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Research Institute of Electrical Communication
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Prof. Takahiro Hanyu

Director
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It is the mission of RIEC (Research Institute of Electrical Com-
munication) to realize a new paradigm of communications that
enriches people’s lives. Communication plays various important
roles in human society. Information communication technology
(ICT) has been drastically changing the way we deal with infor-
mation, overriding our biological limitations and expanding the
world of communication from among people to among things
as well as between people and things. RIEC is determined to
work for future society with further advanced ICT, contributing
to the welfare, safety, and security of human beings by opening
up a new era of academically rooted innovation befitting uni-

versities.

The COVID-19 pandemic, which spread throughout the world
from the end of 2019, has abated considerably since the begin-
ning of 2023, and we are seeing a worldwide trend toward the
restoration of everyday life. RIEC has also resumed the research
and education activities that were constrained by the pandemic
and will continue to fulfill its responsibilities according to its phi-
losophy. The great impact on society of the dissemination and
spread of information has also been strikingly demonstrated
during the pandemic, as well as the importance of future tech-
nologies for the world through Web conferencing, telelearning,
remote medicine and counseling, and other distant communi-
cations via the internet. These are the direct and indirect issues
that RIEC should address.

It is also important to recognize that we are in a situation
where we should make a variety of efforts Japanese universities

have never made before to secure the resources needed to
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improve the research environment and activities. Under these
circumstances, RIEC will first try to solve problems to realize a
sophisticated ICT society, and secondly investigate basic prob-
lems, which can be applied to ICTs in the future. RIEC has been
trying to solve many problems in the research fields of ICTs, and
it is RIEC's responsibility to continue contributing to the build-
ing of a future ICT society.

As described below, RIEC has been responding and will con-
tinue to respond to present-day needs, open up new worlds
of communication for the future, work together with industry
to create core technologies leading to the development of
new industries, and through these efforts, offer a world-class
educational environment. In addition to providing innovative
solutions to problems through the application of ICT, we will
continue to work hard to open up a new era of academically
rooted innovation befitting a university and to contribute to the
welfare, safety, and security of human beings and society by
realizing a new paradigm of communications that enriches peo-

ple's lives.

Since its foundation in 1935, RIEC has made a series of pio-
neering achievements in laying the foundations of modern in-
formation and communication technology, including magnetic
recording systems, semiconductor devices, and optical commu-
nication technologies, and has played a world-leading role. We
cover the research fields of materials, devices, communication
systems, computing systems, networks, human and software
engineering and sciences related to ICT to promote the fusion
of research fields between hardware and software sciences and

the integration of the arts and sciences.

As of April 2023, RIEC is organized into three research divi-
sions, two laboratories, and two centers. These have different
scopes in terms of research period: the research divisions focus
on long-term projects, the laboratories on medium-term proj-
ects, and the centers on short-term projects including practical
applications through industry-academia collaboration. In 2021,
RIEC established a future vision, looking at 30 years from now,
for the research divisions with three pillars of research areas for
the realization of rich human-oriented communication: tran-
scendent computational capability, information infrastructures
as natural as breathing, and creation of super-intelligent sys-
tems based on human understanding. In line with these three
pillars, we have reorganized and strengthened the existing four
research divisions into three research divisions: Computing Sys-
tem Platforms Division, Information Communication Platforms
Division, and Human and Bio Information Systems Division. The

two laboratories are the Laboratory for Nanoelectronics and
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Spintronics, which is carrying out comprehensive and intensive
research into nano-technology-based materials (spintronics,
etc.) and device technologies, and the Laboratory for Brainware
Systems, which aims to build intelligent integrated systems
that break down technological barriers in current information
processing capacity, such as power consumption and comput-
ing power barriers. The two centers are the Research Center
for 21st Century Information Technology (IT21 Center), which
promotes short-term research projects collaborating with inside
and outside researchers, and the Interdisciplinary ICT Research
Center, a new research center established in April 2023 sup-
ported by special funding received from FY2023 from the gov-
ernment with the aim of exploring and developing the essence

of rich human-oriented communication.

In FY2010, RIEC was certified by the Ministry of Education,
Culture, Sports, Science and Technology (MEXT) as a Joint
Usage/Research Center for collaborative research in informa-
tion and communications technology and is engaging in joint
research projects with outside researchers. We are funding
a variety of joint research projects, promoting collaboration
with researchers from national and private universities and pri-
vate-sector companies, leading to many positive results. We
have successfully completed the third medium-term target
period (from FY2016 to FY2021) and as a result of the term-end
evaluation, RIEC received approval to continue its activities.
Since FY2022, we have been promoting the 4th medium-term
plan.

In FY2023 as well, we have adopted 130 joint research proj-
ects, including projects prioritizing collaborations with industry,
international expansion, and young researchers, and further

progress is expected in these areas.

Since 2014, with special funding from the government (for
six years), we have been promoting the Brainware LS| Project,
which aims to create new paradigm brain-inspired LSIs with
human-like judgment. This program is creating advanced infor-
mation-processing LSls, such as those of artificial intelligence,
which can be used to apply artificial intelligence to real-world
situations. Within the university, we are also expanding R&D
projects centered around RIEC. First, when Tohoku University
received confirmation of its Designated National University
title in 2017, spintronics research, which has been led by RIEC
members, was recognized as one of the four top-level research
fields of Tohoku University. The Center for Spintronics Integrat-
ed Systems, which executed the FIRST and ImPACT programs,
has been reorganized and renamed the Center for Science
and Innovation in Spintronics for further development through

cooperation among three centers: the Center for Spintronics
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Research Network for collaboration with Japanese universities,
the Graduate Program on Spintronics for educating global
leaders in spintronics, and the Center for Innovative Integrated
Electronic Systems for enhancement of global competitiveness
in the field of next-generation integrated electronics systems.
Second, in October 2011, in response to the Great East Japan
Earthquake, Tohoku University resolved to set up the Research
Organization of Electrical Communication under the leadership
of RIEC. As one of the eight major projects underway at Tohoku
University's Institute for Disaster Reconstruction and Regener-
ation Research, research and development for the creation of
disaster-tolerant ICT is being carried out through collaboration
between industry, academia, and government. Third, in 2016
we established the Advanced Institute of Yotta Informatics,
where interdisciplinary research groups conduct projects for
handling the “quality” of information to meet challenges be-
yond big data involving researchers from both arts and sciences
fields. The institute has been supported by the government
since FY2018. We have also continued our pioneering efforts
in the field of information and communication by conducting
five JST-CREST projects, including two large projects newly
adopted in FY2023 (an Al hardware-related NEDO project and
Beyond 5G-related NICT project), three JST-Sakigake projects,
two NEDO projects, four MIC projects, and two NICT projects.
Furthermore, the RIEC 2nd Building reconstruction project was
adopted in FY2021 and construction is currently progressing
toward its scheduled completion in FY2025. In this building,
we plan to strongly promote the strengthening of industry-ac-
ademia collaboration by creating spaces with novel concepts,

such as open innovation spaces.

With the reorganization of RIEC and establishment of the
new center in FY2023, we are all working hard to realize further
development toward the creation of a new paradigm of com-
munications and would very much appreciate your continued

support and encouragement.
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We draw up the RIEC vision based on the institute missions, which would contribute to the Tohoku University Global vision.
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Faculty's Vision (Basic Philosophy and Mission)

The Research Institute of Electrical Communication (RIEC) has a long tra-
dition of original research and achievements in the fields of high-density and
high-level information and communications. With this in mind, and taking
advantage of the mobility enjoyed by a university-affiliated institute, we con-
tinually investigate and research scientific principles and applied technologies
aimed at creating communication technologies that enrich humanity, includ-
ing harmonious man-machine interfaces, and continue to serve as the center
of information and communication research in Japan.

Organizational Policies for Reinforcing Functions

We are pursuing the following goals, with the aim of resolving problems
associated with information and communication research and contributing to
the advancement of human knowledge.

e \We continue to pursue diverse and multifaceted research projects in order
to accomplish our mission of creating communications technologies that
enrich people’s lives.

* We promote research and development on energy-efficient, high-speed,
and high-capacity information and communication technologies to pro-
duce highly applicable and disaster-tolerant systems.

e \We promote research and development on novel and advanced informa-
tion processing and communications by exploiting state-of-the-art infor-
mation and communication technologies.

Strategic Focus and Major Policies

1. Promotion of research on information and communication technologies for
the betterment of human knowledge
We promote multifaceted cutting-edge research in the fields of informa-
tion and communication, in line with the objectives of “Achieving World-
Class Status and Leaping Ahead”. For this purpose, we focus on promoting
diverse state-of-the-art research, student and recurrent education through
research, our own activities as a joint usage/research center, international
partnerships, and partnerships with private industry.

2. Capacity-building for diverse research activities

In order to promote diverse research activities, we exercise flexible insti-
tute management that allows for dynamically formed research groups to
meet the needs of various research projects. Under our new flexible man-
agement system, researchers belong to basic research divisions according
to their research areas, and they can also participate in research groups
formed by the institute. In order to recruit more diverse research staff mem-
bers, including female and foreign researchers, we have allocated our own
funding for new research positions.
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3. Training researchers and engineers through state-of-the-art research

We promote educational and professional development as an integrat-
ed part of our state-of-the-art research activities, and we train top-level
researchers and engineers in collaboration with related graduate schools.
Through our international partnership programs, we introduced a support
program for study and research abroad. We also provide open lectures for

recurrent education.

. Promotion of activities as a joint usage/research center

As a joint usage/research center, we promote nationwide cooperative
research projects, which are activities central to the institute. In order to
encourage diverse research projects, we reformed our joint project research
systems and classified our projects into five categories, according to their
main objectives: large-scale project proposals, fostering young researchers,
providing support for novel and preliminary research, international joint re-
search, and inter-organizational research.

. Internationalization and promotion of international joint research

We have a program that sends a young researcher abroad each year. We
promote international research by strengthening our system for visiting for-
eign scholars, as well as through the RIEC international symposium. Based
on the goal of promoting world-class international joint research, we pro-
mote “international collaboration” in our cooperative research projects.

. Promoting academia-industry collaboration

We propose goal-oriented academia—industry collaboration, based on
our research results, and promote the establishment of co-creation research

centers and joint-research programs.
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Birth

Telecommunications research at Tohoku University began in 1919 with the
establishment of the Department of Electrical Engineering in the university's
School of Engineering. In that era, work was centered on strong-current elec-
trical engineering, but upon the establishment of this department attention
turned to weak-current electrical engineering.

In 1924, the Saito Foundation granted what in those days was a huge sum
to fund research by three professors, Hidetsugu Yagi, Heiichi Nukiyama, and
Shigetaro Chiba, into communication methods using electricity. As a result,
telecommunications related research was conducted systematically for the
first time in Japan. The department was subsequently strengthened by the ad-
dition of a succession of gifted young researchers such as Yasushi Watanabe,
Masatoshi Matsudaira, Kinjiro Okabe, Shintaro Uda, Kenzo Nagai, and Kat-
suichiro Kobayashi. The fruits of their research were considerable, as reflected
by the publication of numerous papers in journals both in Japan and overseas
that attracted widespread attention.

Along with subsequent advances in telecommunications technologies and
the spread of communications equipment, the importance of telecommunica-
tions related research became increasingly recognized, fueling a groundswell
of opinion in favor of setting up a research establishment to undertake tele-
communications research at the Tohoku Imperial University. The university's
statutes were revised and an affiliated telecommunications research institute
was established. Professor Heiichi Nukiyama was appointed as the first head
of the new institute, and he had a full-time staff comprising three assistant
professors, six assistants, and one secretary.

Given its intended evolution into an entity independent of the Department
of Electrical Engineering, this research institute was designed to function in
parallel with the School of Engineering, but shared premises with the Depart-
ment of Electrical Engineering, and its research facilities were conventional.
It maintained an arm'’s length relationship with the Department of Electrical
Engineering and the number of people who functioned effectively as regular
staff was far larger than the number of regular staff prescribed by its statutes.
This strengthened both the organization and the content of its research, en-
abling it to produce noteworthy results.

Cradle and growth

In response to society’s need for telecommunications engineers, the Depart-
ment of Electrical Communication was established within the School of Engi-
neering in 1941. As part of a three-entity cooperative structure that included the
Department of Electrical Engineering and the Department of Electrical Commu-
nication, the Research Institute of Electrical Communication (RIEC) achieved con-
siderable success in a diverse range of research projects and produced a large
number of skilled personnel through its research and education activities. In this
way, it steadily built up a tradition of combined operations.

As a result of a statutory change, in 1944, RIEC, hitherto a telecommunications
research institute affiliated with Tohoku University, was given the status of an
integral research institute. It had an independent research institute structure com-
prising five divisions staffed by full-time professors, but firmly retained a system
of close links with the Department of Electrical Engineering and with communica-
tions engineering.

During the difficult circumstances of the postwar period, work continued in the
research facilities, which had narrowly escaped wartime destruction. As a result
of the promulgation of the National School Establishment Act in 1949, Tohoku
University was re-established with the status of a national university, and RIEC be-
came one of its integral research institutes.

Owing to the subsequent rapid progress made in the field of electronics, there
were successive increases in the number of research divisions with the addition
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of one in 1954 and 1957, four in 1961, three in 1962 and 1963, and one in each of
1965, 1969, and 1976. This saw RIEC develop into a major re- search institute with
20 research divisions and some 100 teaching staff.

The year 1956 saw the completion of the institute’s first independent building
(currently part of the Institute of Multidisciplinary Research for Advanced Materials)
on the Katahira Campus, formerly in the Sakurakoji district of Sendai. The end of
March 1963 saw the completion of a new building (currently S Block No. 1 Building)
that was double the size of its predecessor on the Katahira Campus formerly in the
Minami Rokken-cho district, marking the beginning of a move from the Sakurakoji
district to the Minami Rokken-cho district. When the School of Engineering trans-
ferred to Aobayama in 1966, the former Department of Electronic Engineering
building (currently N Block, No. 1 Building) became an RIEC building, as did the
building (currently No. 2 Building) of the Training School of Engineering Teachers
upon its closure in 1969. This completed the transfer of all the divisions.

The Laboratory for Microelectronics (operating for a limited period until March
1994) was established in 1984, and the Super Clean Room block was completed
in 1986. The Laboratory for Electronic Intelligent Systems was established in April
1994 as an advanced version of the Laboratory for Micro- electronics.

In 1958 the electricity related departments of the School of Engineering, with
which RIEC was closely associated, were supplemented by the addition of the
Department of Electronic Engineering. Subsequent milestones included the
establishment of the Research Center for Applied Information Science in 1972
and increases in the number of information engineering majors in the Graduate
School of Engineering in 1973 and in the information engineering departments
in the School of Engineering in 1984. With this as a basis, the Graduate School of
Information Sciences was newly established in 1993.

With greater emphasis being placed on graduate schools, in 1994 the electri-
cal, communication science, and electronic engineering majors in the Graduate
School of Engineering became electrical and communication engineering and
electronic engineering majors. With greater emphasis being placed on graduate
schools, in 1994 the courses in electrical, communication science, and electronic
engineering in the Graduate School of Engineering were replaced with courses
in electrical and communication engineering and electronic engineering. A to-
tal of nine courses were instituted, including full- time courses. In addition, four
electricity related departments and the Department of Applied Physics were
amalgamated in 2007 to form the Department of Information and Intelligent
Systems, whose name was changed to Department of Electrical, Information and
Physics Engineering in 2015. In addition, 2008 saw the establishment of Japan's
first Department of Biomedical Engineering, with the aim of fusing medicine and
engineering with active input from the electrical field. In 2012, the Department of
Electrical and Communications Engineering of the Graduate School of Engineer-
ing was reorganized as the Department of Electrical Engineering and the Depart-
ment of Communications Engineering.

Development:
From national collaborative research institute to joint usage/research center

In 1995 RIEC celebrated the 60th anniversary of its establishment. To mark
the occasion it sought to meet the needs of the impending advanced informa-
tion society by reorganizing itself as a national collaborative research institute.
In June 1994, approval was given for RIEC to become a national collaborative
research institute engaging in both theoretical and applied research relating
to high-density and advanced information communications, whereupon it
reorganized into three broad research divisions: Brain Computing, Materials
Science and Devices, and Coherent Wave Engineering. In addition, to replace
the Laboratory for Microelectronics, which had reached its specified duration,
the Laboratory for Electronic Intelligent Systems was established across the
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three divisions.

The backdrop to this was the IT revolution, characterized by rapid progress
in information and communication technologies, which made the information
society a reality. To ensure that RIEC played a leading role in the information
society, in 2001 its philosophy, objectives, and goals were reformulated.

RIEC has defined its philosophy as follows: “Close and smooth commu-
nication between people is fundamental to maintaining and developing a
flourishing and humane society. We will contribute to the well-being not only
of Japan but also of human society as a whole through the rapid develop-
ment of science and technology related to communication.” In addition, RIEC
pledged that, based on the results of research conducted hitherto in relation
to high-density and advanced information communications, it would play a
pivotal role in undertaking comprehensive research into the theory and appli-
cation of science and technology that will provide communication approaches
that benefit humankind.

Also, in April 2002, RIEC established the Research Center for 21st Century
Information Technology in compliance with a ministerial ordinance. Straddling
the three research divisions, the center’s aim is to address, through collabora-
tions between industry and academia, the changes that occur in the fabric of
society, leading to the creation of new information and communication indus-
tries.

In 2009, major changes were made to the organization of university research
institutes and centers; the national collaborative research institutes were abol-
ished, and joint usage/research centers were established. A council for joint
usage/research centers was set up in April 2010. These centers involve not
only the joint use of facilities but also the conduct of joint research; something
that is strongly desired by the research community.

At the time of the change to a collaborative research institute in 1994,
RIEC's intention was to operate with its orientation towards joint research,
gathering research scientists together from a broad range of backgrounds
both within Japan and overseas, and pursuing joint research projects. In this
regard, RIEC anticipated the main goal of these new centers. In recognition of
its achievements, RIEC has been accredited as a joint usage/research center
since 2010. In both the mid-term and final assessment as a joint usage/re-
search center, RIEC received the first rank evaluation for its research activity
and contribution to the related communities.

Leap forward: As a world center of excellence

To realize RIEC's philosophy and goals in the coming era of next-generation
global, ubiquitous information communication, an appropriate research system
has been put in place. In fiscal 2004, a reorganization was undertaken, herein
research organizations were broadly classified into short-term (approximately 5
years; Research Center for 21st Century Information Technology) , medium-term
(approximately 10 years; Laboratory for Nanoelectronics and Spintronics, Lab-
oratory for Brainware Systems), and long-term (approximately 20 years; 4 re-
search divisions) research. In March 2004 we founded the Nanoelectronics and
Spintronics Integrated Research Block equipped with the state-of-the art semi-
conductor cleanroom facility.

RIEC played important roles in establishing university wide organizations au-
thorized by the President of Tohoku University. In the fiscal year of 2009, Center
for Spintronics Integrated Systems was established to carry out the program
designed by the Council for Science and Technology Policy, Cabinet Office,
Government of Japan. In 2011, Research Organization of Electrical Communica-
tion was established to carry out research on disaster-resistant information com-
munication network as one of the eight programs Tohoku University launched
under the Institute for Disaster Reconstruction and Regeneration Research in re-
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sponse to the heightened social needs after the East Japan Great Earthquake.
In 2013, Center for Innovative Integrated Electronic Systems was established
to construct a center of excellence of academic-industrial alliance. In 2014, the
Brainware LSI Project, which aims to realize novel-concept LSls that are capable
of making human-like judgment, was adopted by the government. In 2016, “Yo-
tta Informatics Research Center” was established. This is based on a project for
handling the "quality” of information to meet the challenges of “beyond big
data” involving researchers from arts and sciences fields.

The research works on Spintronics, RIEC members are leading, was recog-
nized as one of the four top level research fields of Tohoku University as the De-
signed National University in 2017. RIEC members have great contribution for
establishment and operation of the Center for Science and Innovation in Spin-
tronics, Graduate Program on Spintronics, and Center for Spintronics Research
Network. In 2022, Center for Spintronics Research Network was consolidated
with Center for Science and Innovation in Spintronics.

In April 2023, we reorganized our research divisions in order to more strongly
promote rapid social implementation and established the Interdisciplinary ICT
Research Center for Cyber and Real Spaces to conduct research aimed at en-
riching future telecommunications. In this reorganization, the division structure
and division names were changed to be aligned with the three pillars in the
future vision: Transcendent computational capability, Infrastructures as natural
as breathing, and Creation of super-intelligent systems based on human un-
derstanding. Specifically, the existing four research divisions were reorganized
into three research divisions (Computing System Platforms Division, Information
Communication Platforms Division, and Human and Bio Information Systems
Division). Each division is composed of laboratories conducting research at
different layers and is structured to enable rapid development of materials,
devices, and their systems-level applications. The Interdisciplinary ICT Research
Center for Cyber and Real Spaces accelerates research and development of
“telecommunication with nonverbal information”, which is the successful key to
realize rich telecommunication, through interdisciplinary collaboration.

