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Integrated Semiconductor Workflow
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In=Situ Micro-CT for Non-Destructive
Warpage Analysis

Reveal the smallest features

High spatial resolution

True 4D imaging with Dynamic CT
3Din situ experiments

Broad sample compatibility

-

Access

FemtoChisel™

Integrated Laser Processing for
Semiconductor Failure Analysis

Unprecedented surface quality

Heterogeneous material compatibility

Minimal debris and redeposition

Seamless correlation with CT, optical, or SEMimages
Wafer-level scalability

Nanometer-level precision end-pointing

Prepare

Tescan SOLARIS X 2

FIB-SEM Sample Prep
with Real-Time SEM Insight

High-quality, ultra-thin TEM samples

Precise end-pointing

Cross sections free of curtaining

Compatible with polyimide, SiC, ceramics, and glass
Maximized sample processing throughput

System readiness automation

Analyze

Tescan TENSOR
Robust 4D-STEM Analysis B i s

Semiconductor

for Process Development Workflow here:

4D-STEM data analysis and processing
Strain mapping E E
Diffractionimaging and tomography

Precession electron diffraction o

STEM and EDS tomography E
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Electron Microscope Analyzers
eWARP -The fastest EBSD Detector Ever

= Direct Electron Detection for maximized
signal efficiency

= Ultrafast EBSD map acquisition at low
accelerating voltages and beam currents

= Patented on-chip binning enabling ForeScatter
Electron (FSE) imaging at up to 350,000 points/second

Additively Manufactured  Severely deformed aluminum IPF X + Pattern Quality of Graphite
(AM) stainless steel alloy @ 10kV 7nA @10kV / 10 nA /830 fps / Hit rate 92%
@ 10kV 12nA,14,437 fps

XFlash® FlatQUAD - Maximum Efficiency in X-ray Detection

= Innovative annular fourchannel design with
best solid angle in EDS for SEM

= Unmatched throughput without compromising
energy resolution

= Fast mapping for analysis of beam-sensitive
or topographical samples

XTrace 2 - Innovative X-ray Source for Micro-XRF on SEM

= Trace element sensitivity @ 5 - 10 ppm LOD with minimal
sample preparation

= 50 W X-ray tube power

= Layer thickness analysis capability

Contact Us

Bruker Taiwan Co. Ltd.

Hsin Chu office

3F3, No.6, Taiyuan 1st St., Zhubei City, Hsinchu County 30288,
Tel.03-6601212/Fax.03-5601060 [m]

Innovation with Integrity




Advanced A-Scale Verification (Cs-STEM)

and Sample Preparation (FIB)

Service Platform in TSRI

Technical Specification of Cs-STEM in TSRI

« Cold FEG + Cs-corrector STEM
» Accelerating voltage: 200, 80, 30 KV
«  STEM Spatial Resolution: 0.78 A (200 KV)
« Dual EDX system(100 mm? x2): Q = 1.7 sr
« Gatan GIF Continuum ER:
Dual EELS/EFTEM/w-q EELS system
EELS Energy Resolution: < 0.4 eV
« Enhanced contrast of light elements:
(SAAF/DPC images)
« Lorentz lens: Magnetic field free mode
+  Electron Dose Modulation Synchrony
« Gatan In-situ 2K Metro Counting Camera
« Plasma cleaner

« Images, EDS and EBSD maps in FIB-SEM system

— Service is expected to launch in 2026 Q3.
«  STEMx 4D STEM System

«  4D-SPED with Direct Electron Counting Detector

« 3D-Tomography holder

« In-situ heating/bias/cooling(or gas) holder
[DENS Lightning Arctic/Climate(gas)]

— Service is expected to be available after 2027.
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5 Hydra CX Crossbeam 350
(Xe, Ar, N, O) for Ga- (Laser + Ga) for APT
free and large X-SEM ~ and TEM samples
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Image Resolution
@200kv <0.078nm
@80kV  <0.111nm
@30kv  <0.192nm

{3-35] 0.082nm

Spherical aberration corrected (Cs) STEM HAADF/ABF Images
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Simultaneously collecting

» Chemical Bonding
» Atomic Column Map

EELS and EDS
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OXFORD

INSTRUMENTS

Unlock Materials.
Reveal the Invisible.

ERRGEBE DTFER
TREEMHEZNR

Electron Microscopy

EM EFEEM D

TR DT RAS SR E
EDS | EBSD | BEX

Atomic Force Microscopy

AFM [RF NI RETHER

BDAREFREA SR EY)EE R
Cypher | MFP-3D | Jupiter XR

Nanoindentation
NI 2K EER

KRR EmEE S8
iXos | i04 | NMTo4

Confocal Raman Microscopes
WiTec RIS FEMER

B2 DR ER S DT
witec360 | cryoRaman | RISE

Nuclear Magnetic Resonance

NMR #Zhig iR

DFEEBEE AR DT
X-Pulse | MQC+

www.oxinst.com
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Mpcstpede § (I) - TESCAN
Faster and More Consistent TEM Lamella Preparation with the new Solaris 2 Ga* FIB-SEM

Antonin Doupal Product Sales Leader

Host: #ifg BRE
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12:00-13:50

TREPERE (A3 4% 8)
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13:50-14:15

FEFRAD: A o F HEPFRIRT L
Probing Materials Inner Space at the Atomic Scale for a Net-Zero Future
Host: i3 %k

14:15-14:40

BRI B SR F FEIEE
3D Spatial Biology Across Scales
FRF R
Host: X & % ##

14:45-15:15

s g (D) : #F A 2 7
Advancing Cryo-EM: Improved Electron Optics and Automated Data Collection for
High-Throughput Structural Biology
Naoki Hosogi
Host: f¢ & # 4

15:15-15:40

FAmIER (F B KB )

15:40-16:10

B ACE FE R (1) ¢ F 4 5
#* .g\ . L 4% EDS f= eWARP EBSD #igiL A 7 $ ke Jis *
Wy By 4 F BT BA 47 APACH# B R E
Host: £ X ¥ H#

16:10-17:00

FESFE




Kl

1.

2.

$ AR SRMAELE § -
4 & B4

IS L VEY SEASE XY

R FEEHEAR1 28 4 $0F T HAKE
FORARARARERNAE FRL HL
kI HBERZAHPE S AR ~ T HKEE

MG A RRE IR LT YA EPEEE L RE S A SRR AR
CFEAEENT I ARKE c FER FEAIRE  FRRRARFELE R L
CEME A LARRE R EAFISRRE R FECFHEPT RS L
AETE S AR A R kA R B2 9 7T Materials Chemistry and Physics |
A ¥ AP TIRFRR CRFEAGHELY cEFE A LATIAETREEE - R
REXEFERTL WEMEFLTEMEG IR L 7 FARKRAT §2F £
HEPHRIE GLIG § L2 RHEPEE4RTE

FrAE s ez A AR RRLREY 2 A HPERF &S RS A RS 2
BT RAEBE TR - § ERRSITREI R RRLIQ)  ERHEFTEE 6L
Q01 $WT "B F ¢ T F2L3 FFHEQ2010) ¥ K £ 5 L (2009) ~ 2 Rao 2+
A28 ¢ William Hume-Rothery Award (2008) ~ @ & 77 3 Fefe L (2006-) ~ i & < § 42 i
P (2006-) ~ FTINE - 25 T BRI RSEA (1998-2001, 2001-2004, # 4 R )~ @) 4
1B A £ €A (1998-2003,2006-2011) ~ i 2+ F 1 4234 (2003-2006) ~ £ FE 3
g &1 (2001) T & T ki g et (1998) B € @987 7 < f (2001)
B ¢ #9877 4 B (1995-2001) ~ B € #0087 7 #£(1985-95) ~ &+ R & & 1 L 5 jiejik
(£ 4, 1986) ~ # LFGEE (199]) ~ b &~ F 5 - By B (1983)  pa g2y
§ATEE T (2025) 0 S RIACHLE € € L(2022) ¥ AR E K (2020) 5 AR
Hpn g8 LA (2018) SHEZH €L (2011) ¢ BHAFEE ¢ ¢4 (2009)-
FERE G F AP (2000) ~ K AP E-R AT (2001)  E Y A& Y B
D E(1999) ~ F A g MR AR ATT E (1993) Y ARPEAEE g
(1993)~ #7# @ Fkdije s gg (2007) o 4% F402 5 d ks fF (2009) 7 FF i)
EE % (2010) -



FAUE cARKEE § -ty

g B

Dept. of Materials Science & Engineering, National Taiwan University

Professor & Deputy Chair

Technology Consultant
Walsin Lihwa Corporation

E-mail: homeryen@ntu.edu.tw  Tel: +886-918196735
Address: Department of Materials Science & Engineering, National Taiwan University, No. 1, Sec. 4,
Roosevelt Road, 10617 Taipei, Taiwan

BIOGRAPHY

Dr. Hung-Wei (Homer) Yen is a materials scientist and microscopist based in Taiwan, where he leads the
Microstructure & Defects Physics Group at National Taiwan University (NTU). His research decodes the
fundamental microstructure—property relationships in advanced structural materials, including high-
strength steels, biomedical titanium alloys, and high-entropy alloys. By leveraging state-of-the-art
characterization techniques, Homer probes the inner atomic space of materials to uncover the mechanisms
governing their performance. Recently, his group has pioneered research into hydrogen behaviors in
materials, focusing on hydrogen embrittlement and hydrogen storage alloys. Notably, he established
Taiwan’s first local electrode atom probe (LEAP) service platform, driving critical innovations in materials
and semiconductor research. Homer has co-authored over 140 SCI-indexed journal papers (-index: 39),
holds 10 patents, and has delivered more than 50 invited global lectures. His cutting-edge work is fueled
by an extensive international network spanning the US, Europe, and the Asia-Pacific region.

EDUCATION

National Taiwan University, Taiwan 2006
B.S., Materials Science & Engineering

National Taiwan University, Taiwan 2011

Ph.D., Materials Science & Engineering
PROFESSIONAL EXPERIENCES

Associate Professor Aug. 2018 - Aug. 2022
Dept. of Materials Science & Engineering, National Taiwan University

Assistant Professor Aug. 2014 - Aug. 2018
Dept. of Materials Science & Engineering, National Taiwan University

Atom Probe Scientist Sep. 2012 - Jul. 2014
Australian Centre for Microscopy & Microanalysis, The University of Sydney, Australia
Visiting Scientist Oct. 2011 — Nov. 2011
Department of Mechanical Engineering, The University of Hog Kong, Hong Kong

Research Associate Feb. 2011 - Aug. 2012

Dept. of Materials Science & Engineering, National Taiwan University

Research Areas

1. Microstructure-Property Relationship

2. Design of Frontier Materials: steels, light metals, high-entropy alloy, hydrogen materials

3. Advanced Characterizations: transmission electron microscopy, focused ion beam, atom probe
tomography, thermal desorption analysis

4. Computational Materials Science: computational phase diagram, artificial neural network,
computational microscopy
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Awards

2010 Jeme Tien Yow Engineering Paper Award (Chinese Institute of Engineers, TW)

2016 Excellent Reviewer, Acta Materialia (Acta Materialia Inc.)

2017 Excellent Junior Research Investigators (National Science and Technology Council, TW)
2017 Outstanding Teaching Award-Top 10% (National Taiwan University, TW)

2019 Outstanding Teaching Award-Top 10% (National Taiwan University, TW)

2020 Excellent Junior Research Investigators (National Science and Technology Council, TW)
2020 Outstanding Teaching Award-Top 10% (National Taiwan University, TW)

2020 Young Excellent Scholar (Materials Research Society-Taiwan, TW)

2021 Distinguished Teaching Award-Top 1% (National Taiwan University, TW)

2021 Ta-You Wu Memorial Award (National Science and Technology Council, TW)

2021 Researcher Achievement Award (College of Engineering, National Taiwan University, TW)
2023 Young Chair Professor (National Taiwan University, TW)

2024 Excellent Reviewer, Acta Materialia (Acta Materialia Inc.)

2025 Young Excellent Scholar (Microscopy Society of Taiwan, TW)

Other Roles

2025 International Editorial Board, Materials & Design, Elsevier

2026 Scientific Editor (Triage Editor), Next Energy/Next Materials/Next Nanotechnology/Next
Sustainability, Elsevier

Probing Materials Inner Space at the Atomic Scale for a Net-Zero Future

Hung-Wei (Homer) Yen
Department of Materials Science and Engineering, National Taiwan University

Achieving the global target of net-zero carbon emissions by 2050 demands a fundamental paradigm shift

in materials design and manufacturing. To drastically reduce industrial carbon footprints, developing

advanced green energy materials and optimizing metallurgical processes are critical imperatives. This

presentation explores the recent breakthroughs in the nanoscale analysis of green metallurgical and energy

materials using atom probe tomography (APT). Specifically, two topics will be discussed: (1) the

underlying mechanisms of hydrogen trapping in complex carbides to prevent hydrogen embrittlement and

(2) the nanostructural characterization of electrowon iron in green steelmaking. In the first topic, the results

show that hydrogen trapping is not the solution to hydrogen embrittlement in very strong steels. In the

second topic, the results unveil the heterogeneous distribution of impurity in pure iron. By probing these

materials inner space at the atomic level, this work provides critical insights for tailoring next-generation

materials essential for a sustainable and green future.
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Li-An Chu
Associated Professor
Department of Biomedical Engineering, National Taiwan
University Brain Research Center, National Tsing Hua
University.
E-mail: lachu@ntu.edu.tw

FIELD OF SPECIALTY
Super-resolution microscopy imaging, Fluorescent Microscopy, Light sheet Microscopy,
Electrophysiology, Biological Sample Clearing, Animal Behavior, Brain Neuroscience, Deep Learning

Image Data Analysis.

