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10:00-10:05 [Opening Remarks / HRIRE]

Ministry of Education, Culture, Sports, Science and Technology/ SCEFH %

10:05-10:35 [Plenary Lecture / Bii5EE]

Kazuhito Hashimoto (Council for Science, Technology and Innovation / National Institute for Materials Science, Japan)
WA R GRamhassian - 1 2 <= 3 v & W - FORBFIRER)

“Toward Super Smart Society (Society 5.0)"

[BA~Y—bht#t= (Society 5.0) (CEIFT]

10:35-11:25 [Session 1]

loT / Materials Informatics / loT VAT LBE « IF VP WAL I T FIT 14 IR

10:35 -  Shinji Nishimura (Hitachi, Ltd. Japan)
VIR B0 bk & 1 Sz B4
“Social Innovation created by loT”
[oT AE<HHEA /R—2 3]
11:00 -  Fumiyasu Oba / Hidenori Hiramatsu (Tokyo Institute of Technology, Japan)
KV SRE PR T Gk
“Discovery of Novel Nitride Semiconductors: Predictions via in silico Screening and
Experimental Verification”
[ UWVEIEMHEEDOFER - in silico RO U—_2V T LK D FRIERRICKDEEL

11:25-12:20 [Session 2]
Nano Diagnostics & Nano Therapy / 7 /2Bi& F /iaE

11:25 - Yoshinobu Baba (Nagoya University, Japan)
Y AR ek
“Nanobiodevices for Society 5.0”
[F/IAFTINA ADHELSEBAY— MR
11:50 -  Hisataka Kobayashi (National Institutes of Health U.S.A.)
“Near Infrared Photoimmunotherapy (NIR-PIT) for Cancer; Crashing Cancer Cells in the Body by
Exposing Harmless Near Infrared Light”
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Try 28 FEDF CIAIAMKR
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Human Sensing / Ea—3EYY V5

15:25 -  Isao Shimoyama (The University of Tokyo, Japan)
Tl B o)
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15:50 - Makoto Takamiya (The University of Tokyo, Japan)
W E ORooe)
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Safe & Secure Society / R « RISt R

16:15-  Takahiro Sawaguchi (National Institute for Materials Science, Japan)
BRI 2B (et - BRI SE R
“A Novel Long-lived Seismic Damping Alloy for Safe and Secure Social Infrastructures”
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Toward Super Smart Society (Society 5.0)

Kazuhito Hashimoto

Council for Science, Technology and Innovation /
National Institute for Materials Science, Japan



Kazuhito Hashimoto

President, National Institute for Materials Science

& 2N
<CV>

Education

1978: B. Science, Chemistry. The University of Tokyo
1980: M. Science, Chemistry. The University of Tokyo
1985: Doc. Science, Chemistry. The University of Tokyo

Career History

1980 — 1984:  Technical Associate, Institute for Molecular Science

1984 - 1989:  Research Associate, Institute for Molecular Science

1989 - 1991:  Assistant Professor, Department of Applied Chemistry, The University of
Tokyo

1991 - 1997:  Associate Professor, Department of Applied Chemistry, The University of
Tokyo

1997 -2007:  Professor, Research Center for Advanced Science and Technology, The
University of Tokyo

2004 -2007:  Director, Research Center for Advanced Science and Technology, The
University of Tokyo

2007 - 2016:  Professor, Department of Applied Chemistry, The University of Tokyo

2015 - Present: Professor of Policy Alternative Research Institute, The University of Tokyo

2016 — Present: President, National Institute for Materials Science

Present Public Appointments

* Member, Science Council of Japan

» Executive Member, Council for Science, Technology and Innovation
(Cabinet Office of Japan)
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“Social Innovation created by loT”
[loT HRKHBRA /N—Y 3]

