TME).[4] The polymeric nanoparticles (BDOX-
GOx@NPs) were further prepared where the polymers were synthesized by the combination of reversible
addition—fragmentation chain transfer (RAFT) polymerization method and Cu(I)-catalyzed azide—alkyne
cycloaddition click chemistry. BDOX-GOx@NPs equip targeting properties to cancer cells, poly(ethylene
glycol) (PEG) for biocompatibility, and aryl-aldehyde moieties for enzyme glucose oxidase (GOX)
immobilization. The bioactivity of the BDOX-GOx@NPs nanoplatform in the two- and three-dimensional
models of MDA-MB-231 cancer cells was investigated to ascertain its antitumor efficacy.[5]

Keyword: MDA-MB-231 triple-negative breast cancer cell; Mannose mediate cancer targeting;
Electrochemical impedance cyto-sensor; Acidic tumor microenvironment, Stimuli-active drug release
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ABSTRACT

In recent years, wireless communication has increased, 5 G communication products not only pursue
light, thin, short, and small sizes but also need high speed, low latency, and massive connectivity. As a result,
the Low-Temperature Co-fired Ceramics (LTCC) technology has become the principal process of microwave
dielectric because of its excellent dielectric properties and low cost.

This experiment is divided into two parts. The first part proposes a novel LTCC material [1] and attempts
to explore its microwave dielectric properties by changing the process parameters. The second part designs a
bandpass filter using electromagnetic simulation software and implements it using the best LTCC material
developed in the first part.

First, the solid-state reaction method is used to replace Manganese (Mn?*) for magnesium (Mg?*) in
Mg2V207 dielectric material to form Mg>-xMnyV-07 the experimental discussion on the relationship between
the dielectric and physical properties of the material [2]. The Mg1.72sMno.275V207 ceramics sintered at 920 °C
for 5h has an er=9.7, Qf = 47,400 (GHz), and tf = —9.72 (ppm/°C). Since the tf value is already less than -10
ppm/°C, there is no need to add other materials with high positive temperature coefficients to bring tf near
zero. Therefore, it has great potential as a substrate material for low-temperature co-fired ceramics and can be
used in the implementation to relate wireless communication components.

Finally, a 5G bandpass filter was designed using electromagnetic simulation software [3]. The filter
parameters were simulated using the novel LTCC material developed in the first part to verify its difference
from other commercial substrates.

Keyword: LTCC; Ceramic Material; Communication Components; Dielectric Properties
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ABSTRACT

In recent years, the rapid growth of 5G communication and low-orbit satellites has driven the global
communications industry. This study focuses on developing high-frequency components with fast
transmission, low latency, and low cost, particularly the filter substrate. Current commercial high-frequency
substrates are suspected to have high losses, making it essential to develop ultra-low-loss microwave
dielectrics for improved filter performance[1].

In this study, the B-site substitution of CaTiO3 to form CaTi1-x(Coy3Nb213)xO3 dielectric was carried out
by solid-state reaction method, and the dielectric properties were investigated under the conditions of x=0.1-
0.7, and the sintering temperature of 1400-1500 °C. The electrical properties were verified by XRD, SEM,
EDS, Density, Raman, and other physical analyses. The experimental results show that the highest Qf = 42,400
(GHz), & = 95.1, and tr = 259 can be obtained at the sintering temperature of 1475 °C, periods for 3 hours,
and x = 0.2. According to the above results, the higher temperature drift makes it suitable for temperature
compensators, but the quality factor is too low, which leads to high loss and, therefore, far from being
sufficient for commercial substrates; therefore, the most common negative drift will be utilized in the present
study.

Consequently, in this study, the most common negative Temperature coefficient of resonant frequency,
MgTiOg, is mixed with CaTiix (CowyzNb23)xO3 to bring the temperature drift to zero and increase the Qf to
about 93,800[2]. The excellent dielectric properties of the mixed-phase dielectric make it more suitable for
5G Sub-6, millimeter-wave communication systems, and low-orbit satellite systems. Finally, A self-designed
Wide Stopband Microstrip Bandpass Filter was realized using this best dielectric parameter and verifies its
improvement in microwave device performance compared to commercial substrates.

Keyword: Microwave dielectric; Positive temperature coefficient; Perovskite structure
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ABSTRACT

UV detectors have been widely used in various applications, including civilian medicine, UV radiation
monitoring, water treatment, flame detection, UV curing processes, and military facilities. These detectors are
well-established and highly popular, garnering public interest. ZnO has been extensively researched as a
potential photoelectric sensing material due to its wide bandgap, low cost, strong radiation resistance, and
high chemical stability. In this study, we explored ZnO-based UV photoelectric sensors and enhanced their
electrical properties by incorporating other materials into the ZnO powder target to improve their sensing
performance.

In this study, we deposited ZnO onto sapphire substrates using radio frequency magnetron sputtering.
The target material was a self-fabricated ZnO powder, sintered at 900°C. Future research could incorporate
additional materials into the target to further enhance the electrical properties of ZnO. A ZnO layer with a
thickness ranging from 200 to 500 nm was deposited under a controlled environment, introducing 40 mTorr
of argon gas during the deposition process. The sputtering RF power was set to 200W, and the substrate
temperature was maintained at 400°C to ensure optimal deposition conditions. Following deposition, the ZnO
thin films underwent annealing in ambient air at temperatures ranging from 500°C to 800°C for a duration of
4 hours. This high-temperature annealing process was critical for improving the film’s crystalline structure
and electrical properties. After annealing, photolithography created an interdigital electrode pattern on the
ZnO film. An aluminum (Al) electrode was then deposited via sputtering, followed by a lift-off process to
complete the fabrication of the UV photodetector.

The device’s performance was evaluated by measuring its photocurrent and dark current to assess its
sensitivity to ultraviolet radiation. Electrical analysis was conducted to further understand the photodetector’s
characteristics and response under different conditions. Incorporating other materials into the ZnO powder
target is recommended for future studies, as this approach could further enhance the electrical properties of
the ZnO thin films. Optimizing these parameters, such as self-made sputtering target, deposition conditions,
and annealing process, can improve the device’s UV illumination sensitivity, making it suitable for various
applications.

The ZnO UV photodetector, with a self-made sputtering target, exhibited significantly enhanced
sensitivity. Compared to using pure ZnO alone, including additional materials will lead to marked
improvements in electrical performance. This enhanced sensor holds great potential for a wide range of
applications and can be adapted to meet various needs in daily life.Keyword: First-principles study, adsorption
energy, triazole molecules, chemical mechanical polishing, chemical mechanical planarization
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ABSTRACT

A reflective-type Liquid Crystal on Silicon Spatial Light Modulator (LCoS-SLM) is a powerful optical
instrument used to modulate the optical wavefront and has been widely applied in various applications and
integrations in display and holography research. Examples include holographic projection displays [1],
holographic displays [2], holographic near-eye displays [3], augmented reality, virtual reality, and automotive
head-up displays (HUD). Additionally, the LCoS-SLM device features small pixels, a higher aperture ratio,
and a thinner cell gap. These properties enhance the LCoS-SLM’s diffraction angle, light efficiency, and
response speed. Specifically, phase-only LCoS-SLM enables holographic displays to project images at
variable focal lengths. Leveraging the functionality of LCoS-SLM, researchers can further extend these
capabilities by incorporating true per-pixel focal depth, complex full-color shaded imagery, faster real-time
calculations, more advanced aberration and vision correction, significantly wider fields of view, and more
compact form factors.

In this paper, we developed a 3D floating holographic display for near-eye applications. A single 4K x
2K LCoS-SLM device struggles to provide a large viewing angle for both eyes at close distances. Therefore,
we employed three 4K x 2K LC0S-SLM devices to expand the viewing angle to 36.67 degrees. The combined
LCoS-SLM panel size, achieved using a beam splitter, forms a 12K x 2K LCoS-SLM. This work demonstrates
a successful application of phase-only LCoS-SLM technology in holographic displays and near-eye
applications, including augmented reality (AR) and virtual reality (VR).

Keywords: Spatial Light Modulator (SLM); 3D Floating Image; Holographic Display; Field of View (FOV)
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ABSTRACT

Since carbon fiber reinforced plastics (CFRP) are lighter than metals and have high strength, modulus,
and other properties, they are commonly used in transportation vehicles. However, due to material costs and
economic factors, complete substitution with carbon fiber composites is often impractical. In practical
applications, CFRP are frequently combined with other lightweight metal materials to create fiber/metal
laminates. Using polyamide 66 as thermoplastic matrix, this study optimizes the production of unidirectional
carbon fiber prepreg (Tow prepreg, Towpreg). First, the aluminum alloy surface was modified with the
modifier to enhance the interface between the alloy and the resin; this is the covalent bonding that results in
glue-free joining. Following that, the towpreg was placed on the alloy surface and bonded using Automated
fiber placement (AFP) process. In order to create fiber/metal laminates (FML), two dissimilar materials are
subsequent joined using hot pressing. The characteristics of FMLs were investigated in this study.