EDUCATION

2009-2016 Ph.D. Institute of Biotechnology, National Tsing Hua University, Taiwan

2012-2013 Visiting Scientist Cold Spring Harbor Laboratory, New York, USA

2007-2009 Master Institute of Biotechnology, National Tsing Hua University, Taiwan

2003-2007 Bachelor Power Mechanical Engineering Department, National Tsing Hua University, Taiwan

CURRENT RESEARCH PROJECTS
1. Ultrafast Cyclic Immunofluorescence in CM level organs.
2. Multi-functional ligthsheet microscopy.

3. Al models for microscopy image analysis (Green Al).

HONOR

2025 A kfLHL & Best Technology Breakthrough Award at Future Technology Exhibition.

2025 #iEH Jﬁ F 3 B¢ Young Scholar Award, Microscopy Society, Taiwan

2024 #iEH —Fﬁ‘ F 3 B& Young Scholar Award, Biomaterials and Control Released Society, Taiwan
2023 A kfLH & Best Technology Breakthrough Award at Future Technology Exhibition.

2020 B #3&T4]# National innovation award, Clinical applications.

2020 #7i&#cFFF~ 3 f& New Faculty Research Award, National Tsing Hua University, Taiwan.
2020 1% L 1 8 #F= 1 #& Postdoc Academic Research Award, Ministry of Science and
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Name: Antonin Doupal ﬁ
Title: Product Sales Leader for FIB-SEMs ;:
Email: antonin.doupal@tescan.com -M "
Affiliation: TESCAN Group y
Antonin Doupal is a Czech technology professional with over 15 years of A\i _ (t:_

By

experience at Tescan, specializing in advanced electron microscopy and
semiconductor solutions. With a background in nanotechnology engineering and Hﬂli _ | ~I—"{ ;
applied physics from Brno University of Technology, he has held roles in

technical support, field service, product specialization, and international business development. He has
contributed significantly to the expansion of Tescan technologies across Asian markets, including Japan,
South Korea, China, and India. His expertise includes FIB-SEM systems, semiconductor failure analysis,

and automation for complex workflows. He currently serves as Tescan Product Sales Leader for FIB-SEMs.

Faster and More Consistent TEM Lamella Preparation with the new Solaris 2 Ga* FIB-SEM
Preparation of high-quality TEM lamellae, thinned to electron transparency at precisely targeted defect
locations while minimizing amorphous damage remains one of the most demanding tasks in semiconductor
failure analysis (FA) laboratories. Even for moderate node technologies, where <70 nm lamella thickness
is sufficient for interface investigation or nanolayer metrology using in-situ 30 keV STEM or standalone
S/TEM, achieving consistent results depends heavily on operator expertise.

Operators must manage a complex interplay of parameters, including FIB and SEM beam conditions,
pattern placement, and lift-out tool control. These challenges are further amplified when working with
diverse material systems, ranging from standard silicon-based devices with metallic interconnects to more
demanding substrates such as glass, ceramics, or other hard materials prone to FIB-induced milling artifacts,
charging or specimen bending during final thinning.

TESCAN SOLARIS™ 2 addresses these challenges by automating the entire TEM sample preparation
workflow for environments where reproducibility and throughput are critical. The Al-driven TEM
AutoPrep™ Pro reduces manual intervention by more than 75%, enabling unattended and overnight
operation to increase system utilization in multi-user FA labs. In parallel, the new Orage™ 2 gallium FIB
column enhances overall performance by delivering up to 40% higher milling throughput while reducing
beam-induced artifacts such as curtaining, overspray, and subsurface damage. These improvements extend
beyond TEM preparation to cross-sectioning and 3D characterization workflows.

Together, these advancements significantly reduce operator dependency while improving consistency,

throughput, and data reliability in semiconductor failure analysis.
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Name: Naoki Hosogi

Title: Manager of cryo-EM development group =)

Email: nhosogi@jeol.co.ip ‘“‘hi; j_:'l - ':1.’ _'-“.!-"
Affiliation: JEOL Ltd. !E."- o ) % AT
Naoki Hosogi is a Japanese application specialist with over 15 ﬁ:r ’ '\:__ a:j'.: E}_:
years of experience at JEOL, specializing in advanced cryo vl LB R B
electron microscopy and biological solutions. With a gil‘\ r P‘__‘ s

background in structural and cell biology from Kobe University and National Institute for Physiological
Sciences, he has held roles in technical and application development. He has contributed significantly to
the expansion of JEOL technologies across world-wide markets. His expertise includes single particle
analysis (SPA), Cryo electron tomography and cryo FIB/TEM workflows. He currently serves as JEOL
Research & Development manager for cryo-EMs.

Advancing Cryo-EM: Improved Electron Optics and Automated Data Collection for High-
Throughput Structural Biology

Cryo-electron microscopy (cryo-EM) has emerged as a powerful approach for determining the structures
of biological macromolecules in near-native states, with single-particle analysis (SPA) and cryo-electron
tomography (cryo-ET) enabling high-resolution and in situ structural insights. In this study, we present an
integrated advancement of cryo-EM performance on the CRYO ARM™ 300 II, combining electron-optical
improvements, Al-assisted workflows, and automated high-throughput data acquisition. Technological
innovations in the electron optical system significantly enhance both imaging quality and efficiency. The
implementation of fringe-free Kohler illumination enables flexible beam size control and minimizes
interference fringes, thereby improving image quality and dose efficiency while extending the usable range
of image and beam shift. This allows stable data acquisition over a large field radius and supports practical
throughput of around 1,000 movies per hour. Al-driven workflows such as SmartScope [1] automate square
and hole selection, reducing operator dependency and improving reproducibility. These hardware and
software improvements provide a robust foundation for efficient and consistent data acquisition. In parallel,
substantial advances were made in cryo-ET sample preparation through the development of the Cryo-
Lameller system, a next-generation cryo-FIB-SEM platform tightly integrated with CRYO ARMTM
workflows. Cryo-Lameller introduces a cartridge-based transfer system compatible with CRYO ARMTM,
enabling stable and contamination-reduced specimen handling. The system incorporates a thermal
conduction cooling stage that minimizes drift and vibration during operation, as well as new anti-
contamination devices.

Reference [1] J. Bouvette, Q. Huang, A.A. Riccio, W.C. Copeland, A. Bartesaghi and M.J. Borgnia,
“Automated systematic evaluation of cryo-EM specimens with SmartScope,” elife, vol. 11, e80047,
2022
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Name: Huisheng JIAO
Title: Regional Sales Manager APAC

Email: Huisheng.jiao@bruker.com
Affiliation: Bruker

Huisheng JIAO is a senior electron microscopist with a wide range of

y
experiences in microanalysis, instrument development, metallurgy, and g .

management, marketing strategy and customer support at the senior level. Co-author of two books of

materials characterisation fields. A proven leader with extensive experience in

Electron microanalysis field (in Chinese).
Educations
Ph.D. in Materials Science and Engineering (2002), the University of Birmingham, U.K.
Master in Materials Science and Engineering (1995), Beijing Institute of Aeronautical Materials, China.
Bachelor in Physics (1992), Northeastern University, P. R. China
Career history
04.2021- Bruker China

Regional Sales Manager APAC
06.2020-12.2020  Yangtze River Delta Institute of Advanced Materials

Research Director

07.2014-05.2020 TESCAN China

Technology Director

Specialised in SEM, FIB and Micro CT, duties including managements of Marketing team,
10.2007-06.2014 Oxford Instruments (Shanghai)
Senior Application Manager
Specialised in EDS, WDS and EBSD systems, duties including Marketing
01.2005 — 09.2007 Gatan UK
Development Project Manager
e In charging of the development project of Cryoplunge system for Cryo-TEM;
e In charging of the development project of new Alto system for Cryo-SEM;
e Performed quality audit of TEM products including holders and anti-contaminators;
e Supplied customer support for TEM and SEM products (demonstration, training and installation).
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Learning-Based Tomographic Reconstruction from Sparse and Noisy

Sinograms Using U-Net
A-01 20
Po-Min Huang(% 1p #) , Chien-Chun Chen(f# %) ; a2688279(@gmail.com

Flo &1 82 Bem g £

Cross-dimensional Correlative Microscopy for Investigating Nanoscale

Surface Morphology of Cu-TSVs via FE-SEM and AFM
A-02 21
Yu-Ting Lin (f+% ) , Chien-Chun Chen(f#& &%) ; smile850304@gmail.com

WodE g1

Interfacial Diffusion Behaviors and Low Contact Resistance in a Novel
Ni/Pd/Si Contact Architecture
A-03 Ting-Wen Ou , Chong-Chi Chi , Dun-Jie Jhanl , Jin-Wei Lul , Ming-Yen Lu ; 22

christine1005ou@gmail.com

B2 if £

Magnetic and Electrical Modulation of 2D V/Nb co-doped MoS, Dilute
Magnetic Semiconductors
A-04 Yi-Hsin Fang , Chong-Chi Chi , Dun-Jie Jhan , Chen-Yo Tsai , Ming-Yen Lu ; 23

inness6325508@gmail.com

LR A L

Low-cost formation of 2D g-a ,05 for the growth of GaN heterostructure
Cheng-Chih Hsiang , Tzu-Yi Huang , Chia-Chin Hsueh , Yi-Chia Chou ;
A-05 kpfing644(@gmail.com 24

GRSy Y.
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Overcoming Data Loss in Ptychography via Spatial Frequency Modulation of

the I1lumination Probe

A06 Yu-Juei Wu (£ 7 ), and Chien-Chun Chen (F& #£%) ; v.juei.wu@gmail.com 2
RMopE«FLEHT R
Direct Laser-triggered Combustion Synthesis of Cobalt Silicide via Co-Si
Reactive Multilayers
A-07 Jyun-Lin Hu (#* %% ﬁc) , Cheng-Chih Hsiang (7% &k %) , Yi-Chia Chou (% 7 &) ;| 26
r13527002@g.ntu.edu.tw
IRt S & EE
Implementation and Application of the RESIRE Algorithm for STEM
Tomographic Reconstruction
A-08 27
Pin-Lin Wu(<£ r‘%ﬁ) , Chien-Chun Chen(f#& #&3%¥) ; 20905809857 @gmail.com
Rz fErgaifee raflg
Depth-Resolved Imaging of Thick Specimens via Multislice Iterative Phase
Retrieval Algorithms in 4D-STEM
A-09 Kuan-Chen Ko (# % /&) , and Chien-Chun Chen (F#t &%) ; 28
Kjaga5997@gmail.com
IRy S-S R A R L
MOF-Derived Multi-elemental Single Atom Sites for Electrochemical
Carbon Dioxide Reduction
A-10 Lin-Chen Fu , Dun-Jie Jhan , Chen-Yo Tsai , Ming-Yen Lu ; 29

jennyfu710@gemail.com

B F 2+ g4k
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A-11

Cross-Domain Robustness of Deep Residual Networks for Optical Aberration
Classification
Ding-Zhen Yang (#f %) , and Chien-Chun Chen (P i£3) ;

a0932125180@gmail.com

Rz &L F1fpe  afpl gk
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A-12

Liquid Metal Printed 2D In-Ga Oxide Optoelectronic Synapses: From
Stoichiometric Engineering to Bio-inspired Retinal Neuron Emulation
Chun-I Tsai , Chen-Yo Tsai , Dun-Jie Jhan , Chong-Chi Chi , and Ming-Yen Lu ;

kevin0130520@gmail.com

CEE S I S

31

A-13

The application of Hybrid input-output algorithm with support conditions

Shih-Fu Liu(¥] p# ¥ ) , Chien-Chun Chen(f# #%¥) ; jack10071107@gmail.com

Rz fErgaifee raflg

32

A-14

Correlative SEM and AFM Approach for Quantitative 3D Surface
Reconstruction
Yu-Rou Huang (5t #4 #) and Chien-Chun Chen (f# #3¥) ;

ppc90723@gmail.com

Bod s g1

33

A-15

Development of an Automated Classification Framework for SEM Image
Effects Using CD/PSD Metrology Data
Wan-Ya Tseng (% = 7¢) , and Chien-Chun Chen (M &%) ;

wantseng2020@gmail.com

RzjgEFaifed tapgk

34
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Gradient Descent-Based Atomic Coordinate Refinement of Atom Probe
Tomography Guided by Electron Tomography
Cang-Yu Yang (1 & 5 ) , Chien-Chun Chen (f# 5% ) ;

think.music123@gmail.com
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35
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Synergistic Plasmonic and Amorphous-Layer Effects in a TiO,/Ag/ TiO,
Multilayer Composites: Charge Transfer Pathways and Visible-Light
Degradation Performance