Shinji Nishimura (Hitachi, Ltd. Japan)
VAR 1278 (ke A s

“Discovery of Novel Nitride Semiconductors: Predictions via

in silico Screening and Experimental Verification”
[#7 ULVEEWHEBEDFE - in silico 22U —=2 5|0 &k 2FHl & EBRIC K BFT
Fumiyasu Oba / Hidenori Hiramatsu (Tokyo Institute of Technology, Japan)
K SR /PRy F5 I Glot TR

15



16

Social Innovation created by IoT
S. Nishimura

Hitachi Ltd., Center for Technology Innovation,
1-280 Higashi-Koigakubo, Kokubunji, Tokyo 185-8601, Japan

Abstract

IoT (Internet of Things), which refers to the connection of various devices through a
network, is expected to be a novel economic value in resolving social problems such as reducing
competitiveness in industry, the aging of social infrastructure, and the lack of energy resources.

In order to use IoT for innovation successfully, it is important to improve the following
technologies: (i) sensing technology to understand the events in real space quantitatively,
(i1) artificial intelligence to extract and analyze characteristic data from the measurement results,
and (iii) actuator technology to control events in real space on the basis of the analysis results.

Data processing systems that support IoT have advanced from conventional centralized
processing on a cloud system to distributed processing using edge and fog computing on a
measuring site. As a result, systems can operate with more diverse and larger amounts of data.
Sensors and measuring instruments that collect sensing data can be further diversified by using new
nanotechnology. In particular, we believe that nanotechnologies that support sensors and actuators
as interfaces between real space and cyber space are important.

In this presentation, we will introduce solutions that use IoT to resolve social problems, such
as smart operations in manufacturing, efficient material development, and monitoring social
infrastructures. Furthermore, we will report on our nanotechnology developments, such as our short
TAT (Turn Around Time) development system for loT devices, integrated circuit learning systems
and nano-imaging for materials.



Dr. Shinji Nishimura

General Manager
Center for Technology Innovation — Electronics
Hitachi, Ltd. Research & Development Group

<CV>

Education
Master of Electronic Engineering, March, 1991
University of Tokyo, Japan

Work Experience

He joined the Central Research Laboratory, Hitachi, Ltd., in 1991. He worked on optical device,
network interface, network equipment, parallel processing system and sensing system for [oT. He is
a senior member of IEEE, Communication Society, and IEICE. His research interests are technolo-
gies in electronics for communication, computer systems and IoT. Ph.D for Engineering.
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DISCOVERY OF NOVEL NITRIDE SEMICONDUCTORS:
PREDICTIONS VIA IN SILICO SCREENING AND
EXPERIMENTAL VERIFICATION

F. Oba'*’ and H. Hiramatsu'”

'Laboratory for Materials and Structures, Institute of Innovative Research,
Tokyo Institute of Technology, 4259 Nagatsuta, Midori-ku, Yokohama 226-8503, Japan
*Materials Research Center for Element Strategy, Tokyo Institute of Technology,
4259 Nagatsuta, Midori-ku, Yokohama 226-8503, Japan
* Center for Materials Research by Information Integration,

National Institute for Materials Science, 1-2-1 Sengen, Tsukuba 305-0047, Japan

Abstract

Nitride semiconductors are attractive as they can be environmentally benign and possess favorable
electronic properties; however, those currently commercialized are mostly limited to GaN and its
alloys. In this talk, we report the in silico screening of ternary zinc nitride semiconductors using state-
of-the-art first-principles calculations. This approach identifies as-yet-unreported CaZn,N, that has
abundant components, small carrier effective masses, and a direct band gap suited for light emission
and harvesting. This novel phase is realized by high-pressure synthesis and the predicted band-
edge red photoluminescence is experimentally verified. The present study demonstrates accelerated
materials discovery via cutting-edge in silico screening followed by targeted experiments.

I. INTRODUCTION

The search for novel semiconductors is increasingly important as the applications of
semiconductors become more prevalent. Among the compound semiconductors, nitrides are attractive
due to the abundant and environmentally-benign nitrogen constituent. Currently commercialized
nitride semiconductors are, however, mostly limited to GaN and its based alloys. This situation
stimulates not only experimental but also computational, or in silico, exploration of novel nitrides.
In this talk, we report the discovery of a novel nitride semiconductor CaZn,N, by the state-of-the-art
in silico screening and high-pressure synthesis [1].

