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Roles of Science & Technology for the Sustainable Development
of Society

T. Kishi

Prof. Emeritus, University of Tokyo
Science & Technology Advisor to the Minister for Foreign Affairs

Abstract

The 2030 Agenda for Sustainable Development (the 2030 Agenda) is a set of international
development goals from 2016 to 2030, which was adopted by the UN Sustainable Development
Summit held in September 2015. The 2030 Agenda listed “Sustainable Development Goals (SDGs)”
consisting of 17 goals in order to eradicate poverty and realize a sustainable world, several of
which demand advanced science and technology including those in the areas of nanotechnology
and materials. For example, to “3. Good health and well-being”, “6. Clean and sanitation”, “7.
Affordable and clean energy”, innovative nanotechnology and materials for life, environment and
energy can contribute directly, and also, to “8. Decent work and Economic growth”, “9. Industry,
innovation and infrastructure, “11. Sustainable cities and communities”, and “12. Responsible
consumption and production”, nanotechnologies and materials for manufacturing, IT, civil
engineering, transportation will be widely applied.

In the lecture, for planning strategies to achieve such goals, the past, present and future of
science and technology, especially in the areas of nanotechnology and materials, are reviewed
and discussed. For example, regarding structural materials, ongoing two large government R&D
projects will be introduced. One is called ISMA, the Innovative Structural Materials Association,
supported by METI, the Ministry of Economy, and Trade and Industry, and the other is SIP-SM"I,
Structural Materials for Innovation of the Strategic Innovation Promotion Program, supported
by CAO, the Cabinet Office. Both in ISMA and SIP-SM'I, materials for transportation are being
developed: mainly ISMA for automobiles and SIP-SM'I for aircrafts. In ISMA, for drastic weight
reduction, light and strong materials including steels, aluminum alloys, titanium alloys, magnesium
alloys, and CFRP, and their joining technologies are being developed. On the other hand, in SIP-
SM', as well as light and strong materials, heat resistant materials are demanded for higher thermal
efficiency of aircraft engines, and CFRP, titanium alloys, nickel-base alloys, titanium aluminide
intermetallic compounds, SiC/SiC ceramics matrix composites are being developed. Furthermore,
materials integration, the integrated systems of theories, numerical simulation, experimental data
and rules, and informatics including Al tools relating to materials science and engineering, are
being developed in order to speed up materials design.



RO (2L T28)
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Teruo Kishi is the President of Innovative Structural Materials Association (ISMA). He is
also the Program Director for SIP (Cross-ministerial Strategic Innovation Promotion Program) at
Cabinet Office, Government of Japan. And he is Science and Technology Advisor to the Minister
for Foreign Affairs from September 2015. He is NIMS Advisor Emeritus of the National Institute
for Materials Science (NIMS) after serving as the first President of NIMS from April 2001 till June
2009 and Professor Emeritus, the University of Tokyo.

Teruo Kishi received the degree of Doctor of Engineering from the University of Tokyo in 1969.
His expertise is materials science, especially fracture mechanics and nondestructive testing of metal,
ceramics and composite materials. He was Associate Professor, the Institute of Space and Aeronautical
Science (ISAS), the University of Tokyo in 1974, Professor, the Research Center for Advanced
Science and Technology (RCAST), the University of Tokyo in 1988, Director General of RCAST in
1995, and Director General of the National Institute for Advanced Interdisciplinary Research, Ministry
of International Trade and Industry (MITI) in 1997. He was Vice President of the Science Council of
Japan in 2003 and the President of the Japan Federation of Engineering Societies in 2007. He is also
Advisor of Four University Nano-micro Consortium, Advisor of Tsukuba Innovation Arena, Director
of Strategic International Program of Japan Science and Technology Agency (JST), Management
Council Member of the University of Tokyo, Tohoku University and University of Tsukuba.

At present, Teruo Kishi devotes to the research and development of structural materials such
as steels, nonferrous metals, composite materials for automobiles and aircrafts at ISMA and SIP
program, respectively.

Teruo Kishi received the following awards: Fellow of the Society, the American Ceramic
Society (1996), Officer de I’Ordre National du Merite, France (2004), Honda Memorial Award,
Honda Foundation (2006), Barkhausen Award, Dresden, Germany (2007), Carl-von-Bach-Medal
Award, Germany (2009), Distinguished Life Membership, ASM, USA (2010), Ostwald Fellowhip,
BAM, Germany (2010), and Fellow of the Japan Federation of Engineering Societies, etc.
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Hideo Ohno (Tohoku University, Japan)
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Nano Spintronics Devices for VLSI and Al

Hideo Ohno™™

"Laboratory for Nanoelectronics and Spintronics, Research Institute of Electrical Communication,
Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai, 980-8577 Japan
*Center for Spintronics Integrated Systems, Tohoku University, Sendai, Japan
*Center for Innovative Integrated Electronics, Tohoku University, Japan
*WPI Advanced Institute for Materials Research, Tohoku University, Sendai, Japan
*Center for Spintronics Research Network, Tohoku University, Sendai, Japan
*Email: ohno@riec.tohoku.ac.jp

Development of spintronics nonvolatile nano-devices and their integration with CMOS circuits
is critical to realize standby power free, low-power consumption, yet high performance integrated
circuits for Internet-of-Things (IoT), high performance computing and artificial intelligence.
Endurance and low supply-voltage operation make these spintronics device the only known
nonvolatile memory option capable of being used in the place of currently volatile, and hence
leaky, working memories such as DRAM and SRAM [1]. Magnetic tunnel junction (MTJ), a
two-terminal nonvolatile spintronic device that can scale down to 20 nm with the perpendicular-
easy-axis CoFeB-MgO system [2, 3], is the device most widely employed for such a purpose. I
will review the development of MTJs, and discuss about its ultimate scalability beyond 10 nm by
showing MTJs with current induced switching and high thermal stability in the range of 8 nm [4].
I will then describe the work on three-terminal devices that separate the write current path from
the read current path; another important entity suitable for high-speed operation. While three-
terminal devices utilizing current-induced domain wall motion show favorable features [5], here
I focus on those devices that utilize spin-orbit torque arising from heavy metals as well as from
antiferromagnets [6-10]; the latter is shown to operate as analog memory suitable for neuromorphic
applications [11]. If time allows, I will touch upon the nonvolatile integrated circuits utilizing
developed MTIs.