RIEC has structures for close cooperation in the spheres of research and edu-
cation with the School of Engineering (Electrical Engineering, Communications
Engineering and Electronic Engineering), the Graduate School of Information
Sciences, and the Graduate School of Biomedical Engineering. At the same
time it welcomes researchers from within Japan and from all over the world,
and as a world center of excellence its duty is to engage vigorously in research
activities in a wide range of fields related to telecommunications. Construction
of the main building of 13,513m2 was finished in November of 2014, and an
opening ceremony for the building was held on June 23, 2015, together with
the cerebration of 80th anniversary. In addition, the reconstruction of Build-
ing #2 is scheduled to be completed in 2025. Building on the proud record of
achievement of our distinguished predecessors and colleagues, we are enter-
ing a new era in which we hope to make further leaps forward amid the rapid
development of information and communication technologies and the rising
tide of globalization. Towards the era of New Normal, we are advancing new
research on rich and seamless human communication in cyber and real space.
RIEC is now organized around the three new research divisions, the existing two
research facilities and one center, and a new interdisciplinary ICT (Information
and Communication Technology) Research Center for Cyber and Real Spaces.
Together, our institute will build a foundation of sustainable growth of our soci-
ety with rich humanity, while acknowledging the importance of communication
as highlighted by the COVID-19 pandemic.
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BENZ Y FOZ Y 2T\ AR

Innovative Spintronic Device

AR a#
Lei w
—¥F E5

=

125
A

TR
Bk
EE

S. Fukami
S. Kanai
A. Hirano

S. Sato
M. Sakuraba
H. Yamamoto

—— Bengt Johan Akerman

* FRIMERE & DEHE
T LA > T T HRRRERMR

S - FEY AT LHARE
Recognition and Learning Systems

Laboratory for Brainware Systems

«Etﬁj\ S S Shioiri
WA {E— S Sakamoto

V7 baAvEa—T a0 U TER — @R BEE Y Horo
VAT LHRE
Soft Computing Integrated System

LR VLS| & R 7 LR E P& B5L T Hanyu
New Paradigm VLS| System BH HH M. Natsui

SR BB N Onizawa

—RERIVEa1—T 4 Y IARE AE EX A lshiguo

Real-World Computing —I: A B T Kano

21 iR IEREEHIEFE > 2 —

Research Center for 21* Century Information Technology

—EFERREHE
Industry-Academia-Government-Collaboration Research and Development Division
‘—'7/(1’4/7\ ICT —EE#:/A\ %‘;L‘ N. Suematsu

TOVNTF—LTAYTU R
Wireless ICT Platform Project
— RSB IR
Interdisciplinary Collaboration Research Division
2 hOzZ 7 R - CMOS BiE — % B5L T Hanyu
MEVEERE Y AT LODFAR 7OV 27 b
Research project of Spintronics/CMOS-hybrid brain-inspired integrated system

— BB ISR

Exploratory Research Division
ARHEEICLD
HEZRY AT LDORR
Development of the education support system with estimation of
attention states
HAEMRHRIFT S — 3tk EX  Y.Kitamura
R O— > FEREAT O
Drone Utilization Technologies to Realize a Symbiotic Society
AXR— b ITHERRTS — 3k A
T AV LR loT BB OMZERF

Wireless loT Technology for Smart Factories

— A 2 S. Shioiri

N. Suematsu

HPAN=& U7V ICT ZERIEAEL > 2 —

Interdisciplinary ICT Research Center for Cyber and Real Spaces
—ABOZ 2 3 VRIEmRER Y IL—T Tiﬁn)\ Eil
p=F m

S. Shioiri

Human Communication Science Research Grou & C Tseng

— AIFIR Y IL—

Al Research Group AN B

G.Hasegawa

=y D= BRI —7 ER #BZE THirooka
Network Platform Research Group R FE3B N.Suematsu

—dFa ) T BRI IL— — &R ESC N.Homma
Security Platform Research Group

—XROAZ 2 =4~ 3 VEIHR T IL—7 —I:jbﬁ EX YKitamura
XR Communication Technology Reserch group A (E— S.Sakamoto

— ISR IL—T —3lE FF K Takashima

Applied Research Group
—EFEHAICEE
Industry-University-Government Co-Creation Planning Office

BEREME  FTIEAIRER

Division for the Establishment of Frontier Sciences

L7\ [ N m Bl G —— =EETEREE) T Endoh
CMOS BB MEUSTES X T LARE
Spintronics /
MOS-Hybrid Brain-Inspired Integrated Systems

PR E R R 2 —

TARER

Machine Shop Division
i

Evaluation Division
TOLRE

Process Division

[ ERELAITER

Information Technology Division

Fundamental Technology Center

EHED
—IRER

General Affairs Section
CREE
Library

— R IR

Cooperative Research Section
—EERAR

Accounting Section
—RER

Purchasing Section
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Faculty & Staff SAN54581 BB /as of May 1, 2023
B Professors 21
A Associate Professors 19
B Assistant Professors 16
TR E Research Fellows 5
R Specially Appointed Professors 4
WA Specially Appointed Associate 1
Professors
WL Specially Appointed Assistant 5
Professors
P C Specially Appointed Research 3
B Fellows
EXHE Administrative Staff 14
e Technical Staff 12
=5 Total 100
WF7E R ANEL (A4 428)
Researchers (FY2022)
NEAHEE Foreign Researchers BEHE Visiting Professors 2
REMHIE Visiting Associate Professors 1
RESEHEMRE Cooperative Researchers of Private Company etc 9
pany
BAFMRESSRIMZEE JSPS Research Fellowship for Young Scientists 6
HAF MR ESAE N LA JSPS Postdoctoral Fellowship for Overseas 3
i =1 Researchers
HhiRESNE
Efﬁgg% FHEIA Invitation Fellowship for Research in Japan 1
SEERE Contract Researchers 1
ZEEHHES Contract Trainees 1
=t Total 24
PR
Students
SFSESF1HIRTE/as of May 1, 2023
IEEHR LY BATT T TL AT 7T
Bas . T RATTZOE AR ETFHeh N P
SIh_T_DlB fI_T_.E}bL.ﬂ Graduate School of Graduate School of BB EHIAA 51
chool of Engineering . ; . . . . RIEC Total
Information Science |Biomedical Engineering
FEBAFE
Undergraduate Students 5(2) 59(2)
B RIHARAZ
Master Course Students 89(3) 47(9) 4 140 (12)
BRI
Doctor Course Students 2l Vi) < 40 (20)
PRZEFTEERRSSE 0
Institute Research Students 0
ast 173 (19 56
Total (19) (15) 10 0 239 (34)

* () HEANTHE Foreigner

14 | EZUESHIZEAT » RIEC 2023/2024



Wit - &
Land and Buildings

Bt LB EERATIT B1HE 1S FEIXEA
Site: 2-1-1 Katahira, Aoba-ku, Sendai, 980-8577, JAPAN

24 KRR E 14,993m’
FEREETE 42,257m’
Building: Total building area  14,993m’
Total floor area 42 257m?

2 BRC BTHE WEmETE
Name of Buildings Structure Year of Completion Floor Area
AR BEIO > ) — M E6RE. MR 1R 2
Main Building Reinforced Concrete, 6 stories, 1Tbasement 2014 13,513m
1588 #B;E> D) — M AR SR 7 791m?
Building No.1 Reinforced Concrete, 4 stories Building-S : 1962, 1963 !
N 138
Building-N : 1959, 1960
2588 HEO> 7 ) — b ARER 2
Building No.2 Reinforced Concrete, 4 stories 1962, 1963 7,058m
+/ - A EERER 7R =Yl 2
) ) . ) 2004 7,315m
Laboratory for Nanoelectronics and Spintronics Steel-frame, 5 stories
i ~ -7 T = £ fowa ~ ] — N2
JLA>vox7 E)?#Eﬁ%ﬁﬁux i%sbj Vo) — hERRE 1967, 1968, 1972 597m?
Laboratory for Brainware Systems Reinforced Concrete, 1 story
B;Ema> o) — b (—ELE) 2082 2
Reinforced Concrete (partly steel-frame), 2 stories 786 1,693m
HETER 1996 598m’
Steel-frame, 1 story
BREUE2PEE 1999 148m?
Light-weight steel-frame, 2 stories
2V RS 5 — > 5 U — 3 1030 3432
Research Center for 21st Century Reinforced Concrete, 3 stories '
Information Technology
=17
SBFER 2002 435m?
Steel-frame, 1 story
¥ - > 5 — > U— 2RE 1081 ST
Evaluation and Analysis Center Reinforced Concrete, 2 stories
\ D 1 — _YmER S Ak E) 17
NIEIR o fR%?jJ:I/7J b ( ulﬁiif?&ﬁ) $E§§ ,
} einforced Concrete (partly light-weight 1972 74m
Helium Sub-Center
steel-frame), 1 story
. Reinforced Concrete (partly light-weight 1965, 1966, 1978 488m’
Machine Shop
steel-frame), 1 story
Z D 2
Others 48/m
Bt :
Total 42,257m

==
B

=
X\

BfE

bt

=

i
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TR
Budget

EXBEWEFRICH Bud hif
ESCBEMZERICEIT B2 FEODOHETE W Budget Shift 4 - E5M) millon yen

3,500
3,000 —
138
7
2,500 — —
172
1,558 2
2,000 — — | | — | 1,484
1,213 i
1,039 5
1,500 — — — — —
1,000 — ] | | —
1,463
1,347 1,308 1,368 1,316 1,254
500 — — — — 1
0 \ \ \
FY2017 FY2018 FY2019 FY2020 FY2021 FY2022
EBEEINE NEES MEREHRES
Operation Grants External Funds Expenses for Facilities Improvement etc.
FEEEAER W Budget Summary B © FF/thousand yen
C$ I’E.‘ FY2017 FY2018 FY2019 FY2020 FY2021 FY2022
ategories
EE"%’;&M@ A& Personnel Expenses 835,904 790,118 742,128 801,695 744,591 699,851
Operation Grants |y 0 \on-Personnel Expenses 626,824| 556937| 566,533| 567,249| 571,737| 553851

BEERME 5t

Operation Grants Total 1,462,728 | 1,347,055| 1,308,661 | 1,368,944 | 1,316,328 | 1,253,702

Rz &mehe
e Rosearch 549,034 |  231643| 363325|  293404|  282400| 276,146
ZELHE
RN S ioned Resoarch 963,585|  753391| 486053| 669.454| 873456| 1178325
External F
xternal Funds | cni e Donations 40,541 sa3a4| 42436 27200  57422| 29,604

(FB18) MIEREE  Indirect Expenses 220,733 134,311 155,852 172,874 234,487 315,346

NERE D 5t 1,553,160 | 1,039,378 891,814 990,058 | 1,213,278 | 1,484,075
External Funds Total
NEEIHEE  Expenses for Reconstruction 0 0 1,936 172,477 6,732 20,472
PELEHEZE  Expenses for Relocation 0 0 0 0 0 0
EREEEE  Expenses for Facilities Improvement 0 0 0 0 0 117,997
=g =
MR EERES 5t 0 0 1936| 172,477 6732| 138469
Expenses for Facilities Improvement etc. Total
o =
E%ot::l-l- 3,015,888 | 2,386,433 | 2,202,411 | 2,531,479 | 2,536,338 | 2,876,246
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External Funds

BAI 1 BAM/ million yen

1,200
1,178
1,000 T i Y S panaaaaty
873
800 - e MR
669
600 il NN N I i MRS SR EEERE B
549
486
400 - Xl BT D T e T
30 293 282 276
VN B Bl B s B o B D i B B B O .
41 54 42 27 57 30
0 \ \ \ \ \
FY2017 FY2018 FY2019 FY2020 FY2021 FY2022
BEMREHE SEEhARE EE
Grants-in-Aid for Scientific Research Funds for Commissioned Research Donations
NEREEMER W External Funds BAi7 : FF3/thousand yen
£ I
) FY2017 FY2018 FY2019 FY2020 FY2021 FY2022
Categories
REMEEFHES
Grantsin-Aid for Scientific Research 549,034 231,643 363,325 293,404 282,400 276,146
SZETFIoC
SRR e 963,585 753,391 486,053 669,454 873,456 | 1,178,325
Funds for Commissioned Research
?Wﬁq 40,541 54,344 42,436 27,200 57,422 29,604
onations
A =
:'Il'ot:I 1,553,160 | 1,039,378 891,814 990,058 | 1,213,278 | 1,484,075
BEUB(EHIZEAT » RIEC 2023/2024 | 17



HET7OY TV AR

Nation-wide Cooperative Research Projects

7Y 7 MREOBE LB

AMZERTIE. BRBENEFICHITS COE (Center
of Excellence) & LT, TDOHRZ K ULALHRIC
NEL, EEHREIZ 22T —HESICHET
BIeHICHEREFE - £EAFEN S & L TRADHTZE
BEHETOV IV MARAEZFTLTWS, KR
FROZEREDME L. BE2REOHBEFATIEE L.
AAEFHE L DHEMAEEFIRELTVWEETA
1A D B, AIZEFTD [HE OV 7 MHIZE)
ClE. BEREBEDFICHITBEIM - VAT LICEAT
BHEBEOMEEERNNDBNIZHEEDHRIDE &
I\ O—7rx— ML, 7OV TV MHEEL
TEELTWEDTH B,

HE7OY 0 MZRIE. FTRAN OIS DT
HEEHTLEEIN, ETS5ICFOBENESMERT
REINDTEDPHETH S, TNET. KT
DHEBEIOY U FHIEDRES KURBIE. BN
NDE - - FITKFE B - QIUIAREERT. B
B¥E - AREOHENUMEEETRE LT, 2
BlILEV TN TV,

70y =7 MIREHA

HEATOV T PAEDEEDHIC. HETH
JIV MNAREZERROHBTAI 17 FREEE
= HETAY T FEEZERDNRBIN TV S,
HETOY Y PRAREERIE. ROV TV b
MRICEIT 2 EERFIRZERET DTCHITHAN 34,
FR2HEFN 5 BOEF 10 BOESICKVIBRK
TNTWa, #RE7OY 7 FREZEDED
& AR TEITENTVDHERBDRF-EZE
BLEDHS, FIRNOERZILRS. HEFARDE
WCH2 TNBEMENZIZ21 75—V 3V ERR
T HRENRERMOFE L IEAOHER] DEEIC
FAIREHETOY 7 MRAREBEN ICHET 2
ZELHB, INET. REAREOAR. FIROE
. NEBANDIRIR. BEODBMICET 5RFICDW
THMETOCECEY . FHICLEDOBMICALT
F. RF - RFRZRAE LTHEBNENGZETTDT
ECWVB, GH. HETOY 7 FAEOTIRICE
LEEEZEEICITO . NBEEZSOHHRT
AV 17 hEEZERDREEIN TV S,

e HAZ7OY IV MRAROABEREERN S
fedlc. ARRFAEEODHEICLVEBINTLS
HETAV 17 FEBEERERHRBEEINTL S,

RIEC Nation-wide Cooperative Research Projects Outline

The Institute has a long history of fundamental contributions in many fields
of engineering and science that include the fields of semiconductor materials
and devices, magnetic recording, optical communication, wireless commu-
nication, electromagnetic technology, applications of ultrasonics, acoustic
communication, non-linear physics and engineering, and computer software.
On the basis of this rich historical background the Institute was designated
as National Center for Cooperative Research in 1994. Accompanying Tohoku
University’s transformation to “a national university juridical entity” in April
2004, this institution plays a leading role on the world stage, as its researchers,
both domestic and foreign, continue the task of “investigating the theory and
application of universal science and technology to realize communication, to
the enrichment of humanity.”

In such background, the Institute organizes Nation-wide Cooperative Re-
search Projects by coordinating its activities with research workers. The main
themes for Cooperative Research are selected annually by the Committee
for Cooperative Research Projects. Then invitations for project proposals and
participation are extended to university faculties and government laboratories
as well as industrial research groups. Each project approved by the Faculty
Council of the Institute is carried out by a team of researchers that include
members of the Institute as well as outside participants.

Related Council and Committees

The Advisory Council which includes members from other institutions has
an advisory function to the Director in defining the general direction of the
research at the Institute and its Nation-wide Cooperative Research Projects.

The Project Selection Committee that includes members from the outside
of Tohoku University has a judging function for project proposals. The pur-
pose of the Project Steering Committee is the proper operation of approved
projects.

18 | EZUE(SHIZEAT » RIEC 2023/2024



7Y =7 Mg

DHSFEOHR AT 7 bHEIE. PARADL
SREEN, FRDOER. 1304 (A:784. B:38
ST SER T T2 AEERENT
BH. K AIFELDHRERREIC DV TARAREAD
MEss - REGEEEFERALTIT>7RY Ty b THY.
78 DS B 70 HNERK Y DIRE. X9 B XK@
FEDHRSKEADTOI TV T 384HD55 35
HEONBEL Y DREDHDTH B, Flee REDH
BEDBMLTVWIHEIEF. KDAD T H K9
BN 14HTHBH, KD AICHLTd. ABTOV T
7 MERE, BEFMRENRE. B IER,
IR HEER, EREERRIEER D 5 DO
REA T ERBICHLTIE. TSR ERH
ERSSHEER 2 51T T W2,

oo K9S IFHEREESICED(HATAY
7 NARTH Y. K9S ERIEEBRAERE T HEE
ZENE L OBNERE HAMEZRET 5D T
H%. BRBEDHFORICHRZBL THEZHE
TAREREICOWVWTC, BRAEFAHROETY DL
1HEE - WEMROBHTEL2ERNNDKREWEHR S
DHZEAER C HE L THET 5.

TH. INETHRHERE - 55w FTIOFORAES
FUBEHFNHARDOEMDHLE L CEEENTELTE
IRFEIBEAEMLIERARR] & D4 FE
FVERAOFEFTRREZECHENE LTI TR
TJ LT #BATOY 27 MREO—RE LTEY
wmoO>TEL LT, TEMARDEREMALILS X
T FRINDOHREIC L DHREPHEER CORE -
EmaE . HEFA - HERRALAOESHZE5
ITHEET Do

SHMAFERE

BRI T (A7 BI32 4. ST AR S ERE 1 4R
XNT:124)
R EE 1,187 % (A1484 % B 4344, S:21 & SEE:
258, RPT :2234)

KED A EXDBITHT % 6 DDZR A TOFIREEDNERIE
LUTO&EY Ths (EEERD),

u EREEREHEE 344

BRI IRA 434

uEFHARENRE | 54

w SCURBIRZTHEERY | 54 ¢

B ARETOY T MEEE 34

m EPHERRZCHEER - O 4

mZOM 0

7Y = 7 MIEDORSE - FZhzoWT

HETOD 7 bARIE. BFE1BICREEDT
AY 17 hOREETV, BRAZETHREINLR
Bl AAEFONEHEL LEICBFIAETT
A7 bERBITHELELTWVS, Te HA
7OV MRARORREXRDHZLE LT BF2A
I THATOY 7 bR HEERS ZEL. BN
NDZHORREIC L HERGHR/MTONTL S,

http://www.riec.tohoku.ac.jp/ja/nation-wide/koubo/

RIEC Nation-wide Cooperative Research Projects in FY2023

Applications for the FY2023 RIEC Nation-wide Cooperative Research Project
Program were received from inside and outside the Institute, and 130 projects
(A:78,B:38, S:1, S-international: 1, T:12) were approved. Type A projects have
access to the Institute’s facilities and equipment, and 70 out of 78 proposals
came from external applicants. Type B are short-term, study group-type proj-
ects, and 35 out of 38 proposals came from external applicants. Furthermore, 11
research project in Type A and 14 research projects in Type B have participating
researchers from the private sector.

There are five types of research in Type A : Large Research Project, Young
Researcher's Project, Exploratory Research Project, Advanced Research Proj-
ect, and International Cooperative Research Project. In addition to these five,
Type B also has Industry-University Cooperative Research Project.

Type S consists of Inter-Organizational Cooperative Research Projects, and
Type S-International Promotes Collaborative Research with Overseas Organi-
zations. The Institute will take the lead in priority research areas in information
technology, collaborating with domestic and overseas research organizations,
including university-affiliated institutes, that are complementary and can cre-
ate synergy.

Until FY2021, the Institute operated the Study Groups on Electrical Com-
munication as a place to present and discuss research findings, establish new
research fields, and foster exploratory research. From FY2022, however, the
Study Group will be classified as Type T and become part of the Cooperative
Research Project Program to foster the Institute’s students. Inheriting the Study
Group's philosophy, the Program will further promote activities of the Institute
through presentations and discussions by internal and external researchers at
conferences and lectures.

Details of the RIEC Nation-wide Cooperative Research Project Program
in FY2022

= No. of approved projects: 117 (A:71, B:32, S:1, S-International : 1,T:12)

® No. of researchers: 1,187 (A:484, B:434, S:21, S-International : 25,T:223)

* The breakdown of the six types of research in Type A and Type B are as fol-
lows (including overlaps)

® International Cooperative Research Project: 34

m Exploratory Research Project:43

= Young Researcher’s Project:5

B Advanced Research Project: 54

= Large Research Project:3

¥ Industry-University Cooperative Research Project:9

¥ Other:0

Public Invitation to RIEC Nation-wide Cooperative
Research Project

Every January, the Institute starts public invitation process for the RIEC Na-
tion-wide Cooperative Research Project Program for the following fiscal year.
The applications are screened, and approved projects are implemented with
relevant Institute faculty members until March of the following year. Further-
more, the Institute holds the RIEC Annual Meeting on Cooperative Research
Projects every February to present the results of the projects and hold active
discussions with Japanese and foreign researchers.

http://www.riec.tohoku.ac.jp/en/nation-wide/koubo/
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SMSFEBALR 7O 7 MAEFIR—E  Title of Nation-wide Cooperative Research Projects in FY2023

(X% A/Type Al

HSi-Ge BB T T Y b7+ — L ENDREKEEEHEREEORIE
Development of Multi-Functional Integrated Circuit on Si/Ge Hybrid
Platform

HIEHMARIC BT B RAE Y A A F 27 AOHIEBICEE T 258
Control of spin dynamics in non-magnetic materials

IR TS AEEBEER LI/ 7 - ERT/\ 1 ADAIR
Creation of Bio-Medical Devices Utilizing Non-Equilibrium Plasma-
Producing Reactive Species

REFT/N\A ADBHFRCEICET S5 - R
R&D on radiation response of quantum devices

NREFBETT/\1 ADRHK
Development of Quantum Device based on Atomically Thin Layered
Materials

BRBAREEEDSOD THz A > F v T 7 LA 7> 7 HICET 5%
Research of on-chip THz array antenna for ultra-wideband
communication

WRTD DG E BV cRER A RAERE L T DA
High frequency chaos circuits using resonant tunneling diodes and their
applications

ERNEE S UIRAIRET LA 7 > 7 F DR
Millimeter-wave large-scale array antenna for wireless terminal
application

B 5G - oT DD IRIF—/\—RR b & A2 —7 T SR BT
Study on energy harvesting and meta-surface applied for 5G/loT

NEE N ETIREEERT N\ A AVEREBEN DY — L AT 7+
Axwy b T—7ICE8T 2%
Study of delay-sensitive and seamless access networks using widely
frequency selectable optoelectronics integrated devices

BRRHACERINERA VZ2—T A ARV 0T T/\1 AB K
TRy b OERAE - BIR AT
Mixed Reality for loT and Robotics: Opportunities and Challenges for
Immersive Human-Robot Interaction

BNREDA VRS 3 RIS DEEMPIREEIRRERAL T « AT LA
Reconfigurable Head-Mounted Displays Enabling Real-world Interactions

DRI EORZERIEICE Y SR
An investigation on spatio-temporal characteristics of auditory selective
attention

BN/ —=ZIF 1 —HIREAO B ZERNEICEE I 2R
Study on sound space perception under limited binaural cue condition

WEEALF NV EERVEZ A -OF—T 1 v IV AT I
Neuromorphic Systems using Thin-Film Memcapacitors

HioT ¥ 27+ DI
loT security technologies

BN —EF A RXARI=I Y TS5y b7 4 — LD
Development of Advanced Harmonized Agent Platform

BTFNAR - AV THIT 47 ADRIE Beyond 5G 7/ A ANDJSH
Creation of device informatics and application to Beyond 5G devices

WRER - BB - T —ARFOREIC K HEBFRMDMER
Quantum research based on integration of experimental, theoretical and
data science

EIBBEC BT B IHERE X DREY
Investigation of contactless power transmission in a long distance

NZEEHMEOSANE  BAMSEAE
Embodiment of space perception: anisotropy and individual difference

HEIEIERD 5 ORISR/ N\ T v MEREWER
Effects of body vibration generated from audio-visual signal on
perceived reality in multimodal contents

oEERNE BV ENERRABOBE S A IEBERICEY 2%
Research on the formation of a gravity observation network using optical
communication technologies and the monitoring of volcanic activities