It can enhance the interface between the alloy and twopreg when the specimens are modified on the
aluminum alloys. As compared to the unmodified joints, modified joints showed significant improvement in
tensile strength.

Keyword: Thermoplastic resin; Unidirectional carbon fiber prepreg; Process optimization; Carbon fiber metal
laminate; Joining of dissimilar materials
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ABSTRACT

Surface Acoustic Wave (SAW) devices have found applications in wireless communication and hold
potential for a wide range of sensing applications [1]. Nanoparticles were selected as the material for this
experiment due to their high specific surface area and ability to adsorb water molecules. In contrast, AIN is
considered a promising material for SAW due to its exceptional piezoelectric properties and high speed of
sound. In this study, we investigated the concentration of nanoparticles within the sensing area of AIN SAW
devices to combine these two materials and enhance their sensing capabilities.

Subsequently, the photolithography technique was utilized to imprint 30 sets of interdigital transducers
(IDTs) with a spacing of 10 um, composed of aluminum electrodes onto the AIN/c-plane sapphire substrate.
In the sensing region, By using the spin-coating method, nanoparticles are uniformly distributed across the
sensing layer, and the microstructure of this region was examined via scanning electron microscopy (SEM).
We delved into the impact of varying nanorod shapes on the overall device performance. Furthermore, we
assessed the humidity-sensing characteristics of these devices using a vector network analyzer.

The research findings indicate that adjusting the ratio of alcohol to nanoparticles affects the concentration
of nanoparticles in the dispersant. This alteration leads to changes in the nanoparticles attached to the sensing
layer, which in turn influences the frequency shift of the device's central frequency. Specifically, when the
alcohol-to-nanoparticle ratio is 1:1, the frequency shift reaches 487 kHz, with a sensitivity of 6.08 kHz/%RH.
In comparison to devices without nanoparticles, this sensitivity represents an increase of 2.31 times (Af: 210
kHz, S: 2.62 kHz/%RH). Furthermore, the device exhibited a response time of 180 seconds and a recovery
time of 110 seconds in an environment with 10%-90% relative humidity (RH), which is 2.14 times longer
than that of devices lacking nanoparticles. This suggests that while nanoparticles can enhance the device's
sensitivity, they also prolong both the response and recovery times.

The AIN SAW humidity sensor, which incorporates nanoparticles in the sensing layer, demonstrates
exceptional sensitivity, showing an improvement of 2.31 times compared to devices that do not utilize
nanoparticles. However, the response and recovery times increase by 2.41 times, enhancing its versatility for
a broad spectrum of applications, including but not limited to liquid and biosensing applications.

Keyword: AIN; SAW; SiO2 Nanoparticles; Humidity sensor

REFERENCES

[1] D. Mandal; S. Banerjee. Surface Acoustic Wave (SAW) Sensors: Physics, Materials, and Applications. Sensors 2022, Volume
22, pp. 820.

42



International Symposium on Precision Engineering 2024 (ISPE 2024)
Nov.8-10, 2024, the Hotel Formosa, Caotun, Nantou County, Taiwan

No. O-9
TITLE: PVDF-Muscovite bimorph system as flexible transparent thermal sensor

Ching-Ming Su®!, Jyh-Ming Wu?, Che-Ning Yeh?, Ying-Hao Chu*?

! Department of Materials Science and Engineering, National Yang Ming Chiao Tung University, Hsinchu, Taiwan
2 Department of Materials Science and Engineering, National TsingHua University, Hsinchu, Taiwan

TPresenter
*Corresponding author’s e-mail: ynchu@mx.nthu.edu.tw

ABSTRACT

With the rise of wearable devices, research on flexible materials has become more crucial. However,
moderating the connection of multiple functions and the interaction between humans and devices is essential.
Thus, the actuators and sensors become significant components in this field. This study focuses on improving
the sensitivity of flexible thermal sensors to follow up on the human body’s condition. We propose a thermally
sensitive system based on polyvinylidene difluoride (PVDF) and muscovite. Muscovite offers a platform for
better thin film growth and stable mechanical flexibility in this system. The disparity in the coefficient of
thermalexpansion between muscovite and PVDF is enormous, leading to a considerable strain under a low-
temperature variation. Further, PVDF is a piezoelectric material thatexhibits electric polarization variations
due to the internal generation of mechanical stress, producing an electric field. With a thickness of 20um, this
system can generate an output voltage of up to 2.21V at a 1000C temperature variation. On the other hand,
the transparency of PVDF /muscovite shows excellent potential for more applications, such as all-transparent
wearable devices. In conclusion, considerable sensitivity can be achieved in the designed system. The subtle
fluctuations of temperature can be detected daily and generate a considerable electric signal compared with a
pyroelectric system. The measurement shows an effective pyroelectric coefficient of about 119.4 (10“ C - m?

- K1). Therefore, this research gives us an excellent option for integration into wearable devices.

Keyword: Muscovite; Flexible device; Thermal sensor; PVDF; Piezoelectric effect
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ABSTRACT

Thyroid nodules are a common clinical problem, and their incidence increases with age. Early diagnosis
of malignant nodules is crucial to prevent further spread of cancer and improve patient survival rates.
Therefore, it is crucial to develop an efficient and accurate thyroid ultrasound nodule segmentation
technology.

In this study, we focus on developing a thyroid nodule segmentation technology based on advanced deep
learning technology. The main method is to use the U-Net [1] model as the basic architecture. In addition, we
also introduce ResNet50 [2] as the backbone network of U-Net, which is a network architecture based on
residual learning that can handle deeper feature learning problems and improve Model stability and
performance. To further improve the performance of the model, we incorporate several advanced attention
mechanisms. Among them, the squeeze and excitation network (SE) [3] strengthens the attention on key
channels by adaptively adjusting the weight of each channel. Efficient Channel Attention Network (ECA)
[4]uses lightweight one-dimensional convolution to capture the dependencies between channels, providing an
efficient and accurate attention mechanism. The Convolutional Block Attention Module (CBAM)
[5]combines two mechanisms, channel attention and spatial attention, to adjust feature maps at a more detailed
level, further improving the detection performance of the model.

After experimental verification, the U-Net model combined with the attention mechanism shows higher
accuracy and consistency in the segmentation task of thyroid nodule ultrasound images. Specific results show
that the model's segmentation performance in detecting thyroid nodules on ultrasound images has improved.

This study successfully developed a U-Net model that combines multiple attention mechanisms for
segmentation and detection of ultrasound images of thyroid nodules. In the thyroid nodule ultrasound imaging
data set, mPA and mloU reached 91.51 and 83.29 respectively, and have the potential to help doctors make
more accurate diagnostic decisions in clinical applications. Future research will be dedicated to further
optimizing this tool and extending its scope of application.

Keyword: Thyroid nodule segmentation; U-Net; Squeeze and Excitation Network (SE); Efficient Channel
Attention Network (ECA); Convolutional Block Attention Module (CBAM)
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ABSTRACT

This study aims to design and optimize a telecentric lens using Zemax. Telecentric lenses are crucial for
high-precision instruments and machine vision systems, as they significantly reduce image distortion. The key
feature of telecentric lenses is that the light rays remain parallel to the optical axis as they enter the camera,
thereby enhancing measurement accuracy and consistency. At the initial stage of the design, we selected a
combination of positive and negative lenses as the starting point, beginning with a small field of view and a
large aperture, and gradually increasing the design complexity. As the design progressed, the lens system
expanded from two lenses to five, eliminating aberrations and optimizing image quality. During this process,
we systematically increased the field of view and aperture by continuously adjusting the curvature, thickness,
and spacing of the lenses, aiming to maintain optical performance while achieving a larger field of view and
smaller aperture. The ultimate goal is to design a high-performance telecentric lens with an f-number of 2, a
magnification of 10X, and a maximum field angle of 8.8 degrees, suitable for precision measurement and
industrial applications.Additionally, to ensure that the system meets the expected image quality, we set
specific Modulation Transfer Function (MTF) requirements. MTF is a critical measure of the lens's resolution
and image detail. We require the lens to meet the following MTF values at specific frequencies: at half the
Nyquist frequency, the MTF should be greater than 0.3; at 0.45 times the Nyquist frequency, the MTF should
exceed 0.4; and at 0.35 times the Nyquist frequency, the MTF should be higher than 0.5. Furthermore, we aim
for smaller spot sizes to ensure better focusing and reduced aberrations, which will further enhance image
clarity. In summary, by gradually increasing the number of lens elements and continuously optimizing the
design in Zemax, this study aims to create a high-precision, distortion-free telecentric lens system for industrial
and machine vision applications. The rigorous MTF standards ensure that the final system will meet high
image quality requirements, making it suitable for applications requiring precise imaging over a large field of
view.

Keywords: Telecentric lens design; Modulation Transfer Function (MTF) optimization; High-precision
machine vision systems

REFERENCES

[1] Choi, Hojong ,Cho, Seongil , Ryu, Jaemyung), “Novel Telecentric Collimator Design for Mobile Optical Inspection
Instruments,” Current Optics and Photonics, 2023.