Work supported in part by the InPACT Program of CSTI, the R & D for Next-Generation
Information Technology of MEXT, Grant-in-Aid for Specially Promoted Research (17H06093) and
the FIRST Program.
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Professor Hideo Ohno received the Ph.D. degree from the University
of Tokyo in 1982. He is Director of Research Institute of Electrical
Communication, Director of Center for Spintronics Integrated System,
Principal Investigator of WPI Advanced Institute for Materials
Research, Professor of Center for Innovative Integrated Electronic
Systems, and Director of Center for Spintronics Research Network, all
at Tohoku University. His current research interests include physics

and applications of spin phenomena in semiconductors and metal-based
nanostructures. Professor Ohno received the IBM Japan Science Award
(1998), the IUPAP Magnetism Prize (2003), Japan Academy Prize (2005), Presidential Prize for
Research Excellence, Tohoku University (2005) and the 2005 Agilent Technologies Europhysics
Prize. He has been a fellow of the Institute of Physics (IOP) since 2004, an honorary professor
of Institute of Semiconductors, Chinese Academy of Sciences since 2006, a fellow of the Japan
Society of Applied Physics (JSAP) since 2007, a fellow of American Physical Society (APS) since
2012 and a fellow of Institute of Electrical and Electronics Engineers (IEEE) since 2018. IEEE
Magnetics Society named him for the Distinguished Lecturer for 2009. He was awarded the
Thomson Reuters Citation Laureate (2011), the JSAP Outstanding Achievement Award, IEEE David
Sarnoff Award (2012), JSAP Compound Semiconductor Electronics Achievement Award (2015),
Leo Esaki Prize (2016), C&C Prize (2016) and The Commendation for Science and Technology by
the Minister of Education, Culture, Sports, Science and Technology (2017). He is currently Tohoku

University Distinguished Professor.
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“Nanotechnology and other Grand Challenges for Future Socity”
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Mihail C. Roco (National Science Foundation, USA)

“Thailand 4.0 - Thriving in the 21° Century in the Time of Changes”
[4 4.0 -21 HicDER]
Suvit Maesincee (Minister, Ministry of Science & Technology, Thailand)
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Nanotechnology and Other Grand Challenges for Future Society

Mihail C. Roco

National Science Foundation and U.S. National Nanotechnology Initiative
2415 Eisenhower Avenue, Alexandria, VA 22314, USA

Abstract

The science and technology evolve increasingly turbulent, coherent and divergent. Two general
trends for understanding and finding solutions for progress are applying convergence science and
giving priority to emerging foundational science and technology fields. Three stages of science
and technology convergence are nanotechnology, foundational emerging technologies, and global
society oriented initiatives. Nanotechnology is a global grand challenge since 2000. Several trends
for grand challenges in science and engineering in the next decade will be evaluated.

This presentation will outline the basic theories, principles and methods underlying the
convergence science, and on that basis its application to education, research, production and other
societal activities. Knowledge, technology and society convergence is developing as a general-
purpose framework for decision- making and problem-solving [1], [2]. It provides an approach
for advancing not only science and engineering but also business and policies. Examples of
opportunities for convergence include a platform for human—technology coevolution using
intelligent cognitive assistants, and the expansion of citizen science and technology.

The development of nanotechnology between 2000 and 2016 as reflected in the Word of
Science papers, United States Patent and Trade Office (USPTO), World International Patent
Office (WIPO) patents, and National Science Foundation (NSF) funding, will be presented with a
special reference to the United States, European Union, P.R. China, Japan and South Korea. The
field of nanotechnology is branching out into novel scientific and technology platforms, and it is
increasingly difficult to separate foundational nanoscale components from divergent application
areas. The average global growth rate has been sustained at about 15% for both papers and patents
in the selected interval. The growth rates per regions are nonuniform. P.R. China and South Korea
have increased faster in both the numbers and quality of their scientific publications, and currently
P.R. China has the largest volume of nanotechnology publications and South Korea the most
publications per capita in the field of nanotechnology. The US, EU27 and Japan have maintaining
the leadership in the upstream, better cited, conceptual components of nanotechnology R&D.