FRASEN- R T 7 ETY YAV E =T 1 Y IANDISA
Hardware Technology for Brain Computing and its Application to Edge Computing

mCoplanar waveguide size and magnetization angle dependence of
magnetization dynamics in CoFeB-MgO magnetic tunnel junction
structure measured by spin rectification ferromagnetic resonance

BSH-CVD LK BEBT/ R DY U S MuRIGHIEICEI T 2828
Study on Silicidation Reaction of Metal Nanodots with SiH,

= Study of magnetic, dielectric and optical properties of nanomaterials for
Terahertz applications

)l /F ey TEBEMCLZE—TO04 FEF Fv FOESEEHE
Electron transport through single colloidal quantum dot coupled to
nanogap metal electrodes

NIERTI SRS E B T Y T 2V 0T A AR DB ARSE
High Frequency Response of Submicron-Sized Magnetic Materials with
Asymmetric Magnetic Vortex Structure

NRTREGCHERNOTAAA FMUSBMEOBELAEY FOZI IR
FAERTFDIFS
Fabrication of spintronic devices based on antiperovskite-type metallic
films with light elements

= Japan-USA International Collaborative Research on the Theoretical and
Experimental Investigation of Coulomb Drag Instability of Graphene
Dirac Plasmons and its Application for THz Laser Transistors

HARZ b 56 EHBICHIT A A VEY NEBRIEBEIRTE KURBEORE
Development of diamond RF high power devices and circuits for post-
5G base station Interpersonal coordination of motor, cognitive and
neurophysiological processes in joint activities

B ZREIERE AL B OROHIEICEY SR
Manipulation of sense of self using multisensory information
= Exploring and designing interactions for VR headsets using smartphone
interfaces
RS A VRECEIERE - £ VHEREDESR
Online-based visual psychophysics and shared modeling environment
NEEROIEHEICRET IR
Estimation of attention states during learning
NEXREDMOEBERISHICET 2T
Study on application of facial expression analysis to remote medical care
= Creation, manipulation, and electrical control of chiral spin textures in
non-collinear antiferromagnetic heterostructures
NE—NFIREDOOBIRE S/ T v —I|CBEY 2%
Study of Superconducting Nanowire for Single Photon Detection
Hinterpersonal coordination of motor, cognitive and neurophysiological
processes in joint activities
B\ TEELEE AR A IR EICRE T SR
Propagation directivity of wireless body area network
WXR FAlra 7E A L @EA HyFlex IRERBEED 2O DIRENZE
An Exploratory Study to Build an Environment for Collaborative HyFlex
Classes"Utilizing XR Technology"
NS T7IVIIYROMRE
Study on graphene emitter
HETIVRFEGERS S/ TLY bOZ Y XCHT B - T Ot X EREE
HICEE Y 2H%R
Development of Fundamental Technology of Materials and Processes for
New Group-IV Semiconductor Nanoelectronics
NEEF R F S/ Fa—TREREN A T ORE
Development of a sensitive TiO, nanotube gas sensor
NSRS MRS AREA NMR 245 70— 7 DRA%R
Development of intraluminal NMR probe for high magnetic field MRI
NFEENR E BROEFNRE AV OBERRE /1A T 2 ERRAE
Fundamental Survey on Measurement of Intraoral Bite Force Using Inverse
Magnetostrictive and Magneto-Optical Effects
m2D van der Waals quantum materials for efficient charge-spin conversion
M Japan-Russia International collaborative research of new designs of high-
power large-area photoconductive antenna-emitters
mhigh-k/Ge #&IC 51 2 REVIEEEED 7 Ot REMKF DR
Investigation of physical structure model of high-k/Ge interface affected
by process temperatures
BRI ERWE TS XEZ Y Y -+ TINA RIS AR
Study on plasmonic nanodevices based on two-dimensional materials
® Current-induced orbital effects in magnetic heterostructures
BB 100GHz HH A L b T 1 D2 EZEMIMDRIR
survey of over100GHz direct digital transceiver technology
B I SRTNA AE SRR O R@sRE TR T 2%
Study on optimization design of milli-meter wave devices and
transmission lines
= New generation of 2d material based devices for terahertz technology
1 Collaborative evaluation of non-verbal communication solutions
mERREEEICHIT B VR IR E R LI RBRIL RIBHME DR
Practice of experiential on-the-job training using VR equipment in the
field of occupational health
N BEEN A HHET HEMN VR/AR T — 0 AX—ITEY BH%
Research on dynamic VR/AR workspaces for inducing physical movements
= Auditory influences on saccadic suppression
BRI Ry b T — 0 =B ST B RMIE RO REREIAET
Constructive analysis of brain computing based on multicellular networks
WIERARHE S R T LEBSRODRZE/E Y R 7 LNDER S
Expansion of nonlinear complex systems theory to spatiotemporal
systems and its applications
B SRR S 2 DA & R DT
Characterization of microstructure and properties of high-performance
soft magnetic iron alloys
BRIVFLIVTNAF AV E1—T 1 2T DHRR
New development of multicellular neurobiocomputing
RENEI Y b I BRICK BRIEREICET BT — 2 BRENFESE
Motion Unit: A data-driven study on bodily emotion expressions
BAR— NI TABEZRABT Yy YAV E1—T « VIEBEM. $LUZ
N&EERTAHAR— VAT I
Research of the fundamental technologies of edge computing and edge-
assisted smart systems for smart city
HRAR— MREZZHECEHET—ERX TSy b7+ —LICEET 2H%%
Research on Autopoietic Service Platform Supporting Smart Society
QKD ¥ AT LITHV A5 EAEEEAR A
High precision phase locking technologies for quantum key distribution
BVRICHIT BEEEBHRE/ T + —< > AU KIE T HEDET
Investigating the impact of physical activity in virtual reality on cognitive
performance
N B E LN Y DA U NEORFTICETY B
Research on online text analysis using machine learning
NRBEFE BV cEEREGR > > I Eir I iRE R
Deep learning based object detection for ultra high resolution image sensing
0T LFY T IVBRA SRR A RS TR A — 2w BT DRRE
Fabrication of magnetic garnet ultrafine particles for flexible magneto-
optical films
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BHBFRENT OY 27 REBERMTOZERHE
Research and development of heterogeneous optoelectronic integration
technology

u EEEAER &R A & DBIRIFR
Discovering a relationship between auditory attention and auditory
immersion

IA%fE EICKBARBEPY I AF v —ZBLIIFEEIZ2 27— 3>
D
Enhancing Non-Verbal Communication through Facial Expression and
Gestures using Generative Al

m Emotion processing in real and cyber world: behavioral and neuroscience
perspective

= A computational model for the gender and culture interaction effect on
facial expressmn classification

n BEDERERIOETRIEAFRH > A T LDOBE
Development of automated sound environment recognition system with
decentralized autonomous organization type structure

Ry FT—UBBICHT HEERET LT X LOMERESTHH
Performance Evaluation of Congestion Control Algorithms on Real
Network Environments

[X4% B/Type B]

B AEY B - SBFONE S THHREREYEORE
Development of new physical phenomena at interfaces brought on by
electron spins, orbitals and multipoles

BHDOE— FRESIEICEEY 25
Reserach on advanced optical space mode control

-gﬂgiﬁlﬁiﬁ@% TINLEEERRA EDHDHBRICE BN AFED
A method for modeling of intellectual productivity and computational
intervention for productivity enhancement

m BRI RE T ) \ A ADBIRE /N1 F T /1A ANDFHER
Functionalization of oxide surfaces and its application to biosensor devices

BRI BEBZ 10214 F IV AEZNUCEDC Y AT LIBRAD
R
High-dimensional and spatiotemporal neurodynamics and its system
applications

u SEHAEGRHEE Y AT LARBIC AT LERIBR S TDRE
Theory and implementation for control-less wireless power supply
systems

772 —20FBAOBEISE T — 7 AX—XICET 2%
A Study on Adaptive Workspaces in the After-Corona Era

nECREOEMFBNDBERICEY 5058
A study of the Application of Evolutionary Computation to Machine
Learning

LES hi)ﬁ(DMV\]*%%F FRBAICEI et FOORNE - EE) - 58N - BB
Study of perceptual, motor, cognitive, and emotional human
characteristics towards the understanding of the neural mechanisms of
social behavior

m7 7727 (aphantasia) (BT 208941 A — VISRV DI&ET
Mental imagery processing in people with aphantasia

B EHEATRE A I EF 2 XY X T Ll Al e SREFIRZE
Empirical Research on dic Ubiquitous Computing Systems

= HEEM R OMBEBIEHEIC & 2 MRIBREE Y AT LDTODHR T
INA ZDRAF
Research on magnetic devices for advanced information system by
controlling multiscale structure of magnetic material

B BN O RICE DT/ MRBIR S BT/ 1 RSA
Nanomaterial synthesis by using novel gas-phase processes and its
applications to high-performance devices

u EFYEOHIE SRS L UZ D7 /1 XSA
Control and exploartion of functions of quantum materials towards device
applications

B RERERR I ORREBRY 57cHDT > 77 - BHFERRINTOH
Studies on Antenna Technologies and Electromagnetic Analysis Methods
for Developing Core of The Next Generation Wireless Systems

HINDSDFMEREEZS
Designing the Next Normal of Academic Conferences

B BEBICHFEA TV T FERMDEE
Theory of object recognition in vision and audition

BRI RERIBT 2K EEE ) 7+ OBEEIMICE T 2MER
Workgroup on fundamental technologies and issues of surface unmanned
vehicles for sustainable society

SRR IVF AT « THERICEE T 2R
Studies on Generative Technology for Enriched Multimedia

B A YO - L—14 SAR OISR
Application study on microwave and laser SAR

= An Inter-personal Dimension of MA: Behavior, Physiology, and Engmeenng

BT IRV A VHRICET IRRO GV ERR Y N T — 7 DR
Design of Borderless Wireless Networks for Digital Twin Soaety

= Massive Connect loT B DEEIRBIE > X T L&/ \— R D =7 DFERET
Integrated Design of Wireless Communication System and Hardware in
the Massive Connect loT Era

B OE—LY MY /AT ORREAEREEEE - 5TV AT LICEIY HHZE
Highly Functional Coherent Communication and Measurement Systems
Integrating Lightwave and Microwave

m6G AV R « 7NV Y EEM ORI & Z DA
Millimeter-wave and Terahertz Wave Technologies and Applications for
6G System

WIEHRIRIEIC L 21TR PRIFOENRE -
HEEVERICBE T B
Amplification and Attenuation Effects on Actions and Emotions in Human-
Computer Interaction

mPhysical / Virtual Presentations

NECEFHEICHIT B ZREBROGIBIEDHER
Integration process of multi-sensory information in self-motion perception

uH S ADBENDFEEFEDIRET
Study of methods for guiding a flock of crows

m3D FU v aEBW eEEET I\ XY 21— VDR S Z DR
Development of device modules using 3D printer and its application

u \DITENREMR - ARATICE D  ZERIEHRE
Spatial Informatics by Understanding Human's Physical and Spatial
Behaviors

BRI TR E /MR E R LR >\ EiEestRln
TeDRIRIRE 7 /U R DIBER & 5
Development and control of artificial cell membrane systems for
measuring membrane protein functions based on semiconductor
microfabrication technology and nanomaterial functions

MEROEY VEBWRRICB T Y Y - MEFEREO TEIF5IE] XA
ZRLDRRA
Elucidation of tactics mechanism between sheep and sheepdog in
shepherding phenomenon

BEEEIRRAEIC B HEIR & F B ICRT 2 IEREVIATE
Theoretical studies on memory and learning in neural networks

B RF2AY MR—RBEDERRFA > 2 7 1 —XITBT B8
Research on direct manlpulatlon interface for document-based videos

BA - HEDE YT T EN AR SEBR DM
Research on fundamental technologies related to human and social
sensing and intervention

MAR— T VICKBBEEBIR S v F IR MERWN T U r—
> 3 v OkET
Study on applications using head-gaze tracking technique with a
smartphone

A LS| A S [EIRR « > R T LRNTER A ETE
Internatlonal Research Collaboration of Brainware-LSI-Oriented Emerging
Circuits/Systems

[X43S/Type S]

nAEiE O — L MERTOEBIEE S Z DISH
Establishment for innovative coherent wave technology and its
applications

(X4 S E/Type SI]
B ABREE Al

Human sciences with Al technologies

BEFBICERT 2 ALBRRED

[X4% T/TypeT]

WEETFHZRE / Electromagnetic-Wave Transmission Technologies Workshop
Society 5.0 (C BV} fz BIK -+ B AR X F1i7 /Electromagnetic- and light-
wave transmission technologies toward Society 5.0

BEETFHIZE% /Technical committee for acoustic engineering
BE S5 - BEBIOVINFE-LIV YR TLICET 28 EGHICET
BHZEHE /Research presentation on basic and application of acoustics,
speech, hearing and multimodal systems

wE{b 75 A7 4+ —F L /Tohoku Plasma Forum
I 7S ABROERE S5 /Fundamentals and applications of non-
equilibrium plasma phenomena

B2 —2Y A T AFZES /Spedial Interest Group on Computer Science
BT ERRFE RO E T 2IER™FOER &G A /Foundation and
Application of Information Science around Theoretical Computer Science

w3 27 LHHERRZES /Technical committee for system control
2 AT LR SIS AICEE Y 2B FEF R /Research presentation on
theory and applications of system control

wiEER/ A A b O = XBFFE= /Information Biotronics Seminar
INAF - F/ITLY bAZT RICED SRR A7 7731 ZAIR /Next
generation biodevices based on bio-nanoelectronics

m A= ZBFZRE /Spinics Research Society
B MR BEFE & B RUS A / Development of Magnetic Materials and Their
Magnetic Applications

BZ1—/\SEALOAVEI—T A VI RS
Research Group
KA 0T 2 FESFHE D 1 —7 1« >~V FE DRI / Research
and development of new paradigm computing technologies for the next
generation loT society

WBERILY FOZY AWRS /Technical committee for ultrasonic
electronics
BEROER S ISHICET 2785 % /Research presentation on basics
and applications of ultrasound

w7 LA > 7 THEHI%RS /Brainware Research Project
EICHEE LS 2HMBERIES X7 LDIER%Z B1E L T /Toward Life-
like Intelligent Information Processing System

BALR - EEn T FHIZES /Biocybernetics and Bioinformatics
RSSO - £71)>7'/ Analysis and modelling of biological signals

B/« REVTERZRS /Study Group on Nanoelectronics and Spintronics
F/ILY MAZVR - AEY bOZI ZAEN—XE LI RIEHREEE
# /Next-generation information and communication technology based
on nanoelectronics and spintronics

/New Paradigm Computing

&

SUBERAZCAT = RIEC 2023/2024 | 21



TSI

BES/ TINAAHEER W Dielectric Nano-Devices

EES /WS R 57 L
HIZESY B (LS 3%)

Nanoscale Dielectric Measurement Systems
(Assoc. Prof. Yamasue)

VAT b
LR SE

Computing System Platforms Division

BEHAEFITEHZEE W Solid State Electronics —

EFEFIMEIS
5 (W AR

Solid State Physics for Electronics
(Assoc. Prof. Fukidome)

OZRTBFRT /I A ADZIEEERIL

OFZ7 1y - 7I\1 ADEEFEHERABILHRE

OBREEFLIN OEHIEERFRY — H THz
S UIR DRI

OARZY FEMXDIGEIC LD/ TINA
AAMEBOERT

* Multifunctional integration of 2D electron de-
vices

® Academia-industrial alliance study for graphene
devices application

¢ Exploring nanodevice physics by using operan-
do x-ray spectromicroscopy

ORFOEREZEB Y HIFEMERRIHGFEER
BEtER RT3 A b DBER

OZ%teE - BREIDR T O— TBMD N AT LD
FEF ERMRBFHHL - 7/ ZFHENDISH

¢ Development of noncontact scanning nonlin-
ear dielectric microscopy and potentiometry
with atomic-resolution

¢ Development of multifunctional time-resolved
scanning probe microspectroscopy system and
its application to the evaluation of the next-gen-
eration electronic materials and devices

AEMETY
FRAH (PN

Dielectric Materials Science and Engineering
(Assoc. Prof. Hiranaga)

OFBHRTO—TT—2 X L —IDBIFE
ORFEMR - EBARMBEELOT/NAADS/
A — VEHIEFEDRF

o Development of ferroelectric probe data stor-
age

¢ Development of nanoscale characterization
methods for ferroelectric/piezoelectric materi-
als and devices



IEREBERRETIIZEE W Materials Functionality Design

PniEikaEsssEt
MRS E (BHEER)

Materials Functionality Design
(Prof. Shirai)

PR
WRSE I EF (FIER-EHR)

Materials Science under Extreme Conditions
(Assoc. Prof. Abe)

OF—FREABE L HHFPBICEDHLLARYE
HBEME O ERRRERE

OREY FOZU ARTFILE I BB EERH T
DIEERARAT

OMHE - RFHEEERT T HEHN 2L —
PEPE SO

¢ Design of new spintronics materials based on
first-principles calculation and machine learing

® Theoretical analysis of transport properties in
spintronics devices

® Development of innovative simulation scheme
for material/device functionality design

AEY bOZY AFRERE @ Spintronics

OnEEmE
OXZHE. KELEMDERILEBIEE
OB—REEERRFEDMHE

® Matter at high densities

® Metallization and superconductivity of hydro-
gen and hydrides

e Development of first-principles structure
search methods

AEVHEETS
MRDEF (FREER)

Functional Spintronics
(Prof. Fukami)

OREY FOZ Y AMK - RFICHITHBF -
A EZDISRICEY S5
OBFAE Y ZRBWHALDHIEICET T 25158
OF / BMEARRDBXDHED XA+ 2 7 XU
SRty
Ot - EEBBEHNALY FOZI XX EY
RFDRFE
OLBHMAERFDOAE) - HEBEMEIE,
BERBRLIZISAICEE T MR

e Electrical and spin properties of spintronic ma-
terials/devices and their applications

e Control of magnetization utilizing electron spin

e Dynamics of magnetic domains and domain
walls in nanoscale magnets

e Development of high-performance and
low-power spintronic memory devices

e Applications of metallic spintronics devices for
nonvolatile memories, logic integrated circuits
and new-concept computing

T/ AEVHEEETINA R
MREDH (EHAEBR)

Functional Nano-Spin Devices
(Assoc. Prof. Kanai)

OBMEREVEFE Y MY B

OF / RT—IVEARAEY T I\A RICET 3
i

OREY bOZ Y RBERHFN IV E1—FT 1>
7B B

OF/ R — IVEHEED BB EIE & Z DFEIE
HBEENATVISHICET 2%

eSolid-state spin qubit

eNanoscale and high-frequency spin device

eSpintronics-based probabilistic computing

eElectrical control of nanoscale magnet and its
ultralow power applications



F/ERBTINAR « VAT LHRE

FT/EB/TINARA
RS E (EREHR)

Nano-Integration Devices
(Prof. Sato)

Nano-Integration Devices and Systems

EFATOBERERILTOLR
MRS E (REAEBER)

Group IV Quantum Heterointegration
(Assoc. Prof. Sakuraba)

T/ ERHRITHRY AT L
MARDE (LFEBER)

Nano-Integration Neurocomputing Systems
(Assoc. Prof. Yamamoto)

ORBIETE/N— R 2 7ICB8d BHI%E
O2FHEe/\— Ko 7T B3R
OTvyarvEa—74 78T %

® Brain computing hardware
e Intelligent quantum hardware
e Edge computing

EF7/\1 AHFEE W Quantum Devices
BFTINAR
HRZE 55 (KIERIR)

Quantum Devices
(Assoc. Prof. Otsuka)

OBfRT / BEhDOEFHIEREREEGRS /18
BT INA RDHZE

OBWE T/ #i&%Z BV e 8F 7/ \ 1 XD

OM#L 7N\A ARZ LT —2REFEORE
ISR 2MENMEL T/ 1 ABREBRITO
R

e Electronic properties of nanostructures and
nanodevices

e Quantum devices utilizing nanostructures

e Informatics approaches in material and device
science

OBEE VBEFEHRTE2+Y vILED®
DIEBEERIEMA TS X< (VD FOt X
SRt

OV EHEFhsEEEFNT OBEDSEREL
TOX XY B

O BEFBEEFANT O/ T/\A ADEUEL
SR LICREY B HA5E

¢ Low-damage plasma CVD process without
substrate heating for epitaxial growth of highly
strained group IV semiconductors

e Large-scale integration process of group IV
semiconductor quantum heterostructures

e Fabrication of high-performance nanodevices
utilizing group IV semiconductor quantum het-
erostructures

BEFHNRAEY bOZY RTINS RAFARE ——

M Innovative Spintronic Device

B ALY P OZIRATI (R
AEPF (FHh—<8#%)

Innovative Spintronic Device
(Prof. Akerman)

O TREZ UL B SRR DR EES|
BT B
OffEffax Y U —0 OHBETIVICET S
e

OmfEfifar v b7 —7 LOBRNIEICET S

e

¢ Bioengineering technologies for manipulating
neuronal network functions

¢ Computational modeling of neuronal networks

e Information processing in biological neuronal
networks

AVE1—T 1 VU IERERARE
B Computing Information Theory
AVEa1—T 1 V JEHRER
RS E (PEHHER)

Computing Information Theory
(Prof. Nakano)

OBAKAEY FOZY RRFDEMBLHI
BAFTZUR

OREY FOZV XIREFOHEEIVE 21—
Iy

O7VIVT VtHE BT RN <Y/ > -
T+ /DS - BB FREIER

OF / A4 — )b bROY A)VESEE DG
RFOA

e Current-induced magnetization dynamics in
high-frequency spintronics devices

e Application of spintronics oscillator to uncon-
ventional computers

e Time- and spatial-resolved observation of
magnon and phonon using Brillouin light scat-
tering microscopy

¢ Nanoscale topological magnetic textures and
its application to functional devices

OARZMB LUOAKRF — bX b OEBIER
O7nI S LEHRELUTOY S LKL
OFERARERICL HEREERDOEIL
OB FimiZl BT BEOMTES PIRROHA

e Theory of tree automata and tree transducers

e Program transformation and program verifica-
tion

e Formalization in proof assistants

e Elucidation of computational behavior over
combinatory logic



LR VLSl 2 2 7 LEAZEZE B New Paradigm VLS| System

FBL2VLSIY R 7 L
HEDE (PEHE)

New Paradigm VLSI System (Prof. Hanyu)

OFREFREEAI v IA VATV —FTUF v
EZORBESBAVLSIZ Oty HISEICET %
B3

OFNARETIWVR=ZF2 I E1—T 1
VO T—FTIF v ICEY B

OZEBEHRER - IABABEICED B
BE - BHN=SoC/NoCIZREd BHT%E

OERMERICED CBEEEEZALSICET 2

i

* Nonvolatile logic-in-memory VLSI architecture
and its application to ultra-low-power VLSI pro-
cessors

e Device-model-based new-paradigm VLS| com-
puting architecture

e Asynchronous-control/multiple-valued data
representation-based circuit for a high-per-
formance/highly efficient System-on-a-Chip/
Network-on-Chip

e Low-power VLSI design technology based on
stochastic logic

FERVLSIaYEa—T4v T
MRS E CLRERR)

New Paradigm VLSI Computing
(Assoc.Prof. Onizawa)

OFELREFICEDCEIIVF—N—FUzT
77 I3 RLICET BHIZE

OCMOSA VIN=F « IO v ZICEDLEH
BESETEEBREINICREY 2H12E

ORMART 1w 7 ERBICED  HEVERILIE
IN—RD T 7ICEYT BT

OERBRAFMICEDCBEBEESH/N—F
U7 \CEY BHTE

¢ Energy-efficient hardware algorithm based on
probabilistic computing

* New-paradigm computing technique based
on CMOS invertible logic

¢ Brainware information-processing hardware
based on stochastic computing

o Ultra-low power hardware based on asynchro-
nous circuits

HERVLSIT 1>
MRS EF (EHERR)

New Paradigm VLS| Design (Assoc. Prof. Natsui)

OPVTIE5DEZ U —=VLSIE/ 7 —F 7V F+
|CBE9 BHA%E
OBEREBISESERBVLSIEE/ 7 —F 77
F v |CBT BH%E

Ot 7))L 31 XL EZDVLSIEREHETIS B
|CRET 5T

OFBERVLSIY R 7 LDRETHAICEE Y 2 H%E

e PVT-variation-aware VLS| architecture and its
applications

e Self-adaptive system for resilient VLS|

e Optimization algorithm and its application to
VLS| design methodology

® EDA/CAD algorithms for new paradigm VLSI
systems
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EFEFIFEHERE

Solid State Electronics

Staff
({£#& X)) (Shigeo Sato) =EE HEE  Tetsuo Endoh
Bz Professor R (R Professor*

B - Hirokazu Fukidome fE4RAK XF Fuminori Sasaki
HEHE Associate Professor s 5a=] Research Support Staff

W TAZEEE)

Research Activities

A=) rdlt k> TRt SERILZRRICRIRT 25177
JOV—ICERDOISNTERILY fOZ o UL, SiopHEs
PR, WML 0t XM - X M/ 7ICEmL
TW3, e, EBNEBAR— MEEOEBA VTS5 EKES
Internet of Things (loT)l&. ZEZHKE LT —PEET /N1 X
DRBLIED, ZDesh. SIUADHRAE B =EIERET /N1 X
DOHFEHEEIIHARNGRETH D, HARETlE. IERT/ N1
2R (5717, BeMEEHGE) RRWVEFRE T/
ZADZIICED L, MRH S T/NA AL TOHENEERREAE
ToTWa,

The strategy of scaling-based Si technology in electronics is
now facing several severe challenges, due to intrinsic physical
properties of Si, difficulties in nano-fabrication of devices, and
the saturating bit cost by scaling. Furthermore, internet of
things (loT), which is the infrastructure of smart society, needs
various kinds of sensors and communication devices. For this
reasons, high-performance devices based on new materials
except Si is the important social issue. We are conducting the
reasearches for the next-generation materials using such as
graphene and nitride semiconductors, from material explora-
tion to device devlopments.