[2] Miks, Antonin , Novak, Jiri, “Design of a double-sided telecentric zoom lens,” APPLIED OPTICS, 2012.

[3] J. Gregory Hollows, Nicholas James “Telecentric Lens Size Control and Telecentric Design Topics,”’Edmund Knowledge
Center, 2020.

[4] Butkus, Bruce. "Telecentric Illumination for Vision-System Backlighting." Machine Design. June 2, 2009. Accessed January
12, 2012.

45



International Symposium on Precision Engineering 2024 (ISPE 2024)
Nov.8-10, 2024, the Hotel Formosa, Caotun, Nantou County, Taiwan

No. O-12
TITLE: Design of Silicone Light Guide with Mini LED in Automotive Headlamps

Yu-Fu Hsuf, Chia-Chun Hu, Yang-Jun Zheng, and Zhi-Ting Ye*

Graduate Institute of Opto-Mechatronics, Department of Mechanical Engineering, National Chung Cheng University,
Taiwan

TPresenter
*Corresponding author’s e-mail: imezty@ccu.edu.tw

ABSTRACT

Traditional car headlights typically use halogen or high-intensity discharge (HID) lamps, along with a
reflector, fisheye lens, and shading plate to meet ECE112B regulations for asymmetric low beams. However,
this design tends to be bulky and compromises optical efficiency due to the shading plate. This paper
introduces a more compact solution for low-beam headlights by utilizing an LED light source and a Silicone
Light Guide (SLG). By leveraging the principle of total internal reflection, the design confines the light beam
within the silicone LG, reducing the headlight's size while optimizing its structure and improving light
distribution [1].

Keyword: Headlights; High-intensity discharge; Fisheye lens; Silicone Light Guide
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ABSTRACT

Virtual factory education, leveraging the power of Unity and Oculus[1] virtual reality technology, offers
a groundbreaking approach to skill development and knowledge acquisition in the industrial and
manufacturing sectors. By immersing students or employees in a simulated factory environment[2], this
innovative educational platform provides a hands-on experience that closely replicates real-world operations.
Key advantages of virtual factory education include:
+ Realistic Simulation: Students can engage in a highly realistic factory environment, gaining
valuable insights into machine operations, assembly processes, and quality control procedures.
- Enhanced Engagement: The immersive nature of VR technology fosters active participation and a
deeper understanding of complex industrial concepts.
+ Personalized Learning: Virtual factory education allows for tailored learning experiences, catering
to individual needs and learning styles.
- Cost-Effective Training: By eliminating the need for physical factory setups, virtual factory
education offers a cost-effective and efficient training solution.
+ Practical Experience: Students can gain practical experience in a safe and controlled environment,
preparing them for real-world industrial challenges.
The applications of virtual factory education are vast, extending across industrial training, manufacturing, and
maintenance fields. By providing a highly immersive and interactive learning experience, this innovative
approach can significantly enhance the skill levels of students and employees, meeting the evolving demands
of modern industry.

Keywords: Virtual Factory Education; VR Technology; Immersive Learning; Industrial Training

Fig.1 Illiustrate the virtual factory environment simulation items.[2]
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ABSTRACT

Optical signals, with faster transmission speeds than electrical ones, make silicon photonics an ideal fit

for CMOS-compatible applications like quantum computing. However, the complexity and high costs of
custom optical circuit design necessitate FPGA-like flexibility. A promising solution is a MEMS-based silicon
photonic switch architecture with a non-volatile, Single-Pole Double-Throw (SPDT) switch using a MEMS
phase shifter. This SPDT switch achieves three stable states through bistable mechanisms, making it effective
for honeycomb lattice waveguides. By applying an electrostatic voltage to the actuator's electrodes, the input
waveguide's position is adjusted, allowing precise control of the optical signal path across output waveguides.

Keyword: Photonics Integrated Circuits (PICs); Micro-Electro-Mechanical Systems (MEMS)
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ABSTRACT

The Mach—Zehnder interferometer (MZI) is used to detect relative phase shifts between two collimated
beams that are produced by splitting light from a single source[1]. A photonic crystal is an optical
nanostructure where the refractive index changes periodically[2]. We designed a one-dimensional photonic
crystal structure on a surface that functions as a filter, creating a bandgap in a specific propagation direction.
Liquid crystals exhibit electrically controlled birefringence, where applying different voltages changes their
effective refractive index. In our approach, we integrate the photonic crystal structure with liquid crystal
material and micro-electro-mechanical systems (MEMS) technology to develop MZI-based filters[3]. This
design involves adjusting the radius of the columns within the photonic crystal and introducing defects to
enable beam splitting and reflection. Furthermore, liquid crystals are embedded into the MZI path within the
photonic crystal structure. The output spectrum of the structure is modulated by applying a controlled voltage,
and we analyze how this impacts the system, establishing a theoretical link between the applied voltage and
transmission wavelength. Simulations using the finite difference time domain (FDTD) method show
thatcontrolling the applied voltage alters the output transmission wavelength. As a result, the MEMS photonic
crystal-based MZI interferometer filter can be implemented and used in optical wavelength division
multiplexing (WDM) systems.

Keyword: Micro-Electro-Mechanical Systems(MEMS); Mach-Zehnder Interferometer(MZI); Wavelength
Division Multiplexing (WDM); Photonics Crystal, Liquid Crystal
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ABSTRACT

As global trade intensifies, increasing port throughput highlights ship navigation safety issues. Frequent
accidents in busy waterways reveal limitations of existing monitoring systems. Traditional radar and visual
sensing technologies struggle with environmental interference and precision challenges.

Researchers propose combining LIDAR (Light Detection and Ranging) with Artificial Intelligence (Al)
to address these issues. This system offers high-precision environmental perception in various weather
conditions. It collects precise 3D data using LIDAR and analyzes it with Al algorithms, accurately identifying
vessels and obstacles while providing detailed environmental understanding.

The system's all-weather capability enhances safety management efficiency, enabling accurate judgments
even in low visibility or night-time conditions. This advancement is expected to significantly reduce
navigation accidents.

Integrating LIDAR and Al offers a new approach to longstanding shipping industry safety issues, laying
the foundation for future intelligent shipping systems while enhancing navigational safety and optimizing port
efficiency.

Keyword: LiDAR; Ship Detection; Maritime Safety

(b)
Fig.1 (a) original, (b) feature maps are upsampled via deconvolution, concatenated with the previous layer,
and then fused through convolution for output.
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ABSTRACT

Polylactic acid (PLA) is widely employed to make medical devices. However, a large medical device
usually needs to be split into multiple parts for printing and joined together when limited by the size of the
additive manufacturing platform. Generally, nuts and bolts are often used in laboratories to join the printed
parts into a large medical device. However, this joint method can easily cause bolts and nuts to loosen or fall
off during the reciprocating motion of a large medical device. Therefore, studying the joining technology of
printed parts into a large medical device has become an essential research topic. The main objective is to
enhance the joint strength of polylactic acid (PLA) polymer rods using ultrasound-assisted rotary friction
welding (UARFW). Remarkably, the proposed method in this study complies with sustainable development
goals due to high energy efficiency and low environmental pollution. The bending strength of the welded parts
can definitely improve because ultrasonics promote the molten material flow in the weld join during UARFW.
The improvement of the bending strength of the welded parts is related to the location of the ultrasonic
oscillator. The optimal position of the ultrasonic oscillator in the Z-axis direction of the CNC lathe is 5 mm
with the improvement of the bending strength by approximately 96% due to ultrasonics promote the molten
material flow during UARFW. The fracture locations of welded components made with UARFW occur within
the base material, indicating that the weld interface exhibits superior strength compared to the base material.
The surface hardness of the weld interface increases up to 25.7% compared with the surface hardness of the
weld interface of the welded parts when rotary friction welding is performed without ultrasonic-assisted
micro-vibration.
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ABSTRACT

This study utilizes first-principles calculations based on density functional theory to evaluate the
adsorption of nitric oxide on various ZnGa>04(111) surfaces: clean surfaces, surfaces doped with noble
metals(Pt, Pd, Au, and Ag), and surfaces with oxygen molecules. The study investigates the change in work
function of these surfaces. The results indicate that the highest work function change observed for nitric oxide
adsorption on the clean ZnGa»04(111) surface is +0.23 eV. Among the noble metals, the Ag-doped
ZnGaz04(111) surface exhibits the highest work function change of +0.35 eV. Furthermore, when nitric oxide
adsorbs onto the surface of oxygen molecules on ZnGa,04(111), it readily reacts with the oxygen molecules
to form NO--like molecules. This reaction leads to the highest work function change of +0.54 eV and renders
the ZnGa,04(111) surface with oxygen molecules cleaner compared to ZnGa>04(111) alone, resulting in a
2.33-fold improvement in surface-sensing nitric oxide sensitivity. In an oxygen environment, nitric oxide
adsorbed on the Ag-doped ZnGa»>04(111) surface exhibits the highest work function change among all noble
metals +0.50 eV. The interaction between NO molecules and oxygen molecules on the surface demonstrates
that the oxygen vacancies formed by oxygen molecules in the ZnGa film contribute to enhancing the
performance of the ZnGax04(111) surface for sensing nitrogen monoxide. Additionally, the Ag-doped
ZnGax04(111) surface demonstrates an increased change in work function for sensing nitrogen monoxide.