References
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Bio-note

Mihail C. Roco, PhD

National Science Foundation and National Nanotechnology Initiative

Mike Roco is the Senior Advisor for Science and Engineering at the National Science
Foundation and founding chair of the U.S. National Science and Technology Council’s
subcommittee on Nanoscale Science, Engineering and Technology (NSET). Prior to joining
National Science Foundation, he was professor of mechanical and chemical engineering. Dr. Roco
is credited with thirteen inventions, contributed over two hundred articles and twenty books. Dr.
Roco is correspondent member of the Swiss Academy of Engineering Sciences, member of the
European Academy of Sciences and Arts, Honorary member of the Romanian Academy, and Fellow
of ASME, IoPhysics and AIChE. He was awarded the U.S. National Materials Advancement Award
in 2007 “as the individual most responsible for support and investment in nanotechnology by
government, industry, and academia worldwide”, and received the IUMRS “Global Leadership and
Service Award” at the EU Parliament in 2015 for “vision and dedicated leadership ...that has made
major impact to all citizens around the world.”
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Thailand 4.0 - Thriving in the 21* Century in the Time of Changes

Dr. Suvit Maesincee

Minister of Science and Technology
Ministry of Science and Technology
75/47 Rama VI Rd, Phaya Thai, Ratchathewi, Bangkok, 10400, Thailand

Abstract

We are living in the age of disruptions in nature, society, and technology. To thrive
in the 21 century, Thailand needs to find creative ways to succeed in new environments.
This talk will introduce our new economic model called “Thailand 4.0, that will lead
Thailand out of ‘the middle income trap’ to achieve economic goals through innovation.
In Thailand 4.0 model, we aim to reduce the three imbalances: the imbalances between
human and nature, between human and human, and between human and technology. New
government programs will focus on three types of economy: circular economy to promote
sustainability, distributive economy to uplift inequality, and innovate economy to increase our
competitiveness. In addition, the Thai government also aims to prepare the 21* century citizen

via major investments to promote learning and mastering of knowledge in all age groups.

Based on the underlying concept of Thailand 4.0, this talk will highlight how Ministry of
Science and Technology (MOST) translates the policies into actions and generates positive impacts
on economy and people health and well being. The roles of MOST in the new Thai government’s

major investments, the Eastern Economic Corridor of Innovation (EECi), will also be elucidated.



Education

SUVIT MAESINCEE

Full Name Suvit Maesincee, Ph.D.
Current Position Minister of Science and Technology

* Ph.D. in Marketing, Kellogg Graduate School of Management, Northwestern University, U.S.A.

* MBA, School of Business Administration, National Institute of Development Administration
(NIDA), Thailand
* Bachelor of Pharmacy, Faculty of Pharmacy, Mahidol University, Thailand

Key Experience

2016-2017
2015-2016

2008-2014

2007-2011

2005-2006

2004-2005

2004

2000-2001

Minister Attached to the Prime Minister’s Office

Deputy Minister of Commerce

Board of Director, Thai Oil Public Co. Ltd.

Board of Director, Krungthai Card Public Co. Ltd.

Borad of Director, Berli Jucker Public Co. Ltd.

Director of Sasin Institute for Global Affairs,

Sasin Graduate Institute of Business Administration, Chulalongkorn University
Advisory Board of Market for Alternative Investment (MAI), The Stock Exchange of
Thailand

Vice Minister for Commerce, Ministry of Commerce

Vice Minister of the Office of the Prime Minister

Advisor to the Deputy Prime Minister

(Dr. Somkid Jatusripitak)

Senior Consultant, L.E.K. Consulting

Selected Publications

1. “Thailand Stand-up Bangkok: BrandAge Books, 2005”

2. “The Marketing of Nations: A Strategic Approach for Building the National Wealth” with Philip
Kotler and Somkid Jatusripitak: The FreePress, 1997

3. “Marketing Moves: An Integrated Approach for Profit, Growth and Market Renewal” with
Philip Kotler and Dipak C. Jain: Harvard Business School Press, 2002
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Jean-Charles Guibert (MINATEC, France)
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in the United States”
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Oliver Brand (Georgia Institute of Technology, USA)
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Nanomaterials Based Start-Up: the MINATEC® Experience

Jean-Charles Guibert

CEA-MINATEC, France

Abstract

Grenoble history is based on a strong engineering culture around the triple helix higher
education, research and industry.

This engineering culture started from 1870 with the development of all the necessary
technologies to capture energy from water falls, then develop paper making industry, leading to
electrotechnology, and in the seventies Grenoble city emerges as a forerunner to microelectronics.

At the end of the nineties, Leti institute management was convinced that a new model has to
be adopted to face the challenges of nanotechnology and that entering in the nano-era requires an
increasingly significant effort in basic research and consecutive development.

So, following the Grenoble culture of technology transfer from research to industry, in order to
boost the economic impact of investment in public research, the innovation campus in Mlcro and
NAnoTEChnologies MINATEC was thought as a place to manage the integration of knowledge
based results from academic research in applied research programs. These programs are conducted
within public-private partnership and target high TRL in products available daily at an affordable
price by customers.

Today MINATEC hosts more than 4000 research oriented staff from masters students to
industrial staff of partners, covering 150.000 sqm of building in which 12.000 sqm of clean room
dedicated to micro and nanotechnologies.

A favourite way to transfer knowledge to industry is via the creation of start-up because start-up
is a very effective way to move invention into innovations for the market. This trend is supported
by young researchers looking to develop their own company.

In regard of the field of activities of MINATEC laboratories, materials were, are and will be at
the core of multiple applications fuelled by start-up innovative products.

In fact, MINATEC campus teams have created more than 50 material based companies,
companies still active on MINATEC campus for many of them. All these companies are based on
MINATEC Laboratories background including proprietary IP.

This is supporting the MINATEC business model, with a strong income in term of R&D
contract and licence, and now 30 % of campus revenue is based on income from these start-ups. In
addition, a complementary revenue could be obtained through the mandatory15% shares as founder
laboratory and very often an additional 15% shares in capital investment through our own venture
capital company.

Within the presentation, we will cover multiple examples of these materials based start-up.



Jean-Charles Guibert

CEA
Senior advisor to the CEO for innovation, Chairman of MINATEC®

Jean-Charles Guibert graduated in 1981 from Languedoc University “Institut des Sciences de
I’Ingénieur de Montpellier” in Materials science and then in 1983 from Strasbourg University “Ecole
d’Application des Hauts Polymeéres” in Polymer science.