¥ EREFIETEARDE | RE AR

T2 71 0EIECHETBDIracEFRNUGaNZE ED—RTE
HRZRZE BN TN A ZDWMERE . BRSBTS /5
B AEME L CEHMICAN, 727 10 EOFMRETNE
BWTER LT\ A ROBZFHEDBEHEES ML T3,
ELITEREAME BN Y 27 1 g - BFYMEHEEDRH
HIFT T VDTECEERCEDTHY . +/MIILES
T2 7 T VYMORIEE . EFEEAEISENLTVS, &
SlTiE. FEEEE 7\A REEDBIDF v v THEIBSH DA XD
> REEMXIR DY 2 Bt L. %T+/7A4xwru4xmﬁ%
HRLTWL5,

1. J271Y  BERRFORTROEBE

Figl. Graphene: A two-dimensional network of carbon atoms

= Solid State Physics for Electronics
(Assoc. Prof. Fukidome)

By use of nanoscale characterizations centered on synchrotron
radiation analyses, we are clarifying the relation between elec-
tronic properties and device performances of Dirac electrons
and two-dimensional electron systems such as graphene and
GaN. In particular, our finding of controlling the surface struc-
tural and electronic properties of graphene in terms of the
crystallographic orientation of the Si substrate paves a way to
industrialization of graphene. In combination with nano-fab-
rication nanoscopically controlling electronic band structures
of graphene, the academia-industrial alliance study is being
conducted to realize graphene-based devices. Furthermore,
we develop operando x-ray spectromicroscopy, i.e. element-
and site-specific investigation of electronic states of devices in
operation and exploit device physics of novel nanodevices.

M2 HBeEZE7AtX - Hi—BXBL SiRkED STME (FL)
Fig2. A UHV-compatible process/analyses system and the STM
image of a SF\’ surface (inset).
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BT/ TINAARRE

Dielectric Nano-Devices

Staff
X #F Kohei Yamasue Tk RE  Yoshiomi Hiranaga
R Associate Professor B Associate Professor

W TZE/EE)

Research Activities

FBS/TINAAARZOEN - BIRIE, F/ 77/ 09— FELIE
FIROFBHANCET ZHRDHEBERS I L. BLU. TORRES
MRERIHREBT T /A RADBERENCHI 2 ETHD. BABR. EFE
. EBAHMRIE EFEME—EEHE - BEXROTNS 2BV CEEEE
BT\ A AR REFOHREIT OB,

BHENICIE, BERT/INAZAPHT/INA A, Fe-RAMFICZAEN, HF
ZORENDEE LV BABRERBROEEONENT, RL2EHERBDRE
IR A UL EERD DB HRRE CEAITE 2 EB RIS S BREAME
(SNDM) %ZFFE L T %, SNDM ISR B ARDILE DR EER Pib&E
SHEOMERMICTTA D MAYDEE CTH Y. BCERABLEINTL S,
DfERED. IRECTIEWFEBIERT 1 7/ A=2ET>THY. FEEICHW
TIERFDREEEER L TV %, ABEMIRE G R ISRABHECHRDOBES
BEICAWNIE. ERE# CH > iBaRE R EREHEA D RE I
2L, ABEMBIIEFBEMBOTMIC L LEES T SBEAECHEDLR
AEND, RBECSNDM F/ ANV IV I 2T UV TR T afBU e
WHEBART —RANL—=IITBNTC RERCTIFAA Y FHY 475
Ev hDT—=R2AML—IICERIHIL TS (E 1),

Ffe. SNDM I BERICDESFEET NAZAD R—/\> b TaT 741
MR AR — FERREMIED TS/ AT — ) VEHEG EICh RERR %
KBTS (M2, TDOLSIT. SNDM IEEFEBMAICIR S I HTc AR EHE
ENEHEELDDHD (B3,

The aim and target of the dielectric nano-devices laboratory are de-
veloping the research on the dielectric measurement of electronic
materials using nano-technologies and applying its fruits to high-per-
formance next generation electronic devices.

Our main area of interest is evaluation and development of dielectric
materials, including ferroelectric and piezoelectric materials and their
application to communication devices and ferroelectric data storage
systems. Our major contributions to advancement in these fields are
the invention and the development of “Scanning Nonlinear Dielec-
tric Microscope” (SNDM) which is the first successful purely electrical
method for observing the ferroelectric polarization distribution without
the influence of the shielding effect by free charges and it has already
been put into practical use. The resolution of the microscope has been
improved up to atomic scale-order. Therefore, it has a great potential
for realizing the ultra-high density ferroelectric recording system. Our
recent research achieved the recording density of 4 Tbit/inch’ in actual
information storage, requiring an abundance of bits to be packed to-
gether (Fig.1).

Moreover, we have started the novel applications of SNDM to the
evaluation of semiconductors such as dopant profiling in SiC power
devices (Fig.2) and defect imaging in buried dielectric-semiconductor
interfaces. Because SNDM can detect very small capacitance variation,
it can be a very powerful evaluation tool for various materials. Now
SNDM evolves into a new evaluation technique for insulator and semi-
conductor materials besides ferroelectric materials (Fig.3).

@ FES /WY 2T L
FRAT | Wik

TEROBEREEICARIREREREFEL -+ 7/ ROHRFEEICERY
57/ - BFAT—I)VIEDFHRIT Sy b T+ — LERIH T BHFRICEY
HATWD, FICHBREPAEICECHDBICBEODMEZRFRAT —
IV CRIERTREG EB IR A BREME RT3 X b LRENS
TO—TEMEFERRELCW\D, Tl REMEE ZKE - BEOHEY
O—T7EMAN Y AT LICRBEEZ LERIC, 22— 3 ryPT—
LT TO—F EREEE, FIRE 2 Rohh - 7/NA AR T A N
Y RF vy THEEEME - 7\ A2 BCEBEFMR - 7/ AFHEN
DISRZREY 2MEZRERL T2,

@ FEIETE
NSV 7373

HEDE | FRAEHRT
AT CRBBRETO— 77— 2R b L— Y ORI E BIE L 1H
WEHELTHY . SBREADIER - FH@D SECiREE S X T LDIEEEIC
EHE T BLVAEEEZT O TV, o ERIIHGTHAEXREN
EEE L CEIGRFER - EEARMROFTMEICET SR EERNIC
T2TWVW%, TEROEHN R AAVBRICEE ST, BINEIBREEHE
BASMNCT 2FHMEFEOREZBL T BZOTOREICET 2MRZE
HLTL3,

1. MUNDEBREE Y b T —2ICKBRERE
249 (4 Thit/inch?)

Fig.1 Ultra-high density actual information storage using
ferroelectric nano-domain manipulation (4 Thit/inch?)

power MOSFET

2. SiC/NT— MOSFET @D F—/X> b
a7 7LD
Fig.2 Dopant profile measurement of SiC

= Nanoscale Dielectric Measurement Systems
(Assoc. Prof. Yamasue)

We intend to contribute to future information and communication
technology through the creation of an innovative nano- and atom-
ic-scale measurement platform for the evaluation of the emerging
electronic materials and devices. In particular, we are developing
scanning nonlinear dielectric microscopy and potentiometry for the
atomic-scale investigation of material properties regarding electric
polarization on surfaces and interfaces. We are also working on the
establishment of a multifunctional time-resolved scanning probe
microspectroscopy system. By integrating it with simulation and da-
ta-driven approach, we aim to realize advanced analysis and character-
ization of next-generation materials and devices including two-dimen-
sional crystals and wide bandgap semiconductors.

= Dielectric Materials Science and Engineering
(Assoc. Prof. Hiranaga)

We are promoting research aimed at the practical application of ferroelec-
tric probe data storage, and are conducting a wide range of research and
development from the production and evaluation of recording media to
the prototype development of the read/write system. In addition, we are
focusing on the evaluation of ferroelectric and piezoelectric materials using
scanning nonlinear dielectric microscopy. We are developing the advanced
measurement system for revealing nanoscale dynamics of polarization re-
versal behavior aiming at contributing to the progress of this field.

3. BRETFERERIIRTABERRT > 3 4
FUITED SIC £V ST 1V DRFHRAEERR

Fig.3  Atomic resolution imaging of graphene on SiC by ultrahigh
vacuum noncontact scanning nonlinear dielectric potentiometry
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Materials Functionality Design

Associate Professor

Tufan Roy

Staff

H#f 1EX Masafumi Shirai FIER  F1ZHN  Kazutaka Abe
I Professor B

)l A Masahito Tsujikawa Tufan Roy

Bh# Assistant Professor Bh# (CSIS)

Assistant Professor

¥ HIEEE)

Research Activities

BRADBRT I\ RITIE. KEDBREZIE - (F « LRI B/
DITHFERPHIE AT ERABHROFBENTVND, FHRE
DODHREERIEUTDESY TH S, (1) RIERBERT /A ZADE
BEBDMELT /BEICEVTHIRYT 2EFYIERRRZ RN
KRR 2T &0 (2) T/ AMEBEDMA LI DD 55 L LAE
ZHITAMEP T /SR ERRFTT AL Q)RR
L—> 3 iz B LT BRIt - HREDRRET A% HEL
BT L,

Various kinds of materials are utilized for processing, commu-
nication, and storage of massive data in modern information
devices. Our research objectives are as follows: (1) theoretical
analyses of quantum phenomena in materials and nanostruc-
tures, (2) computational design of materials and nanostruc-
tures which possess new functionalities, (3) development of
materials design scheme utilizing large-scale computational
simulation techniques.

© MRS | RS

BYNDEIHERMEACYDEREZHICH A L2 LU
TINAZDOERERIELICAEY FOZ 7 AHERO—EE LT,
SACVREMEPZENEBWN T /INA ABEICBIFERAE Y
KFEBERCEDEREINE T AMET—<ELTWVWD, ]I
IEE—REAE L MMEREEHEDEHES N RIVEEE
BB OBEEY ROV HIVEFREEITER L AEFEOE
FRMIRICEE L TV 5,

v RN DE | FIERAERIR

BRERE CIENBRETYNZ, B—RENFECLIROT
W5, BIEDMZENRIE. BFRFERFRICED(SEERY
DR TERATNTVD, KRLaMOEELBAER. £l B
—REAEICLIBERRFEORAEICEIIHA TN D, KA
DYEERD LT COBERRFESBDTEN THBHI EH
RSN TEY . BEIKRS Y. FMHERFTEMN\DLAL A5
EEZ TV,

L 4TTRA R T —BeF 1) —REDOHERF B L 5FRME ()
CE—REFEICKVBONTAE (it
Fig.1: The correlation between the Curie temperatures of quaternary

Heusler alloys predicted by machine learning (horizontal axis)
and those obtained by first-principles calculations (vertical axis)

= Materials Functionality Design (Prof. Shirai)

Our research interest is focused on “spintronics” to realize new
functional devices. The main topic is theoretical analysis of
spin-dependent transport properties in highly spin-polarized ma-
terials. Recently, we seek for new electrode materials of mag-
netic tunnel junction by combining first-principles calculations
and machine learning. We also theoretically investigated ther-
moelectric properties originated from topological electronic
structures.

= Materials Science under Extreme Conditions
(Assoc. Prof. Abe)

We investigate the properties of dense materials by using ab in-
itio methods. Our current research focuses on metallic hydrides,
which are experimentally found to show high-temperature su-
perconductivity driven by electron-phonon coupling. We are also
developing simulation techniques to look for stable structures
from first principles. The structure search methods are quite use-
ful for examining unknown substances and, therefore, likewise
applicable to designing new materials at one atmosphere.

2 BE—REFEICKLY SV AERIAIEREZET 2 LFAINEC
CoCrMnSi/MgO B DIESREIE £ BEEDER
Fig.2: Schematics of crystal and magnetic structures of the Co-

CrMnSi/MgO junction that is predicted to possess high inter-
facial magnetic stiffness by first-principles calculations
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Spintronics

Staff

EE  #%  Shunsuke Fukami £H B ShunKanai
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e Research Fellow
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Research Activities

ERFDER P AL BbDIREEFIE L TFNICHBT 5T
EEBMNEL. HILLWAEY FOZY AMHE - BEDRRYZC
TRIBEINZACVYPEDER. NUAEY bOZU ARTFNA
BT BMIREIT O CW\D, Ko, mEERRIER. Fibx (AEL
BRHN., 27) BRUEBLGEDOISHEZEE L. ki - &
HBEBNALY FOZIARTORIBICET 25k AES TV
o BAEMITIE EMIIRLE b X VIESETF ORISR &SRR,
ERCERT BV BB R, X/ Ny 2 > TERE
ERAWEFRAEY bOZ7 AMBORE. RIEHAL Y MO
7 ARF O THEA - IR G ST 2MRETo
W3,

Our research activities aim to deepen the understanding
of spin-related phenomena in novel spintronics materials
and structures and apply the obtained insights to develop
advanced spintronics devices, where electron charge, spin,
and magnetization in solids are controlled. We also work on
high-performance and ultralow-power spintronics devices
to be used in integrated circuits and new-concept comput-
ing hardware utilizing probabilistic or quantum phenomena.
Our studies include development of advanced materials and
nanoscale devices, establishment of novel means to control
magnetization with electric current or field, and related tech-
niques for nano-fabrication and electrical characterization of
the developed devices.

FRIL [F - X E> R S5
For further details, please refer to the “Laboratory for Nanoelec-
tronics and Spintronics” section.

FT/E&BTINM R+ VRATLHARE

Nano-Integration Devices and Systems

Staff

ki XM Shigeo Sato #BEE Ik Masao Sakuraba
Ee] Professor TERIR Associate Professor
LA ZEBA  Hideaki Yamamoto SEAY #  Satoshi Moriya
B Associate Professor RN

Specially Appointed Assistant Professor

L ROEWE D)

Research Activities

KARZECIIMEHBEPEFHEZEDIE/ AV AFRICER
L. ZNSDN\— D 2 7EERMIC OV THEZT > T3,
TINAZ, FAER BlEE H25VET7 LT X LPHEREE
EERGEMREZFITL. TNOSDRABICI Y2 LLETERE
DRI HEE T B,

In this laboratory, we focus on non-von Neumann computing
such as brain computing and quantum computing, and study
their hardware technology. We conduct research on various
topics including device, process, circuit, algorithm, and neuro-
science, and build revolutionary new computer technology by
integrating our findings.

R [F « X EFERR R S
For further details, please refer to the “Laboratory for Nanoelec-
tronics and Spintronics” section.
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Quantum Devices

Staff

KZE FBE Tomohiro Otsuka
B Associate Professor

¥ HIEE)

Research Activities

F A= BIVRT —IVORUNGEUA T/ #E TIEEFIREDR
EREBIRRHNEC S, AAERZETIEATHICIER, HIELEZE
RS/ BBEICBITBYERE. BEOT/ 1 ASHEDOHZEZ S
TWa, ChCKWEFILZ bOZIAPF /I bAZY
AE&EBLT. FILWVERE, BEEMICERT 5.

In solid-state nanostructures, exotic phenomena like quantum
effects occur. We are exploring interesting properties of the
nanostructures and developing new devices utilizing artificial
nanostructures. We will contribute to new information pro-
cessing and communication technologies through quantum
and nanoelectronics.

W EFT /N1 ARRDE | KR

EET/ BEROBFBEFREDBINTHEE SRR, HIHE
B LT BT/ #EICE T 55T L WERIRR OfRR & &
HTWD, KBRS/ BEICBIT52EFHEEERT 5 &I
KU FLWLHRL 7/ XM, BHEETT> T\,

FEEEF Y N O—T

Semiconductor quantum dot probe

= Quantum Devices (Assoc. Prof. Otsuka)

We are exploring interesting properties of solid-state nano-
structures utilizing precise and high-speed electric measure-
ment and control techniques. We are also developing materi-

als and devices utilizing nanostructures.

ZBEET v FRTICHI 2 EEHRESIE

Charge state control in a multiple quantum dot device
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Innovative Spintronic Device
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% Professor H#EE (CSIS)
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Akash Kumar
Assistant Professor (CSIS)
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Research Activities

AEY FAZIRARFIEBWNT, BFRAEVEN LKL EER
DEEIERZRASHNCL. MBIV 21— 19V IV
EOFHREIVE1—RIGAT AL 2B LICHRZES
TWB, AEVR—)V3hR% T Lic DC AT T 2L DFIR
EZNUTHD RFESDHE. RF ANICH T 2RI DOHISE TN
IS DCESDENZERBY 2 ALY R—IL T /iREFDOEME
BElL-BiEE LR S I BA TS, I—TRURF(RT 1 —
7 >/) D Applied Spintronics Laboratory & BRI TEE L TN 5,
https://www.gu.se/en/about/find-staff/johanakerman

Our research activities aim at clarifying the interaction be-
tween electric current and magnetization via the electron spin
in spintronics devices and applying them for unconventional
computers such as neuromorphic hardware and Ising ma-
chine. We address the enhancement of the performance or
exploration of new functionalities of the spin Hall nano oscil-
lators, showing rf output by dc input through the magnetiza-
tion oscillation and dc output by rf input through the magne-
tization resonance. We closely collaborate with the Applied
Spintronics Laboratory at the University of Gothenburg in
Sweden.
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Computing Information Theory

Staff
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wiw Professor B Assistant Professor
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v FEEE

Research Activities

REARZE DB G BRI AR ETERDOBDMR Y 21885
ETHD, NEDFERICHRZEITOHELELTTOY S LER
WY BHEND DD ANBEABRDBEICIIRIHH S, A
BB DU LR TIEETIHEL TH U AERICEENDDL 2T
LEWV FIE#ICEDE R TIEBEIENTH Y ABIC&aE
BOD2TCLE D, £ T ABEICEbEEEL SEtEKICE
DR EE R, STERICEDE R ABDERIC
BOTCWVWBHZERY HHZEICEN ATV S,

Our ultimate goal is to fill a gap between humans and com-
puters. Humans describe a program for instructing computers
what they should do. However, there is a gap between humans
and computers. A human-readable description may put a bur-
den on computers due to lengthy and inefficient execution,
while a computer-oriented (well-tuned) description may put a
burden on humans due to lengthy and inefficient development.
Our research goals are to derive a well-tuned program from a
human-readable description and to certify that well-tuned com-
plicated programs work as humans intend.

AV Ea1—7 4 >V ERER
VRN | RE T

APHTIE. TOT 5 LPHEEHMRILLIBEIc DN TE<D
PR%Z5% L TV BIEAAS AR ERZ W RICHARZEDH T2, B
FRITIE. RS VAT 21— L& KBNDAREED SARBEND
BT 2EmERELRBEES I LICLY ., MENETO
TS LEGHLEY, TOTSIDLEGHEDHBZRIELLY
T HRHEHDREFEICIIBA TN D, e, EEBZEREL
BN2EERICK SO CEADE L EZRET 2V AT LZERBV
HRLED TN D,

Ffe, 700 IV EEERROAELT OV D, LD
RNEBEMONENECTTEY S LO—ERAEDHEHRT 2
DI L. TESDOFETITOT S LORENGEEREZ L TR
FLIHMRILZETV. TNEHEERNICHRT S LY TR
BB TRV IVIERDEEERSMCT 2. BEMICIE,
RTHVERRER - BRIFMER - RIENEHRGS - BRAEKRRS E
&Y. TOTZ 32T EEOERNERT IR OE R S5EER
DOEfiTEAAEETAT S LR EITERY 2.

1 TRYS LB L DREL

Fig.1 Performance Improvement by Program Transformation

= Computing Information Theory (Prof. Nakano)

Our research focuses on formal tree language theory which
succeeds in having many nice results for abstracted programs
and computations. Specifically, we are investigating and extend-
ing a theory of tree transducers, that is a formal model of tree-
to-tree transformation, to develop a framework which enables
to automatically derive efficient programs and statically certify
properties desired by programmers. Additionally, we employ a
proof assistant tool that can check the correctness of the proof
by computers.