Keyword: First-principles; ZnGa2Os epilayer; Gas sensor; Nitric oxide; Work function changes; Density
functional theory; Surface morphology
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ABSTRACT

The optical guidance mechanism of a hollow-core fiber (HCF) can be explained based on the antiresonant
reflecting optical waveguide (ARROW) model. Under this condition, when the wavelengths are close to the
resonant wavelengths (Am), the high refractive index (RI) cladding is regarded as a Fabry-Perot etalon[1-2].
The wavelengths that satisfy the resonant condition of Fabry-Perot interference that would radiate through the
HCF cladding are regarded as leaky modes. Additionally, in cases where the wavelengths deviate from the
Am, the cladding reflects other optical waves [3-4].

This study proposes an anti-resonant Fabry-Pérot fiber interferometer (ARFPFI) utilizing a liquid-filled
hollow-core fiber (HCF) for reflecting guidance. The mentioned ARFPFI with the liquid filling into the core
of the HCF is achieved by fusion splicing two sections of side-polished single-mode fiber (SMF) to generate
two open channels for liquid filling. By polishing a part of the cladding of SMF to reduce its diameter from
125 pum to about 85 um and then cleaving it into two sections [5]. A L=0.2cm length of HCF with a diameter
(D= 50pum) segment was sandwiched between the two side-polished fibers by fusion splicing method, as
shown in Fig.s 1(a) and 1(b). Then, one of the tiny openings in the end face of the HCF was filled with RI
liquids with nD=1 and nD=1.3 (Cargille-liquid) by the duration of the capillary action. The RI of the filled
liquids is lower than that of the cladding to achieve anti-resonance Fabry-Perot interference.

(a)

$ d=37.5um

HCF (D=50jm) I

$ d=37.5um

(b) 0.2cm

0.2cm

Fig.1 (a) Microscope grape of the anti-resonance Fabry-Perot fiber interferometer (ARFPFI) with D=50um,
and L=0.2cm. (b) Microscope grape of the ARFPFI filled with np=1.3 (Cargille-liquid)
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Fig. 2 (a) and 2(b) show the optical interference spectra of the proposed ARFPFI filled with air and
np=1.3 (Cargille-liquid). (c) The wavelength shifts with the filling liquid when the temperature is from 25°C
to 45°C. We can observe that the wavelength shifts of the spectral interference at various temperatures are
highly varied and results show the wavelengths red-shifted. That means the optical path difference in the
Fabry-Perot interference mechanism increases. The temperature (T) sensitivity (S) can be shown in the
following equation [4].

d,lm

where d is the thickness of the HCF cladding; n and n: are the refractive indices of silica and the liquid core,
respectively; a and B are the thermo-optic coefficients (TOC) of liquid core and silica, respectively. m is the
resonance order.

Fig. 2 (d) by taking Eqg. (1), At a selected wavelength around 1550 nm, the theoretical sensitivity (S) is
calculated to be 1.64 nm/°C, while the experimental sensitivity (S) is measured at 1.57 nm/°C, showing a very
similar agreement between the two values of experimental and theoretical.
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Fig. 2 Optical interference spectra of ARFPFIs filled with (a) air and (b) np=1.3 (Cargille-liquid), (c)
interference responses by T variation, (d) sensitivities of the experimental and theoretical results.

Keyword: Anti-resonant reflecting optical waveguide (ARROW); Side-polished fiber; Anti-resonance Fabry-
Perot fiber interferometer (ARFPFI); Liquid-core fiber
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ABSTRACT

In the sport industry, artificial intelligence (Al) is playing an important and indispensable role [1]. It’s
well-known that the smart watch in the current market can carry out sport gesture recognition in specific sport
items (e.g., the popular Garmin swimming watch with recognized four main strokes). For the hot sport item
of badminton [2], relatively much fewer studies focused on imports of deep learning-based Al techniques
toassist the badminton player to build up a fine training plan involved with recognition of various badminton
stroke gesture are explored. Aimed at this issue, this work develops a badminton training assistant system
where swing motion-derived stroke gesture can be effectively recognized according to the clue of the player’s
action characteristics revealed by two different modalities of sensor data, “imaging RGB raw” and “wearable
IMU raw.” The badminton training assistant system developed in this work is a design of two separated
recognition channels for performing gesture recognition of various shot actions made by the badminton player,
which are the channel of convolutional neural network (CNN)-based deep learning computations with the
input of the image data of RGB raw and the channel of long short-term memory (LSTM)-based deep learning
estimates with the input of the wearable data of IMU raw [3-5]. For obtaining the image data of RGB raw, an
image capture device, the RGB camera, is properly deployed in the playground; in acquisitions of the wearable
data of IMU raw, a wearable device (mainly the use of the coin-sized board of ‘MetaWearC’ released by the
laboratory of MBIENTLAB) is properly bound to the bottom of the grip of the badminton racket [6, 7]. To
establish the training database to construct deep learning models of CNN with imaging RGB raw and LSTM
with wearable IMU raw for stroke gesture recognition in an online sport exercise, a player with the expertise
of the badminton sport is requested to take the specific badminton racket combined with the MetaWear board
to make various classes of basic stroke actions in the camera-deployed playground. In the recognition channel
by RGB raw sensing, two different frameworks of CNN models, TensorFlow-CNN using the library of
JavaScript “TensorFlow.js” and YOLOVS released by Ultralytics, are explored in classifications of sixteen
badminton stroke gestures with considerations of shot action areas; in the LSTM stroke gesture recognition
channel, six badminton stroke gestures without the shot action area issue are categorized, and for speeding up
calculations, only the IMU raw of three-axis accelerator data is employed to establish the LSTM model. The
developed badminton training assistant system in this work can significantly help the badminton player to
achieve activity performance tracking and increase the expertise ability on the badminton sport.

Keyword: Badminton stroke gesture; Gesture recognition; Imaging RGB raw; Wearable IMU raw; Deep
learning; Badminton training assistant system
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ABSTRACT

When laser carrying a message is transmitted through a multimode fiber (MMF), mode coupling and
mode dispersion within the MMF produce a complex speckle pattern at the fiber's end, making image
reconstruction a challenging task. In this study, we use the Pix2Pix GAN architecture to reconstruct the speckle
images transmitted through multimode optical fiber using deep learning techniques. The experiment was
conducted using the MNIST handwritten digit dataset, from which 10,000 speckle images were obtained after
fiber optic transmission. These images were randomly divided into a training set and a test set for network
training and testing. After the training was completed, the average structural similarity index (SSIM) of the
reconstructed images was 0.56, with a maximum value of 0.78. Although the method is effective in
reconstructing speckle images, there is still room for improvement. Future work could explore the
performance of more complex neural networks and different optical fiber conditions.

Keyword: Multimode Fibre; Reconstruction of Speckle Images; Deep Learning; Pix2Pix Generates
Adversarial Network

1. Introduction

Fiber optic technology has been widely used in endoscopic imaging [1][2]. Multimode fiber (MMF)
significantly improves information transmission efficiency compared to single-mode fiber (SMF) because it
can transmit a large number of modes simultaneously. However, during the transmission process in MMF,
coupling and dispersion phenomena occur between the modes, ultimately resulting in an unrecognizable
speckle pattern at the end of the fiber. To reconstruct images from these speckle patterns, several methods
have been proposed by researchers, including transmission matrix [3], wavefront shaping [4], and digital phase
[5], all of which have been shown to be effective in image reconstruction. However, these techniques require
extremely precise control of the system and are sensitive to both the optical system and the imaging
environment. Even minor changes in the scattering medium can have a significant impact on image quality.

To address these issues, many researchers have proposed a novel reconstruction method based on deep
learning that overcomes the limitations of traditional methods, making image reconstruction more stable and
consistent. Among them, convolutional neural networks (CNNs) have been widely applied to speckle image
reconstruction [6][7]. To train CNNs, researchers need a large number of speckle image pairs as training data
for end-to-end training. In this process, the neural network learns the correspondence between the input image
and the labeled image without considering the structure of the optical system or the light propagation
processes. The deep learning architecture used in this study is based on a 2016 paper by Phillip Isola et al.
titled “Image-to-Image Translation With Conditional Adversarial Networks” [8].

2. Experimental Setup

The experimental setup is shown in Fig. 1. The incident light is a He-Ne laser (LSR532NL-100) with a
wavelength of 532 nm. The laser beam first passes through a beam expander (magnification: 20) and an
aperture to adjust the beam diameter, with a polarizer controlling the polarization direction. The beam is then
directed to a spatial light modulator (SLM, JD955B Education Kit) where the MNIST handwritten digits
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dataset is uploaded for transmission. After reflection by the SLM, the laser beam containing the image
information passes through a beam splitter. One part of the beam is projected onto a CCD camera (HY-6210S)
to inspect the reflected image from the SLM, while the other part is collected by a collimator and coupled into
an optical fiber (2 m, 1000 um, NA=0.22). Finally, the CCD at the fiber end collects the speckle images.

