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IH. Takuma

! Director, Material Science and Nanotechnology Division,
Research Promotion Bureau,
Ministry of Education, Culture, Sports, Science and Technology (MEXT)
3-2-2, Kasumigaseki, Chiyoda-ku, Tokyo, Japan

Director, Materials Section, Secretariat of Science, Technology and Innovation Policy,
Cabinet Office (CAO)
1-6-1, Nagata-cho, Chiyoda-ku, Tokyo, Japan

Abstract

Materials science is an important fundamental technology that will contribute to the realization of
Society 5.0 and the transition to a sustainable society that achieves both economic development
and the resolution of social issues. The Japanese government formulated the "Materials
Innovation Strategy" in April 2021 to strengthen Japan’s R&D capabilities in this field. An
important pillar of this strategy is the promotion of data-driven R&D that will lead to the dramatic
improvement of the speed, quality, and quantity of research and development. Along with

Based on this strategy, The Ministry of Education, Culture, Sports, Science and Technology
(MEXT) is implementing our “‘Material DX Platform’, a national initiative to promote the digital
transformation of research and development in this field. We are building nationwide networks to
collect materials data from universities and research institutes. These networks will enable
researchers around the country to utilize the data for their research. We are also conducting
research projects addressing global challenges by the creation of innovative materials through
data-driven R&D. This presentation will introduce the government's initiatives under "Materials
Innovation Strategy" focusing on MEXT’s ‘Material DX Platform’.

Hiroko Takuma,

Director, Material Science and Nanotechnology Division,

Research Promotion Bureau, Ministry of Education, Culture, Sports, Science and
Technology (MEXT)

Director, Materials Section,
Secretariat of Science, Technology and Innovation Policy,
Cabinet Office (CAO)

<CV>

Hiroko Takuma is working for the MEXT since 2001, where she has held several managerial positions related
to the promotion of Research and Development. Policy. She is now in charge of the promotion of Material
Science and Nanotechnology at MEXT. She also holds the position at the CAO, where she is responsible for
promoting the Materials Innovation Strategy.
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The Role of Data Infrastructure in Data-Driven Materials Research:
Perspectives on Al Utilization
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L2R. Yoshida

The Institute of Statistical Mathematics,
Research Organization of Information and Systems,
1-10, Midori-cho, Tachikawa, Tokyo 190-8562, Japan

2National Institutes for Materials Science,
1-1 Namiki, Tsukuba, Ibaraki 305-0054, Japan

Abstract

The major obstacle in data-driven materials research, the lack of data resources, remains unresolved.
High experimental costs and the cultural barrier of researchers to disclose their laboratory data
contribute to this issue. In this lecture, I will introduce our efforts in polymer material research and
discuss strategies to overcome the challenge of insufficient data resources.

Transferability and Scalability of Materials Database

Our research group is advancing the development of RadonPy, a software designed to fully
automate computer experiments for polymer systems using molecular dynamics and first-principles
calculations, to address the challenge of data scarcity in polymer materials research [1]. The latest
version of RadonPy supports automated computer experiments for 34 distinct properties. It can
handle a wide range of polymer systems, including amorphous, stretched, crystalline structures, as
well as homopolymers, copolymers, crosslinked polymers, and blends. Currently, an industry-
academia consortium comprising approximately 240 participants from two national research
institutes, nine universities, and 37 companies is collaboratively advancing the open-source
development of RadonPy. Leveraging supercomputer Fugaku, the consortium is building the
world’s largest polymer property database, encompassing 10° or more polymer materials.

A key feature of the RadonPy database is its ability to bridge the gap between computational
and real-world systems using Sim2Real transfer learning. In transfer learning, a foundational model
trained on extensive computational data is fine-tuned with a limited set of experimental data to
create a highly generalizable predictor for real-world systems [2-3]. A crucial concept here is the
scaling law of Sim2Real transfer learning: the generalization performance of a Sim2Real transfer
model for real-world systems improves monotonically according to a power law as the size of the
computational database increases. Indeed, predictors fine-tuned from RadonPy foundational
models have shown exceptional scalability in predicting various experimental properties such as
polymer miscibility, specific heat, refractive index, and thermal conductivity [4]

The goal of data-driven materials research is to establish scalable and transferable data
generation protocols and analytical workflows. In many target domains, accumulating sufficient
data for data-driven research is challenging, especially in cutting-edge research areas. This
highlights the importance of defining a source domain capable of producing large datasets and using
machine learning to bridge the domain gap. Designing data generation workflows that ensure the
scalability and transferability to downstream domains is essential in overcoming limited data
resource in material researches.

References

[1] Hayashi et al., npj Comput Mater 8, 222 (2022).
[2] Wu et al., npj Comput Mater 5, 66 (2019).

[3] Yamada et al., ACS Cent Sci 5, 1717-1730 (2019)
[4] Minami et al., arXiv, arXiv:2408.04042 (2024).