In the 80’s and 90’s, Jean-Charles Guibert was actively involved in managing the development
of lithographic activities and microelectronics program at CEA-Leti, the Europe’s largest

microelectronics research centre.

In 2000, as deputy manager of CEA-Leti in charge of strategic marketing and international
partnership development, he took an active role in the development of the MINATEC, one of the
largest world-wide innovation campus in Micro-Nano-Bio Technologies.

In October 2004, Jean-Charles Guibert was appointed Director for the Technology Transfer
activities of CEA, a leading Research Technological Organisation in Europe (15.000 staff, 3.3 B€
annual budget), ranked as N°1 RTO worldwide from Thomson Reuters. This responsibility until
2016 covered different activities, ie strategic marketing, contracts, intellectual property and start-up
creation.

From January 2017, Jean-charles Guibert is senior advisor to the CEO of CEA for innovation at
international.

In addition, Jean-Charles Guibert was elected as Chairman of MINATEC in June 2008 by
the steering committee. His on-going mission is to foster cross-exchanges between the different
institutions within Minatec and to develop an international vision and recognition.

Jean-Charles Guibert is an expert for the European commission and multiple national
authorities for innovation activities in the field of new technologies. He is a permanent member of
the commission in charge to evaluate French innovation policies.

He is also at the board of different companies and non-profit organisations related to technology
transfer activities, like the European TTO circle.

Jean-Charles Guibert is Doctor Honoris Causa of INRS - Université of Quebec / Canada.
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National Nanotechnology Coordinated Infrastructure:
an NSF-Funded Nanotechnology Lab Network in the United States

20liver Brand and 'David Gottfried

'Institute for Electronics and Nanotechnology, Georgia Institute of Technology
345 Ferst Drive, Atlanta GA 30332-1000, USA

*School of Electrical and Computer Engineering, Georgia Institute of Technology
777 Atlantic Drive, Atlanta GA 30332-0250, USA

Abstract

The presentation will provide an overview of the National Nanotechnology Coordinated Infrastructure
(NNCI), an NSF-funded network of 16 academic nano-fabrication and characterization sites and their
partners in the US, formed to advance research in nanoscale science, engineering and technology. The
NNCT sites are located in 17 states and involve 29 universities and other partner organizations that provide
researchers from academia, small and large companies, and government with access to university user
facilities with leading-edge fabrication and characterization tools, instrumentation, and expertise within
all disciplines of nanoscale science, engineering and technology. In addition, the NNCI program supports
a wide range of educational and outreach as well as societal and ethical implications (SEI) activities.

I. NNCI by the Numbers

The 16 NNCI sites and their 13 partners (universities, colleges, national labs, and non-profit
foundations) are geographically distributed across the United States (see Fig. 1) and provide access to
more than 2,000 tools located in 67 distinct facilities.

During the second year of the program, which concluded in September 2017, the 16 NNCI sites
served more than 12,400 users, including >3,100 users external to the NNCI sites and their partners. The
network users represent >200 academic institutions and >800 companies, as well as >50 international
organizations. In the one-year period, almost 5,000 new users were trained within the network and
>900,000 facility hours were logged. Almost 5,000 users use the facilities and tools available within the

NNCI on a monthly basis.

The majority of the users come to
the NNCI facilities and use the tools
themselves, paying for tool access
based on site-specific fee structures. In
particular for external users, timely access
to the research infrastructure offered by
the network, including efficient safety and
tool training, as well as excellent support
by technical staff are crucial. Besides
using the tools on site, some of the NNCI
sites offer remote service capabilities,
where site staff can perform certain
processes or measurements for the users.
Details on the network and its capabilities
can be found at http://www.nnci.net.
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Fig. 1: Location of the 16 NNCI network sites (including their
partners).



II. NNCI Supported Research

As to be expected, the nanofabrication
activities supported by the network are very
broad and include lithography-defined (“top-
down”) as well as material-synthesis-based
(“bottomup”) processes, both complemented by
substantial nanoscale imaging and metrology
efforts in dedicated characterization facilities.
The supported research activities span the
full spectrum from materials and process

development to complex devices, systems and Life Scwnces, 1888 PR
their applications. Fig. 2 shows a breakdown
of the users by self-selected discipline. Fig. 2: NNCI users by discipline.

Increasingly users are affiliated with disciplines

such as life, environmental or geo sciences that traditionally have not used micro/nanofabrication facilities
and typically require additional staff support and training to accomplish their tasks. This clearly shows
the growing impact nanotechnology is having on a variety of disciplines, but also presents a challenge to
adequately support a more diverse user base.

III. NNCI Education, Outreach and SEI Activities

NNCI’s Education and Outreach (E&O) mission seeks to (1) offer education and training to address
the growing need for a skilled workforce and informed public; (2) provide resources, programs, and
materials to enhance knowledge of nanotechnology and its application to real-world issues; and (3)
support the US economy by enabling a STEM-literate workforce ready to meet the technological
challenges of a nano-enabled economy. To this end, the NNCI sites support a wide variety of local,
regional and national programs that target the general public, K-12 community, undergraduate, graduate
and postgraduate students, community colleges and the general workforce, reaching tens of thousands
annually. One of the signature E&O programs is a Research Experience for Undergraduates (REU)
summer program that is offered by most NNCI sites and culminates in a network wide REU Convocation
at the end of the summer. In 2017, 56 NNCI REU students as well as 6 international REU (iREU)
students participating in a summer program at NIMS, Japan (funded through Cornell University) and 4
visiting graduate students from Japan participated in the REU convocation.