1

n .\
L

Fig. 1. Experimental setup for collecting speckle images. BE: beam expander, F: aperture, P: polarizer,
SLM: spatial light modulator, BS: beam splitter, C: collimator, MMF:multimode fiber, CCD: camera.

Ground Truthe Speckle patterne Reconstruction

Fig. 2. Reconstruction results from deep learning. Ground Truth represents the original image, the Speckle
pattern is the scattering image generated from the original image transmitted through MMF, and
Reconstruction is the image obtained through deep learning reconstruction.
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3. Experimental Results and Discussion

The images we used are from the MNIST handwritten digit dataset. Using the experimental setup, we
collected 10,000 scattered images, which were randomly divided into 9,700 training samples and 300 test
samples. The training samples were used for deep learning training, while the test samples were used to
validate the training results of the deep learning model. We trained the deep learning model for 400 epochs,
where one epoch indicates that each training sample has passed through the neural network once. After the
training is complete, we can obtain the reconstructed image by simply using the generator to reconstruct
thespeckle image. The reconstruction results are shown in Fig. 2. "Ground Truth" refers to the original image,
while "Speckle Pattern™ denotes the speckle image captured by the CCD after the laser light carrying the
original image information is transmitted through the optical fiber. "Reconstruction” represents the image
reconstructed by inputting the scattered image into the generator after the deep learning training is
completed.We evaluate the similarity of the reconstructed image with the original image using the Structural
Similarity Index (SSIM), which ranges from -1 to 1. A value of 1 indicates that the two images are identical,
0 indicates no similarity, and negative values indicate significant differences in image structure. The average
SSIM obtained from this reconstruction was 0.56, with a maximum SSIM of 0.78.

4. Conclusions

In this paper, we use the Pix2Pix GAN to reconstruct images transmitted through optical fibers. We
demonstrate that deep learning can effectively reconstruct speckle images; however, there is still significant
room for improvement. This includes designing more complex neural networks to enhance reconstruction
quality and considering various polarization angles and optical fiber specifications.
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ABSTRACT

This study employs first-principles calculations based on density functional theory to investigate the
effects of combined adsorption of NO with other gases, such as nitrogen dioxide (NO:), carbon monoxide
(CO), carbon dioxide (CO:), hydrogen sulfide (H2S), and ozone (Os), on the work function changes of the
clean ZnGa:04(111) surface. The results indicate that the adsorption of pure NO on the clean ZnGa:04(111)
surface leads to a work function change of 0.32 eV, demonstrating a significant impact of NO adsorption on
the electronic properties of the surface. When NO is adsorbed in combination with H.S, the highest work
function change among all gas combinations reaches 1.24 eV, suggesting that the synergistic effect of NO and
H-S significantly enhances the alterations in the surface electronic structure, which could have important
implications for gas sensor performance. These findings not only advance our understanding of the
interactions between the ZnGa:O4(111) surface and various gas combinations, but also provide a solid
theoretical foundation for the design of more efficient gas sensors, particularly for detecting NO in conjunction
with H.S and other gases.

Keywords: First-principles; ZnGa>Os epilayer; Gas sensor; Nitric oxide; Nitrogen Dioxide; Carbon
Monoxide; Carbon Dioxide; Hydrogen Sulfide; Ozone; Work function changes; Density functional theory;
Co-adsorption
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ABSTRACT

p-Gaz0s3 is renowned as an emerging semiconductor material due to its wide bandgap (4.2-4.9 eV) and
high electrical breakdown field (8 MV/cm) [1,2]. However, it faces significant challenges on silicon substrates
due to lattice and thermal expansion mismatches, which can lead to defects that degrade performance.
Therefore, this work explores the utilization of a titanium nitride (TiN) buffer layer in order to enhance the
performance of MOCVD grown Zn-doped S-Gaz203-based deep-ultraviolet (DUV) photodetectors (PDs) on
silicon substrates with 12, 24, and 36 sccm diethylzinc (DEZn) flow rates. The 12 sccm Zn-doped -
Ga20s/TiN/Si PDs demonstrated an exceptional maximum responsivity of 31.4 A/W, which is 7 times higher
compared to the undoped £-Ga2Os/TiN/Si (4.47 A/W) under a 5 V bias and 240 nm wavelength illumination.
This PD possess quick rise time of 6.5 s and fall time of 0.5 s. This work demonstrates that TiN buffer layers
and Zn doping significantly improve the performance and reliability of 5-Ga;Os-based DUV photodetectors
on silicon substrates.

Keyword: Zn-doped $-Ga>Oz; Deep-ultraviolet photodetectors; Silicon; TiN buffer layer
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ABSTRACT

This study investigates advancements in the manufacturing process of AlGalnP-based Micro-LEDs,
emphasizing the transition from conventional dry etching techniques to ion implantation for improved
precision and device performance. Traditionally, dry etching has played a critical role in LED fabrication due
to its effectiveness in pattern definition and material removal [1]. However, its intrinsic characteristics,
including surface roughness and microstructural damage, often lead to the need for post-etch repair and
planarization [2]. lon implantation, a non-contact technique, offers precise control over ion depth and
distribution, which can modify electronic and optical properties without compromising the epitaxial layer.
This method bypasses additional physical and chemical damages and obviates the need for surface
planarization [3]. While ion implantation technology has shown significant success in enhancing the
performance of blue Micro-LEDs [4-5], its application in red-emitting LEDs remains underexplored. This
research therefore focuses on evaluating the electrical characteristics of AlGalnP Micro-LEDs, specifically
contrasting the outcomes of progressive multi-energy ion implantation versus single-energy Ar ion
implantation. Utilizing SRIM simulations, the study examines the impact of both implantation strategies on
insulation, leakage current, turn-on voltage, and 1-V curve. The findings reveal that progressive multi-energy
ion implantation significantly improves internal insulation compared to single-energy implantation. For
instance, under a reverse bias of 5 V, the leakage current in single-energy devices registers at 10°® A, whereas
progressive energy implantation reduces this to 10~8 A two-order magnitude reduction. This improvement is
attributed to the more uniform defect distribution created by progressive implantation, effectively minimizing
carrier scattering and lowering leakage current. Furthermore, at a forward bias of 5 V, progressive implantation
achieves a current of 12.92 mA, a 21.9% increase compared to the 10.6 mA seen in single-energy implantation.
Additionally, at an injection current of 1 mA, the turn-on voltage drops from 3.22 V to 2.55 V, reflecting a
20.8% decrease. These results underscore how progressive ion implantation enhances drive efficiency by
lowering the turn-on voltage in Micro-LED devices. In summary, this study provides critical insights into how
varying ion implantation energies influence Micro-LED device characteristics, with evidence supporting the
superior insulation and reduced turn-on voltage achieved through progressive multi-energy implantation. This
work contributes to the foundational knowledge required to further optimize Micro-LED technology for a
wide range of applications.

Keywords: lon Implantation; I-V Curve; Leakage Current; Micro-LEDs; AlGalnP; SRIM
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ABSTRACT

This study explores the smart fan is utilized temperature and humidity sensors to adjust automatically the
wind speed, and providing an intelligent and comfortable user experience. It ensures the indoor temperature
is regulated, allowing the fan to adapt in real-time, resulting in more efficient energy use. This enables the
smart fan not only to ensure personal comfort, but also offer environmental and energy-saving benefits. In
summer, air conditioning should be used in conjunction with fans for optimal efficiency. Given the global
warming issue, energy-saving method was crucial, and one way to achieve this is by reducing power
consumption. With inverter air conditioner already being widely used, so we drew inspiration from this
concept, and developed the idea of a smart fan as the motivation for this research.Currently, global warming
is indeed a significant issue that we cannot ignore. If everyone could contribute a small effort to conserve
energy, it would become a tremendous force. The ultimate goal is to slow down global warming by using air
conditioning less and reducing carbon emissions through energy conservation. Through experimental testing,
it is really possible to achieve results in adjusting wind speed and cooling energy efficiency.
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ABSTRACT