<Name> Ryo Yoshida
<Affiliation> The Institute of Statistical Mathematics

<CV>

Ryo Yoshida is a Professor at the Institute of Statistical Mathematics, Research Organization of Information
and Systems. He also serves as the Director of Research Center for Materials Informatics within the institute.
He leads an industry-academia consortium comprising two national research institutes, nine universities, and 37
companies, advancing the joint development of the polymer computational experiment automation software
RadonPy and a comprehensive polymer property database.
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The Designing Materials to Revolutionize and Engineer Our Future (DMREF)
Program at the National Science Foundation (NSF)

John Schlueter

Designing Materials to Revolutionize and Engineer our Future (DMREF)
U.S. National Science Foundation (NSF)
2415 Eisenhower Ave Alexandria, VA 22314, USA

Abstract

The United States’ Materials Genome Initiative (MGI) is a multi-agency partnership that seeks to
accelerate the progression of materials research across the Materials Development Continuum for
the benefit of society. By coupling a predictive, computationally led and data-driven approach with
experimental synthesis and validation via an iterative feedback loop, MGI promotes the rapid
design, discovery, development, and deployment of advanced materials. After a decade of progress
that has witnessed a paradigm shift in philosophy of materials research, the second MGI Strategic
Plan was released in 2021 defining three primary goals for the next five years: 1) Unifying the
Materials Innovation Infrastructure, 2) Harnessing the Power of Materials Data, and 3) Educating,
Training, and Connecting the Materials Research and Development Workforce. The Designing
Materials to Revolutionize and Engineer our Future (DMREF) program at the National Science
Foundation (NSF) involves eight divisions in four directorates at the NSF, and partners with seven
federal and four international agencies to promote these objectives. This talk will provide an
overview of the DMREF program and MGI-related programs sponsored by the NSF. DMREF is a
biannual program with a current competition in 2025. Additional information about DMREF can
be found at DMREF.org.



John Schlueter

Program Director,

Designing Materials to Revolutionize and Engineer our Future (DMREF)
U.S. National Science Foundation (NSF)

Dr. John Schlueter joined the National Science Foundation (NSF) in December 2013 as a Program Director in
the Division of Materials Research, Directorate of Mathematical & Physical Sciences, where he manages the
Designing Materials to Revolutionize and Engineer our Future (DMREF) program. DMREF is the primary
program by which the NSF participates in the Materials Genome Initiative (MGI). He received his B.S. from
Valparaiso University (Valparaiso, IN) in 1987 with majors in Chemistry and Physics and a minor in
Mathematics. He then earned his Ph.D. in Inorganic Chemistry from Northwestern University (Evanston, IL) in
1992 under the direction of thesis advisor Prof. Tobin Marks. After spending three years as a Postdoctoral
Chemist at Argonne National Laboratory with Dr. Jack Williams, he became an Assistant Chemist in the
Chemistry and Materials Science Divisions in 1995 and was promoted to Chemist in 1999. Schlueter's
experimental research includes the guided synthesis, crystallization, and characterization of molecule-based
materials with emergent electronic and/or magnetic properties, including the development of multifunctional
materials with applications in magnetism, superconductivity, spintronics, and multiferroics. Through the use of
intermolecular interactions, such as hydrogen bonds, he has discovered new classes of superconductors and
investigated pressure-induced phase transitions in magnetic coordination polymers. Dr. Schlueter was elected as
a Fellow of the American Physical Society in 2015 and received NSF's Meritorious Service Award in 2022. He
has chaired and serves on the Advisory Boards for several international conferences. Schlueter has co-authored
over 400 publications (H-index 52) and delivered in excess of 75 invited presentations and seminars at
international conferences and institutions. He has mentored 6 postdoctoral scholars and over 75 undergraduate
students.
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DX of Fabrication Processes Accelerating Development of Diverse Devices
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K. Totsu

Micro System Integration Center,
Tohoku University,
519-1176, Aramaki-Aza-Aoba, Aoba-ku, Sendai, Miyagi 980-0845, Japan

Abstract

The research and development of various devices are supported through microfabrication
technologies in ARIM. However, due to the wide variety of materials, structures, and processes
involved, a significant amount of information, particularly technical know-how, is required. To
address this need, a DX environment is being developed to enable the search and recommendation
of process flows and recipes tailored to individual device development. Data related to
microfabrication is being accumulated and utilized to assist users in achieving their development
goals more efficiently and promptly.

I. INTRODUCTION

Since 2010, Tohoku University has been offering Hands-on-access Fab. services as part of the
current ARIM with approximately 150 tools for microfabrication. Based on the concept of open
collaboration, various process-related information obtained by users and staff has been organized
and shared with users through the respective equipment managers®. For example, in etching
processes, information such as differences in etching rates depending on materials or uniformity
has been collected and made available. While the structures and applications of specific devices
often cannot be disclosed, individual process recipes are generally open for sharing. In ARIM
project, Tohoku University, serving as the hub for the Advanced Device Group, cooperates with
University of Tsukuba, Toyota Technological Institute, Kagawa University and other institutions
to accelerate DX in the development of diverse devices.

I1. DX ACTIVITIES

Many of the fabrication tools used in device development cannot output process parameters and
other data in electronic form. To address this, Excel template files called Fabrication Data Log
(FDL) are prepared for processes, allowing data to be manually input and collected. The FDL
contents are divided into process data and flow (sequence) data. Process data consists of input sheets
for each process, such as photolithography. Additionally, mask pattern data and images of resist
patterns after processing, such as those captured with optical or electron microscopes, can be
registered as attached files. Flow data, on the other hand, represents the sequence of fabrication
steps involved in device fabrication. Specifically, it arranges the data IDs from the process data in
the order of the fabrication steps required for a particular device.

To promote data utilization, our staff are collecting standard structural and process data for
frequently requested components in devices, such as piezoresistive elements. Piezoresistive
elements are particularly applied in pressure sensors and are also included as themes in student
training programs?. Using IntelliSuite, a commercially available MEMS design integration software,
enables the review of processes and mask designs, as well as the 3D modeling of MEMS structures
within the software. This approach enhances the efficiency and accuracy of design and process
validation.

References
[1] K. Totsu, M. Moriyama and M. Esashi, Nat. Electron. 2 (2019), pp.134-136.
[2] K. Totsu, M. Moriyama et al., Sens. Mater. 31 (2019), pp.2555-2563.