Tsung-Lin Yang , Yu-Kai Zhou , Pei-Kai Hsu , Peng-Ssu Yu , Shih-Yun Chen ;
kevin89102711@gmail.com
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36
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Tailoring Ag Nanoparticle Position within TiO, Hollow Nanospheres:
Interfacial Engineering toward Z-Scheme Photocatalysis
Chen-Jui Wei , Pei-Kai Hsu , Jhen-De You , Alexandre Gloter , Shih-Yun Chen ,

Chi-Liang Chen ; kevin89102711(@gmail.com
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37
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Study of Clustering and Precipitation Behavior in a Mg-Zn-Ca Alloy by
Atom Probe Tomography

Chih-Wei Sung and Peng-Wei Chu ; 59500681 @gmail.com
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Investigation of Electron-Matter Interaction Effects on SEM CD Metrology
Using CASINO Monte Carlo Simulations
Yi-Hsuan Li (% #5#%) , and Chien-Chun Chen (F#& &%) ;

xuan02421@gmail.com
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Structural and Electrical Evolution of TZO-Based RRAM Devices Induced by

Post-Deposition Annealing

40
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Investigation of Titanium Self-Intercalation in Titanium Diselenide Devices
via In Situ Transmission Electron Microscopy
Hsin-Ya Sung (& % %), Mu-Pai Lee (+ % ¢ ), Yen-Fu Lin (+% 2 # ) , Chun-

Wei Huang(5 4 3%) , Wen-Wei Wu(£ < F) ; yaya870611@nycu.edu.tw
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A-23

In-situ TEM Observation of Filament Formation in Copper Oxide Nanowire for
Resistive Switching Behavior

Ching-Heng Hung , Ming-Yen Lu ; josephl7play@gmail.com
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42

A-24

Composing an Abstract of the Poster Presentation for the Annual
Meeting of the Microscopy Society of Taiwan

Jing-Nan Liu (%] = ), Chien-chung Chen(f# £ #¥) ; asqw823012@gmail.com
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A-25

Cu-Induced Electrocatalytic Modification of NiCo Layered Double
Hydroxide on Carbon Cloth for Hydrogen Evolution
Yung-Chang Chiao (& -X33) , Wen-Wei Wu (£ < 1), and Yu-Cheng Chang(5&

T ) ; as25874115@gmail.com
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45

A-26

ZnIn,S,/poly(heptazine imide) (ZIS/PHI) Heterostructure Coupled with
Co/N-Doped Carbon for Enhanced Photocatalytic Hydrogen Evolution
Szu-Jung Chen (F# % %), Chen-Yo Tsai (3-k i3) , and Ming-Yen Lu (& P

%) ; ruby97260@gmail.com
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Cryo-EM Structure Reveals PSGL-1 Binding at the Five-Fold Axis of EV71

Ying-Hua Chuang (3 Tﬁ #) , Tzu-Chi Chuang (3t % #7), Ching-Kun Chang (&

A-27 #c ), Yen-Hung Chow (% 3 %) and Shang-Rung Wu (£ & %) ; 47
cookie870509@gmail.com
R R
Structure Reconstruction from Simulated TEM Diffraction Patterns of 2D
Materials
A-28 48
Chin-Hsuan Lin , Chein-Chun Chen ; linjs2002@gmail.com
) B SR R S
Microstructural Design of Zb,C/Znln,S,/WO;3; Schottky/S-scheme
Heterostructure for Enhanced Photocatalytic Hydrogen Evolution Reaction
A-29 | Chen-Chih Lin (k& %) , Chen-Yo Tsai (3 iz ), Chong-Chi Chi (% % &), 49
and Ming-Yen Lu (£ P 33) ; jason050207@gmail.com
R
Orientation Relationship Variety of a High Strength Selecting
Laser Melting Manufactured High Entropy Alloy
A-30 Yen-Ming Ko (4 7 42) , An-Chou Yeh(% % #+') and Hung-Wei Yen (ZF 7§ =) ; 50
mincusk@gmail.com
Y e M- S P S S R R i Y SR
Multiscale Simulations and Cryo-Electron Microscopy Reveal the
Transition Pathway of Dengue Virus-like Particle Nanoassembly
Venkata Raghuvamsi Palur , Guan-Wen Chen , Day-Yu Chao , Wen-Shuo Kuo ,
A-31 51

Ya-Na Wu, Jedhan U. Galula , Chun-Hsiung Wang , Fan-Chi Chen , Peter J.

Bond , Jan K. Marzinek , and Shang-Rung Wu ; lkjhg800213@yahoo.com.tw
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Multilevel Storage and Linear Optoelectronic Response in Mixed-Dimensional

Photomemory

A-32 Chen-Yo Tsai(37&4%) , Dun-Jie Jhan(/& #3%) , Che-Ming Wu(#& ¥ 4%) , Ming- | 52
Pei Lu( & #A ) , and Ming-Yen Lu( & BA3%) ; davidtsai.50302@gmail.com
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Morphology-Engineered ZIF-67-Derived CoS@MXene Heterostructures as
High Performance Electrodes

A-33 53
Jin-Wei Lu (& % 4%) and Ming-Yen Lu (& 84 3%) ; luwilliam0415@gmail.com
IFEREHM R
Atomic-Scale Investigation of Electromigration Behavior in Cu/Si0,
Hybrid Bonding under High Current Environment

A-34 Hua-Jing Huang (5% ###) , Chih Chen (F& %) , and Wen-Wei Wu(& x1#) ; 54
a0987270722@gmail.com
3P BA B R R &
TEM/STEM Investigate Electromigration Behavior in Ruthenium
Nanowires

A-35 Chia-Yang Huang (& & #%) , Hua-Jing Huang (3 3 #%) , Hsin-Ya Sung (R % 55
22) , Wen-Wei Wu (& 30 f#) ; yangyang510186@gmail.com
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(hk1) Preferred Orientation and Charge Transport Optimization in Sb,Sex
Photocathodes via Vapor Transport Deposition

A-36 Yi-Chen Liao (B3 /&) , Hung-Wei Yen (3874 5% ) and Cheng-Ying Chen ([R 3 56

%) ; hannipham05 1 6@gmail.com
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Unveiling Atomic Migration at Cu/ SiO, Hybrid Bonding Interface Under
Low-Temperature Annealing
Wei-Lun Hu (38 4 4) , Hua-Jing Huang (35 3 %%) , Chih Chen (F& %) and Wen-

Wei Wu(&# xx12) ; weilun.hul020@gmail.com
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A-38

Thickness-Dependent Structural Evolution and Structure—Property
Correlation in Two-Dimensional Gallium Oxide

Ruo-Yu Li (£ 2 3%y) , Jui-Yuan Chen(fR & i%) ; M1417001@0365.nuu.edu.tw
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58

A-39

In Situ TEM Reveals Energy-Dependent Electron-Beam Nanosculpting in
WS,/SrTiO; Heterostructures

Chih-Yen Lin (4 & 3%) , Hsin-Ya Sung (& 2 22) , Che-Hung Wang (£ %) ,
Rahul , Jan-Chi Yang(# & &) , Wen-Wei Wu(& x1%) ;

jameslin1207.en12@nycu.edu.tw
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A-40

Atomic-Scale Insights into Resistive Switching and Neuromorphic
Behaviors in Antiferroelectric-Based Memristive Devices
Jhen-Dong Tsai , Chien-Hua Wang , Jan-Chi Yang and Wen-Wei Wu ;

rio610033@gmail.com
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A-41

Evolution of Planar Defect Structures in a Cryogenically Deformed Duplex
Lightweight Steel
Shu-Yin Wang (E£#k ) , Yi-Shuan Sun(74 3% %) and Hung-Wei Yen (3278 &) ;

r14527041@ntu.edu.tw
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Toward Concurrent Improvement of Processability and Productivity

in Selective Laser Melting of Ti-48 Al-2Cr-2Nb Alloy

A-42 | Yun-Hao Lee (£ 15%), Hsing-Yeh Li (£ £ %), Pai-Chen Lin (4 J% E2) and 62
Hung-Wei Yen (2878 &) ; F12527068(@ntu.edu.tw
Impact-Induced Phase Evolution and Fracture Mechanism of a $-Ti Golf
Club Face Alloy
A-43 Jung-Ling Chiu (8f 4%) , Yan-Jie Su (2 Z &) , and Hung-Wei Yen (3878 &) 63
; 1ena910605@gmail.com
B2 REHHHERIRE R
Effects of Grain Size on Mechanical Response to Hydrogen in Alloy 209
Stainless Steels
Peng-Ru Chen (R H,4v) , Wan-Zhen Wu (55 #) , Shun-Ying Huang (35 8% %8)
A-44 64
, Tzu-Chi Huang (5% & ##) , and Hung-Wei Yen (327 &) ;
r13527al0@g.ntu.edu.tw
Bl 3L &4 REM K A
Study the phase contrast imaging using a microfocus X-ray source
Je-Ming Guo (3[¥4%), & %48 , Chih-Hao Lee(Z &%) ;
A-45 65
chlee@mx.nthu.edu.tw
HEREIHA
Electrical Characteristics of RRAM Devices Using Non-Metallic
Electrodes
A-46 66

Hsin-Jung,Li(£ k&) , Jui-Yuan Chen(fR &%) ; M1417006@0365.nuu.edu.tw
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Martensite Refinement and Austenite Modification in Mn-Alloyed 9%Ni Steel
via Flash Annealing
Chia-Kai Chien (#§ 2 51) , and Hung-Wei Yen (227 %) ;

r14527015@ntu.edu.tw
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EBSD Investigation of Grain Growth and Texture Evolution in Q-Switched
Laser Crystallized Poly-Si Films

Chiung-Chih Hsu (%3 %) , Nien-Chih Lin(# & %) , Ting-Yu Wang(E = §)
, Chien-Ting Wu (&2 %) , Kun-Lin Lin (#k & %) ; sct@niar.org.tw
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Comparative Analysis of AIxG(1-x)N Thin Films Using Different lon Sources
for TEM Lamella Fabrication
Chien-Chung Hsu (## ¥ ), Chiung Chih Hsu (¥ 3 %), Chien-Ting Wu (&%

%), and Kun-Lin Lin (3% & 5£) ; beng211037@niar.org.tw

TSRI

69

A-50

Low Temperature and Low Pressure Hydrogen Storage for ZK60
Hydrogen Storage Alloy Manufactured from Atomized Powder
Ya-Xuan Liang (£ 5£38) , Chiao-Ping Chang (5& & 3) , and Hung-Wei Yen (32

&) ; r13527al3@ntu.edu.tw
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Atom Probe Tomography Analysis of Clusters and Precipitates in AA7075
Chia-Chen He(474£ 3%) , Tung-Hua Hsich(2# % 4#) ,Ting-Jui Hung(;# & %) ,and

Hung-Wei Yen(28 74 2% ) ; tobby920828@gmail.com

B & kB A

71

-19-



mailto:r14527015@ntu.edu.tw
mailto:sct@niar.org.tw
mailto:benq211037@niar.org.tw
mailto:r13527a13@ntu.edu.tw
mailto:tobby920828@gmail.com

=g Gl b

', v Microscopy ocie’ry of Taiwan

Learning-Based Tomographic Reconstruction from Sparse and Noisy
Sinograms Using U-Net

Po-Min Huang($ 1A B ), Chien-Chun Chen(f#t i 3 )*!
!'College of Semiconductor Research, National Tsing Hua University, Hsinchu, Taiwan

*! Department of Engineering and System Science, National Tsing Hua University, Hsinchu,
Taiwan

Presenter : Po-Min Huang (s113502804@m113.nthu.edu.tw)

Corresponding Author : Chien-Chun Chen (cheinchunchen@mx.nthu.edu.tw)

High-resolution tomographic imaging is essential for structural characterization. To
accelerate data acquisition, reducing the number of projections and exposure times is a highly
desirable strategy. In tomography, raw projection data is aggregated into a 2D representation
known as a sinogram. However, rapid scanning yields heavily degraded sinograms, causing
severe streak artifacts from sparse angular sampling and high Poisson noise from limited
signal counts. To address this, we propose a robust deep learning workflow using a U-Net
architecture [1] to directly map highly degraded sinograms to clean image slices, overcoming
the limitations of conventional Filtered Back-Projection (FBP) [2]. Operating over a 0° to
179° range, we simulate rapid scanning conditions by adopting a sparse angular sampling
strategy and introducing realistic Poisson noise. Evaluated on simulated structural datasets [3],
our model effectively suppresses both artifacts and noise. This pure convolutional approach
demonstrates that deep learning can significantly accelerate tomographic workflows while

precisely recovering structural details from imperfect sinograms.