In recent years, quantum dots have become a highly regarded research area in materials science. Early
developments focused on cadmium quantum dots, which were extensively studied due to their stability and
excellent photoluminescence. However, with technological advancements and increasing environmental
awareness, toxic cadmium quantum dots are gradually being replaced by non-toxic perovskite quantum
dots[1-2]. Perovskite quantum dots offer numerous advantages, including high quantum vyield, broad
absorption range, non-toxicity, and tunable luminescent properties. Consequently, they have significant
application potential in solar cells, light-emitting diodes, photodetectors, and bioimaging. Nevertheless,
perovskite quantum dots exhibit inferior longevity compared to cadmium quantum dots, and their emission
wavelength can change as they degrade. Therefore, surface modification is necessary to prevent degradation
and decline in performance before utilizing perovskite quantum dots [3]. Due to their exceptional light
absorption capability and high photovoltaic conversion efficiency, perovskite quantum dots hold great
potential for application in solar cells. Compared to traditional silicon-based photovoltaic materials, the
bandgap of perovskite quantum dots can be precisely controlled by adjusting their composition and size, which
allows for higher light absorption efficiency across the entire spectrum. However, stability issues of perovskite
materials during application remain a significant challenge. These materials are prone to degradation due to
environmental factors such as humidity, oxygen, and light exposure, which greatly limits their lifespan and
performance in practical applications. Therefore, enhancing the stability of MnCsPb(Bro.4/lo.6)3 quantum dots
through process optimization and material modification has become one of the main motivations for this
research [4-5]. In addition to optimizing the fabrication techniques, the practical application of
MnCsPb(Bro.4/los)3 quantum dots in actual devices is also an important aspect of this study. By using process-
optimized MnCsPb(Bro.4/los)3 quantum dots to replace the active layer in traditional dye-sensitized solar
cells[6], measurements taken after exposure to 365 nm UV light and sunlight showed the generation of
potential difference and current. This confirms that MnCsPb(Bro4/los)s quantum dots can serve as an
alternative option for dye-sensitized solar cells [7].

Keyword: MnCsPb(Bro.4/lo.6)s quantum dots; Chemical solution method; Process optimization; Surface
Modification; Dye-sensitized solar cells
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ABSTRACT

This study utilizes first-principles calculations based on density functional theory to investigate the
structures of Bi202Se, Bi»0>S, and Bi>O2Te thin films on SrTiOs substrates. The S-terminated Bi»O>S(001)
film exhibits the lowest heterojunction interface energy of -0.0426 to 0.1060 eV/A 20n a TiO,-terminated
SrTiO3(001) substrate, indicating that a stable heteroepitaxial growth can occur with Bi bonding to TiOo.
Similarly, the S-terminated Bi>0.S(001) film shows a minimum heterojunction interface energy of -0.0417 to
0.1069 eV/A 20n a SrO-terminated SrTiO3(001) substrate, suggesting stability in heteroepitaxial growth with
Bi bonding to SrO. Compared to Bi»0»Se(001) and Bi»O,Te(001), the Bi»0,S(001) film exhibits the lowest
interface energy values on both the TiO>-terminated and SrO-terminated SrTiO3(001) substrates, which aligns
with experimental results [1].

Keyword: First-principles; 2D-material; Heterostructure; Interfacial energy

REFERENCES
[1] B.Guo, Y. Guo, and L. Xu, “First-principles insight into the interfacial properties of epitaxial BioO.X (X =S, Se, Te) on SrTiO3
substrates,” Journal of Physics and Chemistry of Solids, VVol. 163, pp. 110601 (2022).

69



International Symposium on Precision Engineering 2024 (ISPE 2024)
Nov.8-10, 2024, the Hotel Formosa, Caotun, Nantou County, Taiwan

No. P-12
TITLE: Flexible High Entropy Relaxor with Ultrahigh Energy Performance and Outstanding Piezo-
respond

Yu-En Pan®! and Ying-Hao Chu*?

! College of Semiconductor Research, National Tsing Hua University
2 Department of Materials Science and Engineering, National Tsing Hua University

fPresenter
*Corresponding author’s e-mail: yhchu@mx.nthu.edu.tw

ABSTRACT

The growing demand for electronic devices has emphasized the need to reduce thermal loss and enhance
energy efficiency. Relaxor ferroelectric material PMN-PT, an outstanding piezoelectric material known for
its high dielectric permittivity and slim hysteresis loops, is commonly used in sensors and actuators. It is also
a promising candidate for energy storage applications due to its minimal energy loss. Based on its excellent
piezoelectric and energy performance, the concept of high-entropy was introduced into this system. Multiple
atoms disrupt the long-range order of the material, forming a thermally stable system, thereby improving its
thermal and electrical stability. In this study, a high-entropy relaxor ferroelectric,c PMNTHZO
(Pb1.1(Mgo.15Nbo.3Tio.0sHfo.25Zr0.25)O3), was epitaxially grown via pulsed laser deposition on flexible mica and
SrTiOs substrates. PMNTHZO demonstrated an energy efficiency exceeding 70% and a breakdown voltage
over 70 V, corresponding to an electric field strength greater than 2.12 MV/cm, indicating its robustness for
energy storage. The successful integration of PMNTHZO on flexible mica substrates also suggests potential
for flexible electronics. The excellent thermal stability and mechanical flexibility of mica make it ideal for
electronic applications, such as wearable sensors. Through the heating test, the results demonstrate that
PMNTHZO can endure temperatures exceeding 250°C and 150°C separately on STO and mica, showing the
robustness and thermal stability of PMNTHZO. The bending test results show that the polarization value
decays less than 5% during bending cycle. The piezoelectric property is also confirmed by the PFM results
and the relaxor-like P-E hysteresis loop, which makes it promising for piezoelectric devices, forming a
sustainable braking system. Compared to conventional piezoelectric materials, PMNTHZO exhibits lower
thermal consumption and longer cycle life, making it a potential candidate for advanced actuators. This work
highlights the significant potential of combining high-entropy oxide compounds with ferroelectric relaxors for
developing advanced, flexible, and thermally stable dielectric energy storage devices.
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ABSTRACT

Environmental pollution has become a critical issue with the increasing global population and industrial
development. Detecting water pollutants is the first step toward controlling pollution sources. This study aims
to develop a SERS substrate by combining silver nanoparticles and artificial muscovite for pollutant detection.
Through hydrothermal method and vacuum annealing, Ag NPs were uniformly synthesized within the
muscovite layers, forming a mesocrystal system. The Ag NPs exhibited high crystallinity, with an average
particle size of 82 nm and a coverage rate of 38.9%. XRD analysis confirmed an epitaxial relationship between
Ag (111) and muscovite (001), while Laue diffraction revealed a well-ordered 3D mesocrystal structure. SERS
with probe molecules Rhodamine 6G (R6G) and Crystal Violet (CV) demonstrated the detection limit as low
as 10 M and 107 M separately. This Ag/muscovite mesocrystal system shows great potential as a highly
sensitive solid substrate for environmental pollutant detection.
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ABSTRACT

Electric power is vital in modern life, and the demand for electricity keeps increasing. To address the
growing gap between electricity supply and demand, it is essential to explore new methods of power
issues.While ongoing efforts are to improve the electrical grid, another promising solution is the development
of a transducer that can harvest energy. Soft materials and system integration are critical ideas for this flexible
device. In this work, the multi-phase magnetoelectric (ME) materials are composed of magnetic and
piezoelectric components. Materials with magnetostriction have strain while a magnetic field is applied, and
piezoelectric materials generate voltage output through lattice deformation. Additionally, it is necessary to
consider the magnetoelectric coupling effects and the substrate properties, as the component practicality is
also crucial.

Besides improving energy conversion efficiency, the device's compatibility with its environment is also
essential. Devices that can maintain regular operation in extreme conditions are beneficial for sustainable use.
After extensive comparison, this study chose mica as the substrate for thin film growth. Mica has a two-
dimensional layered structure with flexible mechanical properties under specific thicknesses, and it also offers
transparency and high thermal and chemical stability. Functional oxide films are grown on mica substrates
using van der Waals epitaxy. The lack of strong bonding between the substrate and the film prevents the
clamping effect, thereby preserving the piezoelectric and magnetostriction properties. Thin film materials are
spinel cobalt ferrite (CoFe.O4, CFO) and perovskite lead zirconate titanate (PbZros2Tio.4803, PZT) due to their
high lattice compatibility. CFO is sensitive to external magnetic fields and has considerable electrical
resistance, which is feasible for leakage current reduction. PZT performs well on piezoelectricity and high
thermal sustainability due to its high Curie temperature (~390 °C).

The epitaxial (PZT, CFO) heterostructure was fabricated using physical vapor deposition methods.
Artificial mica was cut into 1cm x 1cm as substrates. The vacuum chamber was evacuated to 5x107° Torr
before deposition. A dual target was used during the deposition, and oxygen and argon were introduced into
the atmosphere. The flexible ME system has been demonstrated in three architectures: epitaxial,
polycrystalline, and nanostructure on mica. The CFO and PZT heterostructure is characterized by
magnetostriction and piezoelectric properties. A series of analyses comprehensively demonstrated the crystal
structure, crystalline quality, electrical and magnetic properties, and magnetoelectric coupling.