We also study semantics of programming languages. This gives
also a kind of abstraction of programs, which keeps all the se-
mantical properties of programs, while the formal language
technique above abstracts just specific aspects of programs, de-
pending on purposes. Through the abstraction and further math-
ematical analysis, we clarify the essence of a target programming
language. This includes denotational, operational, axiomatic,
and categorical semantics; and is applied to a theoretical design
of programming languages, as well as to program verification by
combining with the formal language techniques above.

2 FEEEEARERICLS Vv 70U I08H%F) Oft
Fig.2 Formalization of Mathematical Juggling in Coq
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BARREFBIREREIRE (Very Large Scale Integration; VLSI) </
AT LlE, BAR— b2 (Society5.0) XA HEFIEED 58
M & LTS 2—hH. TOMERFIEL TN S, AHKE
TlE. TFER) DVLSIV AT L7 —F 7 7 F v 55 TICZ DRI
KRRARICE Y TERRIMORRZITH L. ABOEME L ERE
THHESEFRUBZRRT S5 EZEBNET 5, BEERNICIE,
SRR EELRICOBUL T B TR AG AT U/ FigaRIR
THATVIAVAERIISIZ—FF70F v, ALY OZTXHK
FIrEDFMEE - ZHEE - TERT N\ARAEFRLET/NARAE
TIAN=ZFERVLSIT —F T 7 F v G ET Y Y AR FIEEEVLS
IOty YORBEAL PVTIESDET ) —VLSIEEE 7 —F77
Fv. MEREESESEEVLSIBE/ 77—+ 77 F v, AR
[CEDC KB 7IVT) XL EZDVLSIERGH A, #ha7 0+t
AWML DB REZFEN L DD, D DOBEEREHTICHV L BEEE
1R R S BVLSIDTHDFETH A, BEIEED—TETHD A b
ART 1w EEEER LB TRILF—/N\— oz 77)LaU X
LA EROSTERM CIE KRR RE E WA RAEERIRT 51~
N=T 4 TIVAY v EZDEA. IKBT2MEETO> TS,

Very Large-Scaled Integrated (VLSI) processors are key compo-
nents as a "brain” for intelligent control in the future super smart
society (society5.0). In this research division, we explore a path
towards a new paradigm VLS| processor beyond brain utilizing
novel device technologies and new-paradigm circuit architecture.
In particular, we are focusing on “Logic-in-memory architecture”
(where storage elements are distributed over a logic-circuit plane)
together with functional and nonvolatile devices such as spintron-
ics, PVT-variation-aware VLSI architecture, self-adaptive system for
resilient VLSI, brain-inspired optimization algorithm and its appli-
cation to VLS| design methodology, electronic design automation
(EDA) algorithms for Nonvolatile logic-in-memory VLSI, energy-effi-
cient hardware algorithms based on stochastic computing and de-
veloing invertible-logic algorithm and hardware, which can realize
bidirectional computing for solving several critical issues, such as
machine learning.

FEMIE T7 L1 >0 1 FHERER) S5
For further details, please refer to the “Laboratory for Brainware
Systems” section.
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EEEBEMEDEF
(EFI#R)

Ultrahigh-Speed Optical Communication
(Prof. Hirooka)

FRHE 2 7 LR E
(BHEHIR)

Lightwave Control System
(Assoc. Prof. Kasai)

OSSR - SWEACES LUESNERICET
S5

OFIZ)Iabe—L > MEBEEHENAILT
O~ bR—)LN\DERH

e Ultrahigh-speed and highly efficient optical
transmission and signal processing

e Digital coherent optical communication and
its application to optical mobile fronthaul

ONRAAESI IR EZ DT T2/ Ae—L Y
FGBENDISBICEY 5%

OFREZELL =T EZDORFHETANDIE
FBICEY R

e Optical phase control techniques and their
application to digital coherent optical com-
munication

¢ Frequency-stabilized lasers and their applica-
tion to precise optical interferometric mea-
surement systems

UEEP 320 Pt

Information Communication Platforms Division

H

SAEFFEMER B Applied Quantum Optics

ST+ PV R
RS EF (N\IREER)

Highly Functional Photonics
(Prof. Yasaka)

AR ESC TS 7 EF
(HFHAHR)

High accuracy optical measurement
(Assoc. Prof. Yoshida)

FEFEENFARDE
(HEH#HER)

Emerging semiconductor light source
(Assoc. Prof. Yokota)

OHMEBITRBFEES T/ \ A B RFE D
5

OB SR

OB SRR DR
OFTRREF S HICEIARER DT

e Ultra-high speed control of semiconductor
photonic devices by signal light injection

e Highly functional semiconductor light sources

e Highly functional semiconductor optical modu-
lators

¢ Novel functional semiconductor photonic inte-
grated circuits

OFREZE L —T EBBEHANDIGA
D%

OB/ IVRAE— FRBL —T & BIREIRE -
FER A D RN DS A DB

e Frequency stabilized lasers and their applica-
tion to high accuracy optical measurements

e Ultrashort mode-locked lasers and their ap-
plication to frequency standards and micro-
wave-photonics

OBfE - FHAIRFREY AR — S D%
OREVHIEEE L — T DR

e Emerging semiconductor lasers for communi-
cation and sensing
e Spin-controlled semiconductor lasers
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FRT 1 ¥ L R@EH
RS E (RI#EER)

Advanced Wireless Information Technology
(Prof. Suematsu)

O6GRLHERTA VL ABERT Fv %R
EHEDIRZR

O UK. 73 VIR EHEREBIEOHZ

OZA LY ~T+ D41 RFESIRERE DT

OFEXBHEZRAW\N Oy —> 3> ¥ 3—+h
Hy =D BEOME

ONERBIEY AT L/ T 154 ZDBAFE

¢ Broadband wireless on-chip transceivers for 6G

¢ Millimeter-wave/submillimeter-wave IC's

e Direct digital RF signal processing

e L ocation and short message communication
system via QZSS

e Wireless system/devices for intra-body commu-
nication

1BHRA b L—I Y X7 LHEE @ Information Storage Systems

BRA -V AVE1-T AV TYATLs
RS 5 (AP#HER)

Information Storage - Computing Systems
(Prof. Tanaka)

kKB aEar—3y
295 (GreavesEHIZ)

Recording Theory Computation
(Assoc. Prof. Greaves)

OBWAN L=V RT LT —F7 U F vICE
ERElTE

ORMEABE/N—FT A XV RS54 TICBET
B

ORML—=y&aAvEa—T 1 VI DEEIC
K547 Y TV RICEET B

¢ Information Storage System Architecture

e Advanced High Capacity Hard Disk Drives

e Close Integration of Storage and Computing
for Intelligent Systems

OBRAML—ITNAZADA 7 OHX>
Talb—v3v

ORMABESREN— T4 R7 RS54 JICE
I B

OBWSAML—VICBVWABANY RET A RTD
[

OF DS A b L—I 7\ R

e Micromagnetic simulations of information
storage devices

e High areal density hard disk drives

¢ Heads and disks for magnetic storage

e Other magnetic storage devices



B70— F/N\Y FMESNEHER
BI0-FRVF FIMRYATL
MESE (Bit#iR)

Ultra-Broadband Devices and Systems
(Prof. Otsuji)

Ultra-Broadband Signal Processing

B70— RI\Y FFI\1 2=
R 5 (RREAEHER)

Ultra-broadband Device Physics
(Assoc. Prof. Satou)

BFRFRIFHARE
Quantum-Optical Information Technelegy——

EFRIFHRYAT L
R EF (BagiR)

OUZ 77Ny L—HY—0DaIH
OZRTRTFERENT OFSORIE L ZDHRE
BT SNVYHEFT/INA AISA
OUZT7x0TA42v I TS REVOYEEZ
DTN BERENS

OBAXY — MIRORBICATEENIRIVF—
LIBEIRBEDX Y b — 7 EREEEMOAIE

e Creation of Graphene Terahertz Lasers

e Creation of 2D-Atomically-Thin-Layered Het-
erojunctions and their Applications to Novel
Terahertz Photonic Devices

¢ Physics of Graphene Dirac Plasmons and its
Terahertz Functional Applications

e Creation of EIC (Energy-Information-Commu-
nication) Converged Resilient Network Infra-
structure towards Super-Smart Society

XY NT=0T7—F TV FvHRE

OVZ 7 I EaWHEEANT DIEERD
RATZREVICETDMBESLOZDT S
NIVYEIER - HTI\A ANDISA

OV Z 7z UCHT BT NV YEIEERIEICE
TERELLOZDTSANIY L—YADISH

OHMBFHET v T7OAVI\—Z2DHIZE

¢ 2D Plasmons in Graphene and Compound-Semi-
conductor Heterostructures and Their Applica-
tions to Terahertz Sources and Detectors

e Terahertz Optical Gain in Graphene and lIts
Application to Terahertz Lasers

® Photonics-Electronics Convergence Carrier
Converters

B Network Architecture
2y MI—oT—%FoF %
HRDEH (RE)IER)

Network Architecture
(Prof. Hasegawa)

OBfEtE - Bt - SAERRY b7 —7
O8It xy b DT—2 /2 AT LERET - Sl
OXBRENAIVRY 8 T—=0T7—F T 0 F %
OfER* v 7 — 7 BesHmBAMT

eHighly reliable, high performance, and highly
available information network

eDesign and control mechanisms of virtualized
network/system

eNext-generation mobile network architecture

ePerformance evaluation techniques for ad-
vanced information network

Quantum-Optical Information Systems
(Prof. Edamatsu)

O FEERVEFEONALFORE - &H
FHEDRHE L ETHEREE DA

OMT 7\ HERE FERETEETR
WeBFERBIET/ 1 ADHE

OMFERBVERETFEHAL EFIRAERER
(OLE: Ay

¢ Novel techniques for the generation and de-
tection of photon entanglement

e QICT devices using optical fibers, waveguides,
and semiconductor nanostructures

e Techniques for extreme quantum measurement
and quantum state synthesis using photons

RIEMEBLF 17 1ERY A7 LHARE
B Environmentally Conscious Secure Information
System

RIERMELF: 1 7RRV AT L
RS (RE#ER)

Environmentally Conscious Secure Information-
System (Prof. Homma)

Sl 2R 23R i ol g DA e Bl ol 9274
OfIAFH AT LDIN—=RI 2 72F2 )7+
OFBRECLEEEE LI+ 1T VAT A
OBMIERF 1) 70 DEFREIGH

* High performance/lightweight security com-
puting

e Hardware security for embedded systems

e Security systems conscious of usage environ-
ment and applications

e Electromagnetic information security
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Ultrahigh-Speed Optical Communication
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FOBEY AT LI SR mEER. ESNERMORRICK
AN, TOBERERYE - LFEEEZFERL. ICT A2 72 0HhK
WEBRRME LTRBEZRITHRITRBEL TV S, 5% BE
HICHEAR LT 21EHREZ. WO TEEINTHLEICTHLEEIC
DECRATBERME LTDESED A/ N—2 3 VHRD
S5NTW5, AAREIF. O — LY AZBRE TER L.
HEIRBELOMEZOAREET 2. BRE BABECE+ 2
TEDOLYU IV NEHEAGRERN. 8X0TNSERSD
TRVWIXIF—HETREL D 5EHEEY X T LOEHRZE B
BLTWD,

Optical communication systems have evolved as a core technol-
ogy of the ICT infrastructure and become widely used in society.
This widespread deployment has been enabled by the progress
made on light sources, transmission media, and signal process-
ing, and by taking advantage of their high-speed and broadband
operation. In the future, further innovation is expected that will
realize flexible communication links capable of accommodating
massive increases in the amount of information at any time, and
transmitting it anywhere, and between any devices. In this lab-
oratory, we aim at establishing ultrahigh-speed, large-capacity,
highly secure and resilient optical communication technologies
that can even be integrated with wireless communication by tak-
ing ultimate advantage of the coherence of lightwaves. We also
intend to develop functional optical systems capable of handling
such transmissions with extremely high energy efficiency.

ViES

KREDEFTIE. KEDBZEARICED 1 FrRILHIY
Thit/s fkDEERNATE. QAM EMENZ T 2)bae—L >
FARE. BOUICTNSZRIE LTCESR - BRI mE kil
DOMEHFEZED TS, Fle. 560 loT FDF/EICTH—E
ADHEREREATC. 7I2IA—LY MEEDT T2 AR Y
FI—0BLOENNLTAY BR—ILNDEBE. HBELHE
BEEZR CBHK S L TRE T 2FEEOmsE. #5013
E— L RAEMRE TEA LIEHRIIGRE £ HEES AT LRI
ZBEL TV S,

O KRB R T LTS | BEERE

KRR DE CIIFCAAEEERIL— TP EABBRE Vo EEER
SCRAABHIER T & CNERW T V2L — LY b EENIE
ERMOMERFEICIR YA TS, lee BRISUMBICS
1T S ERERE (L L —T & T DEES T HETANDISAIC
B MR EED TS,

BEECBERBROKT

Experiment on ultrahigh-speed optical transmission

= Ultrahigh-Speed Optical Communication
(Prof. Hirooka)

In this group, we are engaged in research on ultrahigh-speed
optical transmission using optical time division multiplexing
with a single-channel Tbit/s-class capacity, digital coherent
QAM optical transmission, and high-speed and spectrally effi-
cient optical transmission by combining these two approaches.
With a view to supporting innovative new ICT services such as
5G and loT, our goal is also to apply digital coherent transmis-
sion to access networks and mobile fronthaul, and to develop
novel transmission schemes integrating optical and wireless
communications through an electromagnetic wave, and optical
measurements and functionalities taking full advantage of co-
herence.

= Lightwave Control System
(Assoc. Prof. Kasai)

In this field, we are engaged in research on precise optical phase
control technologies such as optical phase-locked loop and opti-
cal injection-locking, and digital coherent multilevel optical trans-
mission system by employing these technologies. Furthermore,
we are studying an absolute frequency-stabilized laser at 1.5 pm
and its application to high precision optical interferometric mea-
surement systems.

2048 QAM T —L > FHEES (B) HLT19 A7 7 7 \OMEERE (A)
2048 QAM coherent optical signal (left) and cross section of 19-core fiber (right)

BLUESHIZERT » RIEC 2023/2024 | 37

B B pi T e

=N
E
&
(0]
S
&
3
3
=
2.
8
o
5
o)
o)
g\
wn
9
<.
7
o
5




B H BR T

=
g
&
o
S
&
3
3
=
3.
8
o
5
o)
o)
g
wn
9
<.
@
[e]
5

:L.\FHE?%?EH%E

Applied Quantum Optics

Staff

AR ¥ Hiroshi Yasaka EFHW EA  Masato Yoshida
E2resd Professor HEHES Associate Professor
#HE {S% Nobuhide Yokota

B Associate Professor

W HHZEES

Research Activities

FOBIE Y AT LOINIERE N E FREBNITIBINT BTcd DI T /A X
Fift. ROHMAEBRBEER Y bV —I VR T LZRRT B
DDEFGHHEES T /A AP L—THROERRZERE LT
MREEDTND , KARZETIE, HOETEILY FOZIR
FEIC L B BRBIE - BREEFTAD, FEEET /A ADER
RENWFEZDRBUEANDGALGE HLLEILY A=V R
DHEORIZIEIHD>TVS .

We are investigating novel, highly functional semiconductor
photonic devices and laser light sources, which is indispens-
able to realize new generation optical information communi-
cation network systems. Furthermore, our research interests
cover ultrafast photonic devices including laser sources, op-
to-electronic semiconductor devices and their applications to
optical computing and signal processing areas.

W SHEEE T 4 U AR SE | J\IREIE
S L — P OAEAN I BI A N — 2 & T S as o
IR, RS S BB OFIR AT > T B, HO
BE. B, B, RBEEERICERS CEDTEDHELNT
AR - HERERAERRT 57 £ . BARE - BEEELE
Exv NT—UDOERB\ERIBLTWD, Fic. HREBICEDCH
BRAERET I\ ADRIEEBIE L. T/\1 A LNIUH S HIER
BERY NIV VAT LEEFRLTWCCEEZBIEL TV S,

@ SREEGETAMRDE | SHEARER

1.55pm wEAREEREL L — T DR E T OBEBENGTRINDIE
AR EED TS, THICHEE/ UVA L —TFORREICERVBEA
TWa,

O HREF SRR DT | EHEHR

BEPHANDEAICAIT fRBHFEEL — P OMEREIT O T
W2, Efen FABFDOALC U RMIREZ GIET 2 A > HIE+
BRL—TOMEREHEL TS,

BEERFE®RL—Y
Schematic structure of hybrid modulation semiconductor laser

= Highly Functional Photonics (Prof. Yasaka)

We have been studying highly functional semiconductor pho-
tonic devices and semiconductor photonic integrated circuits
based on semiconductor lasers and semiconductor optical
modulators to create novel semiconductor photonic devices,
which can control intensity, phase, frequency and polarization
of optical signal freely. Furthermore we research novel semi-
conductor photonic functional devices based on novel princi-
ple to realize innovative photonic information communication
network systems.

= High accuracy optical measurement
(Assoc. Prof. Yoshida)

We are engaged in the development of frequency stabilized la-
ser operated at 1.55 ym and its application to high accuracy op-
tical measurements. Furthermore, we are developing ultra-short
pulse lasers.

* Emerging semiconductor light source
(Assoc. Prof. Yokota)

We are developing emerging semiconductor lasers for commu-
nication and sensing. Moreover, we are investigating novel semi-
conductor lasers whose electron spin polarization is controlled.

MESISERIE (REME)

Measured small signal response
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Advanced Wireless Information Technology

Staff

R FEAR  Noriharu Suematsu #K FXE  Yasunori Suzuki
E2resd Professor BEHE Visiting Professor
4™ BB  Tomoyuki Furuichi Ahmad Abdalrazik

Bh# Assistant Professor [ =]

Ahmad Abdalrazik

Research Fellow

W HHZEES

Research Activities

BEREmEELEDTAVLABED. BICTEEPA—)VO@RETS
TiE, INETHERTCLLRBETCEGD O/ V2 —% v b
LEOBE®K. BEEEREDT —2ESGIAY T VYOREICEH
FBRADBERUARDNERRENELSELTVD, T VL EED
FHE LTE TOdEMAZ BRICKBES EDTE HD.
Y bT—=UDEEERLTICECTHHERA DT ENEITEN
BB TDe&ITIE e BB RVEFR - BFERBLIT TR,
EDBFATH, BEFTH, XKEFTLHITEL2BREREED
ROSNTWVWD, —H. BUERD 7T —2EMEZ T el
T—REHVIGFENSHEBNIRD EL G TRES T
INETULEICERITHN L THENEZ T A v L BERITHK
HENTL S,

Wireless communication systems, such as cellular phones, have
offered mobile voice/mail services to us. Nowadays, they be-
gin to offer mobile internet services which handle high capac-
ity photo/motion data. In order to enjoy freedom from wired
lines, small size, light weight, long battery life terminals have
been required. For the next generation wireless systems which
include terrestrial / satellite communications, dependable con-
nectivity and green wireless information technologies (IT) will
be the key issues.

© 5518 1 1 L RIS

D E | RIAH
THEDF CIEM LR - BEREHE LIEBEBRXY b7 —7
DERBAEBEIRLT. SEEHN DEINEEDDEWNERET A VLR
BIEFEA (Advanced Wireless IT) |CBEd B HI3E A (S SALEEO] R -
TINA R« REEMHOBER - X v bT—UEMICESE T,
—B LT - EEET > TV 5,
EBMIBRIE - 7/N1 R - REFMOMERE L TE. UaY
CMOS Hifix BWcBE RS RF /NI —T7 > 7« vt A
B FPEEDR - BE BN YT FEY 1 —IVDE
HETO>TWB, LT, N5 AV RFTFINAR 7V
TFEI2A—ILEEDT AV L ABERKRICHERBIROS M
. T4 IVZ)IVEIREMERBWCHES DT I 2IVT VAT Y
R RF 7+ 0O JEROMZE - BEREZT> TV 5,
ZEHE - v M —UEMOMEE L TIE. BEE - #HELZE
ICL 2 EERBEEICEEERY N T =07 VX ERREE T B
TERDLE - BRENAILTA—RNY ROAVYLRTI+€
2 (MBWA; mobile broadband wireless access) D#fZE%17> T
Wb, Ffes ZT7A4R - RET A VR IVEREZY T —U#
FAgEETAHLOG. BEE - 2R T7A VLA LAN TV L
A PAN (personal area network) DBZE%ETT> TW\N5,

Figl AEF2 XMt - 70— F/\Y MeNEG R Y b7 —2 DL
Fig.1 Evolutional network for ubiquitousness and broadband

= Advanced Wireless Information Technology
(Prof. Suematsu)

Toward the realization of a ubiquitous and broad-band wire-
less network, we are actively engaged in the research work
on dependable and low power consumption advanced wire-
less IT. We cover the whole technical fields from the lower to
higher layers, i.e., signal processing, RF/Mixed signal device,
antenna, MODEM and network technologies.

As the studies on signal processing, RF/Mixed signal device
and antenna technologies, we are developing RF/Millime-
ter-wave RF CMOS IC’s, antenna integrated 3-dimensional
system in package (SiP) transceiver modules, digital/RF mixed
signal IC’s.

As the studies on MODEM and network technologies, we
are focusing on next generation mobile broadband wireless
access (MBWA: mobile broadband wireless access), depend-
able broadband wireless local area network (WLAN) and ul-
tra-broadband wireless personal area network (WPAN).

We are also working for the next generation wireless com-
munication systems/devices which include a location / short
message communication system via quasi-zenith satellites
(QZS) and a fusion of various wireless communication systems
"dependable wireless system.”

Fig.2 [RRI7 AV L ZBER 1 F v TEREROME
Fig.2 One-chip modem LSl for broadband wireless communication
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Information Storage Systems

Staff
HF B3—EB  Yoichiro Tanaka Simon Greaves  Simon Greaves
26 Professor BT Associate Professor

W HEEE

Research Activities

AREDH CIEAREBREREHEDBHRA ML —IHEAMICHE
T EHREEITOCND, 0T R A ZEKELIZE Y I T —2IEHRE
ORI ADNTENTHY . IEROBREE AT LDS
EfvlcaaEk - KBEW - 17UV T AN EFREA
BHRANL—IVRTLDEBREHNEENTWND, XOHFTIE. O
THMTHZ2ERERIA N —IDENLDTs. FHFEFRICT
HPEINEBRSLREBVDEEEAN. 7/ 1R, X170
RIRTA VI IZaL— 3 U BEFSTRIEMBE T/INA ZAD
ETIVMEDOMEICK Y EFBRE L MEDH LA EIEL TV 5, 1
By FOEBHES /) A—2OFUTENS RHROBESHE
BRAML—Y (TIEY FIARL—D) & ZNEBALVEZEE
EBENBABEBA N —IVIVRTLOERREREZICLTVWS, B
ICTF—2A ML=V Ea—T 4 VI EEEEERZNA
MEDKBET —2OBEAETO>HLWVERANL—Y - OV
Ea—7+4 V7Y RTLICET BHRAETEO>TWVND,

Our main interest lies in high-density information storage
technology.