II. METHODS

The screening was performed using first-principles calculations from various aspects, as
schematically shown in Fig. 1: the electronic structure, dynamic stability against lattice vibration, and
thermodynamic stability against competing phases in the phase diagram. Furthermore, the energetics
of relevant native point defects and dopants was assessed to identify the dopability into p-type, n-type,
or both for promising compounds. The projector augmented-wave method [2] as implemented in the
VASP code [3] was used in conjunction with semilocal and hybrid functionals. The finite-size eftects
of charged defect supercells were corrected using the scheme reported in Ref. 4. The high-pressure
synthesis of CaZn,N, was made at 1200 °C and 5.0 GPa for 1 hour.

II1. RESULTS AND DISCUSSION

The in silico screening identified 11 as-yet-unreported nitrides that are thermodynamically stable
or slightly metastable and have favorable electronic properties [1]. Among them, the most promising
system is CaZn,N, that is composed of abundant elements only and has a direct-type band structure
with a gap of 1.8 eV and carrier effective masses smaller than GaN. The native defect and dopant
calculations indicate that this compound is dopable into both p- and n-types. We therefore chose
CaZn,N, as a target of experiment. Using high-pressure synthesis, this novel phase is obtained with a
predicted trigonal crystal structure. The experimental band gap of 1.9 eV is close to the theoretically



predicted value. Moreover, band-edge red photoluminescence is observed as shown in Fig. 1,
indicating its direct-type band structure. These results demonstrate accelerated materials discovery via
cutting-edge in silico screening followed by targeted experiments.

Fig. 1 Theoretical identification of as-yet-unreported CaZn,N, via in silico screening and the
experimental verification of band-edge red photoluminescence from a polycrystalline
CaZn,N, specimen obtained by high-pressure synthesis.
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“Nanobiodevices for Society 5.0”
[/ INAFFI\A AR BAY— MR

Y()shin()bu Baba (Nagoya University, Japan)
WY 35 iR

“Near Infrared Photoimmunotherapy (NIR-PIT) for Cancer;
Crashing Cancer Cells in the Body by Exposing Harmless

Near Infrared Light”
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Hisataka KObayaShi (National Institutes of Health, U.S.A.)
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NANOBIODEVICES FOR SOCIETY 5.0
Yoshinobu Baba

Department of Applied Chemistry, School of Engineering, INPACT Research Center for Advanced
Nanobiodevices, Department of Advanced Medical Science, School of Medicine,
Nagoya University, Nagoya, 464-8603, Japan

Nanobiodevice is a piece of contrivance, equipment, machine, or component, which is created
by the overlapping multidisciplinary activities associated with nanotechnology and biotechnology.
In this lecture, I will describe the development of nanobiodevices for society 5.0 [1-20], including
immuno-wall devices for healthcare and point-of-care testing, nanopillar-nanopore devices for
single DNA and microRNA sequencing, nanowire devices for exosome analysis, Al-powerd [oT
nanosensors, and quantum switching in vivo imaging of iPS cells. Immuno-wall devices realized
the fast and low invasive “from blood to analysis” type biomarker detection of cancer with fM
detection sensitivity within 2 min. Additionally, nanopillar devices give us ultrafast electophoretic
separation of DNA and microRNA within 60 ps and nanopillar-nanopore integrated nanobiodevice
enables us ultarafast single molecular DNA sequencing. Nanowire devices coupled with super-
resolution optical microscopy are extremely useful to analyze exosomes from cancer cells and
exosomal microRNA analysis. Nanowire-nanopore devices combined with machine learning
technique enable us to develop mobile sensors for PM2.5, bacteria, and virus in the environment.
Quantum dots are applied to develop quantum-biodevices for single cancer cell diagnosis, single
molecular epigenetic analysis, quantum switching in vivo imaging for iPS cell (induced pluripotent
stem cells) based regenerative medicine, and theranostic devices for cancer diagnosis/therapy.