The NNCI program also supports societal and ethical implications (SEI) efforts that provide
awareness to the impacts of nanotechnologies as we conceive them, develop them, and implement them.
One ongoing activity is Science Outside the Lab, a yearly policy workshop in Washington, DC for
graduate student scientists and engineers, organized by the NNCI site at Arizona State University, where
students meet with policymakers, funders, regulators, and lobbyists.

Speaker Biosketch: Prof. Oliver Brand is a Professor in the School of Electrical
and Computer Engineering and the Executive Director of the Institute for
Electronics and Nanotechnology at the Georgia Institute of Technology. He
received his diploma degree in Physics from Technical University Karlsruhe,
Germany in 1990 and his Ph.D. degree from ETH Zurich, Switzerland in 1994.
From 1995 to 1997, he worked as a postdoctoral fellow at the Georgia Institute
of Technology. Before joining the faculty of the Georgia Institute of Technology
in 2003, he was a lecturer at ETH Zurich in Zurich, Switzerland and deputy
director of the Physical Electronics Laboratory (PEL) from 1997 until 2002.
Dr. Brand has co-authored more than 200 publications in scientific journals and conference proceedings.
His research interests are in the areas of integrated microsystems, microsensors, MEMS fabrication
technologies, and microsystem packaging. Since 2016, he serves as the Director of the Coordinating
Office of the NSF-funded National Nanotechnology Coordinated Infrastructure (NNCI).
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“Minimal Fab Realized as a One-by-One Device Production
System to Individualize the Device Industry”
[EZXED “Individual” [ ~FAFISEL BB T I\A AEEV AT L - S ZRIVT 7 7]
Shiro Hara (National Institute of Advanced Industrial Science and Technology, Japan)
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Minimal Fab Realized as a One-by-One Device Production System
to Individualize the Device Industry

S. Hara, S. Khumpuang, Y. Ishida, J. Kurumida, S. Ikeda, and H. Maekawa

AIST,
1-1-1 AIST Tsukuba Central 2, Tsukuba, Ibaraki 305-8568, Japan

I. INTRODUCTION

A recent semiconductor fab needs a huge investment cost of around 5 billion dollars. One of the
problems in the oligopolistic volume-driven fab is that the fab is not suitable for low-volume device
markets [1]. The number of each order in the low-volume market is very small, but it forms a large
market when the orders are summed up. The minimal fab we propose uses a small wafer with a half
inch in diameter and is a type of fab designed for the low-volume devices. It can produce a device
one by one by built-to-order. It is also effective for research and development of devices.

II. DEFINITION AND FEATURES OF THE MINIMAL FAB

The minimal fab is defined as the following three elements: (1) The wafer diameter is a half
inch, whose wafer area is around 1/1,000 of that of a conventional 12" wafer, (2) A tool size is
standardized as W294 x D450 x H1440 mm, which is almost the size of a human, (3) the cleanroom
is not required by using a clean-localized system, where environmental space is cleaned only in
the wafer space comprised of a wafer transfer vehicle named minimal shuttle (Fig. 1(a)), a wafer
loading system named particle-lock airtight docking system (PLAD) mounted in a tool in Fig. 1(b),
and a process chamber in the tool. Since a shuttle docks to a PLAD with a hermetically sealing
mechanism, a wafer is air-tightly transferred from the shuttle to the PLAD without a cleanroom.

II1. DEVELOPMENT OF THE MINIMAL EQUIPMENT

We have developed minimal equipment including RCA cleaner, piranha cleaner, resist coater,
resist developer, mask-less exposure system, mask aligner, wet etcher, dry etcher, wet resist
remover, resist asher, oxidation furnace, diffusion furnace, sputter, plasma CVD (chemical vapor
deposition) for TEOS and SiN, CMP (chemical-
mechanical polishing), DRIE (deep reactive ion (a
etching), and so on as shown in Fig. 2. Also,
back-end tools and packaging tools including
grinder, dicer, laminator, die bonder, compression
molding, laser ablation, Cu electroplating, ball
mounter, wafer particle scanner, optical thickness
tester, 3D microscope have been developed. The
mask-less exposure system uses a i-line or A-line
LED light source and digital mirror devices
(DMD) to reflect the light toward the wafer.
These tools became the practical use for device
fabrication.

(b)

Minimal Shuttle

Minimal Tool

PLAD: Particle Lock
Alr-tight Docking System

Figure 1. (a) minimal shuttles and a wafer, (b) a
minimal tool and a PLAD



IV. DEVICE FABRICATION
In 2012, we have formed resist patterns on a
0.5" wafer using a minimal lithography system

with a minimal coater, a minimal developer,
and a minimal mask-less exposure system. The
resolution of the minimal lithography system was
1.0 um [2]. The resolution of our present minimal
system is ~ 0.5 um. In 2013, p-MOSFET was
fabricated only by minimal equipment [3]. In
2015, we have succeeded in forming CMOS
inverters and ring oscillators. It was formed by
the minimal equipment in a typical experimental
room shown in Fig. 2, whose environment is not
cleaned.

Figure 2. Minimal equipment in AIST. This is not a
clean room.
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Atomic Resolution Electron Microscopy of Nano-Particles for
Development of Advanced Catalysis

Syo Matsumura

The Ultramicroscopy Research Center, Kyushu University
Motooka 744, Fukuoka, 819-0395, JAPAN

Abstract

The Ultramicroscopy Research Center Kyushu University is one of the 11 member institutes of
the Advanced Characterization Nanotechnology Platform, Japan. It houses 9 transmission electron
microscopes (TEMs), 2 scanning electron microscopes (SEMs) and related experimental apparatuses,
including an energy-filtering high voltage electron microscope and advanced aberration correcting atomic
resolution STEMs and so on [1]. The present talk will show you some examples of atomic scale structure
analyses on catalytic materials performed as collaborative subjects on the course of the Advanced
Characterization Nanotechnology Platform.