References

1. Ronneberger, O., Fischer, P., & Brox, T. (2015). U-net: Convolutional networks for
biomedical image segmentation. In Medical Image Computing and Computer-Assisted
Intervention—-MICCAI 2015 (pp. 234-241). Springer International Publishing.

2. Kak, A. C., & Slaney, M. (1988). Principles of Computerized Tomographic Imaging.
IEEE press.

3. Jin, K. H., McCann, M. T., Froustey, E., & Unser, M. (2017). Deep convolutional neural
network for inverse problems in imaging. IEEE Transactions on Image Processing, 26(9),
4509-4522.
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Cross-dimensional Correlative Microscopy for Investigating Nanoscale
Surface Morphology of Cu-TSVs via FE-SEM and AFM

Yu-Ting Lin ($£45 f&)!, Chien-Chun Chen( pa %% )!*

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

s113011851(@m]113.nthu.edu.tw (first author), “cheinchunchen@mx.nthu.edu.tw(corresponding

author)

In this study, a correlative microscopy strategy combining Field Emission Scanning

Electron Microscopy (FE-SEM) and Atomic Force Microscopy (AFM) was employed to

investigate the nanoscale surface morphology of copper-filled through-silicon vias

(Cu-TSVs). To overcome the physical limitations of single-instrument characterization , we

performed a side-by-side comparative analysis correlating wide-field 2D SEM imaging with

high-resolution 3D AFM topography. This approach enabled the precise identification and

localization of nanoscopic features, such as grain boundaries and surface protrusions.

Furthermore, an optimized scanning strategy—matching pixel resolution to the AFM probe

tip radius (oversampling)—was implemented to ensure high-fidelity 3D structural

reconstruction. The results demonstrate that correlating multi-modal detection signals

provides a more comprehensive surface profile, establishing an effective methodology for

evaluating TSV structural integrity and guiding process optimization in advanced packaging.

Abstract submission is due by May. 15, 2026.
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Interfacial Diffusion Behaviors and Low Contact Resistance in a Novel
Ni/Pd/Si Contact Architecture

Ting-Wen Ou', Chong-Chi Chi?, Dun-Jie Jhan', Jin-Wei Lu', Ming-Yen Lu'-?*

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

2 Instrumentation Center, National Tsing Hua University, Hsinchu 300, Taiwan

* mylu@mx.nthu.edu.tw

As CMOS devices scale down, contact resistance increasingly dominates the overall
parasitic resistance. Nickel monosilicide (NiSi) is widely used due to its low resistivity.
However, at elevated temperatures, it transforms into the NiSi> phase, which severely
degrades its resistivity. Therefore, the development of novel silicides featuring high thermal

stability and low contact resistance has become a focal point of current research.

Recent studies have indicated that introducing low Schottky barrier height (SBH) metals
like Pt, Pd, and rare earth elements can reduce contact resistance, but their silicides suffer
from high intrinsic resistivity. To overcome this trade-off, this study proposes a novel
Ni/Pd/Si structure using a Pd interlayer. Pd and Ni films were sequentially deposited on
oxide-stripped p-type Si substrates via e-beam evaporation, followed by rapid thermal
annealing (RTA) to form silicide. Electrical measurements confirm that the Pd interlayer
preserves the low resistivity of NiSi and significantly improves its contact resistance, while
maintaining a low contact resistance phase at elevated temperatures. In this study, X-ray
diffraction (XRD) and transmission electron microscopy (TEM) were employed to analyze
the interfacial morphology and diffusion behaviors among Ni, Pd, and Si. This study
demonstrates that interfacial diffusion effectively optimizes electrical performance,
highlighting the potential of the Ni/Pd/Si structure for advanced semiconductor

manufacturing

Discipline: Biology and Biomedical science or__V__ Physics and Materials Science.
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Magnetic and Electrical Modulation of 2D V/Nb co-doped MoS: Dilute
Magnetic Semiconductors

Yi-Hsin Fang !, Chong-Chi Chi 2, Dun-Jie Jhan !, Chen-Yo Tsai !, Ming-Yen Lu !>
"Department of Materials Science and Engineering, National Tsing Hua University, Hsinchu
300, Taiwan
Instrumentation Center, National Tsing Hua University, Hsinchu 300, Taiwan
"mylu@mx.nthu.edu.tw

This study investigates the fabrication and property modulation of 2D dilute magnetic
semiconductor MoS, through V/Nb co-doping, aiming to explore its magnetic behavior and
electrical characteristics in field-effect transistor. Dilute magnetic semiconductors are formed
by introducing a small amount of transition metal dopants into semiconductors, enabling the
coexistence of semiconducting and magnetic properties and offering great potential for
spintronic applications. However, many DMS systems exhibit Curie temperatures below

room temperature, which limits their practical use.

In this work, V/Nb-doped MoS, were synthesized on SiO/Si substrates using a
three-zone chemical vapor deposition (CVD) process. Structural and compositional analyses
were performed using Raman spectroscopy, photoluminescence (PL), X-ray photoelectron
spectroscopy (XPS), and transmission electron microscopy (TEM). FET devices were
fabricated to evaluate electrical transport behavior, while magnetic properties were
characterized using a superconducting quantum interference device (SQUID). A systematic
comparison of different V and Nb doping concentrations was conducted. The results show
that V and Nb atoms substitute Mo lattice sites, enabling carrier-type modulation from n-type
to p-type MoS,. In the single V-doping system, the 6% V-doped sample exhibits the best
magnetic performance, while 6% V and 3% Nb co-doping shows the most pronounced
magnetic enhancement. These results demonstrate that transition metal co-doping is an
effective strategy for tuning the magneto-electrical properties of MoS, for potential spintronic

applications.
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Low-cost formation of 2D &-Ga203 for the growth of GaN heterostructure
Cheng-Chih Hsiang', Tzu-Yi Huang', Chia-Chin Hsueh', Yi-Chia Chou'"

"Department of Materials Science and Engineering, National Taiwan University, Taipei 10617, Taiwan

*Correspondence Author Email: ycchou@ntu.edu.tw

Gallium nitride (GaN)-based high-electron-mobility transistors (HEMTs) require high-
density two-dimensional electron gas (2DEG) while minimizing lattice-mismatch-induced
defects at heterointerfaces. Here, we demonstrate a scalable route to fabricate ultrathin two-
dimensional e-Ga.O; membranes by liquid metal printing (LMP), in which the self-limited
surface oxidation of liquid gallium enables the transfer of continuous oxide layers onto target
substrates. After post-deposition annealing at 600°C, the initially amorphous oxide membrane
is transformed into crystalline e-Ga:Os. The resulting 2D e-Ga:0s layer serves as an
intermediate platform for oxide/nitride heterostructure integration and subsequent hydride
vapor phase epitaxy (HVPE) of GaN. SEM observations reveal the surface morphology and
coalescence behavior of GaN grown on the e-Ga:0O; interlayer, while cross-sectional TEM
further identifies the ultrathin interfacial oxide layer, GaN/oxide interface structure, and defect
evolution near the heterointerface. Importantly, the e-Ga.Os interlayer provides a polarization-
compatible template that may promote N-polar GaN growth, offering a potential pathway
toward polarization-engineered GaN heterostructures and high-density 2DEG formation

without intentional doping.

Growth
Direction
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LR N
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Figure 1. (a) Plan-view SEM image of GaN grown across the boundary between
amorphous SiO: and LMP-derived e-Ga20s, showing preferential c-axis-oriented GaN on
€-Ga»0; compared with randomly oriented growth on SiOx. (b) Cross-sectional TEM image
revealing the GaN/e-Ga203/SiOx heterostructure. (¢) Atomic-resolution STEM-iDPC image

and corresponding FFT confirming N-polar GaN formation on the -Ga.0Os template.
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Overcoming Data Loss in Ptychography via Spatial Frequency Modulation of
the Illumination Probe

Yu-Juei Wu (£ ¥ 54) !, and Chien-Chun Chen (F#t i) 2,
! College of Semiconductor Research, National Tsing Hua University, Hsinchu, Taiwan

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

y.juei.wu@gmail.com

Abstract

Ptychography is a type of Coherent Diffraction Imaging(CDI) technique that relies on
computational algorithms to reconstruct images from diffraction patterns. It offers advantages
such as being lens-less (aberration free) and enabling phase recovery, ultimately providing
images with both amplitude and phase information. However, in certain experimental
configurations, portions of the detector may be obstructed, typically resulting in significant
reconstruction artifacts. In this research, we demonstrate that by modulating the spatial frequency
of the probe function, we can overcome these geometric constraints and effectively interpolate

the missing spatial frequency data.

Keywords: Ptychography, Phase Retrieval, ePIE, Fourier Space interpolation.
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Direct Laser-triggered Combustion Synthesis of Cobalt Silicide via Co-Si
Reactive Multilayers

-
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! Department of Materials Science and Engineering, National Taiwan University, Taipei
10617, Taiwan
*Email: yechou@ntu.edu.tw

Reactive multilayers (RMLs) consist of alternating layers of reactive materials, in which
the constituent reagents can react with each other and release exothermic energy. Chemical
energy is stored in the periodically stacked reactants and can be triggered by applying
external energy to localized regions of the multilayer. The reaction temperature can generally
reach 1500 K, while the heating and cooling rates may attain 10° and 10° K/s, respectively [1].
Self-propagating reactions have also been widely employed as a synthesis technique for the
fabrication of large-area, single-phase intermetallic compounds because of their high reaction

temperature and rapid reaction rate.

The Co-Si system is generally considered difficult to sustain self-propagating reactions
because of its low adiabatic temperature. Therefore, additional activation beyond the initial
ignition is usually required in the powder combustion synthesis of cobalt silicides [2].
However, we demonstrate that direct combustion of the Co—Si system can be achieved using
reactive multilayers. In this study, direct ignition of Co—Si RMLs was carried out, and the
reaction mechanism was further investigated through combustion velocity measurements and
phase analysis of post-reaction products by controlling the Co/Si bilayer thickness.

References
1. D. P. Adams, Thin Solid Films, 576, 98-128. (2015)
2. J. R. Jokisaari, S. Bhaduri, S. B. Bhaduri, J. Alloys Compd., 394 (1), 160-167. (2005)

40 nm 54 nm  69nm 100 nm 138 nm

Figure 1. SEM cross-sectional views of as-deposited Co-Si multilayers with different

bilayer thicknesses.
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Implementation and Application of the RESIRE Algorithm for STEM
Tomographic Reconstruction

Pin-Lin Wu( £ % ﬁ ) !, Chien-Chun Chen( F i3 )’
! Department of Engineering and System Science, National Tsing Hua University , Hsinchu,
Taiwan

cheinchunchen@mx.nthu.edu.tw

This study focuses on reconstructing the three-dimensional structure of a sample using
Scanning Transmission Electron Microscopy Tomography (STEM Tomography). By
acquiring 2D projection images at various tilt angles and applying numerical algorithms, the
internal structure of the sample is recovered through 3D reconstruction.

The workflow begins with automatic alignment of projection images to correct for
sample drift or mechanical errors, followed by the generation of rotation matrices to model
the imaging geometry and construct the forward projection matrix A. The reconstruction
problem is formulated as minimizing [|Ax-bl*>, where x is the 3D structure and b is the
projection data. A gradient descent algorithm with non-negativity constraints is used to
iteratively solve for x, with the R-factor computed during reconstruction to monitor
convergence.