References

[1] N. Kaji, Y. Baba, et al., Chem. Soc. Rev., 39, 948 (2010).

[2] D. Onoshima, H. Yukawa, Y. Baba, Advanced Drug Delivery Reviews, 95, 2-14(2015).

[3] S.Rahong, T. Yasui, N. Kaji, Y. Baba, Lab on a Chip,16, 1126-1138 (2016).

[4] N. Kaji, Y. Baba, et al., Nanopillars, Nanowires and Nanoballs for DNA and Protein Analysis, Nanofluidics, 2nd
Edition, J. Edel, et al. (Ed.), RSC, 2017, Chap. 3

[5] M. Tabuchi, Y. Baba, et al., Nature Biotech., 22, 337 (2004).

[6] R. Bakalova, Y. Baba, et al., Nature Biotech., 22, 1360 (2004).

[71 M.F. Serag, Y. Baba, et al., ACS Nano., 5, 493, (2011).

[8] T. Yasui, Y. Baba, et al., ACS Nano, 5, 7775 (2011).

[91] M.F. Serag, Y. Baba, et al., ACS Nano, 5, 9264 (2011).

[10] MLF. Serag, Y. Baba, et al., Nano Lett., 12, 6145 (2012).

[11] T. Yasui, Y. Baba, et al., ACS Nano, 7, 3029 (2013).

[12] K. Hirano, Y. Baba, et al., Nano Lett., 13, 1877 (2013).

[13] S. Rahong, Y. Baba, et al., Sci. Rep. (Nature Pub. Group), 4, 5252 (2014).

[14] S. Rahong, Y. Baba, et al., Sci. Rep. (Nature Pub. Group), 5, 10584(2015).

[15] T. Yasui, Y. Baba, et al., Nano Lett., 15, 3445 (2015).

[16] T. Kameyama, Y. Baba, et al., Nanoscale, 8, 5435 (2016).

[17] S. Fukushima, Y. Baba, et al., Sci. Rep. (Nature Pub. Group), 6, 25950(2016).

[18] T. Yamamoto, Y. Baba, et al., Sci. Rep. (Nature Pub. Group), 6, 30136(2016).

[19] T. Yasui, Y. Baba, et al., Sci. Rep. (Nature Pub. Group), 6, 31642(2016).

[20] Y. Ogihara, Y. Baba, et al., Sci. Rep. (Nature Pub. Group), 7, in press (2017).



Yoshinobu Baba

Professor, Department of Applied Chemistry, School of Engineering
Director, INPACT Research Center for Advanced Nanobiodevices
Professor, Department of Advanced Medical Science, School of Medicine
Nagoya University

Research Advisor, Health Research Institute,

National Institute of Advanced Industrial Science and Technology (AIST)

<CV>
Biography

Dr. Yoshinobu Baba is Professor of Department of Applied Chemistry, School of Engineering
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NEAR INFRARED PHOTOIMMUNOTHERAPY (NIR-PIT)
FOR CANCER; CRASHING CANCER CELLS IN THE BODY
BY EXPOSING HARMLESS NEAR INFRARED LIGHT

H. Kobayashi

Molecular Imaging Program, National Cancer Institute/ NIH
10 Center Dr. Bethesda, MD 20892, USA