With the well-performed material properties, the exciting application of this technology is to design
electronic artificial skin capable of harvesting mechanical energy generated through exercise, such as activities
performed in the gym. This artificial skin can convert the mechanical power produced by physical movement
into electrical energy, creating a spontaneous harvest of energy from the body's activity. The energy-
harvesting system holds great potential for wearable electronics, biomedical devices, and fitness technologies.
This development opens exciting possibilities for self-powered devices, contributing to a sustainable and
energy-efficient future.
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ABSTRACT

The microwave-assisted synthesis method offers advantages such as rapid heating, uniform reaction, and
high selectivity, significantly reducing synthesis time and enhancing catalyst performance compared to
traditional chemical syntheses. In this regard, the study aims to investigate the application of microwave-
assisted synthesis in the development of Pt-free catalysts for anion exchange membrane fuel cells. The Pd-
Ce0,/C and Ag/C were selected as the anode and cathode catalysts, respectively, and synthesized by a
microwave-assisted method. The related properties of both catalysts were systemically characterized by X-
ray diffraction (XRD), transmission electron microscopy (TEM), and electrochemical active surface area
(ECSA). The results indicated that the Pd-CeO2/C catalyst synthesized via the microwave-assisted method
can exhibit better dispersion and stability to degradation in accelerated degradation tests, as compared to
catalysts prepared by traditional synthesis methods. Additionally, the cathode catalyst of Ag/C can be also
successfully synthesized by using the microwave method, which can have different influences on catalytic
activity and stability as compared to different syntheses. The cathode and anode catalysts prepared by the
microwave-assisted synthesis above are then assembled in the single cell to evaluate the device performance
and discussed in the presentation.
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ABSTRACT

Owing to rapid progress in the automation industry, servomotors with smaller sizes, lighter weights, and
lower manufacturing costs are widely used in various mechatronic equipment, including computer numerical
control machine tools and industrial robot arms. Generally, increasing the stiffness of the transmission system
(including the transmission mechanisms and coupling devices) used to connect the servomotor and mechanical
payload reduces the payload vibration. However, the manufacturing cost of the transmission system and power
of the servomotor will also be high, and the cost and weight of the mechatronic equipment will increase.
Nevertheless, reducing the stiffness of the transmission system may cause significant payload vibrations,
which may cause operational problems in mechatronic equipment, such as reduced motion accuracy and
increased payload settling time. Therefore, this study designs different feedback controllers based on the
acceleration feedback control of the payload and compared the influences of different controllers on the
improvement of vibration suppression and payload motion performance.

Acceleration feedback control has been under development for a long time and can be used to increase
the bandwidth of control systems, improve the accuracy of servomotor motion, and suppress the vibration of
mechanical payloads. Ding et al. [1] used acceleration feedback control in a fast tool servo system to address
the problem of insufficient dynamic stiffness caused by large cutting depths. Tian et al. [2] applied acceleration
feedback control to enhance the robustness and stability of the closed-loop control system of a fast-steering
mirror system. When a two-mass mechanical system is operating, the servomotor can be affected by the
payload so that the servomotor can produce vibrations, and payload motions are simultaneously affected.
Thus, Helma et al. [3] applied acceleration feedback in a proportional-integral-derivative control structure to
make the servomotor response faster and more stable as well as reduce payload vibrations. Tang et al. [4] used
acceleration feedback control to improve the low-speed tracking accuracy of a telescope elevation system
while also increasing the bandwidth of the closed-loop control system and reducing the influence of
mechanical resonance. Because the external disturbance exerted on the servomotor also affects the payload
response, Kai et al. [5] used acceleration feedback control to effectively mitigate the influence of external
disturbances on payload motions and shorten the payload settling time. Ahmet [6] used acceleration feedback
control to effectively suppress the influence of external disturbances on servomotor motion. Trung and Iwasaki
[7] used H-infinity and acceleration feedback controls to design a robust control system to improve the motion
performance and stability of flexible robots.

Although existing acceleration feedback control methods can effectively improve the motion
performance of servomotor driven servomechanisms, the complex control structure and computational burden
may limit the implementation of these control methods in compact control systems. Therefore, this study
integrates the proportional-proportional-integral control that is widely used in commercial servomotor drives,
the current compensation, and the payload acceleration feedback control to design acceleration proportional
feedback control, acceleration proportional-integral feedback control, acceleration proportional-derivative
feedback control, and acceleration proportional-integral-derivative feedback control. Then, the effects of
different acceleration feedback controls on payload vibration suppression and motion performance are
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discussed and compared. In addition, this study conducts a stability analysis of the acceleration
feedbackcontrol systems, determines the stable ranges of the control parameters, and applies the particle
swarm optimization algorithm to obtain the optimal control parameters, which can impartially compare the
execution performance of each acceleration feedback control design. Although each feedback control design
has a different degree of influence on the payload vibration suppression and motion performance during
servomotor motions, overall, the acceleration proportional-integral-derivative feedback control design can
improve vibration suppression by up to 20% and shorten settling time by up to 30%.

Industrial automation is developing rapidly. Thus, high accuracy, fast responses, and continuous stability
have become the most important issues in the control of mechatronic equipment. Mechatronic equipment may
generate vibrations during operation. However, if vibrations occur, they could affect both the operating
performance of the mechatronic equipment and the time required for the equipment to reach a stable condition.
Therefore, this study designs and discusses different payload acceleration feedback controls and uses the
particle swarm optimization algorithm to optimize the control parameters, which can simultaneously suppress
vibration and improve the motion performance of the payload. This study should be followed by a comparison
of other vibration suppression methods, such as notch filter design and input shaping design, to evaluate the
suppression effect of acceleration feedback control on different vibration modes and to confirm the applicable
conditions and possible applications of acceleration feedback control.
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ABSTRACT

The field of two-dimensional(2D) materials has been extensively studied since the method of separating
single-layer graphene from graphite was discovered in 2004. The 2D layered bismuth oxychalcogenide
BioO2X(X = S, Se, Te) material has good structural stability properties and high electron mobility of 410
cm?/V -s at room temperature. Bismuth oxyselenide (Bi»O2Se) is a new high-mobility semiconductor withband
gap 0.8 eV. bismuth oxytelluride (Bi.O>Te) and bismuth oxysulfide (Bi.O2S) are the same. All bismuth
oxychalcogenides have adjustable band gap characteristics. Bi.O2X(X = S, Se, Te) materials can change the
conductive band and valence of the material’s band structure by changing the number of layers or applying an
external electric field. Electric band closure, in order to understand the number of layers of the Bi.O2Xstructure
and the impact of the external electric field on the band structure, this study uses first principles calculations
based on density functional theory(DFT) to evaluate the band structure changes in the 2D Bi,0,S(001),
Bi20,Te(001) structure, and Bi.0>S(001)/Bi>0.Te(001) heterostructure under applied vertical electric fields.
The analysis of band structure trends helps elucidate the effects of structure and vertical electric field on the
band structures, the lattice constants and angles in the structures of Bi»O.S and Bi.O>Te are close to the
experimental results. The lattice constants after the optimized of Bi»OS structure area=b =3.87 A, c=12.10
A'; The lattice constants after the optimized of Bi,O,Tearea=b=4.01A,c=1270 A, a = =y =90, the
space groups are all 14/mmm, the applied electric field directed perpendicular to the xy plane of Bio02S(001),
Bi2O,Te(001) structure, and Bi20,S(001)/Bi.O,Te(001) heterostructure. The band structure of the
Bi»0,S(001) structure, without the influence of a vertical electric field, shows that the valence band crosses
the fermi level without overlapping with the conduction band, thereby exhibiting semi-metallic characteristics.
As the vertical electric field is applied from 0 V/A to 0.03 /A, a gradual closure in the band structure of the
Bi20,S(001) structure is observed. The band structure of the Bi.O>Te(001) structure, without the influence of
a vertical electric field, shows that the valence band crosses the fermi level without overlapping with the
conduction band, thereby exhibiting semi-metallic characteristics. The band structure gradually closes and the
valence and conduction bands overlap. Under the influence of the wvertical electric field, the
Bi.O,Te(001)structure transitions from a semi-metal to a conductor, displaying metallic characteristics. The
band structure of the Bi-02S(001)/Bi.O>Te(001) heterostructure, without the influence of a vertical electric
field, shows that the valence band crosses the Fermi level without overlapping with the conduction band,
thereby exhibiting semi-metallic characteristics. As the vertical electric field is applied from 0 V/A to 0.03
V/A, a gradual closure in the band structure of the Bi»0,S(001)/Bi>0,Te(001) heterostructure is observed.
This study proves that an external vertical electric field can adjust the energy band structure of the
Bi.0»S(001), Bi»O,Te(001) structure,and Bi202S(001)/Bi.O>Te(001) heterostructure to close as the
magnitude of the applied vertical electric field increases.
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78



International Symposium on Precision Engineering 2024 (ISPE 2024)
Nov.8-10, 2024, the Hotel Formosa, Caotun, Nantou County, Taiwan

REFERENCES
[1] K.S.Novoselov, A. K. Geim, S. V. Morozov, D. Jiang, Y. Zhang, S. V. Dubonos, I. V. Grigorieva, A. A. Firsov, Science, 306

(2004) 666-669.
[2] Q.Wei, R. Li, C. Lin, A. Han, A. Nie, Y. Li, L. J. Li, Y. Cheng, W. Huang, ACS Nano 2019, 13 (2019) 13439-13444.