Fig. 1
Excel template of Fabrication Data Log (FDL), including process data and flow (sequence) data.

Fig. 2
3D modeling of fabrication process flow for silicon piezoresistive force sensor using IntelliSuite.

Kentaro Totsu, Micro System Integration Center, Tohoku University

Kentaro Totsu is the Director and a Professor of Micro System Integration Center,
Tohoku University. He obtained Doctoral degrees from the Department of
Mechatronics and Precision Engineering, Tohoku University in 2004. He served
as an Associate Professor at the Micro System Integration Center (USIC) from
2010 to 2020. Since 2010, he has also been the Director of the Hands-on-access
Fabrication Facility at the Jun-ichi Nishizawa Memorial Research Center,
Tohoku University. In 2021, he was appointed as the Director and a Professor at
USIC, where he currently oversees the research center and manages one of the
largest open facilities for microsystem technologies. Under his leadership, the
center has collaborated with over 300 partners since 2010, driving the industrialization of microsystems. Since
2024, he has chaired the Academia-Regional-Industry Collaboration Working Group for Semiconductor Human
Resource Development under the Leading-edge Semiconductor Technology Center (LSTC).
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Nagoya University ARIM Hub for Accelerated Data-Driven R&D of
Biomaterials and Biodevices
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12y Baba

! Research Institute for Quantum and Chemical Innovation, Nagoya University,

Nagoya 4648601, Japan

2Institute for Quantum Life Science, National Institutes for Quantum and Science and Technology (QST),

Chiba 2638555, Japan

Nagoya University is the Hub for next-generation biomaterials in the MEXT ARIM (advanced
research infrastructure for materials and nanotechnology in Japan). We have been supporting the
data-driven R&D for accelerated biomaterials and biodevices design, such as nanobiodevices for

cancer diagnosis, quantum dots for in
vivo imaging, biological quantum
nanosensors, and bio-adaptive
materials [1-16]. We have supported
to develop nanowire devices, which are
extremely useful to isolate extracellular
vesicles from body fluids and vesicle-
encapsulated microRNA analysis (Fig.
1). The device composed of a
microfluidic substrate with anchored
nanowires gives us highly efficient
collections of extracellular vesicles in
body fluids and in situ extraction for

huge numbers of miRNAs (2,500 types) Figure 1. Nanowire devices for cancer diagnosis [1, 3]

more than the conventional ultracentrifugation method. Nanowire devices gave us the miRNA date
for several hundred patients and machine learning system based on these miRNA data enabled us
to develop the early-stage diagnosis for lung cancer, brain tumor, pancreas cancer, liver cancer,

bladder cancer, prostate cancer,
diabetes, heart diseases, and Parkinson
disease.

We have been supporting data-drive
R&D  for  biological  quantum
nanosensors.  Nanodiamonds, with
nitrogen-vacancy centers, and quantum
dots are applied to develop quantum
sensors for quantum switching in vivo
imaging for iPS cell (induced
pluripotent  stem  cells)  based
regenerative medicine, and quantum
photo immuno-therapeutic devices for
cancer (Fig. 2).

Figure 2. Quantum photo immuno-therapeutic devices for cancer [2, 6]

Since Kyoto University is the Hub for bio-adaptive materials in the MEXT DxXMT (data creation
and materials technology project), Nagoya University is collaborating with Kyoto University to
support the data-driven R&D for accelerated bio-adaptive materials design. Cutting-edge MS
technology enables us to collect big data for the amino acid sequences of proteins and peptides



isolated from spider’s silk. These sequence data are applied to the data-driven development for
sustainable textiles, fiber materials, and so on.
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Abstract

Data-driven research in materials science is pivotal for significantly enhancing the speed and
accuracy of materials development, with the aim of strengthening Japan's industrial
competitiveness and solving social issues. In particular, there is a need for the rapid development
of new materials to address issues such as environmental and energy problems. In Japan, under the
“Materials Innovation Strategy”, the National Institute for Materials Science (NIMS) is working to
establish a materials data platform®. In collaboration with the Advanced Research Infrastructure for
Materials and Nanotechnology (ARIM) and the Data-Creation and Application-Oriented Materials
Research and Development Project (DxMT). Through the operation of DICE?, this platform aims
to drive digital transformation (DX) in materials science by optimizing the collection, management,
and analysis of materials data, while also enabling efficient data sharing among researchers

The DICE system comprises three main components: MatNavi, RDE, and Mint. In addition, the
development of pinax, a platform for Al analysis, is currently in progress. MatNavi is the
culmination of the materials database that NIMS has accumulated over many years, and it covers a
wide range of materials, encompassing a diverse range of materials such as metals, inorganic
substances, organic materials, and polymers, and includes physical property data and structural
information. Researchers can access material data collected using various methods through
MatNavi, and obtain insights for new material design. RDE (Research Data Express) is a platform
to enhance data sharing among researchers to facilitate research DX. Measurement data and data
analysis results are stored in a form suitable for data-driven materials research through structured
processing, and an environment is provided that allows easy access. This enables smooth
information exchange between different research groups, and facilitates joint research. In addition,
the process from data generation to analysis is recorded, which improves reproducibility and is
expected to increase reliability in joint research. Mint (Materials Integration by networking
technology) is an integrated system that supports the prediction of material performance and the
optimization of process conditions. By combining advanced technologies such as computational
science, databases, and machine learning, it is possible to simulate the properties of materials and
manufacturing processes with precise. In particular, it is possible to design a model that links the
“process-structure-properties-performance” of structural materials, and to propose new material
design methods. In addition, pinax is a framework for applying machine learning technology to
materials research. It is expected that machine learning technology will be used to extract
meaningful patterns and laws from a vast amount of material data, and to design new materials and
improve the performance of existing materials.