The amount of data generated in the form of multimedia, loT
and Al information increases dramatically every year. Next
generation advanced ICT and information storage systems
with high performance, high capacity and intelligence are
required. In this group, we are conducting research into high
density information storage based on perpendicular magnetic
recording and maPnetic devices invented in this laboratory.
Magnetic materials and devices are modelled using micro-
magnetic simulations. Our aim is fast, low power consump-
tion, high caEacity terabit storage (over 10 T bits/inch? areal
density), in which the size of each stored bit of information oc-
cupies an area of less than a few nm by a few nm. In addition,
we are investigatinﬁ; advanced information storage and com-
Euting systems to handle Peta byte class mass data analytics

y closely unifying both data storage and processing.

O ERAN Y - AT AV ITVRAT s
MADE | HPHR

TRARDF ClE, 7—2ZLH - RETDLEVDA ML —IVDK
ROREEN=RIT, BRME KBS (V7T AM%E
FREATCEERA N L —I VAT LOBEICHEIF, MR -
TINA ZFD 52 AT LU DO T2 BH#Te R E 11752 C
W5, YATLLNVORERZERFICANGL S, BRsHEin
HELIEBERBERA ML —VBEEDME - 7NAX - AEUE
iz —BEREEHLWVERANL—I Y ATLDA VT
IV 2EDMEETE DTN D,

VasEERIEaTr—3 >
Ze 8 | Greaves #EHIS

BRERICERENIHEMROZEZET IV Scdlc. <A
TOMXY 1 L—2 3 VHMERENS, BREREETILEY
B e DITHRDE 2 DHEMN FZSTE T 5T EHTED, R,
BREZRETIVOSDAY FBERDTHZRWNC, &1l —
I VBETSTENTED, N\ FEERDFEHE, ETILVER
LBt 2T EDTED,

MOBK T /INA AL ETIVMET BT ENTES, —filld. TBH
MHSEEEBECHIWRA T Y ALT 7V EAAEY (MRAM) T
BB, WKODNAVOMXY =2 L—2 3 2DOAZERICRY,
CORREDBRIBATEL MYV E LT BIES /T4 v —,
QRTTAE YT A AL BEEE YA, TRIVF =7 X MHESED
BEEHFESFOND,

1 BEEWSREEROT/ AT —IVETOE

Fig.1 Nano-scale analysis of perpendicular magnetic recording

= Information Storage + Computing Systems
(Prof. Tanaka)

In this research field, we are conducting research on a wide
ran?e of materials, devices and systems aiming at the es-
tablishment of new information storage systems with hi%h

erformance, high capacity and intelligence based on the
undamental storage functions of data recording and storage.
With system level application development in"sight, we are
exploring intelligent, future information storage systems by in-
tegrating advanced technologies such as recording materials,
devices and memories.

= Recording Theory Computation
(Assoc. Prof. Greaves)

Micromagnetic simulations are used to model the behavior
of magnetic materials used in data storage applications. To
model a recording medium the individual magnetic grains of
the medium can be simulated. Then, using a head field distri-
bution from a finite element model, recorgin simulations can
be carried out. The design of the head andgmedium can be
optimized through the model.

Other magnetic devices can also be modeled. One example
is magnetic random access memory (MRAM), a non-volatile
magnetic storage device. Some other micromagnetic simu-
lation examples are shown. Magnetic nanowires, two dimen-
sional spin ices, domain wall pinning and energy-assisted
recording are some of the topics we have worked on.

K2 RAVOMXYZaL—3 >0
Fig.2 Examples of micromagnetic simulations

40 | BEZUESHIZEAT » RIEC 2023/2024



HB70— N\ FMESNEMREE

Ultra-Broadband Signal Processing

Staff
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Research Activities

AAERHF ClE. WEKERBOEBEBEE THAHIUE - 77N
VWi (BT 2R SOEMERE. BT 270l KB
B CEET 25 LOBFT/N\A ABLURBEY AT LDAIE &,
FNESDBRABE - 5TV AT LNDGBICET 2 REHEE
ToTW5,

Terahertz (sub-millimeter) coherent electromagnetic waves are
expected to explore the potential application fields of future
information and communications technologies. We are de-
veloping novel, ultra-broadband integrated signal-processing
devices/systems operating in the millimeter and terahertz fre-
quency regime.

R An bl VAW N N AY S &l N
MEDEF | BEHE

SUR - TINVYECOBEDNRIRGHREF 7/ \ A AB X0
TDYRT LERRT 5. BERICIE, FEENT OESHBIEP
T IVICRRT B 2R TS X EVHBRERMBLIEHLVE
EREOT INYEL—Y—PER b5 IR 208/ H7% B
T, E5IC. INSMARLHROBTO— F/\Y FT/\A R - [E
BZIGA LT BEREREEPLD - REDODHEFTH
R DORFEZED TS,

wiEB7O0— K\ RF/I\1 X
NS | AR

AR - FRRBMERIBICE DI UK - TINIVYIRT/INA R
DRIEZEBRL. 7/ M ARDEFEERRPHEFMMEE D
R DRI PRBNRILZ1T5 D2 C WD, &l FED
HERERBEPHAEFHERY NT—I\DT /A AEALIC
B TSR RRZ ED T B,

= Ultra-Broadband Devices and Systems
(Prof. Otsuji)

We are developing novel, integrated electron devices and
circuit systems operating in the millimeter-wave and terahertz
regions. llI-V- and graphene-based active plasmonic hetero-
structures for creating new types of terahertz lasers and ultra-
fast transistors are major concerns. By making full use of these
world-leading device/circuit technologies, we are exploring
future ultra-broadband wireless communication systems as
well as spectroscopic/imaging systems for safety and security.

= Ultra-Broadband Device Physics
(Assoc. Prof. Satou)

For creation of millimeter-wave/terahertz devices based
on new materials and/or new operation principles, we are
theoretically and experimentally investigating physics in
the devices such as electron-transport phenomena and
optoelectronic properties. Furthermore, we are conduct-
ing research and development of the devices for their ap-
plications to future ultra-fast wireless communications and
photonics-electronics convergence networks.

BREART ST 1Y TV IRA L—F—FF (DFB-
DG-GFET) DEFEMIREE, FISHRM& Q ERRITRER.
B—E— F7 IV L—F—RIROBAIBER
current-injection graphene transistor laser (DFB-DG-
GFET). SEM images, measured ambipolar property,
simulated modal gain and Q factor, and world-first
measured single-mode THz lasing spectra.

ZERINETFS— NS T TSy I TS RE
VS YIRRITR Y ERRAE 4EL EBRT 58
AMBITE BT ZNIVY BREE DIBIRICAHTN
Dual-grating-gate graphene Dirac plasmon transis-
tor, demonstrating coherent terahertz light amplifi-
cation with a four-times higher giant gain than the
quantum limit

UTC-PD LEREFE HEMT B FREE = U RF DRI,
BTEMEETE, S+ 7 HNDORERSR
Schematic view, SEM image, and measured mixing

output of a UTC-PD-top-integrated HEMT photon-
ics-electronics-convergence mixer.
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Quantum-Optical Information Technology

Staff
¥y FE— Keiichi Edamatsu Soyoung Baek  Soyoung Baek
g Professor Bh# Assistant Professor

£H XZE Fumihiro Kaneda
#Hig (F) Professor®

@ HIREE)

Research Activities

REDERILE - BERMIL. ES5%BEPEREE EDOHMN
TR ABYESITHISE R TRABTNEZTOTVBEH, L
TR BROBEELEESRILICRRNHIN D C EHEFHEINT
W2, T L, BLZDBEBFLHFEEDIVOLGSICIERE
RETE. EFNFORBZERCHEI 2 LTI 2T IERD
[RAZITEMD MR ERE D S FIFRBERMORALHE
BTN TV, AARER. BFELONFZAVCEFIER
BETNAADERALZBEL. FROBFIERBEEDOHIRES
BNEMREAMTORRF| BB Bk L TN B,

Current information and communication technology utilizes
macroscopic and classical physical quantities, such as volt-
age or frequency of electric fields. The classical technology
will reach the limit of information density and speed in the
near future. The quantum-mechanical counterpart, “quantum
information processing and communication technology”, in
which information is carried by microscopic and quantum-me-
chanical quantities, is expected to overcome the difficulty. Our
goal is to develop quantum information devices utilizing quan-
tum interaction between electrons and photons in semicon-
ductor nanostructures, to obtain further understanding of their
physics, and to apply them to practical quantum information
technologies.

O EFLRERVAT L

MERDEF | RANEIE
EFLONGEOROBT RS - B THBEERN. i
B SRR TEEAR LR TREET R, ERETH
B - BIEEIORBBIHA T > T B,

1. ZAVEY FROARFRHE (N D) 2RV EREE—ATFRE,

Fig.1 Schematic picture of unpolarized single-photon generation using a com-
pound defect, a nitrogen vacancy center (NV center), in a diamond.
Spheres, designated N and V respectively, indicate a nitrogen atom and a
vacancy which comprises an NV center in the diamond lattice. Dynamically
and statically unpolarized single-photon emission is induced by laser exci-
tation for a [111]-oriented NV center in (111) diamond.

= Quantum-Optical Information Systems
(Prof. Edamatsu)

Development of fundamental devices and quantum measure-
ment techniques for quantum info-communication technology
(QICT) utilizing photons, novel materials and semiconductor
nanostructures.

2. EREBOBFEONNFRESEDEEN,

Fig.2 An illustration of the scheme for producing frequency-entangled photons. A
nonlinear crystal has two different poling periods so that produced photon
pairs with orthogonally polarized photon pairs can be frequency entangled.
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Network Architecture

Staff
EA/NIl Wl GoHasegawa
E2resd Professor
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Research Activities

By b =0V AT LIBHCHEDOBAETREL. ALD
BEEEPHESEZXEITDEHIT. HILLSATRAZAILPH
LR ETCEBLRREZESIDLOE L THFINTL S,
FHRZETIE, TORBICEITERD SICHBICESIRITE
DG,

Information network system is now ubiquitously spread in the
world to support everyday life and social activities of people,
and it becomes a key factor to create new life styles as well
as information society. This laboratory aims at research and
development of advanced information network systems from
theory to implementation.

ORYNT—0T7—F7UFv
MEDE | RO 18R

AVBZ =2y ME4OBADI—YHFABT BZ2ERETIFRR vV
FO—0ThHY. SPALDETFITRIHNT CENTERNA Y
TS THHH. HEIXILF—DEA E/ D1 2—2v b
(Internet of Things: 10T) NDXFG. EENG R Y T —VEEE
BESHOBEEBATWVND, INSOMEEREL. £UE
ELXBERESERET 5ODEEE. 2k, JREDOSL
BHRRY =07 —F 70 F v DRI A BIEL. REEX Y
D=2 2 R T NERET - Bl TN Ry bT—
VT —FTUOF v, v bTU— UMMM EICET B0

REIT D,

Sender<«—

Cloud

Cameras Terminals i cojoss network

= Network Architecture
(Prof. Hasegawa)

The number of the users of the Internet, huge information
network, has reached to 4.0 billions and the Internet is now
essential infrastructure for people’s everyday life. However, the
current Internet has various problems such as increased energy
consumption, accommodation of massive and diversified loT
systems, and inevitable network congestion. For resolving such
problems and realizing advanced information society, we aim at
realizing highly-reliable, high-performance, and highly-available
information network architecture, and research topic such as
design and control mechanism of virtualized network / system,
next-generation mobile network architecture, and performance
evaluation techniques for advanced information network.

pre——Se-t——

= Camera streams

m@loop for congestion control>
[— —

- ey
Sender «—| <—H Receiver

packets
L

ets—— H Receiver

Server resources and functions

VNF || VNF
A W

Server resource ||
(CPU, memory,
storage, )

() (e + (a2 (o
Coeoe ] — (s + g (o) » (e

Biochemical reaction equations

Tuple space

BERRY NT—0 T —F T FvHRDE
Research topics on Information Network Architecture
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Environmentally Conscious Secure Information System

Staff
AR HX  Naofumi Homma % %8 ReiUeno
E2resd Professor Bh#E Assistant Professor

&y T—X Tasso Elise Léa Marléne
HERRE Specially-Appointed Research Fellow

@ HRIEE)

Research Activities

T/ DA E—%v Ik (ntemet of Things) TR ETNBRIHER
BERBEEERE. FaMEZRIHL. ELGHaErEi5d T
EDHARFENT VS, —A T 5 LI LWL ICT OFIBRAEIC
BFzEFa1UTaH BEEMOBMTIERICKVEREINS
CIEBRSEV, T—RFERC L DT 7 r— 3 > DOEMBEL®
TIHBOEBFIEBERORE L WV e BESNDFIHBRISN
BIZWEFHEV, ARRETIE. FROY—ERPTo /0y
EHEAROLTHATE. TOEREERZLICER TEDERE
BEEOBEZBERLT. IERDBEREF 2170 VAT LD
BERIER & T DORERMEHTRL TV,

The emerging information and communication infrastructures
such as Internet of Things are expected to generate a new
value and bring us a more fruitful society. On the other hand,
they bring a new type of security risks that we have never met
and solved before. The new risks include the nullification of ap-
plications by data forgery and the falsification of critical control
information in factories. These risks are not always addressed
by conventional technologies and their naive extensions. We
are studying future information security systems from theories
to implementation technologies for constructing information
and communication infrastructures in a safe and secure manner.

@ BEEAR v 2 TIBRY 27 L
RNE | AR

KR TIE 2y b T=0PV T DT 7DtF 2T DHER
DHEST WA DEHEBRELER (L TimAEEDTN
AAN=KDTT7) DLNIVhSek EREZEERT 2+
TIERBIEY AT LOBREMZRE L TV 2, Fe. A
AT LDEF 2T ARV AT LB NRIECARICKE
CEAENSCENS. RABREPIGHICEITSY AT LDOY
Fa U7 A 8RET - BT - SHMEEIORMBE LT L TIT o ‘(b\%)o
EhlT. LEEDHRFREDL ST ONTCHRDEBN G HRRE
RET DL DI, RIERECRNEER TDEE %@ L/Tfffﬁ
fLZHEL TV D,

= Environmentally Conscious Secure Information System
(Prof. Homma)

We are studying theories and technologies for developing
secure information and communication systems to ensure
security and reliability from the level of vast and diverse infor-
mation sources (i.e., embedded devices such as sensor termi-
nals), not only to ensure the network and software security. We
are also studying the security design, analysis and evaluation
technologies for embedded systems that heavily depend on
the usage environment and applications. In addition, along
with the challenge to the social implementation of the above
research results, we are promoting the standardization works
through the activities in various standardization committees.

BRIFAMA L+ 1 715 R Y A7 LHROME
Overview of environmentally conscious secure information system research

44 | BFUE(SHIZEAT » RIEC 2023/2024



EFRBRIFIHRAEER

EEHGH
MR (L)

Electromagnetic Bioinformation Engineering
(Prof. Ishiyama)

Electromagnetic Bioinformation Engineering

TR
LG )

Electromagnetic Bioinformation Materials
(Assoc. Prof. Goto)

OMSFIRL>Y Y Y IV AT I
OBE KBRS
ORA VO[TV F1T—4
OHSH AR ERERKES

e Sensing system utilized magnetics

¢ High-frequency electromagnetic measuring
system

® Micro magnetic actuator

* New medical equipment using magnetic

OF /A0 OBKIEF R
OtroYTRT AR - BEKHSH
OLEMISRBIAT MR - 731X

e Nano- and micro-magnetooptical materials

¢ High-frequency magnetic materials & devices
for sensing

* Magnetooptical materials & devices for
bio-applications

N - BRSO AT L

Zenbl"]

Human and Bio Information Systems Division

FIHBIERY AT LHAKE

Advanced Acoustic Information Systems
BR - @ ERERWV AT L
MRS E CREHER)

Auditory and Multisensory Information Systems
(Prof. Sakamoto)

OBRERUEARENRIBRLIBERZDHE
O3RTEEMBROBIEML V> Y TV AT s
DIEE

OBEERBEBERUEBICED(EBBER AT L
DIFEE

e Mechanism of multisensory information pro-
cessing including hearing

e Development of high-definition 3D sound
space acquisition systems

e Auditory information systems based on multi-
sensory information processing



BRREERS X7 LAER

B Visual Cognition and Systems
BRRERE AT L
RS E (EAHR)

Visual Cognition and Systems
(Prof. Shioiri)

A8 - FH
MEDEHF (BEHR)

Attention and Learning Systems
(Assoc. Prof. Tseng)

ORRHTEOR B & 2R IEORIE
ORERESNHIH & REFTERBOET UL
O 3TaBEOE. T, BRERFFIEDME

e Measurements of spatial and temporal charac-
teristics of visual attention

* Modeling control system of eye movements
and visual attention

* Investigation of early, middle and late vision of
3D perception

OBHEBFREDANZZXLEETIVE
OZREHNREFE

e Visual attention mechanisms and models
® Multi-sensory perception and learning

RERIAVE1—T 4 Y ITHRE
B Real-World Computing
RtFIVE1—-FT1Y
MESHF (BRHR)

Real-World Computing
(Prof. Ishiguro)

RURYEBETI VT
RIS EF (hnamAESER)

Real-world Mathematical Modeling
(Assoc. Prof. Kano)

OBKEHEY 7 ARy h O

OEFEk RT. H17. EFICEF28%
pax: Gl

OFEZFHIRAEVOERREBOHFZNERA
EORT 47 ANDIGA

e Control of soft-bodied robots with large de-
grees of bodily freedom

e Autonomous decentralized control for various
types of locomotion, e.g., crawling, swiming,
flying, walking, running

e Dynamical system approach to understand ver-
satility behavioral and its application to robotics

OB A7 LOBRDHHIEICET 2%
OBNORRAN X LOEBLEBEORY b
DISRICEY BH%

e Study on autonomous decentralized control of
traffic systems

e Study on swarm formation mechanism and its
application to swarm robotic systems

F/ N AFRERFTINA ZARARE ———
B Nano-Bio Hybrid Molecular Devices

T/ N MFRERFTINA
MRS EF (FHER)

Nano-Bio Hybrid Molecular Devices
(Prof. Hirano-lwata)

OANTHMREEICE DL T/N\1 ADBEFEEGAIC
B9 5%

OF /1BEEDEBRENA T2 YISBICET
SR

OBEHZMIE BUO AT HEEIREICEY
IR

O% RN F - FELEEOET ) >V JICET S
(i

OZRFTN\A AHRCEDCBF -1+ T N\
A ADRIRRICET B

OBMNZ VI REZEBWETLFTILTIN
A XICEET BH%E

® Development of artificial cell membrane sen-
sors and their medical applications

e Fabrication of nanostructures and their bio-
sensor applications

e Construction of artificial neuronal networks
based on cultured neurons

* Modelling of biosystems and neuronal circuits

e Construction of electronic and ionic devices
based on biological two-dimensional materials

® Development of flexible devices using organic
transistors




AVRZITATAVTYHRARR
AV359T747aAVT0Y
HRZE 9 B (Abi#dR)

Interactive Content Design
(Prof. Kitamura)

OA VAT T47%aAV T Y DERIE
BIRDEZAICLZ 7V ALEFB LT,
TETELGOAVTVVEERRIECTEN
IS ZLTAVEZ T4 TICRRTDHL
WEFEZIREL., EHEEOHERAMEE S L
THRATZISHEEED TS,

O3RTE—VaverovigbA 2503y
ANDFBDWFEZEDNEN) D REFE D18 M 75
BEIG S, MRTIEE L, >IEEBERET
BEETRHLWVIRNTE—Y 3T ER
ADHRFEAFETIREL TS,

OFEBBERETRALELFLLERBIZ 2
r— 3 VO
BEOWMAII 1/ —Y 3V CEELRE
HE->TWS MBEEEER) &, @i (&
BlOsCTBBE &R L T) XL T,
EBMEIWTETEHFIZ2Zr— 3>
DN CEZRBARIET BcHDEDH TS,

e Interactive Content Visualization with Emerg-
ing Algorithms
We study new visualization techniques based on
emergent computation to flexibly display a large
amount of data and create novel applications
with academic and industrial collaborators.

¢ 3D Motion Sensing and Interaction
We develop novel magnetic motion tracking
systems using multiple identifiable, tiny, light-
weight, wireless and occlusion-free markers,
enabling dexterous interaction and tracking in
unexplored areas.

e Telecommunication utilizing Nonverbal Infor-
mation
We are working to realize a rich communica-
tion environment in which all participants can
communicate equally by appropriately trans-
mitting (with augmentation or atten uation as
necessary) the “nonverbal information” that
plays an important role in ordinary interper-
sonal communication.

Interactive Content Design

V7 bAVE1—T 4 Y UERY AT LARE
Soft Computing Integrated System

YIPAVE1-T4VTERVATL
39 5 (RREIR)

Soft Computing Integrated System
(Prof. Horio)

OTLAVENT 4wy AV Ea—T 127
N—=Rox7

OB 77 O VLSIEIRRDBIFICEE T 2138
SHAERMEISTE Y 2T LORR EZF DISHIC
Y B
OEMBEORIBE BIET MELVLSIZ AT LD
FFRICET S35

e Brainmorphic computing hardware

e Brain-inspired neuromorphic analog VLSI cir-
cuits

e High-performance brain-like information pro-
cessing system and its applications

e Brain-inspired VLS| system with consciousness

1=V TII4/3593Y
MR E (SISERR)

Human-Content Interaction
(Assoc. Prof. Takashima)

Oy - WAL ISV 271 —X
ADTEBTHIG L CEBOER YT V1 &
FNICEBT ST ENTEDHIHEN - B
SRR I—A VB2 T =AY AT LD
et - BUE - FHRICEE T IR AEESH TV 5,

ON=FxIVIT)FTa0EA2R2TT—R
IN=F )L T )T 4 RTHRREEH RS
SNTHY. TOFRTH, HALld =REA >
ToOMERR. OO—E— 3 VM. &
ST & VIRRMGIEENCEI LIe#fclany
ROV T AT LA EEBEHE LTV,

OANDBEWEICED A 2T 0> 3 U #Hl
ADBEDOBECRFAZEER L. K4k
TUVICH L TK Y EBETIRBELG A V257
2 AVFAEEFHCRMFOMNRAER LA
NOMEREL TS,

e Dynamic and Adaptive Spatial User Interfaces
We design novel spatial interfaces dynamically
adapting to users’ activities using spatial sensing,
virtual reality and robotic display technologies.

e Virtual Reality and Interface
We build novel virtual reality interfaces that
support various spatial activities in virtual
environments, including robot-based haptic
infrastructure, haptics-driven redirections/re-
locations and head-mounted display designs
enabling virtual and real-world interactions.

e Human Physical-based Content Interaction
Techniques
We explore optimal content manipulation tech-
niques based on human’s physical and cognitive
characteristics for various screen types (e.g., mo-
bile, room-scale screen, and virtual environment).
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Electromagnetic Bioinformation Engineering

Staff
Al MFE  Kazushi lshiyama #%B K— Taichi Goto
E2resd Professor HEHET Associate Professor

v HHZEE

Research Activities

EREDBHIAZ 2= r— 3Rl EEDEDBERY R
TLELTDIE S EZERT BedIclE. £HRDHET 21E5%
HOABDTLITMAT. £HRDBET k4 GHEEEZL D TE
e LTRA. TNOZMENICIERT 2O DIRRARIBE
Thb, TOHICEHMRETIFRE. EERDHET 2IFHREZT
W2t Y IRIE S GICERICEHENS ZITORIICET 5
MREHEL TS, INSORMAFRZELC T, EhEDRY
BAZ 2T —Y aURMOELIZBE L. FREELUICER
BUDFICEIML T <,

For realizing good communication with human body, and for
realizing the properties of the human body as an information
system, we have to realize the function of the human body as in-
formation in addition to catch the signals from the human body.
Our research division works on the technology for sensing the
information from the human body and for approaching action to
the human body. We are focusing to realize the communication
technology with human body and to contribute information and
communication systems and medical-welfare spheres.