Abstract

Near infrared (NIR) photoimmunotherapy (PIT) is a newly developed, molecularly-targeted
cancer photo-therapy based on conjugating a near infrared silica-phthalocyanine dye, IRdye700DX
(IR700) to a monoclonal antibody (MADb) thereby targeting specific cell-surface molecules [1]. A
first-in-human Phase 1 clinical trial of NIR-PIT with the cetuximab-IR700 (RM1929) targeting
EGFR in patients with inoperable head and neck cancer was approved by the US FDA in April
2015, and is now in transition to a Phase 2 trial (https://clinicaltrials.gov/ct2/show/NCT02422979).
When exposed to NIR light, the conjugate rapidly induces a highly-selective, necrotic/immunogenic
cell death (ICD) only in antigen-positive MAb-IR700-bound cancer cells. Immunogenic cell death
occurs as early as 1 minute after exposure to NIR light and results in irreversible morphologic
changes on target-expressing cells including cellular swelling, bleb formation, and rupture of
vesicles due to membrane damage. Meanwhile, immediately adjacent receptor-negative cells are
totally unharmed. Dynamic 3D observation of tumor cells undergoing NIR-PIT along with novel
live cell microscopies showed rapidly swelling in treated cells immediately after light exposure
suggesting rapid water influx into cells. Cell biological analysis showed that ICD induced by NIR-
PIT rapidly maturate immature dendritic cells adjacent to dying cancer cells initiating a host anti-
cancer immune response [2]. Additionally, NIR-PIT can enhance nano-drug delivery into the treated
tumor bed up to 24-fold compared with untreated tumors, a phenomenon that we have termed the
“super-enhanced permeability and retention” (SUPR) effect [3]. Furthermore, NIT-PIT targeting
immuno-suppressor cells, such as Treg, in a local tumor, can enhance tumor cell-selective systemic
host-immunity leading to significant responses in distant metastatic tumors [4]. In conclusion, due
to it highly targeted cancer cell-selective cytotoxicity, NIR-PIT carries few side effects and healing
is rapid. NIR-PIT induces ICD on cancer cells that initiates host immunity. Moreover, NIR-PIT can
locally deplete Tregs and other immune suppressor cells infiltrating in tumor beds, thus, activating
systemic anti-cancer cellular immunity without potential autoimmune adverse effects.
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2004 Selected best abstract in 2004 AACR

2004 Fellow award of research excellence in NIH

2000 The 38th Award of Japanese Society of Nuclear Medicine

2000 The “Alavi-Mandell” award from the Society of Nuclear Medicine
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Sensor Technology for Monitoring What We Need

Isao Shimoyama

The University of Tokyo, Japan
7-3-1 Hongo, Bunnkyo-ku, Tokyo, 113-8656, Japan

Abstract

Japan has experienced aged society with a low birth rate. The birth rate decreases, the life time
extends, and the family structure changes largely. Ministry of Health, Labour and Welfare reported in
2015 on the abridged life table, where the medians of male and female life durations are 83.76, 89.79
years old, respectively. The statistical data means the long life is usual from now on. To keep quality
of life and improve the healthy life expectancy, science and technology as well as social reform and
understanding can contribute to the solution with less interfering.

Smart wearable rings and wristbands become available to monitor heartbeats and physical
activities. The devices transmit the data through a smartphone to a computer. The data in the
computer is used for health care by a specialist, sending comments to the users. The key technologies
used in wearable activity trackers are based on conventional sensors with low power consumption and
wireless communication and so on. The sensors determine what vital sign can be obtained. At the
present, the sensors inside the trackers are accelerometer for physical activity measurement, pressure
sensor for height measurement, and light emitter and photodetector for heartbeat measurement. More
sophisticated sensors are necessary to detect more vital signs such as blood velocity, blood pressure,
blood glucose, and so on.

For this purpose, we have investigated MEMS strain sensors using piezo-resistive effect. The
strain sensors based on the effect have gauge factor of 100, so that less than 0.1 ppm strain can be
detected when we use an amplifier with gain of 1000. The piezo-resistive effect is size-independent
because the effect is caused by lattice strain, so that the sensor structure can be made small enough
to measure tiny forces. This feature is distinctive compared to capacitive type sensors. The piezo-
resistive strain gauge is applicable to a force sensor, a pressure sensor and an acoustic sensor. Our
sensor structure is based on a Si cantilever 300 nm thick shown in Fig.1 or a double-supported Si
beam on which a piezo-resistor is formed thinly. We fabricate the structure out of an SOI (Silicon
on Insulator) wafer with MEMS fabrication. Deformation at the tip of a cantilever generates the
maximum tensile strain on the top surface and the maximum compressive strain on the bottom surface
at the fixed end, where the piezo-resistor is formed. By attaching the chip on skin, we measured blood
velocity in Fig.2, and hope to measure blood pressure and glucose, and so on.