Strengthening the functionality of individual platforms is undoubtedly crucial. However,
significant advancements in digital transformation (DX) for materials research can be realized in
DX for materials research by integrating these platforms through technologies such as APIs and
ontologies. For instance, Al analysis can be conducted by leveraging data from MatNavi, RDE, and
even external sources, while the Al analysis models can be employed to perform comprehensive
simulations for material performance evaluation using MInt. This data-driven, collaborative
platform approach aims to transform material development from a traditional hypothesis-driven,
trial-and-error methodology to a more precise and efficient design process utilizing data and
artificial intelligence.



This initiative aims to accelerate
materials development by streamlining
the collection, accumulation, and
analysis of materials data, facilitating
data sharing among researchers, and
leveraging Al for materials design
support. Additionally, this initiative will
also play a role in strengthening
industry-academia-government
collaboration in Japan. By utilizing the
NIMS platform, researchers in materials
science are expected to foster open
innovation and enhance Japan's overall
materials research capabilities. The
'‘Materials DX Platform Development'

Fig. 1 Formation and collaboration of
material data platforms

by NIMS is intended to contribute to the enhancement of international competitiveness and the
resolution of societal challenges by advancing and optimizing materials science research in Japan.
The effectiveness of this platform has already been demonstrated in the development of high-
performance magnetic materials and the exploration of novel polymer materials. Future plans
involve expanding its application to areas of significant social demand, such as the development of
new materials that address environmental and energy challenges and the design of biomaterials.
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Abstract

Advances in digital technologies are accelerating the evolution of materials science. There is a
growing trend to incorporate autonomous synthesis and characterization (Fig. 1). This shift requires
the integration of machine learning, robotics, and data analytics.!

Here, we present global trends and our recent achievements in autonomous materials exploration.
Our system is designed to fully automate the processes of sample handling, thin-film deposition,
and growth condition refinement (Fig. 2). By using Bayesian optimization with robotic automation,
we facilitate high-throughput experimentation and generate extensive datasets that cover many
aspects of synthesis and evaluation. We demonstrate the synthesis and optimization of electrical
conductivity in oxide thin films and solid electrolytes.? 3

This presentation concludes with a brief discussion of the prospects and implications of this
innovative research methodology for accelerating advances in materials science.

[1] Autonomous experimental systems in materials science, N. Ishizuki, R. Shimizu, and Taro
Hitosugi, STAM Methods 3, 2197519 (2023).

[2] Autonomous materials synthesis by machine learning and robotics, R. Shimizu, T. Hitosugi et
al., APL Mater. 8111110 (2020).

[3] Autonomous exploration of an unexpected electrode material for lithium batteries, S. Kobayashi,
R. Shimizu, Y. Ando, T. Hitosugi, ACS Mater. Lett. 5, 2711-2717 (2023).

Fig. 2 Autonomous synthesis and characterization

Fig. 1 Vision of the data- and robot-driven science. system for thin-film material exploration.
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Abstract

The properties and performance of inorganic structural materials are strongly dependent on their
microstructure. Furthermore, since the microstructure has a hierarchical structure from the atomic
to macro levels, the design of structural materials requires microstructure control on multiple scales.
Therefore, in order to predict the properties and performance of structural materials, it is necessary
to: 1. extract microstructural features at multiple scales, 2. identify the properties of each constituent
phase by considering the equilibrium composition indicated by the phase diagram, and 3. model
the hierarchical microstructure and assign properties to each constituent phase. In this talk, I will
introduce the challenges of the Research Initiative of Structural Materials under Extreme
Environments (RISME), which aims to establish the framework for structural materials research
proposed above.

I. MICROSTRUCTURE FEATURE EXTRACTION

The MoSiBTIC alloy, which has attracted attention in recent years as a novel ultrahigh temperature
material, is composed of a Mo solid solution (Moss), M0sSiB2 (T2), TiC, and the metastable phase
Mo2C, and has a very complex hierarchical microstructure. For this alloy, we have succeeded in
segmenting scanning electron microscope images obtained at different magnifications using image
processing and in extracting the microstructural feature values of each constituent phase.

1. PHASE DIAGRAMS AND PROPERTIES OF CONSTITUENT PHASES

A thermodynamic database for the Mo-Ti-Si-C-B quinary system was created based on
experimental phase equilibrium data and other information, and a calculated phase diagram that
included the composition range of MoSIiBTIC alloys was successfully created. The composition of
each constituent phase was determined based on the phase equilibria shown in the experimental or
calculated phase diagrams, and the mechanical properties of each constituent phase as a function
of composition were obtained using the nanoindentation plastometry and molecular dynamics
calculations using machine learning potentials.