[3] J.Q.Li,C.Cheng, M. Y. Duan, Applied Surface Science, 618 (2023) 156541.
[4] U.Khan, R. Xu, A. Nairan, M. Han, X. Wang, L. Kong, J. Gao, L. Tang, Advanced Functional Materials, 34 (2024) 2315522.

79



International Symposium on Precision Engineering 2024 (ISPE 2024)
Nov.8-10, 2024, the Hotel Formosa, Caotun, Nantou County, Taiwan

No. P-18
TITLE: Integrated Microfluidic Photoresistor System for Determining Human Serum Albumin

To-Lin Chenf, Kuan-Hsun Huang, Ching-Ti Wang, and Lung-Ming Fu*

Department of Engineering Science, National Cheng Kung University, Tainan, 701, Taiwan

TPresenter
*Corresponding author’s e-mail: loudyfu@ncku.edu.tw

ABSTRACT

Chronic Kidney Disease (CKD) [1-2] is a global health concern, affecting around 13.4% of the
population. In Taiwan, the prevalence is particularly high, with statistics indicating that 1 in 7 individuals are
likely to develop CKD. This significant incidence places a considerable burden on healthcare systems,
highlighting the need for improved detection and monitoring methods to manage the progression and
outcomes of CKD more effectively. This study focuses on integrating a photoresistor-based detection system
[3] to investigate serum samples for determining albumin levels.

The study employed Bromocresol Green (BCG) to react with serum, forming a complex with albumin[4].
Following this reaction, a Polymethylmethacrylate (PMMA) microfluidic chip and a micro-spectrometer were
used to correlate albumin concentration and optimized experimental conditions. After constructing the
calibration curve, a photoresistor-based system collected data that were associated with the micro-

spectrometer readings. To validate the system's stability, 30 unknown artificial serum samples were tested,
resulting in a correlation coefficient of 0.9524 and a recovery rate of 92.55%. These findings demonstrate the
reliability and potential of the system.
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ABSTRACT

In Taiwan, acute renal failure and chronic kidney disease account for a significant 7.1% of medical
resources, highlighting the importance of kidney health in the healthcare system. Imbalances in essential
elements, such as magnesium, can cause harm. Magnesium ions are crucial for maintaining kidney function;
low magnesium levels can exacerbate chronic kidney disease, while high levels can contribute to kidney stone
formation and calcification [1,2]. This underscores the importance of regulating magnesium levels for kidney
health. In this study, we present a microfluidic detection system for analyzing serum samples to determine
magnesium concentration. This system aims to provide an accurate and efficient analysis of magnesium levels,
essential for maintaining kidney function and overall health.

The study employs 3,5-dichloro salicylaldehyde (BCSA) [3,4] to react with serum, with magnesium
enhancing fluorescence. To quantify the results, a micro-spectrometer is utilized, and a microfluidic chip made
from polymethylmethacrylate (PMMA), and polyethylene terephthalate (PET) is used to analyze varying
magnesium concentrations. This setup enables precise detection and analysis of magnesium levels in serum
samples. The results indicate a standard curve correlation coefficient of 0.9915 and artificial serum testing has
a recovery rate of 96 %, underscoring the stability and reliability of the detection system when analyzing real
serum samples. This innovative method demonstrates significant potential for accurately quantifying
magnesium concentrations in clinical settings.
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ABSTRACT

This study aims to investigate the preparation method of low-cost non-precious metal cathode catalysts
in alkaline anion exchange membrane fuel cells (AEMFC) and to enhance power density as the experimental
objective. In the experiment, carbon black (Vulcan XC72R) was used as the carrier, and FeCoN/XC-72R was
successfully prepared. Additionally, the mesoporous structure of the catalyst material was enhanced by
utilizing acetic acid as an inorganic template, resulting in the successful preparation of FeCoN-MgO/XC-72R
catalyst. Subsequently, FeCoN-MgOAc/XC-72R catalyst was successfully synthesized through acid washing
and high-temperature pyrolysis steps. The successful preparation of the catalyst was confirmed through SEM,
EDS, XRD, and CV analyses. The performance of single-cell modules was tested using an ion exchange
membrane (X37-50RT), with the anode utilizing commercial platinum (Pt/C) (40 wt%) and the cathode
employing self-prepared catalysts. VVarious proportions of catalysts and ionomers were adjusted to determine
the optimal loading for power density testing. CV analysis results indicated that the optimal ratio was 80:20
under different catalyst and ionomer conditions, with the optimal loading reaching 1 mg/cm2, achieving a
power density of 708 mW/cm?. This power density is comparable to that obtained when both the anode and
cathode use commercial platinum (Pt/C), aligning with the goal of our research to develop non-precious metal
catalysts and enhance the power density of AEMFC.

Keyword: Alkaline anion exchange membrane fuel cell; Non-noble metal catalyst; Inorganic template;
Catalyst and ionic polymer ratio; Optimal loading capacity
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ABSTRACT

This study prepared nano-flower-like NiCoFe layered double hydroxide (LDH) as an efficient anode
catalyst for hydrogen production in anion exchange membrane water electrolysis (AEMWE). The NiCoFe-
LDH exhibited excellent oxygen evolution reaction (OER) activity, long-term stability, and high surface area
characteristics. Utilizing a low-cost non-precious metal anode catalyst through ultrasonication, the catalyst
was annealed at 500°C for 6 hours with a heating rate of 10°C/min in air after ultrasonication at a frequency
of 40 kHz and a power of 350 W. The gas diffusion layer GDL280 and anion exchange membrane X37-50RT
were employed in the experimental setup, with NiCoFe-LDH as the anode catalyst and Pt/C as the cathode
catalyst. Electrochemical and material analyses were conducted, and hydrogen production tests were
performed under various optimal parameters. The influence of different variables such as KOH electrolyte
concentration and optimal loading amount on electrolysis performance was investigated. It was found that
electrolyte concentration significantly affected electrolysis performance, with the optimal concentration being
1.5 M KOH. Using GDL280 with a higher stiffness loaded with 2 mg/cm? of NiCoFe-LDH, efficient
electrolysis cells could be fabricated at an electrolyte temperature of 25°C. Overall, the highest current density
obtained at 2V voltage was 1.31 A/cm? in this experiment.

Keyword: Hydrogen production; Anion exchange membrane water electrolysis; Non-noble metal catalyst;
Nanopetals; High specific surface area
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ABSTRACT

The interdigitated electrodes on the conventional ITO heater (i.e. sample 2) and conventional ITO heater
(i.e. sample 1) were successfully fabricated. it was found that maximum temperatures for sample 1 and sample
2 were 69 and 102 oC at 100s, respectively. The temperature of sample 2 was about 47% larger than that of
sample 1. Such a significant enhancement in temperature can be attributed to the interdigitated electrodes on
the top of the ITO film. Under the same 20V voltage operation, it was found that the currents for sample 1 and
sample 2 were 0.13 and 0.29A, respectively. It was also calculated that the resistances for sample 1 and sample
2 were 153.8 and 68.9 Q, respectively. It should be noted that the maximum power consumption of sample 2
was 5.8W. The larger 20V output current observed from sample 2 can again be attributed to the low resistance.
Such aresult indicates that the large power generation will result in the large heat generation. For the switching
cycle of sample 2 between 0 and 20V for 6 cycles, it was found that the high temperature and low temperature
of sample 2 was from 30 to 1020C, respectively. Such a result suggests that the ITO heater with the
interdigitated electrodes can achieve good thermal stability without degradation.
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ABSTRACT

In the present theoretical study, we apply the first-principles method to study the effect of 3d transition
metals (TMs), V, Cr, Mn, Fe, Co, Ni doping on the electronic and magnet-ic properties of ZnAl>O4, and
ZnGaz04 spinel oxide. We calculate the electronic band structures for different 3d TMs substitution sites,
named as A, B, and AB sites within the generalized gradient approximation (GGA) as implemented in the
Quantum Espresso package. Our calculated lattice constant for the ZnAl>O4 with and without GGA+U is 8.17
and 8.09 angstrom. We found that in the GGA+U scheme, the calculated lattice constant is in good agreement
with experimental lattice constants of 8.09[1] angstrom. The U value for the Zn-3d, O-2p orbitals is 5.5 eV.
Further, our calculated lattice constant for the ZnGa204 with and without GGA+U is 8.45 and 8.36 angstrom.
Whereas the experi-mental lattice constant for the ZnGa.O4 is 8.34[2] angstrom. We found that applying the
on-site U parameters not only obtaining the better lattice constants but theoretical bandgaps. Furthermore, we
also study the substitution position effects of the ZnX204 spinel oxides. In the ZnX204 spinel, Zn atom is sited
in the tetrahedral, A, site and the X atom is sited in the octahedral, B, site. Very interesting, if one, or both, of
the tetrahe-dral or octahedral site is substituted by the 3d TMs. We found that these ZnX204 spinel may
become half-Metal which has 100% spin polarization.
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