Monitoring technology of a person can be utilized in health monitoring technology of social
infrastructure. Because the infrastructure is aging and the number of experts on inspection decreases,
infrastructure monitoring is crucial issue to keep the infrastructure healthy. "System Development
Project for Maintenance, Management, and Renewal of Infrastructure" by NEDO (New Energy and
Industrial Technology Development Organization) adopted our proposal on "Road Infra Monitoring
System" which employs displacement, strain, vibration sensors and so on, with solar cells and wireless
communication to be components of wireless network.
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fixed end of cantilever [1]. [2].

[1] M. Gel, I. Shimoyama, JMME, vol.14, no.3, pp.423-428, 2004.
[2] T. Kaneko, N. Minh-Dung, P. Quang-Khang, Y. Takei, T. Takahata, K. Matsumoto, I. Shimoyama, Proc.
MEMS20135, pp.670-673, 2015
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Future Directions of Wearable Organic Devices Closely Attached
on SKkin

Makoto Takamiya

University of Tokyo, Tokyo, Japan
4-6-1 Komaba, Meguro-ku, Tokyo, Japan, 153-8505

Abstract

In the wearable healthcare devices, both the energy autonomy for the maintenance-free operation
and the mechanical flexibility for the wearing-unconsciousness are required. The organic electronics
enables flexible, large-area, and distributed sensor and/or actuator array and is suitable for the wearing-
unconscious devices. In this presentation, new applications using the organic electronics including a
1-um thickness surface electromyogram measurement sheet for prosthetic hand control [1], a flexible
pressure sensor sheet for bedsore prevention [2], and a fever alarm armband integrating fully flexible
solar cells [3] are shown.

I. Introduction

Key requirements for a large area sensor array using organic transistors [1,4] or amorphous silicon
TFTs [5] are the reduction of the number of wiring for sensor outputs and the avoidance of the signal
integrity degradation due to the long wiring. Therefore, local processing of the sensor outputs at the
front-end [5] is very important. In this presentation, the world’s first artificial neurons using organic
FETs is proposed for the local processing. A flexible bedsore prevention sheet (FBPS) integrating
2 x 2 artificial neurons using organic CMOS circuits with floating gate PFETs is developed.

II. Flexible Bedsore Prevention Sheet

Fig. 1 shows a photo of the developed FBPS. Bedsores are injuries to skin and underlying tissue
resulting from prolonged pressure on the skin. Non-uniform pressure distribution and local high
pressure due to the wrinkles of clothes or bed sheet increase the rate of bedsore, therefore early
detection of the pressure non-uniformity is helpful. FBPS is placed under the bed sheet and measures
the pressure distribution. In FBPS, three sheets including a flexible PCB for wiring, a pressure
sensitive rubber for the sensor [4], and organic circuits integrating 2 x 2 artificial neurons are stacked.
The organic semiconductors for p-type and n-type transistors are DNTT and PDI-8CN2, respectively.
The gate length is 50 pm.

Wrinkles on clothes
cause bedsores.

FBPS under
bed sheet

* < Flexible PCB
for wiring

Pressure sensitive

50 mm rubber for sensor

M <4— Organic circuits including
2x2 artificial neurons

50 mm

Fig. 1 Flexible bedsore prevention sheet (FBPS).
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A NOVEL LONG-LIVED SEISMIC DAMPING ALLOY FOR
SAFE AND SECURE SOCIAL INFRASTRUCTURES

Takahiro Sawaguchi

National Institutes for Materials Science,
1-2-1 Sengen, Tsukuba, Ibaraki305-0003, Japan

Abstract

Metal fatigue is a serious problem in aging metallic and steel components in constructions and
machines. It proceeds through accumulation of irreversible atomic rearrangement under repeated
loading. Based on a ferrous shape memory alloy, a new fatigue-resistant alloy with 10-times longer
life was developed. The former exhibits a reversible atomic movement on loading and subsequent
heating, while the latter does on loading and subsequent counter-directional loading. The new
fatigue-resistant alloy has been used as seismic dampers in a 40-story skyscraper.