I1l. PREDICTION OF MECHANICAL PROPERTIES BY FINITE ELEMENT ANALYSIS
In order to evaluate the macroscopic material properties of

MoSiBTIiC alloys, which have a complex and locally

heterogeneous microstructure, we applied the Representative

Volume Element (RVE) method to obtain a solution using the

Finite Element Method (FEM). The result is shown in Fig. 1. This

not only allowed us to predict the macroscopic stress-strain curve

of MoSIiBTIC alloys, but also to clarify the local mechanical

response within the microstructure. It is hoped that this Fig.1

framework will help to clarify the relationship between FEM analysis using the RVE
microstructural features and macroscopic and local mechanical ~ mModel for the MoSiBIC alloy.
responses.
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I. INTRODUCTION

There is a need for on-site analysis of a wide variety of volatile organic compounds (VOCSs) in

semiconductor manufacturing, bio-manufacturing, global
environmental analysis for carbon neutrality, and pressurized
environmental control for space activities. Gas
chromatographs (GC) are effective for multi-species gas
analysis, but are generally difficult to apply in the field due
to their large size and the large number of utilities required.
In contrast, we have developed a palm sized ball SAW GC
by applying a ball SAW sensor that utilizes surface acoustic
waves (SAWs) orbiting multiply on the surface of a spherical
element [1,2]. The ball SAW sensor is shown in Fig.1. In this
presentation, the structure of the developed palm-sized GC
and its application to in-situ analysis in air will be reported.

Il. Ball SAW GC

A schematic diagram of the ball
SAW GC is shown in Fig. 2. The
sample gas is drawn by a pump and
collected 1in the pre-concentrator.
Then, by switching the valve to
rapidly increase the temperature of
the pre-concentrator tube by resistive
heater, the collected components are
instantly heated and desorbed, and the hydrogen
carrier gas flows introduced into the separation
column in a backflush. Each component is separated
in time by the difference in adsorption on the
stationary phase coated on the inner surface of the
column, and adsorbed on the sensitive film deposited
on the ball SAW sensor, which is detected as SAW
delay time change and amplitude change.

The palm-sized ball SAW GC fabricated in this
study is shown in Fig. 3. This system is equipped with
a hydrogen canister for gas supply, a pressure
regulator, the pre-concentrator, the column, the ball
SAW sensor, the valve manifold, the ball SAW drive
circuit, and a valve drive and heater circuit, and can
be connected to a PC via USB for control and analysis.
The pre-concentrator was a stainless-steel pipe with
an outer diameter of 1.61 mm and a wall thickness of

Fig. 1 Ball SAW Sensor

Fia. 2 Schematic diaaram of a ball SAW GC

148 mm

ww 0T¢

Fig. 3 A palm sized ball SAW gas
chromatograph



0.18 mm, packed with approximately 2 mg of Tenax TA as the adsorbent, and wrapped
around the periphery with nichrome wire for resistive heating. The column was a
metal capillary, 30 m long Ultra-Alloy®, coated with polyethylene glycol as the
stationary phase, and wound in a solenoid shape.

I11. Toxic gas detection in outdoor environments

For the reliable management of industrial plants and
predict their impact on the surrounding environment,
analysis of multiple gases emitted from such plants using
GCs is essential. A GC installed on a drone would be a
solution for places at high altitudes and elevated
temperatures or with hazardous gas emissions.

As shown in Fig. 4, white smoke was emitted from the
top of the chimney. The drone was brought close to this
point and made to hover so that the horizontal position of
the tip of the sampling unit was inside the chimney
opening. Under these conditions, the smoke emitted from  Fig. 4 Collecting smoke from a chimney
the chimney was sucked in for 0.5 min at a flow rate of 20  using a gas chromatograph installed on
mL/min through the sampling tube and 10 adrone.

mL of smoke was collected in the pre-
concentrator.

It is noted that, in the chromatogram in Fig.
5, propylene glycol (P) was detected near the
peak corresponding to octane (C8). This
substance is usually synthesized by
hydrolyzing glycerin catalyzed by a copper-
based compound and is not generated under
normal plant operation. Therefore, the
chromatogram in Fig. 5 shows the possibility
that the ball SAW GC installed on a drone
can separate and detect abnormal gases generated owing to plant malfunctions.

Fig. 5 Chromatogram of gas components in smoke
emitted from the chimney

V. Conclusion

The palm-sized GC developed was designed and demonstrated for use on a drone to measure
and analyze hazardous gases in the air as an example of its field application. This technology is
expanding its range of applications to include not only robotics, but also airborne molecular
contamination of advanced semiconductors, metabolic monitoring for biomanufacturing, behavior
of volatile organic compounds in the Earth's troposphere, and analysis of pressurized
environments for human activities in space.
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Abstract

The University of Tokyo has intensively developed nanotechnology research, focusing on advanced
microstructure analysis and microfabrication with core facilities at Asano Campus and Takeda
Sentanchi Building. Over the years, the university has led major national initiatives, such as the
Nanotechnology Network Project (2007-2011), the Low Carbon Research Network Project (2011—
2016), and the Nanotechnology Platform Project (2012-2021), achieving globally recognized
outcomes. Building on this foundation, the university was selected in 2021 for MEXT's Advanced
Research Infrastructure for Materials (ARIM) Program and established "The University of Tokyo
Advanced Research Infrastructure (ARIM)."

This program focuses on energy conversion materials to tackle environmental challenges and
achieve carbon neutrality. By collaborating with Hiroshima University and the Japan Atomic
Energy Agency, ARIM employs advanced microanalysis and microfabrication techniques to drive
innovation. Additionally, the program leverages materials informatics and the ARIM-mdx data
platform to enhance data collection, analysis, and utilization. This symposium will present cutting-
edge technologies, methodologies, and examples of support provided by ARIM, highlighting
advancements in energy conversion materials research.

I. INTRODUCTION

1. Current Status and Support Examples of Microstructure Analysis

1.1: Transmission Electron Microscopy (TEM) and Scanning TEM (STEM)

ARIM at the University of Tokyo operates 12 (S)TEM systems for analyzing diverse materials,
from inorganic to biological samples. A recent addition, the JEM-F200 system, enables high-
throughput, high-precision EDS analysis with minimal sample damage, thanks to two large-area
silicon drift detectors (SDDs).