The final reconstruction is visualized using orthogonal slices and 3D renderings,
providing a basis for further structural analysis.

Discipline: Physics and Materials Science.
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Abstract

Traditional ptychography typically relies on the thin-object approximation, which
becomes inadequate for thicker specimens due to multiple scattering effects. To address this,
multislice ptychography models the sample as a sequence of axial slices, enabling the retrieval of
depth-dependent structural information and defect distributions.

This study implements and evaluates multislice iterative phase retrieval algorithms,
specifically the 3D extended Ptychographic Iterative Engine and the 3D regularized
Ptychographic Iterative Engine, for the reconstruction of thick samples in 4D-STEM. The
reconstruction process involves a random selection of scan positions, followed by an iterative
cycle of forward propagation through multiple object slices and probe modes, back-propagation,
and object-probe updates . Simulation datasets for WS> and Au atomic models with varying
thicknesses and defect configurations were generated using Dr. Probe software to assess the
performance of the algorithms under different conditions .

Keywords: Multislice Ptychography, 4D-STEM, Phase Retrieval, 3ePIE, 3D
Reconstruction.
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The continuous increase in carbon dioxide (CO:) emissions has raised significant
concerns regarding environmental sustainability and climate change. The electrochemical
carbon dioxide reduction reaction (CO:RR) has emerged as a promising approach for
converting CO: into value-added chemicals under mild conditions, offering potential
pathways toward sustainable energy development. In this study, nitrogen-doped porous
carbon materials derived from metal-organic frameworks (MOFs) were employed as
supports to synthesize a series of single-atom catalysts (SACs) with different metal

combinations, and their electrocatalytic CO2RR performance was systematically evaluated.

These SACs are stabilized by nitrogen and carbon-based frameworks, and the presence
of single atoms was observed via scanning transmission electron microscopy (STEM).
CO:RR results indicate that the trimetallic single-atom system (CuNiFe SA) exhibits higher
current density and product conversion efficiency, suggesting that the interaction between
multiple metal single atoms may enhance CO: reduction by modulating the electronic

structure and local reaction microenvironment.

Overall, this work highlights the effectiveness of multi-metal single-atom catalyst design
for CO:RR and provides valuable insights into the development of high-performance

catalysts for efficient CO; reduction.

Discipline: Biology and Biomedical science or__ v Physics and Materials Science.
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Abstract

This study presents an automated optical aberration identification framework based on a
Deep Residual Network (ResNet-18). By simulating the Point Spread Functions (PSF) of three
typical aberrations—Defocus, Astigmatism, and Coma—we generated a synthetic dataset using
FashionMNIST for model training. To evaluate the generalization capability, zero-shot domain
transfer tests were conducted on MNIST and CIFAR-10 datasets. Experimental results
demonstrate that the model achieves over 99% accuracy on the source domain and maintains a
robust 94.7% accuracy on the MNIST dataset. Our findings suggest that neural networks trained
on physically-informed synthetic data can effectively extract underlying physical features of
optical distortions, showing significant potential for industrial inspection and adaptive optics
systems.

Keywords: Point Spread Function (PSF), Wavefront Aberration Analysis, Residual Neural
Networks (ResNet), Image Classification
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Optoelectronic synapses offer a compelling route to transcend von Neumann limitations;
however, oxide-based optoelectronic materials remain constrained by trade-offs between

quality, scalability, and cost.

We report a vacuum-free, low-temperature (250 °C) liquid metal printing strategy to
synthesize large-scale 2D In—Ga oxide with tunable compositions. This approach transforms
oxygen vacancies from detrimental flaws into active parameters that govern photocarrier
dynamics. By modulating the In/Ga ratio, Gallium serves as a "biological tuning knob,"
effectively suppressing excess carriers while enabling precise control over synaptic weight

evolution.

The optimized Ino.s4«Gao.1s0 optoelectronic synapse exhibits a programmable transition
from short-term to long-term plasticity, achieving a high PPF index of ~186%, indicative of
an optimized balance between carrier trapping and recombination. A distinct compositional
synergy is observed, where pure In.Os enhances memory retention, while Ga incorporation
accelerates relaxation dynamics. Furthermore, the demonstrated “learning—forgetting—
relearning” behavior reveals that fewer optical stimuli are required for memory recovery,
highlighting experience-dependent plasticity. The device also enables optoelectronic
cooperative modulation through the integration of light-pulse potentiation and adaptive
electrical-pulse depression, achieving precise conductance control and stable weight updates
over repeated cycling. By integrating these devices into an array architecture, simultaneous

sensing and memory functions are successfully realized within a single platform.

Discipline: Biology and Biomedical science or Physics and Materials Science.
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The application of Hybrid input-output

algorithm with support conditions
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" The Hybrid Input-Output (HIO) algorithm is a widely used method for phase retrieval, particularly in
coherent diffraction imaging (CDI). By enhancing reconstruction quality and stability, it has become a
key technique in modern computational imaging and inverse problem solving.

Q y

Introduction

"After the sample data (Figure 1.) is analyzed and restored by HIO , the original pattern of the sample in
the real space can be obtained (Figure 2.).

Figure 2.

Solve the data

(Figure 1) by

: using the HIO
@ i method.

100 200 300 400 500 600 700 800

Figure 1.

Coherent X-rays
illuminate the sample,
and the resulting
oversampled diffraction
pattern is captured by the
detector. A 2D projection
of the sample is then
reconstructed using
Fourier transforms.

Experiment and result discussion

4
The aforementioned shrink-wrap technique can be further extended to the impact analysis of 3D resire.
As demonstrated by the xz-projection in Figure 3, the internal gaps within the visualized pattern are
completely eliminated through this shrink-wrap approach, and the edges are resolved with greater

sharpness.
- /

Proj XZ (Iter 2000) Figures 3 Support XZ (Side View) Figures 4.
This is a 3D optotype The support
chart fabricated section of
using Resire, with the Figure 3
the resulting image image.
processed the
shrink-wrap
technique.

Future Perspectives

However, the shrink-wrap algorithm requires a sufficiently accurate reconstruction to generate a reliable
support; otherwise, it may fail. Future work should focus on making the algorithm dynamically adaptive
to reconstruction progress to prevent support collapse.
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Scanning Electron Microscopy (SEM) is widely utilized for material surface analysis due to
its high resolution and large depth of field. However, conventional SEM images primarily provide
two-dimensional surface topographical contrast, making it challenging to directly obtain
quantitative 3D depth and volumetric structural information. While traditional methods involving
stereo-pairs from tilted samples have been explored, their computational workflows remain
complex. This study proposes an innovative machine learning (ML)-based strategy that utilizes
SEM images captured at three distinct tilt angles to achieve rapid and precise 3D structural
reconstruction [1].

In this collaborative research, we focus on the construction and experimental validation of
high-quality datasets. Copper-filled Through-Silicon Vias (Cu TSVs) are employed as the test
samples, as their surface microscopic morphology is critical for evaluating semiconductor
packaging reliability. Specific tilt-angle SEM images are captured as input features for the model,
while Atomic Force Microscopy (AFM) is simultaneously used to scan the same regions to obtain
ground truth data—real surface height parameters with nanometric precision—for model training
and validation [2]. The current experimental focus lies in the optimization of AFM tip selection
and resolution matching. To mitigate the impact of the tip convolution effect on lateral resolution,
we have tested AFM tips with various radii and aspect ratios to ensure that the spatial features
acquired by AFM align closely with the SEM image resolution. This alignment aims to enhance
the predictive accuracy and physical consistency of the machine learning model in 3D structural
reconstruction [3].
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Abstract

As semiconductor manufacturing continues to shrink toward advanced nodes, the
metrology accuracy of Critical Dimension Scanning Electron Microscopy (CD-SEM) faces
significant challenges from charging effects and instrument parameter fluctuations. This
study proposes an automated analysis and classification framework that utilizes edge
detection data to diagnose image artifacts. By integrating SMILE software with specialized
data processing scripts, the framework is designed to systematically extract key geometric
features, Power Spectral Density (PSD), and Critical Dimension (CD) parameters. These
parameters aim to establish a mapping between specific data signatures and their
corresponding physical effects, such as charging, astigmatism, or scan noise. Current research
efforts are focused on constructing a standardized analytical workflow and performing
preliminary testing and logic design for feature parameter selection. This framework
demonstrates potential for future applications in automated SEM troubleshooting and

metrology parameter optimization, ultimately enhancing the efficiency of process monitoring.
References
1. Mochi, M. Vockenhuber, T. Allenet, and Y. Ekinci, Proc. SPIE 11855, 1185502 (2021).
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While atom probe tomography (APT) offers near-atomic-scale three-dimensional
elemental analysis, its reconstruction results are susceptible to field evaporation and local
magnification effects, leading to spatial distortion of atomic coordinates. On the other hand,
electron tomography (ET) provides overall three-dimensional structural information of
materials, but its resolution is insufficient to directly resolve the positions of individual atoms.
This study proposes an ET-APT fusion atomic coordinate correction method based on
gradient descent. It utilizes voxel-based three-dimensional density data reconstructed by ET

as structural constraints to optimize APT atomic coordinates.

This method converts the ET reconstructed image into a continuous density potential field
and uses its spatial gradient to guide atomic movement, while incorporating interatomic
repulsion terms to avoid non-physical overlap. Furthermore, by analyzing the correspondence
between elemental atomic order and ET intensity, the method further improves the atomic
position correction capability in multi-element systems. Results show that this method
effectively enhances the consistency between APT atomic coordinates and three-dimensional
structures and provides a framework for atomic-scale structural correction combining ET and
APT.
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The present study synthesized aTiO2/Ag/TiO2 composite materials by coating hollow
titanium dioxide (TiO2) nanospheres, loaded with silver nanoparticles, with amorphous
titanium dioxide (aTiO-) layers of varying thickness. Transmission electron microscopy (TEM)
and scanning transmission electron microscopy/energy-dispersive spectroscopy (STEM/EDS)
tomography characterized the distribution of silver nanoparticles and the morphology of the
amorphous layers. Ag particles were primarily located on the surface of the hollow spheres,
with some dispersed within the shell. The amorphous layers displayed three morphologies:
discontinuous islands, continuous films less than 5 nm thick, and continuous films greater than
10 nm thick. Optical measurements indicated that composites with amorphous layers thinner
than 5 nm (0.3aTiO02/Ag/Ti02) showed the strongest visible light absorption and the lowest
electron-hole recombination rate. This optimized structure enabled efficient charge separation,
resulting in 96% degradation of methyl orange and 99% degradation of rhodamine B within 60
minutes under visible light. Superoxide radicals (-O2") and hydroxyl radicals (-OH) were
identified as the main active species. The superior photocatalytic performance is attributed to
a metal-mediated heterostructure that couples amorphous, metallic, and crystalline TiO> phases.
The synergy between Ag-induced plasmonic effects and the defect-rich amorphous layer
facilitates efficient charge transfer across interfaces. Additionally, the amorphous coating
enhances structural stability and recyclability, underscoring the significant potential of

amorphous-crystalline heterostructures for sustainable environmental photocatalysis.
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This study examines how the distribution of Ag nanoparticles affects the photocatalytic
mechanism of Ag/TiO; hollow-sphere composites. By adjusting the deposition sequence and
annealing conditions, we produced two Ag configurations: nanoparticles on the outer surface
and nanoparticles embedded within the shell layer. STEM and EELS analysis confirmed the
successful fabrication of both structures. XAS and XPS analyses showed that the embedded
configuration has stronger interfacial interaction, greater Ag oxidation, and a notable increase
in Ti*" content. Photocatalytic tests demonstrated that composites with embedded Ag
nanoparticles deliver superior activity and improved cycling stability, supporting robust
long-term performance. In situ XANES analysis identified Ti as an electron donor, while both
metallic Ag and silver oxide act as electron acceptors. Band-structure analysis using UPS and
LEIPS revealed distinct electron-orbital interactions at the heterojunction interface in each
nanostructure. As a consequence, we supposed that the embedded Ag-TiO; system operates
via a Z-scheme charge-transfer mechanism, which maintains the strong oxidation ability of
TiO> and the strong reduction ability of Ag>O, thereby significantly enhancing photocatalytic

degradation.