W EHEHIBFRARDE | AILEE

KRBT CHRE N, BOHTHVREDHIFBO I
HlEo MEBIF - IR - B ERIEEA - RHEIERER
S ELCORIMBREICL Y. RRDOTHT —IINT1H
BREOREZERL. TNZRAVRELY YL LTORED
EHTWD, oo EFRITBENTZITO DD, TAVLRT
TFITI—R X1 L—2—DREZHEL. TDO—EBIETE
LIBDIANHAHEA T OHANDEZ R N T A v L AR TD
FIF®. A TERAENSH T /VERNRSEZ HIEERN TH
HEEDODFEE LTERILAENEDSN TN D,

W EHREHMRARDE | BRBERR

EHROBREMDERL VT TINARE, EDTREVEGD I
. BFORDVICAE Y RZEESEBNEATHHEERS
hz. L L. REVREIEZ B EMEFTERERIIRIREN
THLHI. INORBEEIRL VS, Feo ERICBENTZ
TAO2FEE LT BMREAEFE ST /INA REZ DD
RETO2CWDE, BFEET/\A ARRDHIC, BFEF/ - =
AV AT —IVOBRE KOV ZEED H L TW

BEREOTHEY
High-sensitive strain sensor

o7arzAT

pump

SEREBHANHAEMA TOBRNL T AV L ARV 7

A prototype of wireless artificial heart assist blood

= Electromagnetic Bioinformation Engineering
(Prof. Ishiyama)

High-sensitive strain sensor utilizing magneto-erastic effect,
which is developed in our laboratory, obtains 10000 times
higher sensitivity than commercial sensors under the works
for materials, micro-fabrication techniques, controlling the
magnetic properties. This sensor is also studied as a vibration
sensor. In addition, wireless actuators and manipulators are
also investigated. A part of this wireless driving technology is
applied for a development of completely embedding artificial
heart assist blood pump and a motion system for a capsule
endoscope working in the colon tube.

= Electromagnetic Bioinformation Materials
(Assoc. Prof. Goto)

A circuit using spin waves instead of electrons is useful since
a bio-sensing device for sensing information since a living
body dislikes slight heat. However, complicated calculation
processing using a spin-wave circuit has not been reported,
and we are developing this device and materials. In addition,
we are developing magnetic, and magnetooptical devices ac-
tively work on living bodies. To create superior devices, we will
produce superior nano- & micron-scale magnetic and optical
materials.

AEVHEL—Y—DTO a7

A prototype of spin-controlled laser
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Advanced Acoustic Information Systems

Staff
IRA  {E— Shuichi Sakamoto
B Professor

v HHZEE

Research Activities

TIHBBRY AT LARER. BERRORIVFE-ZIARERE
WLIEERICET HEBRMEL. TOMRZAVTEELTER
BYRAT LPREGEREZRFT 27HOMRE. BITET AT
LEBOEWEG ST 1 V2 VESLIBORZRICEY A TL
Do INOSOARKIE. FES - BREZELIITE BR - &fE-
BFIFE SOIKIIHRIE BREREIFDEXEETLENT
Y. ER - EEE - QEEREOMONEFLLERER T HEE
IR TD BRI E RS LTV S,

We aim to develop advanced and comfortable acoustic com-
munication systems exploiting digital signal processing tech-
niques. To realize this, we are keenly studying the information
processing that takes place in the human auditory system.
Moreover, we also investigate the mechanisms for multimodal
information processing, including hearing. We mainly apply a
psycho-acoustical approach to study human auditory and mul-
timodal perception. In this sense, our research is characterized
by its high interdisciplinary nature which covers acoustics, in-
formation science, communications engineering, electronics,
audiology and psychology.

v BERE-EEREBRY AT A
MRDE | AR

REEEANE L. BCEPHTOFEENEZ L. BEER X
UEHBDRBEBEROIMMES L (FET SRE T COABDOMNEIER
WIBBIEZ DIRYEENTT HEZRVCRHRBI LBl €D
MRZEA LI, @l 3 ReEElt Y VIV AT LeX)V
FE-LIBEXEY AT LEOTEBRY AT LOEE - §F
{LICE I REATLN B,

157ch DAEFERRAC—HY AT LERWET Y EY Zv 7 ABEEREEHBEY A7 L
Accurate sound space communications system based on higher order Ambison-
ics by using 157ch loudspeaker array

= Auditory and Multisensory Information Systems
(Prof. Sakamoto)

We study the mechanism of human multimodal processing,
including hearing. In particular, we focus on speech percep-
tion as an audio-visual process, the judgment of auditory
space during motion and the impression of a sense-of-reality
in multimodal content. Such knowledge is crucial to develop
advanced communication and information systems. Based on
this knowledge, we are developing future auditory information
systems.

A7 AOBEEMHERR, BEFRMIBICE > TRAMICEELL TV S,
Head-related transfer functions as a function of elevation.Poles and zeros change
systematically with the rise of elevation.
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BREARBTRATLHARE

Visual Cognition and Systems

Staff

BA  Fl Satoshi Shioiri = J0ZE Chia-Huei Tseng
% Professor TR Associate Professor
PE BB Yasuhiro Hatori Sai Sun Sai Sun

Bh# Assistant Professor B (3%) Assistant Professor*

v HHRES

Research Activities

FRARZETIE. BITHRERDBEOHRL SHEREZER L. 1§
SNIHMRICEDCABIZ. BRIFEENDIGANENRZ B
e LTV D, ABORERIEZ S fcdDORYEF IR
FOIC. BSRERIE SOV E1—2EY 3 VT SO—F & fEH
BHEDHTLET. REICLDZEEAE. IAERHE. TRICKDE
RIEBOET IVBE, RERERSHIBICET SHEZ LTV 5,

Human brain is one of the most adaptable systems in the world.
Understanding the brain functions is one of the most important
issues for evaluating and designing things around us to improve
the quality of life. We investigate the brain through visual func-
tions to apply the knowledge to human engineering and image
engineering.

¥ SRRBIFRY AT LAKRDE | BAZER
HREDEBHABZ R0, IIERCOESHRICH T HREMHEEE
DREBERRTZLEEIE. ZOETIVMEEBL T ABDHR
RIFRLIEBREDOER P, BRILEERZRET 527 AT LD
BREBET. Flc. MEOESHAE S L TRRZEHIE®
TEMREEERL, ETIVMLEBEYT. TNSDMRICEDE,
BEGRIBEROTM. HENER. RERBOFTMY A7 LDOBERAN
BT %, ol RECREDOEZHNEROBIEZHAND
TEICELY BRAGRETCOABORBERB LT ZE TR
B IcHDOHREICEI HHA TV B,

VIR - FEMRNF | BHEEER

AFRENT Tld, DI, BEERS. HFHRO 3 D07 70—
FERALT, M. TE. FBEV S ARDRAMEORIRE
BiET. ACBMERT ZER—E LIRE, ABOBEY AT
LEEDESIHELTVBOHERRL, ThEDRRICEDE,
AW BORREEDERD LT BIbOSRNERERERT 5,

* Visual Cognition and Systems (Prof. Shioiri)

Modeling the processes of human vision based on the findings
of the strategies that the visual system uses, we plan to propose
appropriate methods for evaluation of image qualities, efficient
way of image presentation and evaluation of visual environments
in general. We also investigate dynamic selection process in vision
with or without attention to realize prediction system of human
perception and action in the future.

= Attention and Learning Systems (Assoc. Prof. Tseng)

My research interests cover the broadly-defined human cognitive
functions such as perception, attention, and learning. With psycho-
physical, neurophysiological, and computational approaches, we try
to answer how sensory systems construct a coherent world that we
experience and look for applications to enhance human life quality.

AEMRICIIERLCAGTE by LT VOFREEALVEREEBUDRBMCEITSNDR LT YT
ABDHISNTWS, TR LT FORY G LD HEEBIIROFELHNSNTVEH by
TRV VEBRR LT v TABLOEBRIARETH 2. Fald, FOEBHDI—IVIBERESHMIC
by TR ERERVTIFAICEH. - IVIBNDEEIRDNS S EZBESM Lz, £leo BOKET
RICEVRARENCERDLEAY D FOEBI—IVIBL by T VEBMNBTIIATRES L
DOMEDNRGBANZILICL BT ENDD Dfc, FOEEND I—/UAEICIE. BHMICHITE by T
B EBEGRIDFEEA N ZZLHEL

Attentional effects are known to include top-down attention, which is directed consciously, and bot-
tom-up attention, which is directed to salient stimuli such as bright objects. In contrast, attentional
effects on stimuli around the hand are also known to exist, but their relationship to top-down and
bottom-up attention is unclear. We found that there is an attentional effect on the goal position even
when top-down attention is directed to a location different from the goal position of the hand move-
ment. We also found that the spread of attention measured by electroencephalography differed sig-
nificantly between the hand movement goal position and the top-down attention position, indicating
that the two are due to different mechanisms. Attentional mechanisms at the goal position of hand
movement are different from top-down attention.

EhEEbDOAZT 2=y avid, —HICHTED, ROBE, BEREICLZREELETTI,
AR Tl BENRESICEZ I 12— a VIOV TRETT B1edlc. MEEL > —IC
K ZBEDFR LIRS S UBHPE RN T A A Eh e RBERE Lz,

Interpersonal communication can be carried out in various forms such as side-by-side walking
synchronization, body movements, and facial expressions. We used motion acceleration sen-
sors and trackers, together with psychophysical methods to investigate how implicit signals
are communicated.
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Real-World Computing

Staff
BE ZFEkX  Akiolshiguro hofR MUSE Takeshi Kano
E2resd Professor TEHIS Associate Professor

LHERBS  Kotaro Yasui
B# (30 Assistant Professor*

B K#E  Daiki Wakita
FHEBNE

&R A Akira Fukuhara
Bh# Assistant Professor

Specially Appointed Assistant Professor

W HIZEE)

Research Activities

RERAVE1—T 4 VITHRETIE. BARPHRY AT LIC
B BHREORBEA N - X L Z BEDEHIE OB SER
L. ATIOHETRNERET LI EZBNE LTHEZITOT
AV

TEEOEEIE | BALERA - Yl - EEREEE R ORR (B
B) PMMEEMERT 5T LICL>T. AR DERDEMIEL SIFIE
BETERVIFERERERFSE ) ZRAX L0 D 1=
AFNUSNHOAE ) Z & T KO BRI,

Our laboratory aims to understand essential mechanisms un-
derlying various natural and social systems from the viewpoint
of autonomous decentralized control,* and to establish de-
sign principles of artificial agents.

* Autonomous decentralized control: Control scheme in which
non-trivial macroscopic functionalities emerge from interac-
tions among individual components.

FERUE [7 L1 >0 1 PR S
For further details, please refer to the “Laboratory for Brainware
Systems” section.

T/ NATREDFTINA ARRE

Nano-Bio Hybrid Molecular Devices

Staff

EHF FS  AyumiHirano-lwata {BAR K Daisuke Tadaki
Hi% Professor Bh# Assistant Professor
INE R Maki Komiya S%N ¥ Kaoru Hiramoto
Bh¥ Assistant Professor Bh¥ (&) Assistant Professor*

v RS

Research Activities

B LTI TR & NA A< T U 7 )b, BiEE S DOREIT
£V, BRIBRUNIBEFREICT DS/ AT —Ib. DFRT—)LD
BRAGTINA ADFRFEAZBEIET. FEAEMMNTEMaE R o
=22 IR EOERBRICFIBTZAT A AIVNAFILY b
A=A, GEARICE DKV YEEATSBEIL Y fOZ
TR, LT, EEiAEE > TEERIERAE/EY EIF. MO L
CHEBBLEDETDHINNAATLY FOZT ADOHEEESDT
W3, INSDT /A ASBHRBIEV AT LEEETRETH Y.
BRARDIHDFFIME LTRIBI ST EABIELTVS,

Our research activities focus on development of highly sophis-
ticated molecular-scale nanodevices through the combination
of well-established microfabrication techniques and various soft
materials, such as biomaterials and organic materials. We are
working on medical bioelectronics where we try to apply semicon-
ductor micro- and nano-fabrication techniques to development
of a sensor platform for drug screening, organic electronics where
we try to develop various sensors based on organic materials, and
bioelectronics where we try to construct artificial neuronal circuits
as a model system for understanding brain functions. These de-
vices can combine with information systems, leading to realization
of a new technology for health-conscious society.

FME 7 - IEEGR) S
For further details, please refer to the “Laboratory for Nanoelec-
tronics and Spintronics” section.
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Interactive Content Design

Staff

kRt EXX Yoshifumi Kitamura SlE  F1%  Kazuki Takashima
E2resd Professor HEHET Associate Professor
B Mz Kazuyuki Fujita MEr F  Kaori lkematsu
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Research Activities

loT DEREEE ST BEFLHDEY DFRIEPERLAKZE
|IL - MBI LDODH D, TOHRNIE. REPHEHELTE. N
L TCHBRDDEVEATWED DEHRICERSIK DITEY,
INSZECEMEREANEDRFEBHREEZ S LITERE
DRBELGOTVD, Afebld. 7I92)MEENTWBE DT
FCHEL BOEYDH5RZH0ZI2T Y ERA. TN
SEERAITAHET. ARDERE B 3227 —Y 3>
ERVIRBTCELGLDICT B VA0 T 4TAVT VYD
HRZED TN D,

As the Internet of Things (loT) expands, everything around us is
coming online, and joining integrated networks. Even everyday
items like furniture are going digital. We view all artifacts, physi-
cal and digital, as content. Honoring the unique perspectives of
people, systems, and the environments they inhabit, we study
the interactions between types of content, with the ultimate
goal of formulating cohesive, holistic, and intuitive approaches
that promote efficiency, ease of use, and effective communica-
tion, we focus on content design to enhance living.

WAVEZUTATAVT Y
DS | AR

N=F v )L T7 )71 EBHE LT, LB IXTIVTVIC
RELHE—Y3 Y b SyF VIV RATLOBEEY. SRTAEE
WAV T Y ENBENICRS D I—H 1 > 2T 1 — AFA
BEOWMADIZ 125~ 3V CREELRBIAERELTVWSIES
EBRREERII 17— 3 Y CHRNIEAFBT 3RS
|THBIL < BRWHEA TWNB,

WbEta1—x>AVFTIOVAURZTT Y
MEDEF | SRR

N=F ¥V T )T EDEE AV T2 ENE DR ZIBE
TrLEBIT, TNZISBLADREIPIZ 27— 3> %®
IETCEBHLVER A V27 T —RERRL WD, K, /N—
FRIVERET 4 AT« AT LA L 28 ZEE 1 —T
VERITI=ARAVETIYAVTI 2y 7 ECERNICEY
ATWET,

= Interactive Content Design
(Prof. Kitamura)

This team explores novel motion tracking systems that signifi-
cantly expand design opportunities of various interactive spa-
tial content and new interactive content design technologies
that effectively and flexibly manage higher-dimensional con-
tent, and technology to effectively convey and use nonverbal
information, which plays an important role in daily interpersonal
communication, in telecommunication systems.

= Human-Content Interaction
(Assoc. Prof. Takashima)

This team attempts to understand the relationship between
human and spatial elements surrounding of them and develop
spatial user interfaces that enhance human’s abilities and inter-
actions among them. We mainly work on adaptive and flexible
interfaces using virtual and physical displays to make various
interaction scenarios easier and more comfortable.
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Soft Computing Integrated System

Staff
EE =2 Yoshihiko Horio B #<F Takemori Orima
B FHEBNH

Professor

Specially Appointed Assistant Professor

v HHZEE

Research Activities

B DRI, FERBITEMTIEIDEDN—EDEEEF o2 LWL
DEZMENSMB XY N T —IDSBREINTWVND, TOKRIR
YR - LFRICK2BELRBROEL. BEDTV2IVETE
HWEELBLGHZREBETITONTE Y. B, 7Y 2IVETEEN
FMEFLTHMAICH LT, BERODMENICEZZHT EH
TES, TOXOGEHOFTERINICE Y M &R, Flc, FEHKE
RBEIBFICKLS MPELAAFIHIVTOLRITLZERNIE] (T
EBE L. NAUTEEEENTHY BHL. EHRORLZEEIC
BRICHLTED. FILOWITLAVEN T v AV Ea—T o
VON— R T7DORBEEBIET,

Our brain is a highly-structured but very complex network of a
vast number of biological neurons. The brain is established on
a completely different information processing principle from
that of current digital computers, realizing its high cognitive
performance through a physicochemical system. As a result,
the brain can quickly and efficiently solve real-world problems,
which the digital computers are bad at or cannot solve. In-
spired by such information processing paradigm of the brain,
in particular, focusing on information processing through
physical dynamical process, we aim at a novel brainmorphic
computing hardware system,

FRE T7 L1 >0 1 P RER) S
For further details, please refer to the “Laboratory for Brainware
Systems” section.
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AEY bOZY XSS - AZRE W Spintronics

AEVREETIS
MRS E (FRREAE)

Functional Spintronics
(Prof. Fukami)

Laboratory for Nanoelectronics and Spintronics

T/ AEVEEETINM R
HADE (HEHR)

Functional Nano-Spin Devices
(Assoc. Prof. Kanai)

ORXEY FOZY AME - RFICHBITSE
A S ZDISAICEET 23R

BF ALY BRI OFIEICEE T 238
OF / BiMEARROBX PHEED 2 1+ 3 7 (T
B89 BT

SR - EEBBHAE Y FOZIAATY
KT DR
O BHMEAREFDAT - HELEBRIK. %
BRI RIS AICE Y 13

e Electrical and spin properties of spintronic ma-
terials/devices and their applications

e Control of magnetization utilizing electron spin

e Dynamics of magnetic domains and domain
walls in nanoscale magnets

e Development of high-performance and
low-power spintronic memory devices

e Applications of metallic spintronics devices for
nonvolatile memories, logic integrated circuits
and new-concept computing

OBEAE V8FEw MCEY BHI%E

OF /AT —IVBAKAEYTINA AICET 3
[oiea

OREY bOZ v ABEFNIVE21—T 1~
7B BHI%

OF / 24 — IVEEEAA DB FIE & Z DRBIE
EEEBNATUSAICET 20138

e Solid-state spin qubit

e Nanoscale and high-frequency spin device

e Spintronics-based probabilistic computing

e Electrical control of nanoscale magnet and its
ultralow power applications



T/ N AREDFTINA AHARE

B Nano-Bio Hybrid Molecular Devices
T/  NMARERFTINAR
MRS EF (FHEER)

Nano-Bio Hybrid Molecular Devices
(Prof. Hirano-lwata)

EFMAEY FOZIRATNA ARARE ——

M Innovative Spintronic Device
BEHHAEY MOZIRTIUR
MRDE (Fh—< %)

Innovative Spintronic Device
(Prof. Akerman)

OANTHBREICE D T\A ZADBFE S IGAIC
ESEpaY iy

OF /HEEEDEERLNA A HISBICEYT
258

O EHEMEE BV e AT HZEEREIcEd
BHE

O%BERDF - #REIRADET ) >V JIcBET 3
B3

OZRFTNAABUCEDCEF - 1T\
A ADRIRICEE T HH%E

OBMN S VI RZEBWETLFTILTN
A XY BH%E

¢ Development of artificial cell membrane sen-
sors and their medical applications

e Fabrication of nanostructures and their bio-
sensor applications

e Construction of artificial neuronal networks
based on cultured neurons

* Modelling of biosystems and neuronal circuits

e Construction of electronic and ionic devices
based on biological two-dimensional materials

¢ Development of flexible devices using organic
transistors

FT/EB/TINA R + R T LHAZFEER - BZEE W Nano-Integration Devices and Systems

FT/EB/TINAR
R (EREEIR)

Nano-Integration Devices (Prof. Sato)

OBAKRAEY FOZ U ARFDERBILHIL
BAFZUR

OREY rOZ 7 AR FOHREIVE 21—
A58

OT VW7 v HBEAEMEERN YT/ > -
T A/ DB - BRI ARERER

OF/ R4 —)b b ROV DIV SEE DERENE
RFIOA

e Current-induced magnetization dynamics in
high-frequency spintronics devices

e Application of spintronics oscillator to uncon-
ventional computers

e Time- and spatial-resolved observation of
magnon and phonon using Brillouin light scat-
tering microscopy

¢ Nanoscale topological magnetic textures and
its application to functional devices

EFANTOMEERERILTOER
R (REAEHIR)

Group IV Quantum Heterointegration
(Assoc. Prof. Sakuraba)

T/ SRMRERRY AT L
R (LA AEHIR)

Nano-Integration Neurocomputing Systems
(Assoc. Prof. Yamamoto)

OBBIETE/N— R 2 7|CBEd BHI%E
OEFHEE/\— R 7IcBET B3
OxTvyarvEa—7+ 7Y BH3E

® Brain computing hardware
e Intelligent quantum hardware
e Edge computing

OBEEN BFEGT 2+ v VREDED
DEREERIFMH TS XIVDT AL RIC
EY 2%

OVEF¥EFRaEEEFN\7 OBEDSERL
7Ot RICEET B

OWVIEHEHEFANTOF/ T/\1 XDOEHEL
SR LICREY B H5E

® Low-damage plasma CVD process without
substrate heating for epitaxial growth of highly
strained group IV semiconductors

e Large-scale integration process of group IV
semiconductor quantum heterostructures

e Fabrication of high-performance nanodevices
utilizing group IV semiconductor quantum het-
erostructures

ORI TRE 2 AU o IEE R R B O AE )
RIS 2%

O x v b7 — 7 DHEBETIVICET S
iz
OmiEfifax v b7 —7 LOBERLEICET 5

R

e Bioengineering technologies for manipulating
neuronal network functions

e Computational modeling of neuronal networks

e Information processing in biological neuronal
networks
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Staff

BE =ZE Yoshihiko Horio
mRE #R)

Director, Professor

H3@EEB Cooperation Section

HE A lori Morita /N FJEE  Rikima Ono
BT A=) Technical Official HitEe Technical Official
EH#& f®E Michimasa Musya

E Technical Official

Laboratory for Nanoelectronics and Spintronics

W TZE/EE)

Research Activities

[/ « A RERHER] (& AAZRAMBIZEMHEER & L CFR
16F48 1 BICRESTNz. TOENIE. BREGFEZAST
JILYZFAZO R« A FOZ U ZEBENAAIET BT &
ICHB, INERIBT B, T TTOU S LICHITBHZEEH
RIEEDHDOREE R ICE>TEBEINS/ - AEVEE
Mg E ZDEBRBEABWNC. AARFH LUAFTEBELE
RICHBERFER - BRAODZIMAEFEHICH /70 /A9 —
ICEDWEEFDER « ALV HEMEY 2EBHIR T/ 1 XK
MOMRFEREZED. T5ICEE - HROBXUBEDTFOHIEE
DEMAEEELEHETOY 17 MR EHET 5,

BE. 7/« ACVBEMEETIE. [/ - RE TV REBER
DHETZF /ERBTNAR - Y RT L, AEYRAZI AL F
SN FABEDFTINA R, EFNAE Y FOZIRT/INAR
DEZEBEMEEY T HBRATRE. BRERtL2—70
Jr v bR BRLER. ROBTO— KN\ NMEESLERE
B VI NIV 1T VIERY AT LHARE. BF7T/\1
AHEENEE L THIREZESH TV D, TNSDERT. L&
wifEaEL, 7/ ILY FOZIVR - AEY FAZ Y RICH
FBEMHRDL >V E2—FTT UL R (COE) &b EAH
ZELTWS,

The Laboratory for Nanoelectronics and Spintronics of the
Research Institute of Electrical Communication (RIEC) was
established in April of 2004. Its purpose is to develop and
establish the science and technology of nanoelectronics and
spintronics for information technology. Utilizing the facilities
installed in the Nanoelectronics-and-Spintronics building and
under collaboration between RIEC and related laboratories of
the Graduate Schools of Engineering, Information Sciences,
Biomedical Engineering, of Tohoku University, R&D on nan-
otechnologies of materials and devices in Nanoelectronics
and Spintronics are continued extensively. Furthermore, na-
tion-wide and world-wide collaboration research projects are
conducted to build a systematic database in electrical com-
munication research.