Improved sample preparation tools, such as the cooling-enabled ion milling system PIPSII, and
advanced environmental controls, like holders for non-atmospheric exposure and cooling, support
atomic-level analysis. For instance, atomic-resolution catalyst analysis conducted by experienced
staff meets a wide range of research needs.

1.2: Scanning Electron Microscopy (SEM)

The SEM division operates five SEM instruments designed for diverse analytical objectives, such
as high-resolution or low-damage imaging. The JSM-IT800SHL and JSM-7800F enable non-
atmospheric observations, which are further supported by enhanced capabilities this fiscal year.
For sensitive materials like lithium-ion and fuel cells, the IB-19520CCP cross-section polisher with
cooling and non-atmospheric features minimizes thermal damage, allowing precise analysis of
structures like fuel cell MEA layers. This helps assess bonding states and particle aggregation,
critical for performance improvement.

1.3: X-ray Diffraction (XRD)

ARIM operates three XRD systems and one single-crystal analysis system, supporting a variety of
material types, including powders, thin films, and single crystals. Techniques like high-temperature
and 2D detection meet diverse research needs.

A notable application is analyzing PZT ferroelectric films on Si wafers with ZrO. buffer layers,
confirming epitaxial structures with orientation alignment. Additionally, beginner XRD workshops
held in FY2023 attracted over 1,000 participants, promoting practical skills and earning high praise.



1.4: Secondary lon Mass Spectrometry (SIMS)

The NanoSIMS 50L system supports high-sensitivity, high-resolution elemental and isotopic
analysis for diverse samples, such as ceramics, semiconductors, and biological specimens.

A key application is high-resolution stable isotope imaging, revealing material reactions and
pathways. For example, oxygen tracer distributions in SOFC/SOEC electrodes illuminate
mechanisms, while oxygen movement in ceramic membranes provides insights into storage
processes in catalysts.

Il. Current Status of Data Collection and Utilization

ARIM's data division developed the "ARIM-mdx Data System" (https://arim.mdx.jp) in
collaboration with the Graduate School of Engineering and the Information Technology Center.
Fully operational since August 2023, this platform offers cloud storage and high-performance
computing for data aggregation and analysis. With loT-based remote data collection, the system
supports over 900 academic and corporate users and is growing. Integration with theoretical
research groups and supercomputers enables the combination of experimental and simulation data,
creating a comprehensive system.

This interconnected platform accelerates materials research and fosters data-driven innovation.
Moving forward, ARIM-mdx aims to enhance materials research and contribute to societal
transformation through data-driven approaches.
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Abstract

Collaboration between data scientists and experimentalists is necessary to accelerate material
development, but differences in expertise can hinder the development of materials informatics. At
Resonac Corporation, we accelerated the usage of materials informatics by deploying electronic
laboratory notebooks, statistical analysis tools, and user-friendly web apps for experimentalists.
This deployment has allowed them to focus on data organization and statistical analysis and to
accelerate the development of new materials.

I. INTRODUCTION

Using past experimental data is advantageous for material design, but constructing machine
learning models based on this data poses challenges for experimentalists unfamiliar with machine
learning. While many scientists are utilizing machine learning to predict material properties, the
successful application requires careful model and attribute selection and hyperparameter tuning,
which can sometimes yield inconsistent results. Although creating machine learning models is
becoming more accessible, experimentalists often struggle with coding and tuning due to their lack
of familiarity with these techniques. While data scientists excel in model development, they
frequently need more domain-specific knowledge for materials design, leading to predictions that
may seem unrealistic to experimentalists. To address these challenges, we have implemented
electronic laboratory notebooks (ELN), statistical analysis tools, and user-friendly web applications
to help experimentalists leverage machine learning insights while applying their expertise.
Additionally, managing numerous machine learning models for over a hundred chemical products
has resulted in the creation of a web app portal that facilitates data management and Al analysis,
supporting data-driven research and development.

I1. RESONAC'S DATA-DRIVEN MATERIALS DEVELOPMENT DX INITIATIVE

To accelerate information sharing and statistical analysis knowledge, we introduced ELN
developed by Biovia! and JMP software? developed by SAS Institute for statistical analysis. The
distribution of these tools has steadily increased, enabling experimentalists to organize
experimental data effectively.

We also developed Al web apps to predict the properties of various materials. We deployed over
50 apps with user-friendly interfaces, like polymer property prediction app®, aluminum alloy
prediction app?, image analysis app, ChatGPT®, molecular property prediction app, and others (Fig.
1)%. This system allows experimentalists to design materials independently, even without extensive
data science knowledge. We also constructed a web app portal to make users available to these apps.
Moreover, by implementing Machine Learning Operations”®, we efficiently managed numerous
machine learning models and automated processes to update them as new experimental data became
available.

To address data management challenges, we developed a data pipeline based on ELN (Fig. 2). This
systematic approach helps convert scattered, unstructured data into structured data, facilitating



better data visibility and analysis. By fostering collaboration between data scientists and materials
scientists, we have improved material informatics efficiency and streamlined the research process.
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Fig.1 Distribution of web apps. Fig. 2 Data Pipeline by using ELN

I1l. EXPECTATIONS FOR THE MATERIALS DX PLATFORM

We hope that the Materials DX Platform enhances data integration and management, accelerates
materials development through digital tools and Al, enables advanced simulations and predictions,
promotes collaboration across disciplines, improves sustainability in materials selection and
processes, and provides educational resources for the next generation of researchers and engineers.
At Resonac Corporation, we have prioritized solving individual challenges and advancing the
development of specialized apps. However, ideally, we want to unify these apps onto a single
platform. That said, it is also a fact that there are challenges that we need to overcome to achieve
this, and we are hopeful we will find solutions to those challenges shortly.