Discipline: Biology and Biomedical science or Physics and Materials Science.
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The properties and performance of Mg-Zn-Ca alloys are strongly affected by the
nanoscale clusters and precipitates formed during heat treatments. To thoroughly understand
the clustering behavior of Zn and Ca, and the precipitation evolution, atom probe tomography
(APT), and related analyses were applied to a Mg-2.15Zn-0.97Ca (wt%) (ZX21) alloy during
the aging treatment at 175°C. During the aging treatment at early stages, from the nearest
neighbor distributions, the clustering Zn is prior to Ca, followed by the diffusion of Ca into
the Zn clusters to form Zn-Ca co-clusters. The significant increase in alloy hardness at the
early stage of aging treatments corresponds to the formation of high-density Zn-Ca
co-clusters. As aging time extends to 25 hours, peak alloy hardness is achieved,
corresponding to the evolution from Zn-Ca co-clusters to the Guinier-Preston (G.P.) zones,
the strongest precipitates in the Mg-Zn-Ca alloy system. Correlative electron backscatter
diffraction (EBSD), transmission electron microscope (TEM), and APT analysis (Fig. 1)
corroborate the presence of the G.P. zones. Prolonged aging after the peak-aged state results
in the transformation of the G.P. zones into thermodynamically stable Ca-Mg-Zn precipitates

and the decline in precipitate number density, contributing to a decrease in alloy hardness.
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Fig. 1. Correlative EBSD, TEM, and APT analyses of the ZX21-T6, peak-aged sample: (a)
EBSD inverse pole figure (IPF-Z) orientation map; white arrows indicate the targeted grains
for TEM/APT liftout; (b) selected area electron diffraction (SAED) pattern; (c) annular
dark-field (ADF) scanning transmission electron microscope (STEM) image; and (d) APT

reconstruction (slice thickness = 15 nm) of the liftout samples.
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Abstract

We utilize the CASINO Monte Carlo physical model to simulate electron beam
interactions with solid matter, specifically analyzing the imaging characteristics of Cu
interconnect lines on Silicon substrates. By systematically adjusting key parameters (beam
size, spacing) we observed the variations in Backscattered Electron (BSE) signal
distributions. Furthermore , we incorporated line-scan detection techniques through
MATLAB to quantitatively analyze the edge enhancement effects and Critical Dimension

(CD) deviations within the simulated images.

Keywords: SEM image - Backscattered Electrons (BSE) Signal - CD Metrology - Monte

Carlo Simulation
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Abstract } Oxygen Vacancy Identified via XPS

.. . .. @ | L— I, T\
Resistive random access memory (RRAM) is promising for 3D = T s s T 0 1s T TPt 0% 5 a5

stacking architectures due to its low power, high speed, and @9 ™
scalability. Particularly, TZO-based RRAM offers low cost, high
breakdown fields, and excellent thermal stability. In this work,
Ti/ZnO-based RRAM devices were fabricated on Si substrates. :
Initial measurements showed good endurance (200 cycles) and a gi@%ﬁﬁ»%h ml:/wu%{ = =
high on/off ratio (10'-102), but suffered from current fluctuations s ™~ ) o @ o

and unstable set/reset voltages. To enhance switching stability,
post-deposition annealing was applied. Structural, phase, and
elemental distributions (Zn, O, Ti) were characterized using 0 S — )
HRTEM, STEM, EDS, and XPS. This study establishes a clear p horabh ol Loliddsr oot o]
correlation between post-annealing structural evolution and 50

electrical performance, providing critical insights into optimizing
TZO-based RRAM for future high-density memory and
neuromorphic applications.
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Figure 3. XPS Analysis of Ti/ZZnO RRAM.
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Figure 1. Identification of the initial Ti/ZnO RRAM.
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STEM analyses reveal that thermal treatment facilitates phase
Figure 2. Evolution of Resistive Switching Stability through Annealing Treatment transformation and improves crystallinity. Furthermore, XPS
(a) I-V curves and (b) Endurance characteristic of the initial TZO RRAM device for 200 cycles. and EDS results indicate that oxygen vacancy redistribution and

interfacial reactions at the Ti/ZnO junction are critical for stable
conducting filaments. This study demonstrates a direct

(c) Statistics of the initial TZO RRAM device. (d) I-V curves and (¢) Endurance characteristic of the
TZO RRAM device after 400°C 10 mins annealing. (f) Statistics of the annealed TZO RRAM device.
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Two-dimensional (2D) transition metal dichalcogenides (TMDs) have attracted
extensive interest in recent years because of their promising applications in electronic,
optoelectronic, and catalytic devices. Among Group IV TMDs, titanium diselenide (TiSe:) is
particularly intriguing due to its unique physical phenomena, such as charge-density-wave
(CDW) ordering and unconventional superconductivity. In this work, we employed in-situ
transmission electron microscopy (TEM) biasing experiments to examine the cross-sectional
electrical behavior of 1T-TiSe: devices. Temperature-dependent ex-sifu current—voltage
measurements were also performed, while atomic-resolution STEM characterization
identified Ti-rich regions on the surfaces of multilayer 1T-TiSe> flakes. Pronounced current
variations were observed during bias-driven phase transitions. Furthermore, electron
energy-loss spectroscopy (EELS) revealed substantial changes in the valence states of both Ti
and Se. These findings provide insight into the phase transformation mechanism, deepen the
understanding of the structural and electrical characteristics of Group IV TMDs, and
demonstrate the potential of 1T-TiSe> for future TMD-based electronic devices.

Voltage (V)

Figure 1. Optical image and temperature-dependent [-V curves of the electroforming
process in CDW-based 1T-TiSe: devices.
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In-situ transmission electron microscopy (TEM) enables real-time visualization of
structural and compositional changes, providing invaluable insight for the development of
advanced functional materials. Among emerging non-volatile memory technologies, resistive
random-access memory (RRAM) has garnered significant attention due to its simple metal—
insulator—metal (MIM) architecture, faster switching speeds, lower power consumption, and
superior retention characteristics compared to conventional flash memory.[1]

Integrating one-dimensional (1D) nanowires (NWs) into RRAM architecture offers additional
advantages, including further miniaturization, enhanced access density, and reduced operating
power. In particular, p-type CuO nanowires exhibit axially aligned grain boundaries that serve as
efficient ion diffusion pathways under applied bias. [2] Within Ag/CuO NWs/Au structures, the
application of an external electric field induces electrochemical metallization (ECM), wherein
Ag* ions migrate through the CuO matrix and are subsequently reduced, resulting in the
nucleation of metallic clusters or filaments.

This study employs in-situ TEM combined with electrical biasing to elucidate key switching
phenomena, such as atomic migration, filament formation/rupture, and phase transformations, as
shown in Figure 1. These direct observations provide mechanistic understanding of the resistive
switching behavior in CuO-based RRAM, offering design principles for optimizing next-

generation high-performance memory devices
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performance computing. Symmetry, 2020. 12(6).
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Figure 1. In-situ TEM observation and the corresponding IV curve for the investigation of the

dynamic changes of CuO NW under biasing.
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This document gives the alignment methodology of STEM(scanning tomography
electronic microscopy) to higher the 3d reconstruction quality. And how to cleaning
the artifacts around the reconstruction. Moreover, we project the reconstruction into
the 2d image to re-align the input data, the projection input to reconstruct 3d ( not raw
dataset). The accuracy value defined is based on the Fourier Slice Theorem. With this

definition, we can easily find the precision of the series projection.
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Cu-modified NiCo layered double hydroxide (LDH) electrodes were fabricated on
carbon cloth through a simple electrochemical deposition process for alkaline hydrogen
evolution reaction (HER). The influence of Cu incorporation was examined to regulate the
electrode morphology and catalytic response. Scanning electron microscopy showed that
NiCo LDH formed nanosheet-like structures on carbon cloth, while Cu modification altered
the surface texture and increased exposed active regions. Electrochemical measurements
indicated improved HER activity for selected Cu-modified NiCo LDH electrodes compared
with pristine NiCo LDH/carbon cloth, suggesting enhanced interfacial charge transfer and
accessible reaction sites. This work provides a straightforward strategy to tune transition-
metal LDH electrodes and correlates microscopic morphology with electrocatalytic
performance.
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Figure 1. SEM image of Cu-modified NiCo LDH grown on carbon cloth.
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With the rapid growth of global energy demand, the development of clean and
sustainable energy conversion technologies has become increasingly important. Hydrogen
energy has received considerable attention owing to its clean nature and high energy density
during utilization. Among various hydrogen production strategies, solar-driven photocatalytic
hydrogen evolution offers an attractive route toward green hydrogen production by directly

converting solar energy into chemical energy.

In this study, ZnIn,Ss (ZIS) was employed as the main visible-light-responsive
photocatalyst, and its hydrogen evolution performance was enhanced through the synergistic
introduction of poly(heptazine imide) (PHI) and MOF-derived cobalt nanoparticle-embedded
nitrogen-doped carbon (Co/NC). PHI was coupled with ZIS to construct a heterostructure for
suppressing charge recombination. The resulting hydrogen evolution rate of 20 wt% PHI /
ZIS reached 0.62 mmol g' h™', which is approximately 2.5 times higher than that of pristine
ZIS. In addition, Co/NC serves as a conductive cocatalyst to facilitate electron transport and
accelerate surface hydrogen evolution kinetics. This dual-modification strategy demonstrates
a feasible approach for improving the photocatalytic hydrogen evolution of ZIS.

Discipline: Biology and Biomedical science or__v _Physics and Materials Science.

- 46 -



SN

» . Microscopy Society of Taiwan

Cryo-EM Structure Reveals PSGL-1 Binding at the Five-Fold Axis of EV71
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Enterovirus 71 (EV71) is a major agent of hand-foot-and-mouse disease, can cause severe
central nervous system damage and even death in children below 6 years old. In Taiwan, EV71
vaccine protects against infections and severe diseases caused by EV71 only; it does not
provide cross-protection against other types of enteroviruses. We previously published that the
EV71 particles produced by Human rhabdomyosarcoma cells, called EV-R have triple-point
mutations at residues E145G, V146I, and S241L of VP1 relative to the EV-V (EV71 particles
produced by African green monkey kidney cells) in consensus sequence analysis [1]. Therefore,
we established that EV-R has a higher binding activity with its receptor, P-selectin glycoprotein
ligand-1 (PSGL-1) than EV-V. In this study, EV-R was called EV-VP1g1456, vi4el, and s241.. We
considered that the triple-point-mutation could affect the binding activity of EV71 and PSGL-
1. We would like to reveal the cryo-EM structure of EV-VP 11456, vi4e1, and s2411 in complex with
PSGL-1 and examine the critical binding epitopes. Cryo-EM structure showed that N-terminal
of PSGL-1 was bound to the 5-fold axis of EV71. In addition, HADDOCK structure prediction
revealed that positively charged Lys244 of VP1 and negatively charged Glu47 of PSGL-1 N-
terminal were the critical binding residues. Thus, we speculated that a salt bridge was
implicated in the interaction between EV71 and PSGL-1. Further site-directed mutagenesis
experiments could be performed to validate our findings. Overall, this study could reveal the
critical binding sites of Enterovirus and receptors and provide a significant reference for future

enterovirus vaccines and antiviral drugs.
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In this study, we simulate transmission electron microscopy (TEM) diffraction patterns
of monolayer 2D material using Dr. Probe. By scanning across the sample with a fine
electron probe, a large set of diffraction patterns is generated. These simulated patterns are
then processed and reconstructed using MATLAB to verify if the original atomic structure
can be accurately recovered. A successful reconstruction confirms the feasibility of using
computationally generated diffraction data for atomic-scale structure analysis. This approach
offers a promising path toward more efficient and flexible structure determination using

computational diffraction pattern reconstruction.
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Hydrogen energy is a clean and renewable energy with high energy density and
large-scale energy storage. Photocatalytic hydrogen evolution reaction (PHER) utilizes solar
energy to split water and produce hydrogen gas, which is a zero-carbon-emission way to
produce hydrogen gas. However, low energy efficiency, carrier loss due to recombination and

sluggish interfacial charge transfer limit the commercial viability of PHER.