I. NANO SCIENCE AND STRUCTURAL MATERIALS

Development of nano science and technology has enabled us not only to fabricate a lot of novel
nano materials but also to investigate the origin of physical properties of various materials based
on understanding of nano scale mechanisms. Sophisticated microstructural analyses with advanced
microscopes, large scale facilities of synchrotron or neutron radiation, computer aided data
processing system, and simulations, etc. have revealed atomic/electronic structures underlying the
physical phenomena even in classical materials.

II. FE-HIGH MN SEISMIC DAMPING ALLOYS
Fe-high Mn austenitic steels have been a class of actual steels for more than a century, since
R. Hadfield invented wear-resistant Fe-Mn-C steels in 1880’s. In spite of the long history, the
Fe-high Mn austenitic steels are still of scientific interest, because of a wide variety of their
functional and mechanical properties, such as shape memory, damping, non-magnetism, invar/
elinvar characteristics, strength, ductility, toughness, wear resistance, which are associated with the
characteristic multiple plastic deformation modes and peculiar physical natures of the alloys.

We discovered that a reversible atomic movement under cyclic loading enhanced low-cycle fatigue
life of a Fe-Mn-Si-based alloy, that is a kind of the Fe-high Mn austenitic steels, and proposed in
2006 to use the Fe-Mn-Si-based alloys as a damping source in architectural seismic dampers [1].
Steel dampers are designed to have lower strengths than
columns and beams by reducing their yield stress and/or
cross-sectional area, to absorb seismic energy with their
elasto-plastic deformation hysteresis. The superior fatigue
resistance of the Fe-Mn-Si-based alloys can increase the
durability of the seismic dampers against accumulated
damage from earthquakes. Recently, we developed a new
Fe-15Mn-10Cr-8Ni-4Si (wt%) alloy with 10-times longer
low-cycle fatigue life than the conventional seismic
damping steels, and installed it in a 40-story skyscraper
as fatigue-resistant seismic dampers [2].

Fig. 1 Fe-15Mn-4Si-10Cr-8Ni alloy
seismic damper [1].



II1. DESIGNING ATOMIC MOVEMENT UNDER DEFORMATION

The chemical composition of the alloy was optimized to increase the low-cycle fatigue life,
investigating the relationship between the microstructures developed in various Fe-Mn-Si-based
alloys under cyclic deformation and the low-cycle fatigue properties. There are three necessary
conditions to enhance the low-cycle fatigue lives [3]. Firstly, thermodynamic stability should be
balanced between a face-centered cubic and a hexagonal close-packed structures. Both are the
most closely packed structures and the transition between the two phases occurs with reversible
atomic rearrangement on common close packed planes. Secondly, to realize the reversible atomic
rearrangement during the two-way phase transformation, the formation of the body-centered cubic
structure should be suppressed. Finally, addition of a small amount of Si appeared to be effective
for further improvement in the reversibility of the atomic movement.

These designing criteria of the fatigue-resistant

alloys are based on the concept that the reversible Tension Compression
atomic movement can suppress the accumulation o
of the lattice defects under repeated deformation
and decelerate the metal fatigue. Intensive
microstructural observations clarified that various
plastic deformation modes of Fe-high Mn steels,
1.e., y—¢ martensitic transformation, deformation
twinning, extended y-dislocation glide, and
e-dislocation glide commonly exhibit a back-and-
forth movement on an identical crystallographic
plane. The fact suggests that extraordinary low-
cycle fatigue lives are available in a sufficiently
wide range of alloy compositions.