IV. CONCLUSION

Resonac Corporation's initiative on data-driven materials development represents a significant
step forward in integrating machine learning into materials science. By addressing the challenges
experimentalists face in utilizing past experimental data, this initiative fosters collaboration
between data scientists and experimentalists, ultimately enhancing the accuracy and relevance of
material predictions. Implementing electronic laboratory notebooks, statistical analysis tools and
user-friendly web apps has empowered experimentalists to organize and analyze data effectively,
allowing them to focus on their core expertise while leveraging advanced analytical tools.
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Abstract

Materials development requires both material discovery and process optimization. While materials
informatics has advanced the discovery stage, optimizing manufacturing processes remains
challenging. To address this, we developed process informatics based on digital twin modeling for
virtual process simulation. The digital twin enables optimization beyond physical constraints,
enhancing innovation. This approach was applied to silicon carbide (SiC) crystal growth, crucial
for next-generation power devices. Defect reduction is essential for SiC wafers, and the solution-
growth method offers high-quality potential under near-equilibrium conditions. Using a digital twin,
we optimized temperature, concentration, and flow distributions to control macrosteps on the
crystal surface, reducing defects. Two objective function strategies were employed: leveraging
basic research insights and adapting small-diameter growth parameters to large-diameter crystals.
These efforts resulted in the successful growth of 8-inch SiC crystals, showcasing the potential of
digital twin-driven process informatics for scalable, high-quality production.

I. Materials Development and Process Informatics

Materials development is a complex process that requires a lot of time and effort. The process
can be divided into two major categories: research and development of new materials and material
process development to realize the new materials as specific manufacturing processes. In particular,
in the initial stage of searching for new materials, it is necessary to find appropriate combinations
from a vast number of material candidates, and in this stage, early materials informatics has made
great achievements. On the other hand, the manufacturing process itself needs to be optimized in
order to bring the materials into a manufacturable form. To solve this challenge, we have been
working on the development of process informatics.

Process Informatics is a methodology that utilizes machine learning to improve the efficiency
and accuracy of material processes. This methodology can be divided into two main categories:
first, it utilizes Bayesian optimization and other techniques to efficiently predict optimal process
parameters from experimental data. The second is a digital twin approach. In this approach, the
process is modeled and a virtual experimental environment is created. By using this digital twin,
the specifications and constraints of the equipment are also used as parameters, allowing for a
higher degree of freedom of trial and error in the virtual environment and optimization beyond the
limits of the actual equipment.

I1. Development of SiC Solution Growth Method Using Digital Twin

In this study, we applied this method to the growth process of silicon carbide (SiC) crystals in
particular to further technological innovation: SiC has attracted considerable attention as a
semiconductor for next-generation power devices. In SiC wafers, defect reduction is an extremely
important issue, and its solution directly improves the quality of the entire manufacturing process.
The solution-growth method is attracting attention as a method that is expected to produce high-
quality crystal growth because it can grow crystals under near-equilibrium conditions.

Of particular importance in the solution growth method is the control of macrosteps on the crystal
growth surface. Success in this control is the key to reducing defect density and obtaining high-



quality crystals. Proper control of the distribution of temperature, concentration, and flow in the
solvent is essential for macrostep control. To optimize these distributions, we took advantage of the
digital twin. In this virtual environment, we are attempting to optimize crystal growth conditions
by predicting various distributions in the solvent based on physical models.

In the first approach, we used the knowledge from our basic research to define the distribution
conditions for high quality crystal growth as objective functions. The second approach was to
design an objective function based on the conditions that had been used to achieve high-quality
crystals in small-diameter growth, so that it could be applied to large-diameter growth. This made
it possible to find optimal parameters for crystals of different diameters with similar distribution
conditions inside the solvent. As a result of using these techniques, we have succeeded in growing
8-inch SiC crystals.
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Abstract
Recently, the closed-loop development of materials leveraging digital techniques such as Al and

simulations has garnered significant attention. In this talk, 1 will present two studies: the first
focuses on process optimization for copolymerization, while the second explores the inverse design
of inorganic materials by using virtual closed-loop modeling.

I. Process Optimization in Copolymization
First, the properties of polymers are highly

dependent on the combination and composition
ratio of the monomers used to prepare them;
however, the large number of available
monomers makes an exhaustive investigation of
all the possible combinations difficult. In the
present study, five binary copolymers were
prepared by radical polymerization using a flow
reactor (Fig. 1), and the extrapolation regions for
the estimation of the monomer conversion and
monomer composition ratio in the polymer. Especially, in the extrapolation region, the model that
included explanatory variables corresponding to quantum chemical calculation values representing
the energy related to the radical reactions such as energies of transition states and radicals showed
a high prediction accuracy [1]. Besides, we will make a presentation about Bayesian optimization
to synthesize a desired copolymer by optimizing the process variables [2]. Here, optimization of
copolymization of synthesis of styrene-methyl methacrylate by using Bayesian optimization (BO)

Fig. 1 Schematic representation of radical
polymerization using a flow reactor

in a flow system were conducted. Initial trials with four candidate points per cycle achieved
optimization within five cycles, while a second trial with 40 points identified multiple processing
conditions yielding target compositions and variations in physical properties. Data analysis
revealed that the solvent-to-monomer ratio plays a key role alongside styrene proportions as well
as temperature and reaction time. The results demonstrate that machine learning can precisely
control copolymer composition and offer insights into reaction mechanisms. Future use of multi-
objective BO for simultaneous optimization of composition and physical properties will be also
presented.