In this work, a Nb>C/Znln2S4/WO3 2D/2D/1D heterostructure was strategically designed
to address the sluggish charge kinetics in PHER. A synergistic charge separation mechanism
where an S-scheme heterojunction (Znln2S4/WQO3) is coupled with Nb2C is proposed. As a
highly conductive MXene material, NboC can form a Schottky barrier with ZnlnoS4 to
suppress carrier recombination. Because of its higher work function value, Nb>C can create a
stronger internal electric field (IEF) and extract holes from ZnIn2S4 more efficiently than the
commonly used TizC2 MXene. Benefiting from the synergistic effect of this S-scheme/
Schottky heterojunction, the holes from Znln,Ss will either be recombined with electrons
from WO;s or be extracted by Nb2C. Therefore, the electrons with strong reducing ability on
Znln,S4 are preserved to perform PHER. Microscopic observations using SEM have
confirmed the successful construction of the 2D/1D ZnInxS4/WO3 and 2D/2D Znln,S4/Nb,C
heterostructure. XPS also exhibited binding energy shifts between Zn 2p, W 4f, and Nb 3d
orbitals, indicating a strong electronic interaction and S-scheme and Schottky contact at the
binary interface respectively. Preliminary photocatalytic tests demonstrated that the binary
heterostructure performed enhanced PHER activity, the hydrogen yield of Znln,S4/WO; and
ZnInxS4/Nb2C increased by 7.87 times and 5.71 times respectively, compared to ZnlnaSa.
Integrating these three materials is expected to exhibit more efficient charge separation by

dual heterostructures and perform higher PHER activity.
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Fabrication of high-entropy alloys (HEAs) via selective laser melting (SLM) has
attracted considerable attention owing to the unique microstructural features it induces, such
as high dislocation density and distinctive phase stability, which are frequently accompanied
by complex orientation relationships (ORs). TEM revealed that the main secondary phase L2:
in SLM  Alp2Co15CrFeNi; 5Tips exhibits two primary morphologies: a spherical form,
consistent with the classical Kurdjumov—Sachs (KS) OR with the matrix, and a rod-like form,
corresponding to a previously unreported OR. HRTEM indicated that the lattice parameter is
respectively 5.72 A and 5.79 A. EDS further demonstrated compositional differences
between the precipitates, with the rod-like L2 phase enriched in Fe and Cr relative to its
spherical counterpart. These compositional variations account for the observed lattice

parameter differences and ultimately the morphological distinctions.
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Figure 1. TEM image and diffraction pattern of the(Left) L2 phase exhibiting the
Kurdjumov—Sachs (KS) OR and (Right) L2 the newly identified OR.
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Dengue virus (DENV) continues to impose a global health burden, and virus-like particles
(VLPs) are promising vaccine candidates, owing to their ability to elicit broadly neutralizing
antibodies. However, the lack of nanoscale structural insights into the VLP maturation
process has limited rational engineering. Here, we report the cryo-electron microscopy
(cryo-EM) structure of immature DENV serotype 2 VLPs, revealing prM—E spikes arrayed
on a T = 1 shell, consistent with mature DENV-2 VLPs and distinct from the virion, which
exhibits a T = 3 icosahedral lattice. Using multiscale molecular dynamics(MD) simulations,
we identified sterically feasible maturation pathways and dynamic lipid remodeling
associated with protein rearrangement. We also established a stable CHO-K1 producer cell
line for efficient immature DENV-2 VLP production. Together, these findings provide a

structure—dynamics framework to guide future dengue VLP engineering and vaccine design.
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Abstract

The pursuit of energy-efficient and highly predictable optoelectronic devices is crucial for

emerging computing paradigms, including artificial intelligence. This study underscores the

profound significance of establishing a linear correlation between optical input and electrical

output. Based on a mixed-dimensional photomemory CsPbBr3/Al,03/MoS;, a precise control

over charge transfer dynamics can be effectively achieved through dielectric thickness

modulation. By optimizing the dielectric layer to specific dimensions, our approach enables

an optimal charge transfer rate with minimal optical energy consumption, specifically at

sub-picojoule levels. These findings highlight a robust strategy for designing

high-performance optoelectronic systems with inherently low power consumption.

CsPbBr,

3

&
Lifetime (ns)

~

PL Intensity (a.u.)

LLLLLL

10" 10 10" 25 3 55 85 13 20
Number of Phonons (#/cm?) Al203 thickness (nm)

Figure 1. Schematic illustration of mixed-dimensional photomemory.
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CoS@Ti3C2Tx (CoS@MX), synthesized via a metal-organic framework precursor
through a hydrothermal method, represents a promising electrode material for supercapacitors.
In this study, ZIF-67 was grown in situ on MXene sheets, followed by a hydrothermal
sulfidation process to convert ZIF-67 into CoS. The integration of MXene successfully
mitigates the notorious restacking issue commonly observed in conventional active materials.
Furthermore, it facilitates the heterogeneous nucleation of ZIF-67, resulting in a reduced
particle size; both advantages are highly beneficial for enhancing electrochemical performance.
Subsequently, the sulfidation of ZIF-67 was conducted in an autoclave, transforming the initial
solid ZIF-67 into hollow CoS structures. This morphological modification significantly
accelerates ion diffusion and exposes more active sites. Benefiting from this synergistic
synthetic strategy, the optimized CoS@MX electrode delivers a high specific capacitance of
319.0 F/g at a scan rate of 10 mV/s, demonstrating its great potential as a high-performance

electrode material.
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Figure 1. TEM image of the CoS@MX heterostructure.

Discipline: Biology and Biomedical science or__V__ Physics and Materials Science.

-53-



-~

Microscopy Soéie'ry of Taiwan

Atomic-Scale Investigation of Electromigration Behavior in Cu/SiO2
Hybrid Bonding under High Current Environment
Hua-Jing Huang (¥ ## )", Chih Chen (r& %1)*, and Wen-Wei Wu(£ = i) ¥

! Department of Materials Science and Engineering, National Yang Ming Chiao Tung
University, Hsinchu, Taiwan
" wwwu@nycu.edu.tw

Three-dimensional integrated circuit (3D IC) packaging offers significant advantages,
such as enhanced computational efficiency through greater integration and shorter
interconnection distances. The effective interconnection of layers, particularly through
redistribution layer (RDL) technology, is crucial for the successful operation of 3D ICs.
While copper remains the preferred material for interconnections, often in conjunction with
through-silicon via (TSV) technology for chip-to-chip links, the shrinking dimensions of
components present challenges. In particular, the reduction in size may lead to elevated
current densities in individual joints, giving rise to issues like electromigration (EM) and
potential failure. EM-induced atomic migration may lead to the formation of voids in the
interconnection. The accumulation of voids to a critical point may result in an open circuit in
the joints, significantly impacting the conductor's reliability. This work delves into the
micro-scale aspects of these challenges, complementing previous macroscopic investigations.
We aim to elucidate the behavioral mechanisms through atomic-scale observations,
employing an in-situ high-resolution transmission electron microscope (in-situ HRTEM) to
observe atomic-scale images of EM. The insights gained from this work not only contribute
to the academic understanding of industry challenges but hold potential applications in
real-world manufacturing processes.

Figure 1. Expansion of the voids along the bonding interface.
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In recent years, device miniaturization has become a critical challenge in microelectronics.
Three-dimensional integrated circuit (3D IC) technology offers a promising pathway to fulfill
this demand. Beyond performance considerations, the reliability of 3D ICs is equally crucial,
with electromigration (EM)-induced failure being one of the major concerns. Copper has
been widely employed in 3D IC packaging due to its relatively high resistance to
electromigration. To further enhance reliability at high current density, this study gives an
insight that ruthenium (Ru) has the potential. In this work, SiO2/Ru/SiOs thin film was
deposited on a silicon substrate by physical vapor deposition (PVD), and the specimens were
fabricated to be devices being like nanowires (NWs) by focused ion beam (FIB). The
nanowires were applied to current density of 107 A/cm? to induce atomic migration.
Structural changes were explored by transmission electron microscopy (TEM) and scanning
transmission electron microscopy (STEM). Ruthenium atoms were observed to diffuse with

electron current, and the nanowires remained intact even after more than 40 hours of current

stressing.
—c
Current Density: ~107 A/cm?
Figure 1. Schematic and TEM images of Ru NWs under current stress
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Due to its suitable bandgap and excellent optical absorption coefficient, antimony
selenide (Sb2Ses) is widely regarded as a highly promising photocathode material for
photoelectrochemical (PEC) water splitting. However, the unique quasi-one-dimensional
crystal structure of SbzSe; leads to significant carrier transport anisotropy; the
parallel-to-substrate orientation commonly observed in conventional thin films often restricts
the vertical collection efficiency of photogenerated electrons. To overcome the geometric
transport limitations of this low-dimensional material, this study fabricated SbaSe; thin films
with an (hkl) preferred orientation via the vapor transport deposition (VTD) process.
Preliminary microstructural analysis indicates that this process effectively guides the 1D
(SbaSes)n ribbons away from the conventional parallel growth mode. This unique (hkl)
preferred orientation is expected to improve charge transport along the [001] axis. Current
findings demonstrate the feasibility of the VTD process in modulating the crystal orientation
of anisotropic semiconductors, and further suggest that this (hk1)-oriented Sb2Ses thin film
holds significant developmental potential and research value for further enhancing

photoelectrocatalytic hydrogen evolution performance.
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Figure 1. SEM image of Sb2Se; thin film
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As device scaling has entered the nanometer range, size down-scaling faces physical
limitations and sharply rising manufacturing costs. At this point, 3D IC has emerged as a
critical pathway to extend Moore’s Law. As bonding techniques mature, we must further

study the bonding mechanism of Cu-to-Cu joints at the sub-micrometer scale.

In this work, we conduct experiments to analyze the bonding interface and structural
defects of fine-pitch Cu joints under different annealing conditions. To achieve adequate
bonding quality, we perform in-situ high-resolution transmission electron microscopy
(HRTEM) thermal experiments. It provides real-time observation of diffusion behavior,
lattice rearrangements, and grain growth. The results reveal that surface pretreatment plays a
significant role in the bonding process, and we can improve device performance by
eliminating the straightforward bonding interface. Based on the above, the initial interface
morphology determines nano-scale defects transformation, such as void evolution and
cross-interface grain growth. Therefore, in-situ thermal experiments can directly correlate
microstructural changes with electrical performance. It enables more precise verification of
device lifetime, thereby guiding the development of next-generation high-reliability

packaging structures.

Figure 1. Void shrinkage model of interfacial gap.
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The preliminary microstructural analysis was conducted on gallium oxide transferred
using PDMS as a carrier, revealing its layer number-dependent changes at the nanoscale.
Combining SEM, AFM, and TEM analysis, we can have a more comprehensive understanding
of the effects of different thicknesses on crystals, stress, and lattices. At the same time, we will
further explore how structural changes affect the electrical and optical properties of materials,
and establish a complete correlation map between the process, structure and performance of
gallium oxide materials through comparative analysis of different preparation conditions and

growth mechanisms.
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Figure 1. AFM image of thin gallium oxide from liquid metal
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To circumvent the device degradation caused by polymer residue in conventional
lithography, this work introduces an alternative, resist-free fabrication route for 2D
semiconductor integration. We employ quasi-2D freestanding SrTiO3 (FS-STO) membranes as
clean, natural hard masks for nanoscale patterning. Through in-situ thermal transmission
electron microscopy (TEM), the energy-driven pore formation and structural dynamics within
the FS-STO are systematically investigated. Utilizing these thermally evolved profiles, we
realize highly precise, localized patterning on WS> layers, as confirmed by high-resolution
TEM (HRTEM) imaging. Beyond revealing the fundamental beam-matter coupling at the
atomic scale, our findings establish a robust and contamination-free template scanning

approach tailored for constructing pristine 2D heterostructures.
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Figure 1. Fundamental structural and chemical characterizations of the holey FS-STO

membrane.
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Atomic-Scale Insights into Resistive Switching and Neuromorphic
Behaviors in Antiferroelectric-Based Memristive Devices
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Resistive random-access memory (RRAM) is a promising next-generation non-volatile
memory due to its simple structure, fast switching speed, low operating voltage, and CMOS
compatibility. Recently, ferroelectric and antiferroelectric materials have attracted attention
because their polarization-modulated switching may improve device performance and
reliability.In this work, PbZrOs (PZO) and Lao.sSro.sMnOs (LSMO) were grown on 0.05 wt%
Nb-doped SrTiOs substrates by pulsed laser deposition, followed by Ag top-electrode
deposition. The Ag/PZO/LSMO/Nb:STO device exhibited reproducible SET/RESET
behavior over 500 cycles. HRTEM, atomic-scale STEM, and XPS were used to investigate
structural and chemical changes before and after electrical cycling.In addition, synaptic
behaviors such as LTP, LTD, and PPF were studied to evaluate the potential of PZO-based
devices for neuromorphic computing. This work aims to clarify the relationship between
structural evolution, resistive switching, and synaptic plasticity in antiferroelectric
PZO-based memristive devices.

() AFE Domain A

BRES
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Figure 1. Characterization of the Pristine Device
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Evolution of Planar Defect Structures in a Cryogenically Deformed Duplex
Lightweight Steel
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Duplex lightweight steels show excellent strength-ductility synergy due to their
heterogeneous microstructures and complex deformation behavior. In this work, the cryogenic
deformation behavior of a duplex lightweight steel consisting of FCC austenite and DOs
intermetallic phases was investigated using tensile testing and microstructural characterization
techniques. Compared with room temperature deformation, tensile deformation at 77 K led to
a remarkable increase in yield strength together with more pronounced planar deformation
features. TEM observations revealed dense planar slip bands, stacking faults (SFs), and defect
network structures formed during localized deformation.