I. Introduction

Heterogeneous Catalysis plays a key role in chemical processes in the production of fuels and
chemicals as well as in environmental protection. The catalysts consist of high surface area solids onto
which an active component is dispersed in the form of nanometer sized particles and/or layers. It is
therefore essential to have information about the size, shape and surface structure of the catalysis at the
atomic level to understand the catalytic functionality. Here, two topics will be reported.

II. Nano alloy particles for catalytic applications

Recently, it has been revealed [2][3] that nanoparticles of
Pd and Ru solid solution show excellent CO oxidizing ability
as well as high NO, reducibility comparable to or better than
Rh nanoparticles, which is widely used as three-way catalyst
for purifying automobile exhaust gas. Thus PdRu alloy
nanoparticles are strongly expected as alternate for precise and
rare Rh. However, Pd and Ru are immiscible to each other at
thermal equilibrium, and therefore the solid solution becomes
unstable to decomposition at elevated temperature. Fig. 1
shows a HAADF-STEM image and a line profile of local
composition of a Pd-Ru nanoparticle, which was subjected
to 3 cycles of NO, reduction process at 600 °C. One may
recognize that phase separation into Pd-rich and Ru-rich .
phases has taken place. Then ternary alloy nanoparticles have ~ Fig. 1 HAADF-STEM image of a Pd-
been produced to stabilize the solid solution. The thermal  Ru nanoparticle after NO, reaction. The
stability and catalytic performance of PdRuRh nano particles :E)nr:gct)rsmgiZ?ror\)/\:o;i;?ti?nserted was obtained
will be demonstrated in the presentation. '

III. New catalysis for ammonia synthesis
Ammonia is a crucial chemical feedstock for fertilizer production and is a potential energy carrier.
The typical Haber—Bosch process of ammonia synthesis consumes a great deal of energy. New catalysis



is therefore strongly demanded to synthesize ammonia under a mild condition, such as lower temperature
and pressure. Sato et al. has succeeded to develop a new active Ru/Pr,0; catalysis for ammonia synthesis
[4], as shown in Fig. 2. STEM observation and XEDS mapping revealed low-crystalline nano-layers
of Ru formed on the surface of Pr,0;, as shown in Fig. 3. The unique structural feature is considered to
synergistically accelerate the rate-determining step of NH; synthesis and cleavage of the N = N bonds.
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Fig. 2 Rate of NH; synthesis over supported Fig. 3 HAADF-STEM image and XEDS maps of Pr-L, O-K, Ru-L
Ru catalysts. and their overlay.
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Light-melt Adhesive as a New Application of Liquid Crystals
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Photoactive liquid crystal (LC) is a most suitable platform for realizing a quick photomelting (that is,
photochemical reaction-triggered isothermal phase transformation into a fluid mixture), while some crystals
show a slow photomelting behavior.""' In spite of this advantage, the application of photomelting LCs to light-
removable adhesives has not been explored until very recent reports on azobenzene smectic LCs."” The light-
melting function offers a new manufacturing technique not realized with conventional hot-melt adhesives as long
as the following essential requisites are fulfilled.

(i)  adequate strength for a temporary bond (more than 1 MPa) even under heating conditions

(i) significant reduction of the bonding strengths by light irradiation

(i11) quick photoresponse for the separation of bonded materials

A !
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2 K

Figure 1. Light-melt adhesive

Here we report a LC material that satisfies all of the above-mentioned requisites for the light-melt adhesives,
namely, (i) a shear strength over 1 MPa up to 110 °C for bonding glass plates, (ii) an 85% reduction of the
strength by ultraviolet (UV) irradiation, and (iii) an instant photomelting of the LC film in a few seconds.”’ The
photoresponsive framework is composed of rigid anthracene wings and a flexible joint of cyclooctatetraene.*
The mechanism of the photomelting behavior will be demonstrated in this presentation.
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EB{EINE 30 kV STEM-XEDS% V= MEcRDIRE
PRFF DM L

Enhancing the XEDS detection limit using ultra-low kV STEM
@ JuitiRF

o !Il; w00 > | |4 30KV
N =—
=S i

(a) 200 KVE LU (b) 30 kVTHAFLIZXEDSARIbL
XEDS spectra acquired at (a) 200 KV and (b) 30 kV/

WA 18 (4FII0) oY OERE (F)

IRREREBER TS AT T RAME
JEM-ARM200CF ACCELARM

ed
JEM-ARM200CF ACCELARM

EEEASSERTHRRET AN

Atomic Resolution Analytical Electron

9,400
Microscope

EIEIZH 1T B4 AL ETEEE K EF AT 5L T30 KVORBEMEEEICH LT
2V DIBME") (10" atoms/cm3)EXEDSIZ TR T A2 &N ATREL Lo T,

The XEDS detection limit of Phosphorus dopants in silicon wafers was
enhanced down to 106 atoms/cm? by using the 30 kV
ultra-low acceleration voltage STEM.