We believe that the designing concept based Fig. 2 Schematic diagrams of the reversible group
on such atomic deformation mechanisms is motion of the dislocations in (a, ¢, e) tension and
applicable to the other austenitic steels and alloys (b, d, ) compression. (a, b) deformation-induced
undergoing the FCC to HCP transformation, Tt y-martensitic transformation, (c, d) mechanical

; ] y-twining, (e, f) extended dislocation gliding. The
can contribute not only to increase the safety dashed and solid lines represent {111} planes of the

and security of social infrastructure but also t0  _crystal and stacking faults, respectively. [3]
provide a new tool for designing structural steels
and alloys.
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Services Innovation for Social System Industry

T. Komatsuzaki

Intelligent Systems Laboratory SECOM CO., LTD
8-10-16, Shimorenjaku, Mitaka, Tokyo 181-8528, JAPAN

Since foundation in 1962 as the first private security firm in Japan, SECOM has strived to
create “Social System Industry” which is to build safe, secure, convenient and comfortable society
through fusion of seven services, physical security, disaster prevention, medical services, insurance,
geographical information, ICT, and housing development.

SECOM’s energy source is “OMOI” for society. “OMOI” is a will to act for people and their
happiness. To realize “OMOI” under the concept of “Social-Design”, Human, Organization,
Schemes and Innovative R&D capability are essential resources.

It is SECOM’s most important mission to contribute for sustaining affluent and secure society
under drastic changes of population, namely total number decrease, super-aging and declining birth
rate. We put 2 principles for our mission. One is “Amplifying Human Power (AHP)”, where we
succeeded to amplify human power by 500 times in security services. The other one is realizing
“Fundamental Operation Processes (FOP)” for all services. FOP consist of 3 steps, 1) Finding “small
change” accurately, 2) Understanding the “meaning of the change”, and 3) responding effectively
based on the meaning of change. For the innovation in FOP, we believe SECOM should utilize
every cutting-edge technology. Some of them have already been applied to our various services.
But, for the future, we must accelerate innovation for our services by new collaboration with various
fields that we have not had enough relationships. The most important one is Nanotechnology.

Nanotechnology has a high possibility of great technological innovation. The fruits of
nanotechnology, such as new materials, new physical properties, miniaturization and energy-saving
of various devices can be the technological basis of IoT, Bigdata, Al and highly reliable information
systems, which greatly accelerates FOP innovation. Also, sensing the movement of people and
things in service processes, for example by wearable sensors, can amplify human power truly not
only in security services but also in medical, healthcare and disaster prevention.

On the other hand, these technologies can also make a huge negative impact when used by
wrong people in a wrong way. Also it will be possible that the technologies might cause bad
influences in the distant future, even if we think it’s good at the present time. To find negative
aspects in long-term and extensive vision and take measures against them, we have to have a
viewpoint of “Social-Design.”



The more the society grows complicated, the more difficult it becomes to understand the whole
aspects. It is impossible now for experts in particular fields alone to develop innovative technology
that has a big influence on the entire society. Therefore, true “Open-Innovation” is essential, the
collaboration of various experts and companies who shares “OMOI” under the concept of “Social-
Design.” SECOM, as a reliable member of the collaboration, will challenge with all efforts for
affluent future.
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Fig. 1

a) ReRAM device of Pt/Cu/WOX/TIN fabricated using FIB
b) EDX mapping of the device

c) I-V curve of SET-pristine stage (upper) and the
correlated TEM images showing the formation of nano-filament at each bias step (lower)
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We provide total technical support in the nano-electronics field through device design, fabrication,
testing, and analysis. We support advanced device research and development through
fundamental technology components, such as device structure design and simulation using the
SILVACO CAD tools, pattern projection lithography system using digital mirror, and nanomachining
and/or deposition with our FIB-SEM system. We also promote technical support for industries and
research institutes around the northern Kanto area.
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