The reduced TWIP activity observed at 77 K appears inconsistent with the conventional
expectation that lower stacking fault energy promotes deformation twinning. Ongoing work is
focused on clarifying the roles of short-range ordering, defect interactions, and interphase

constraints in the suppression of twinning under cryogenic deformation.

-
Light Weight Steel (LWS) Current ( '\'
[0 High Mn steel study ‘~o
\ A B2-strengthen LWS A
= F Current Study: Duplex LWS
&
£
i .
& 1000
=
£ ¢ W=
= am
=
3
500
=
[ 200 1000

400 600
298 K Yield Stress (MPa)

Figure 1. Cryogenic strengthening (left) and evolution of planar defect structures in duplex
lightweight steel (right)
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Toward Concurrent Improvement of Processability and Productivity
in Selective Laser Melting of Ti-48Al1-2Cr-2Nb Alloy
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Ti-48 Al-2Cr-2Nb alloy, commonly referred to as Ti4822, is a promising lightweight
structural material for high-temperature applications owing to its low density, high specific
strength, and excellent oxidation resistance. However, the poor room-temperature ductility and
high cracking susceptibility of TiAl alloys remain major obstacles to their fabrication by
selective laser melting (SLM).

In this study, layer thickness and scan strategy were systematically designed to
concurrently improve the processability and productivity of SLM Ti4822 alloy using a coarse
powder feedstock. Two layer thicknesses, 60 and 90 um, were selected according to the particle
size distribution of the alloy powder. Compared with the thinner layer condition, the larger
layer thickness is expected to provide better compatibility with the coarse powder by improving
powder bed packing density. As a result, the thicker-layer condition exhibited reduced cracking
and porosity, indicating that appropriate matching between powder size and layer thickness is
critical for defect suppression. In addition, different scan strategies, including single high-
energy scanning and two-step scanning strategies, were applied with 0° and 67° scan rotation

angles to examine their influence on thermal behavior and defect formation.

- BD
{ Figure 1. Cross-sectional optical micrograph of SLM
Ti4822 fabricated by a two-step scanning strategy.
Discipline: Biology and Biomedical science or__ v Physics and Materials Science.
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Impact testing is commonly used in the golf industry to evaluate the performance of
clubface materials. However, experimental results have shown that impact performance does
not exhibit a positive correlation with either ductility or fatigue strength. Therefore, this study
aims to clarify the impact fatigue fracture mechanism of a -Ti alloy through microstructural
characterization.

In addition to the B matrix, the ® phase, which may contribute to embrittlement, was
observed in the original microstructure prior to impact testing. As the number of impacts
increased, o/a’ phase formation was observed, accompanied by a gradual increase in its volume
fraction. EDS mapping further revealed pronounced elemental partitioning, suggesting the
involvement of thermal effects during the impact process. Moreover, the fracture path
identified by EBSD was predominantly transgranular. These results suggest that impact-
induced phase evolution and thermally assisted elemental partitioning play important roles in
the fracture behavior of the B-Ti alloy.

Figure 1. a/a’ phase distribution of a sample after impact test
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Effects of Grain Size on Mechanical Response to Hydrogen in Alloy 209
Stainless Steels
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Alloy 209 stainless steel (A209SS) is a high-nitrogen austenitic stainless steel known for
its excellent mechanical properties, superior corrosion resistance, and high resistance to
hydrogen embrittlement (HE) [1]. However, the reason for its low HE susceptibility remains
unclear. The results reveal that plastic deformation of A209SS occurs mainly through
dislocation slip and twinning, and hydrogen charging further decreases the SFE, resulting in
twin densification. The failure is mainly characterized by transgranular fracture propagating
along (111) slip/twin planes, indicating that the HE is dominated by the HEPMD mechanism.
Furthermore, grain refinement suppresses hydrogen embrittlement effectively due to the
formation of a high density of fine twins that alleviate stress concentration, while the grain
boundaries facilitate crack deflection and elevate fracture toughness. These results clarify the
influence of hydrogen on the deformation of A209SS, helping to achieve improved resistance

to HE in industrial hydrogen transportation/storage environments.
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Figure 1. EBSD analysis of hydrogen-charged A209SS after deformation at the (a) center

region and (b) surface region.
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The transmission type imaging of an object with uniform thickness can be
formed because the transmitted light experience different refraction index of the
material of the object laterally. In the X-ray region, the refraction index usually
written as n=1-6+if3, where d proportional to electron density and 3 proportional to X-
ray absorption coefficient. The phase contrast based on the different of 6 instead of f3.
In the phase contrast image, the phase of the X-ray will be different after passing

though the material with different refraction index. For the phase contrast imaging
techniques, a contrast enhancement at edge of an object can be found if the lateral
coherence length (transverse coherent) is long enough. This is a natural result of
Fraunhofer diffraction. Phase contrast to enhance the edge image is important when
the density contrast cannot be seen clearly. For example, to image the blood vessel in
muscle, these two materials with essentially the same density, thus only phase contrast
technique can image the blood vessel without using dye containing heavy elements.
To achieve phase contrast image, an X-ray source with very low transverse coherence
(parallel beam with very low beam divergence) is needed. We used 15 micro-meter
micro-focus X-ray source, and the sample placed 1.2 m away. A TE cooled CCD
detector coupled with CsI: Tl scintillator to detect the image. Fig. 1 shows a test of
plastic sheet (PVC, 0.082 mm) with phase contrast and absorption contrast. The edge
enhancement factor is 170%.
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Fig. 1 The test of edge enhancement factor (170%) between phase contrast (black
curve) and density contrast (red curve) on an edge of 0.082 mm plastic sheet.
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Electrical Characteristics of RRAM Devices Using Non-Metallic
Electrodes
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This study aims to investigate the application of non-metallic electrodes in
resistive random-access memory (RRAM).

Conventional metal electrodes often introduce uncontrolled ion migration and
interfacial redox reactions, leading to variability in filament formation and degraded
endurance. To address these limitations, non-metallic electrodes are proposed to
suppress excessive ion diffusion and regulate interfacial processes. By modifying the
electrode—dielectric interaction, improved switching uniformity and enhanced device

stability can be achieved.
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Figure 1. Top-view SEM of TaN Figure 2. SEM cross-sectional image of TaN
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Martensite Refinement and Austenite Modification in Mn-Alloyed 9%Ni
Steel via Flash Annealing

Chia-Kai Chien (f#§ 72!, and Hung-Wei Yen (g = )"

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

“homeryen@ntu.edu.tw

9%Ni steel with a tempered martensitic matrix and retained austenite is widely used in
liquefied natural gas (LNG) storage tanks due to its excellent cryogenic toughness. This study
aims to reduce energy consumption and material cost by partial substitution of Ni with Mn
and adopting a flash annealing process. A 9%NiMn steel was developed, and both 9%Ni and
9%NiMn steels were subjected to direct quenching followed by flash annealing and
tempering (DQFT), as well as conventional lamellarizing and tempering (DQLT).
Microstructural characterization shows that flash annealing significantly refines the
martensitic structure and modifies the morphology and distribution of retained austenite
without increasing the volume fraction of retained austenite. The refined martensitic structure
induced by flash annealing is considered to be one of the key factors responsible for the
enhanced cryogenic toughness of DQFT-9%NiMn steel. The present results demonstrate that
flash annealing provides an effective route for tailoring the microstructure of Mn-alloyed
9%Ni steel and suggest the potential of DQFT-9%NiMn steel for next-generation energy
storage applications.
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Polycrystalline silicon (Poly-Si) films crystallized by a Q-switched pulsed laser were
investigated using Electron Backscatter Diffraction (EBSD). Laser crystallization was
performed at powers ranging from 6 to 10 W. The original 150 nm-thick Poly-Si films were
thinned to approximately 50 nm by chemical mechanical polishing (CMP). EBSD
characterization was conducted using a Thermo Fisher Scientific Helios 5 Hydra PFIB
equipped with an Oxford Instruments Symmetry S3 EBSD detector.

The average grain size increased initially and then decreased with increasing laser power,
reaching a maximum of approximately 655 nm at 7 W. Texture analysis revealed a dominant
<100> preferred orientation along the Y direction for samples processed between 6 and 9 W,
indicating directional grain growth [1]. At higher laser powers, both grain size and texture
intensity decreased, suggesting enhanced grain competition and possible re-nucleation effects
[2]. These results provide insight into the grain growth and texture evolution of Q-switched
laser-crystallized Poly-Si films.

References
1. S Amoruso et al, Appl. Phys. Lett. 84, 4502-4504 (2004).
2. AHaraetal, Jpn. J. Appl. Phys. 43, 1269-1276 (2004).

Figure 1. EBSD orientation map of the 7 W laser-crystallized Poly-Si film.
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Comparative Analysis of AlxGa-x)N Thin Films Using Different Ion Sources
for TEM Lamella Fabrication
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In this study, Plasma Focused lon Beam (Xe-FIB) and Gallium Focused lon Beam (Ga-
FIB) techniques were used to prepare lamellae from AliGaiN epitaxial layers [1]. The
specimens were subsequently analysed using Transmission Electron Microscopy (TEM) and
Energy-Dispersive X-ray Spectroscopy (EDS). The results demonstrate that the choice of FIB
preparation method significantly affects the elemental ratios determined by EDS. Specifically,
Ga-FIB preparation introduces an artificially elevated Ga content of approximately 4 at%
compared to Xe-FIB preparation. Furthermore, X-ray Photoelectron Spectroscopy (XPS)
measurements yielded Al ratios consistent with the EDS results obtained from Xe-FIB
specimens, providing independent validation of the composition. These findings underscore
the importance of selecting an appropriate specimen preparation method for accurate
compositional analysis of AlxGa(1-xN-based heterostructures.

2nm

STEM-HAADF

Figure 1. TEM image is shown of various thin films of the silicon substrate.
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Hydrogen energy is considered a promising alternative to fossil fuels in the context of
global decarbonization. Solid-state hydrogen storage using magnesium-based alloys has
attracted attention due to their high theoretical capacity (7.65 wt. %). However, a key
challenge is the high energy demand required for hydrogen absorption and desorption
processes. This study investigates whether operating under low-temperature and low-pressure
conditions can improve storage performance while reducing energy consumption. Although
lower pressure may enhance hydrogen uptake, low temperature often leads to incomplete

desorption, limiting stable cycling under standard operating conditions.

In this work, we examined the effects of temperature, pressure, desorption strategy, and
evacuation duration on the cycling performance of porous magnesium-based materials. A
low-temperature, low-pressure approach combined with extended vacuum evacuation was
adopted to increase the driving force for desorption and improve overall cycling stability.

Under this strategy, stable cycling behavior was successfully achieved within five cycles.

The results demonstrate that under 280 °C and 1 MPa, applying a 90-minute vacuum
desorption step enables the system to complete stable absorption—desorption cycling.
Compared with the standard 300 °C, 3 MPa condition, the low-temperature/low-pressure
mode exhibits slower absorption kinetics but achieves a significantly higher maximum
hydrogen storage capacity while maintaining effective desorption when sufficient driving

force is provided.

These findings highlight a feasible pathway for reducing energy consumption during
hydrogen cycling and improving the practical performance of solid-state hydrogen storage
systems based on magnesium alloys. Furthermore, the results confirm that stable hydrogen
absorption—desorption cycling under low-temperature and low-pressure conditions is indeed
achievable.
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Atom Probe Tomography Analysis of Clusters and Precipitates in AA7075
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7xxx-series aluminum alloys are heat-treatable structural materials with high specific
strength; therefore, characterizing clusters and precipitates formed during aging is essential
for understanding their strengthening behavior.

In this study, atom probe tomography (APT) was used to investigate the chemical
composition and solute-atom behavior of clusters and precipitates under different aging
conditions. The three-dimensional datasets were analyzed using the Friends-of-Friends
method, followed by additional calibration and data-processing procedures to effectively
separate clusters and precipitates from the matrix. The reconstructed datasets, as shown in
Figure 1, were used to evaluate the compositional evolution of clusters with different sizes.
The results indicate that the copper content within the precipitates tends to increase after
high-temperature aging, suggesting progressive Cu enrichment during precipitate evolution.
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Figure 1. Average solute atoms content in clusters with different sizes under different
aging conditions. (T6 was aged at 120 °C, and the DA condition underwent an additional
aging treatment at 180 °C.)
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