ZESREET I E—SFEMSECISHBER

Materials development with spin-polarized low energy electron microscopy
@ Y12 - AHRVTT LS

LN g

g e

z[110]

a70]
yilood] %
g5

e
g

Ni&
Wao)

AEVRBETHRLF—BTFEME
Spin-polarized low energy electron microscopy

WBRIR- B - BT RIFAE ( AH )

K PR KER
ATTRF R

B AT 3,000~ 6000~ 9,000~

M. Suzuki etal, ). Phys.: Condens. Matter 25, 406001 (2013)

SPLEEMIZ& B =RTHIEARBHS SUHEFOHREEDBHEREN S,
W(MO)ER EDCoNIZEBIEICHE T2 EEMAEA DR EILBIELMER,

Stabilization process of perpendicular magnetic anisotropy in Co/Ni
multilayer on W(110) was investigated from 3D analysis of magnetization
direction and dynamical imaging of magnetic domain structure during
growth of the multilayer with SPLEEM.

KRHRBETICHIT BN AIDBRRRADHEEER

Influence experiment to the crystal grain boundary of Ni;Al under the H, gas

I/ NSESESNMETIEC S SRERESS |
I I D BIRER
Synthesis of highly crystalline graphene thin films using thermal treatment in ethanol
| @ FEIAF

MIEBREORGDTR/— LR THER
DGOFEEDTEM{E
(2)900°C. (b)1100°C

TEM images of graphene oxide thin
films prepared by ethanol treatment
at (a) 900 °C, (b) 1000°C.

Negishi etal, Sci. Rep. 6 (2016) pp. 28936-1-10.

WER A B RAT A (F/H)
K- NFHEHE ¥
12,080

6,040

/YO —SEBIEIERTF S BREDT
EF M (JEM-ARM200F)
Monochromated atomic resolution
analytical electron microscope

WEFA

B AT 9,440 15,480
IH/—LSHESES T TORRMMET T OERICKY, BT ST ERDRHKE
BEZBEL. RELALOX Y TBEETERL.

The defect structure of the graphene oxide thin film was repaired by the
thermal reduction process in the ethanol environment and the highest level
of carrier mobility was achieved.

BEESEETS S v I RBRREICST 3 RTFH REEISEMRT

Atom-resolved structural analysis of a liquid-bonded heterointerface

@AY
ia

AEE/ANREORTF AR
STEM-EDST YT EHEET L
Atomic STEM-EDS maps and

the structure model of the
Al alloy / AIN interface.

A.Kumamoto, et al., Sci. Rep. 6, 22936 (2016).

JEM-ARM200F Cold-FEG HMH (F/H)

R G R BB R e BT R
Environment-Adapted
Scanning Transmission Electron Microscope

waEHA faucito] Bt AT

60,000 120,000 300,000

BRABEXRSHTAVLATOSERMBARNE. RFR7—ILORRICLYKY
IOTWD, HRIFRFABRESTEMAZEAL  BREARIT THERIN-AIG S/
AINFRET., BRFMIFEERR L=, CORABEDHALICEY REDHMAIREA
A EdHIEMNBALAITE T,

Liquid bonding technology used in various fields of the industry consists of
atomic-scale phenomena. By utilizing the atom-resolved STEM technique,
we have discovered a monoatomic Mg layer at the Al-alloy/ AIN interface.

It is explained that this monoatomic Mg layer enhances the mechanical
strength at the interface.

FJ BF5 )\ ADHHlIEE & ERSIFIEDHER

Investigation on microstructure and properties of nano-electronic devices

=

conditions

] |

@ EEHEKRF

= .-""" —~—
e Y mm—
Vacuum H,gas 1,000Pa

Y. Takahashi et al., Materials Science & Engineering A 661 (2016) 211-216

Nano Indentation Holder

BB R - S REY- R AT FIRN(R)
REHEEEETFHEME K -
JEM-1000K RS AT f=3
Reaction Science HVEM JEM-
1000K R /8 28,000

KRIBAEHFHERMFICRIFTHEEKRHRRET CREL, NROEEAE
FYRLGHIEEHALMIZLT=,

Under the H, gas condition, it was cleared that varied according to the
joint angle of the grain boundary.

BULSHY : MlEERIRT S

@ itimiExF

(a) FIBATISEAIEHLIZReRAMT /XA R (b) $EEHD
EDX{& (o) MMM DI-VEE (L) 7/ 454 FDTEME

(a) ReRAM device fabricated using FIB (b) EDX

mapping of the junction (c) I-V curve of SET-pristine
stage (upper) and TEM images (lower)

WERA | BERT
(A/H) (FA/H)

IREHBIERTEM - STEM

M. Arita et al., Scientific Reports, 5 (2015) 17103

BRI R TS R IRERERTEM - STEM
Cs-corrected TEM-STEM FEI Titan3 G2 60-300

8,000

HEE—LMIRTEE
e 2,300 5,800

ReRAM®D 1% [RBIREE D =60 2R FIReRAMERIZ D 100nmEL T D7 /3 R%FIB
HEBEZAVTHERB MR TES, In-situ TEMEZZIZE>TReRAMDIEZBHRDF

IIATAIMNG B AAVF LT BIEIHEIT 5T/ IAF AN DR MEABTE
HTEL,

FIB was successfully used for fabricating ReRAM devices with a size of 100
nm. In-situ real-time TEM observation results provided a detail nderstanding
of nano-filament formation and its evolution during switching.

v 74 —LHEER  (KREE - E - MRFRHEE)
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CaGe,F L &MDRRIF =1 MBBAEDTIVF R —)ABEMRIT =

Structural Analysis for CaGe,F, Compound Multi-scale structure analysis of ferroelectric materials
@ =LK @ BARTHIAFHFME
—
[T w0 - 4“2-
(F/R) 1= 1 1B
BB RAERERER T ET MR = 1
FEI Titan® 60-300 Double Cs corrector B =13 1 J Lia l L '—“
EEHRIRENEL BT HENR Ty 4
py—— FEI i’ 60300 Prohe s coretor B e} 2o o