I1. Inverse Material Design of Inorganic Materials
Second, Materials development requires advanced knowledge and creativity, with designing

materials to achieve desired properties—an inverse problem—Dbeing particularly challenging.
While traditionally reliant on researchers’ creativity, combining materials data with machine



learning can greatly accelerate novel material
design. Recently, Conditional GAN (CompGAN),
proposed by Sawada et al., was shown to generate
chemical compositions with desired properties
using a conditional adversarial network and
oxidation state balancing [3]. However, the lack
of corresponding crystal structure information
limited direct validation of these properties. We
integrates CompGAN with a machine learning-
based crystal structure prediction model (CSPML
[4]) to predict crystal structures for generated
compositions, followed by DFT-based property
calculations. By incorporating the generated data
into the training set and iterating data
augmentation (closed-loop), retraining, and
generation, the search space is expanded,

Fig. 2 Schematic representation
extrapolative exploring

allowing for more diverse material proposals (Fig. 2).

References

[1] S. Takasuka et al., Digital Discovery 2 (2023), pp. 809-818

[2] S. Takasuka et al., Sci. Technol. Adv. Mater.: Methods 4, (2024), pp. 24518
[3] Y. Sawada, K. Morikawa and M. Fujii, Chem. Lett. 50 (2021), pp. 623; arXiv:1910.11499
[4] M. Kusaba, C.Liu, R.Yoshida Comput. Mater. Sci. 211 (2022), pp. 111496.

Mikiya Fujii

Data Science Center, Nara Institute of Science and Technology
MF received his Ph.D. from the University of Tokyo, Japan, in 2008. Following this,
he worked as a postdoctoral researcher at the University of Tokyo from 2008 to
2009. In 2009, he transitioned to industry as a software engineer at Cybozu Inc.,
where he worked until 2010. He then returned to academia as an assistant professor
at the University of Tokyo, a position he held from 2010 to 2017. In 2017, he joined
Panasonic Corporation in Japan as a staff researcher and was later promoted to
manager in 2019. Since 2021, he has been serving as a professor at the Nara Institute
of Science and Technology in Japan.

of the

57



70455 LEEB£/Program Committee
Het #E (F8&) Masahiko Demura (Chair) NIMS / National Institute for Materials Science
ME —K

Kazunari Akiyoshi R# A%/ Kyoto University

miE R Akira Kato NIMS / National Institute for Materials Science
FE 24 Takuya Kadohira NIMS / National Institute for Materials Science
SEH E# Naoya Shibata BER A%/ The University of Tokyo

R = Takashi Suemasu g AKZ/ University of Tsukuba

2l K Takeharu Sugiyama S K=/ Kyushu University

A0 EfE Masateru Taniguchi KBr A=/ Osaka University

AT B Toshikazu Nakamura BARZMEEES FRZEHE/ Institute for Molecular Science
FE R Nobuhiro Nakamura HEREZ K/ Institute of Science Tokyo

SR i Ayae Narutaki HEEREZ K/ Institute of Science Tokyo

2l E— Koichi Hatakeyama B4t K2/ Tohoku University

T 8 Satoshi Yamashita BER K%/ The University of Tokyo

1% £ /Cooperating Organizations

58

[EEE Japan Counci |

IEEE Japan Council

ISRAYEEE The Japan Society of Applied Physics

HEMERZERES Computational Materials Science Forum, Japan

BERFHATEE Comprehensive Research Organization for Science and Society, Japan
EEEXAHNERRE 2 — Japan Synchrotron Radiation Research Institute

= EERE AR R AR Research Organization for Information Science and Technology
BATFER The Society of Polymer Science, Japan

BRFER The Institute of Electrical Engineers of Japan

BEFFHRBEFR The Institute of Electronics, Information and Communication Engineers
+/ 25 The Society of Nano Science and Technology

T/ T/ AO—EDRREERESR

NanoTerasu FI R H#EE G ES

Nanotechnology Business Creation Initiative
Nano Terasu Utilization Promotion Council

BT T ##HEt The Nikkan Kogyo Shimbun

HAMRS The Materials Research Society of Japan
BARiER The Chemical Society of Japan

BAEREZES The Japan Institute of Metals and Materials
BABEMEFS The Japanese Society of Microscopy
BABAEERZS The Japanese Society for Regenerative Medicine
BAMHESR The Society of Materials Science, Japan
BARAIESRESR Japanese Society for Artificial Organs

BXtZ v 9 XHe The Ceramic Society of Japan

B A DDS & The Japan Society of Drug Delivery System
BERNAFITUTILESR The Japanese Society for Biomaterials
BARBEZEFRS The Japan Society of Vacuum and Surface Science
BAYEZS The Physical Society of Japan

HHBEA/R=D 3008 —
T7A40EIIVIREVE—
B4 A= IE % B
ETFRFRMATRRAREE

Photon Science Innovation Center
Japan Fine Ceramics Center
Micromachine Center

National Institutes for Quantum Science and Technology






— e s—
Copyright©
ITVT7ILEBREE S ORI L2025
MatISS 2025

2025 (SMT7%) 1R

WE - BT EIARREAREADE - HEARBE (NIMS)
HEifiTBAse - RS
ITUTLER)S—FA 2758 —nT
B —NTEBEE

T305-0047 FHEME DL IETHFHR 1-2-1

TS : 029-859-27717

o
pu i




o T

»

4

D
|

Z
S ‘J\%
) N \ /
Qa{y ovation Strate ’,z.éf osium 2025
2. \

e
. v
\ S
: -

\‘,A?t}%gx%é%

3
b
-