CaGe,Fy s compound.

tary i A=

CaGe,F b &I EBDYT LT ECaF2EDHEH
BEAMIRENED  EOREAERINTz, ZB7 VIR UICETYRIREICK

oo DETEAS o LTS IEOBENEEL, CORIEw-BLSIERLHEE
FEI Titan® TM 60-300 B9 %5w-BLGe(wavy bilayer germanene)i & EN TL V=,

Ge monolayer networks (germanene) in Zintl-phase CaGe, crystals

BB a8 & 8 i i ddD W0 i 08
irk

KB ZEEHTE
kappa-type multi-axis . Yoneda, o be published in Journal of Geramic Society o Japan (in Japanese)
. . . . X diffractometer equipped Results of (a) Rietveld, (b) MEM electron density map, and (c) PDF analysis
transform into multilayer (bi- or tri-layer) germanenes in CaGe,Fy on beamiine BL14B1, SPring-8

compounds. One of the bilayer germanenes is a new allotrope comprising
four-, five-, and six-membered Ge rings.

A EESEREMA FOBERINANRY NUEE

Transient absorption spectroscopy of polycyclic aromatic organic molecules FURHS=IUIRT H0H10,700F/ #+ SE R DB D DR B +BIRE
@ FEEATHETAZPR

EROBEICHEHIRE 9,580 22,700 127k (8H) HtY

BIFLF—BEXBREFTEONEZRA—EIbDT =205 —kJLMEHT
MEM#Z#T. PDFRITZITLN RAAVICE - TEL S P ELRFEED " Th %
RHLT=,

Rietveld, MEM, and PDF analysis were performed by using only one data
set. The multi-scale analysis revealed the deviation between average and

(K. Uchida et a, Can, . Chem, 55, 432-444 (2017)) local structures.
Phenyl peropyrenci & MBIEIRIRA NI L :
Transient absorption spectra of phenyl peropyrene crystal SR SE TS BB S EVITA)
Nanosecond time-resolved visible-near infrared transient
absorption spectrometer 1 S i
e ey Z{MEBFBERED Y 7 IV A LSS
TR EFIBIERIS HE R (VITA) 9,000 14,000 Real-time structural analysis during film growth of nitride semiconductors
EQW AR BRI BERARS F L E (VITA) 9,700 14,700

@ &R BT ALAE

S DIRILF—FHHL=ROELYFERDOBERICIEZETL. 2T LykTga
WAL (SF)D R IGHEESHEL 7z, S, SSFIXELCAZLA, B F-Rhie FHmasie
ZHBVREABRET, S,hDNSFMELSIEMNBALNERDT=,

Singlet fission (SF) phenomena in peropyrene derivatives are investigated
by using transient absorption spectroscopy. No SF occurs under normal
exciton density conditions due to the substantial stabilization of the S, state.
In contrast, under high exciton density conditions, SF from highly excited
singlet (S,) states, which is generated by singlet-singlet exciton annihilation,
takes place to produce a triplet exciton.

K[ELRT7 EDIVBROBE

REXIREHTE

Observation of three-dimensional organization of layered apical cytoskeletal Surface X-ray Diffractometer - Sasakietal, Jpn.J. Appl. Phys. 55, 057805 (2016).
networks SICHAR £ D (a) ANESET(b) GaNBIAFF DA F T
Reciprocal space maps during (a) AIN and (b) GaN film growth on SiC
I . KPRAZE substrates

HROBEISEHIRE 9,580 22,700 127k (8H) H=Y

H‘

F 10,7007/ 44+ 55 LI Rb S HEMEE

|

?ﬁﬁﬁ

i

SPring-8 / BL11XU [ W THBERAKL-REXREFEH (S FRIESFS —/

XIREFHESER) ZFALT. ZEPEERBERRFOVTABENOKTE
H-3000 2 E T S /8 ﬂ;a‘?u}:w oo VTS LRRAILT. . .
H-3000 Ultra-High Voltage Electron e ) 1000000 ZOFER. BALT A% (SIC) ER ED(a) BIETILI=IL(AN) EEU(b) ELH
Microscope HHIOF4AREHE ry L (GaN) FER R PO FEFIvTMD ., AINEEL KR FER200F 12 E (B
94 nm) Hio, GaNERE (X R REFE70M 2 E (IREH1 nm)hs, ThZH VY
HEROSEREICITHEREVSHENFET D, B EETEMBIES 5T71—i% FHEFINRFEDZEMN AL AoT =,
LRBBNFEFRALIBRTAA—DUJ (LY, [E LRMREICE T 5#ia kD
FELABBEELDBEEBHLAITLT=, Real-time structural analysis during the film growth of nitride
semiconductors was performed using the Surface X-ray Diffractometer
The cytoskeleton is an essential cellular component that enables various [a MBE (Molecular Beam Epitaxy)-XRD(X-ray Diffractometer) hybrid
sophisticated functions of epithelial cells by forming specialized subcellular system] at SPring-8/BL11XU.
compartments. Three-dimensional imaging by ultra-high voltage electron It was clarified that the strains of AIN and GaN films grown on SiC
microscopy and immunofluorescence revealed that the morphological substrates were relaxed at the growth time of about 200 s (film
features of each network depended on the cell type and were thickness of 4 nm) and about 70 s (1 nm), respectively.

spatiotemporally integrated in association with tissue development.

MUOabt  HHEERIT TSy 7+ —LHBEE (KR © 8 - HRIRES)
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