The Laboratory for Nanoelectronics and Spintronics mainly con-
sists of laboratories of Nano-Integration Devices and Systems-,
Spintronics, Nano-Bio Hybrid Molecular Devices, and Innovative
Spintronic Device; together with the project office of the Center
for Innovative Integrated Electronic Systems, and the groups of
Ultra-Broadband Signal Processing, Soft Computing Integrated
System and Quantum Devices. These groups cooperatively carry
out the research aimed at establishing a world-wide Center of
Excellence (COE) in the research area of nanoelectronics and
spintronics

56 | BXUBIEHTIZEFT = RIEC 2023/2024
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COE of International Research Collaboration

T/ I bOZ 7 AEBRARRRLRRIEER (FRI7TEE~
D EEBHHEMERE S LUTHIR) 288 L LT 21K
HONLBEGBERBEEZRIRT 2. T/ KRG
REER . TREVHIEEAMOMES & FEENDIGAL . T9F
T/ BEICEDBRIVEORF LGB D3FZRITEA. /T
L7 FBEZIRBERTNARE TNEBWIERY AT LD
REHET DL EHIC. INSZRIRT B cHOEBFEHLRMARAE
FlEwEREL. 7/ ITL7 hAZ 7 ANFOWHRICEHIF HCOEDHE
TEBEL TV,

T/« AEV RERMER TR LIKERY Y RYU L

RIEC SYMPOSIUM ON SPINTRONICS

1s t:February 8-9, 2005 2nd:February 15-16, 2006
3rd: October 31-November 1, 2007 4t h:October 9-10, 2008
5th : October 22-23, 2009 6th:February 5-6, 2010

7 th:February 3-4, 2011 8th:February 2-3, 2012

9 th:May 31-June 2, 2012 10th:January 15-16, 2013
11th : January 31-February 1, 2013 12th:June 25-27, 2014

13th : November 18-20, 2015 14th :November 17-19, 2016
15th : December 13-14, 2017 16th:January 9-10, 2019
17th : December 3-6, 2019 18th : November 18, 2021

INTERNATIONAL WORKSHOP ON
NANOSTRUCTURES & NANOELECTRONICS

1s t :November 21-22, 2007 2nd :March 11-12, 2010
3rd :March 21-22, 2012 4th March 7-8, 2013
5th :March 5-7, 2014 6th :March 2-4, 2015
7th :March 1-3, 2016 8th :March 6-7, 2017
9th :March 1-2, 2018 10th :March 6-7, 2019
1th :March 1-2, 2021 12th :March 14-15, 2022

13th :March 7-8, 2023

RIEC-CNSI WORKSHOP ON
NANO & NANOELECTRONICS,
SPINTRONICS AND PHOTONICS

1st: October 22-23, 2009

We aim at establishing a COE in three research areas, “Na-

"o

no-integration technologies and their evolution”, ”Spin-con-

trol physics and technologies and their applications”, and
“Realization and application of information processing using
molecular nanostructures”.

International Symposium held in LNS, RIEC

RIEC INTERNATIONAL SYMPOSIUM ON
BRAIN FUNCTIONS AND BRAIN COMPUTER

1s t:November 15-16, 2012 2nd:February 21-22, 2014
3rd:February 18-19, 2015 4t h:February 23-24, 2016
5th:February 27-28, 2017 6th:February 1-2, 2018

7 t h:February 22-23, 2019 8 th:February 13-15, 2020
9 th:December 5, 2020 10th :February 18-19, 2022
11th :February 17-18, 2023

7th International Workshop on Nanostructures & Nanoelectronics

2nd RIEC Symposium on Spin-
tronics- MgO-based Magnetic
Tunnel Junction- Left: Albert
Fert (2007 Nobel Prize Laure-
ate in Physics); Right: Russel
Cowburn

BLUBESHIZERT » RIEC 2023/2024 | 57

j_
/
A
f
>
=
52
i
5%

SD[UOJJ,U!dS pue sdluoids|soueN 104 AJOlQJOqej




j_
/
A
sl
%
=
5
i
BX

soluouIdg pue sa1uoiRa|s0uURN 10} AiojelogeT

AV FAZY ARRE

Spintronics

Staff

KRB 8% Shunsuke Fukami £H# B ShunKanai

E2e Professor EHID Associate Professor

R #KX  Yuta Yamane FH =& Yukihiro Marui

B# G Assistant Professor* FHERE Specially Appointed Researcher
Jiahao Han Jiahao Han INR #2F  Noriko Obara

ERa Research Fellow o= Research Fellow

@ HRIEE)

Research Activities

EEFRDOERPAE . BEOREASIE L TENICHAT ST L AEH
ELLFLLWAEY bOZY ZAME - BEORREPLZ I THERINSAE
UMIEDER. RURAEY FOZY ARFISABICET 2MRET > TV 5,
o, REBERLOK. FER (WAL BRBHN. 2F) BRLEEEAD
IAEREE Lz, BEE - EBEE DALY FOZ I ARFORIRICET
LMBEEEDH TN D, EFRMICIE. MRS b > ) VBEERTFORREE
MR, BRPERE AUV SR bHIE. X\ 21> Ok
EERAVEFRALY FOZV AMBORE. |REMALY FOZV XK
F OSBRI THA;T - $F SRR IR AR ETT> T 5,

Our research activities aim to deepen the understanding of spin-related
phenomena in novel spintronics materials and structures and apply the
obtained insights to develop advanced spintronics devices, where electron
charge, spin, and magnetization in solids are controlled. We also work on
high-performance and ultralow-power spintronics devices to be used in in-
tegrated circuits and new-concept computing hardware utilizing probabilis-
tic or quantum phenomena. Our studies include development of advanced
materials and nanoscale devices, establishment of novel means to control
magnetization with electric current or field, and related techniques for na-
no-fabrication and electrical characterization of the developed devices.

g A UHEE
HERDE :’ﬁ'“ %?ﬂﬁ

BlEE - EEBENACLY FOZI XX T - REEBRIKRORIBA Big
L. BRICE DT /MR T ORI CHIEEAMOEBEY. Z Db
MORRFICEY A TWVD, £AEY bOZ Y ROFBEXIERLESH
BEHFLWT TU T —2 a3 v ORRICEERVBA TN S, A - BEHR
EER%EFR LIBLOFI & T DO DOMRIBIFR. BB R & OMBHS
HEDEN - BN EEORIA. MRS b > RIVBEERTORE. &
J AT — VEEERFORME A A+ 2 7 AR, FMEFREMS AT RF
Hifiom £ ATHREREERENET A LY RTORE LT ERAD
RIR, BEICRVEATWS,

" T/Zl:“/#% AC Y
TNE | SHHEHR

AEY FAOZI ZAZBWR LT N\ ADRBEBEL. F/X
T=IVCOFEAEVRROMBEZDT /N1 AGHICRYEA TN, B
FOAEVEFEY OO —L Y ADEEDREA L T OEREGIEH, X
EY 240 ZADRALTINA SR A OBERIEZEFAE LB
EHBEBIHACHIEICE I ABA T B,

BREEACVRFLTOT ST IVFEBEERL S5 DBERNI L1 —2—

Probabilistic computer with stochastic spintronic device and programable CMOS
circuit

= Functional Spintronics
(Prof. Fukami)

To realize high-performance and ultralow-power integrated circuits with
spintronics, we are working to establish technologies for controlling the
magnetization in nanoscale magnetic devices. We also aim to open up new
paradigms for spintronics such as spintronics-based novel computing. Our
recent research topics include current-induced control of magnetization via
spin-orbit interactions, elucidation of static and dynamic properties of na-
no-scale magnets and magnetic textures such as domain walls and skyrmi-
ons, development of ultra-small magnetic tunnel junction devices, enhance-
ment of nonvolatile spintronics memory technologies, and development of
analog/probabilistic spintronics devices for artificial neural networks.

" Functional Nano-Spin Devices
(Assoc. Prof. Kanai)

We are working on elucidating spin phenomena in the nanoscale and their
applications to realize new functional devices based on spintronics. We
are working on elucidation of the coherence mechanism of solid-state spin
qubits and its highly efficient control, elucidation of spin dynamics and its
device applications, and ultra-low power magnetization control using elec-
tric field control of spins.

100+
—
)
-
\: 10}
~
161 1
g-factor x (gGantum number)0-66
TZ =19x 1018 |gn|71'69g0'3911;1'1 n;ll.O (S)

BHROLDAEVEFEY FOOE—L Y RABBT, DR —1 V8|
Scaling law of coherence time T, of solid-state spin qubit

SBIERFZEPT = RIEC 20232024
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Nano-Bio Hybrid Molecular Devices

Staff

FEH ES  AyumiHirano-lwata {BAR AN Daisuke Tadaki
E2resd Professor Bh#L Assistant Professor
INE  BFE Maki Komiya SEAR #E Kaoru Hiramoto
Bh#L Assistant Professor Bh# GR) Assistant Professor*

¥ HHAZES

Research Activities

A LTI IR ENA AT U T L. B & DREEIC
KU, BRIBROEEAREICT 25/ AT —)b. DFRT—ILD
BRRIZTINA ADBFEZBIET ., FEAMMMIREMZE o
=20 EQEBREICHBT 2 AT« AIVINAFI LY b
OZ7 R, BEARICE DKV YEEAT>BEHILY Oz
TR ZF LT, EEMEEE > THIREEREIEY B KOL
CHBEBBLESETEINAATLY NOZT ADHEEESDT
Wb, TNSDT/\A XIFERBEV AT LEEERIBEETH Y.
BEAOOOFRME L TRIRT S EA2BIELTVS,

Our research activities focus on development of highly sophis-
ticated molecular-scale nanodevices through the combination
of well-established microfabrication techniques and various
soft materials, such as biomaterials and organic materials. We
are working on medical bioelectronics where we try to apply
semiconductor micro- and nano-fabrication techniques to
development of a sensor platform for drug screening, organic
electronics where we try to develop various sensors based
on organic materials, and bioelectronics where we try to con-
struct artificial neuronal circuits as a model system for under-
standing brain functions. These devices can combine with in-
formation systems, leading to realization of a new technology
for health-conscious society.

O/ IMFTREDFTINA A
MENE | FEFHER

NAARFOROBEGKEEES /77 / OV —ERMETEHI L
K& FLVBFT /A ADORHEZETS. BEANICIE. ATH
ICHERIRIBE Z R L. HREMLENEEDEMEAT -2
VIEELTORAZBELTWS, ey TOXSGEEMRMNT
iz BRSO L. EETomidiaz RENERF & LTtiHD
ETIY AT LORIAE BIETHRLED TS, Tl Bi:
NA AR W IHTREEZ B T 27 /1 ADERY, £0H)
TRREABDFTHIZ 8 L T TERDOFEHRMR DI HKIE LBV, #
REBETFT/\M ADAEEZBEL TS,

B N RI—T NEIEWER Y
Fig.1 High-throughput sensor for drug side effects

2 AEECERERV RIS O BB

Fig.2 Reconstruction of neuronal circuits using living cells

= Nano-Bio Hybrid Molecular Devices
(Prof. Hirano-lwata)

We are working on development of novel devices based on
the combination of nanotechnology and biomaterials that
have highly sophisticated functions. In particular, we are
aiming to reconstitute artificial cell membrane structures as
a platform for high-throughput screening of new drug candi-
dates. We are also applying such fabrication technology to
brain research, and are investigating construction of a brain
model system by utilizing living neuronal cells as fundamen-
tal elements. In addition, we are developing bio and organic
devices with novel functions. Through the evaluation of their
working principles, we are aiming to create novel electronic
devices that do not solely rely on conventional semiconductor
materials.

3 BEERUI-MEEBVCERBRMRNZ VIR

Fig.3 Organic field-effect transistor using conductive polymers
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FT/ER/TINM R VRATLARE

Nano-Integration Devices and Systems

Staff

B XM Shigeo Sato B Ik Masao Sakuraba
BI% Professor HHIR Associate Professor
A ZEAH Hideaki Yamamoto SF& & Satoshi Moriya
HEHES Associate Professor BHEBNE

Specially Appointed Assistant Professor

@ RS

Research Activities

FARZECEREABEPEFAEL LD/ AR VAFRICER
L. TN5D/N\—= KD 1 7 BB OVWTHRZT > TV 2,
TINAR, TOEX B HBWVET7IVT) XLDHERF G

SRR ZZT L. TNEDHMAaIc LY 2 CHLLETEREE
MBI HKEL T B,

In this laboratory, we focus on non-von Neumann computing such
as brain computing and quantum computing, and study their
hardware technology. We conduct research on various topics in-
cluding device, process, circuit, algorithm, and neuroscience, and
build revolutionary new computer technology by integrating our
findings.

W/ ERET N AREDE | 1R

At EZ 26 Al RO &Y )EU)*iA§€§ miF T N—F
VT T DENECEEEENODEERRELEOTCND, T
NSZEBREET BT /NA APFA LS HH5\NEZNED 5

BREND Al VAT LORFEZRL CHMEFREN—FY 2 7H&
BRAOBRZ BT,

¥ EFN\TOBERERILTALX
D EF | BREARIR

TS ARFERISTE E &R ME L CRSEEEIC BT 5N\ T OIS
pZEPIRElC L. FRBFIMMEZRERY 2. FIC. BF N7 A8

&% Si RO ICHEH T 2T DEBERMNERZBET,

@ 7/ EREEREBR AT L
MR EF | AR

FEARHMENT - FHEAREE - BEBET ) VU ERE L. BB
RIVBOMRER T R S LT v TR BT DH L VERERR
ERBET B INUITKY. BIFEROERERIIEE A ]/T
DAY A7 LABE L TWEBIRNIELT —F7 7 F v DR
EDRRITHT fo. EMRENGET TO—FORINEZBIEY

BUEIST B DRIRICEINS T

Towards the Realization Brain Computer

= Nano-Integration Devices (Prof. Sato)

Improvement in hardware efficiency and reduction of power
consumption are important subjects in order to further pro-
mote social implementation of Al technology. We build brain
computing hardware technology through developments of
neuromorphic devices and dedicated LSls, which solve these
issues, and also Al systems composed of them.

= Group IV Quantum Heterointegration
(Assoc. Prof. Sakuraba)

By utilizing plasma induced reaction and so on, heterostructure
formation in a ultrathin region is investigated to explore novel
electronic properties. Moreover, fundamental technology for in-
tegration of the quantum heterostructure onto Si LSIs is aimed.

= Nano-Integration Neurocomputing Systems
(Assoc. Prof. Yamamoto)

Semiconductor microfabrication technologies can be used to
manipulate living neurons and reconstruct well-defined neu-
ronal networks that help bridge in vivo and in silico studies in
neuroscience. Taking advantage of this experimental paradigm,
we aim to better understand and build models on how the
population activity of biological neurons realizes information
processing in the brain.

BINTOBESER(L T O XOBEICEITT
Towards Establishment of Process for Group IV Quantum Heterointegration

60 | BXUEIEHIZEFT = RIEC 2023/2024
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Innovative Spintronic Device

Staff

Bengt Johan Akerman Bengt Johan Akerman

% Professor H#EE (CSIS)
THE B3 Takaaki Dohi Akash Kumar
B Assistant Professor Bh# (CSIS)

Ahmad A. Awad Ahmad A. Awad

Associate Professor (CSIS)

Akash Kumar
Assistant Professor (CSIS)

@ HRIEE)

Research Activities

AEYFAZIARFICBWNT, EFRAEYZN LB EER
OHEEMERZESMNCL, O E1—4%2, A9V II VI
EOFRBIAVE 1 —RIEHAT 5 L2 B LICHREED
TW3, AEYVR—)L3hR%ZN LIz DCATNTH T 2L DFIR
ETNUTHED RFEFSDHII. RF AN T HBULOHIBE TN
IS DCIESDENERBT A E Y R—IL T /iREF DR
Bt -EE b A EICRU ATV S, I—TRUARFE (R T—
7>/) D Applied Spintronics Laboratory & BBICEHE L TN D,
https://www.gu.se/en/about/find-staff/johanakerman

Our research activities aim at clarifying the interaction be-
tween electric current and magnetization via the electron spin
in spintronics devices and applying them for unconventional
computers such as neuromorphic hardware and Ising ma-
chine. We address the enhancement of the performance or
exploration of new functionalities of the spin Hall nano oscil-
lators, showing rf output by dc input through the magnetiza-
tion oscillation and dc output by rf input through the magne-
tization resonance. We closely collaborate with the Applied
Spintronics Laboratory at the University of Gothenburg in
Sweden.
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Rem c FE Y AT LHAZEER - BAZEZE W Recognition and Learning Systems

BRARRR AT L
MEDEF (EAEER)

Visual Cognition and Systems
(Prof. Shioiri)

ORBRTE DR BRI & ZEREREDRIE
OREESH/H £ REATEHBOET UL
O3RTTEBADITH. FH. BRERFEDOHE

® Measurements of spatial and temporal charac-
teristics of visual attention

* Modeling control system of eye movements
and visual attention

e Investigation of early, middle and late vision of
3D perception

TV LT
T gt

2L
1) &

BR - @BERERHIATL
MRS EF ORFER)

Auditory and Multisensory Information Systems
(Prof. Sakamoto)

ORERUEERENZIERVBEEDHE

O3REEMEROSHEEE Y VIV AT s
DR

OBERFBRUBICED(EIEBRY AT L
DIFEE

e Mechanism of multisensory information pro-
cessing including hearing

e Development of high-definition 3D sound
space acquisition systems

e Auditory information systems based on multi-
sensory information processing

Laboratory for Brainware Systems

BUBILSIS R T LHRZEER Brainware LS| Systems
VI7hAVE1—TAVTERVATLHRE Soft Computing Integrated System

YIMAVE1-TA VTEREVATL
MRS E ERHAER)

Soft Computing Integrated System (Prof. Horio)

OTLAVENTav oAV Ea—Ta2T
N—=Rox7

OB 7+ 0OV VLSIEIRRDRAFICEE I 5138
BRI E Y R T LD EZDISAIC
B9 BT

OBFBRDRIRZ BI5 T MUEWVLSIY X7 LD
FHICE T DI

e Brainmorphic computing hardware

e Brain-inspired neuromorphic analog VLSI cir-
cuits

e High-performance brain-like information pro-
cessing system and its applications

® Brain-inspired VLS| system with consciousness



B LSI & R 7 LB ZER
LR VLS| ¥ X7 LR E

FBL2VLSIZ R 7 s
MEDF (PEHER)

New Paradigm VLSI System (Prof. Hanyu)

Brainware LS| Systems
New Paradigm VLSI System

FLEVLSITH 1>
MRS T (EHEBR)

New Paradigm VLS| Design (Assoc. Prof. Natsui)

wEVLSIaYEa—710J
RS (RIREBER)

New Paradigm VLS| Computing
(Assoc.Prof. Onizawa)

OFREBREAYV Y IA VAR T —FT0F v &
ZOBESBAVLSI 7O v ISR T BEFE
OFNAREFTIWR=ZF@2a > E1—F7 7
VOT—FTUF v ICEET B
OZBEREHRER - IEPAGEICED B
BE - BN=SoC/NoCICEI T B %
OmXRMERICED CGBEEESALSICET S

[iE

* Nonvolatile logic-in-memory VLS| architecture
and its application to ultra-low-power VLSI
processors

¢ Device-model-based new-paradigm VLS| com-
puting architecture

® Asynchronous-control/multiple-valued data
representation-based circuit for a high-per-
formance/highly efficient System-on-a-Chip/
Network-on-Chip

e Low-power VLSI design technology based on
stochastic logic

BRESEGIE A T LHZRER
RERIAVE1—T 1 VTHEE

RO E1—-FTs VYT
HEDEF (AEHR)

Real-World Computing (Prof. Ishiguro)

OBAREHBREY 7 FORy kO
OFERBEISHESERVLSIE®G/7—F77
F v |CBT BH%E

OZEZFHIRDEVORRFRIED S ZAVARER
EORT 4T ANDISA

e Control of soft-bodied robots with large de-
grees of bodily freedom

e Optimization algorithm and its application to
VLSI design methodology

e Dynamical system approach to understand
versatility behavioral and its application to ro-
botics

OPVTIESDETZ ) —VLSIE/ 7 —F TV F+
|CBIY B
OBEREBISESERBVLSIEE/ 7 —F 77
F v |CBT BH%E

Ot 7))L 31 XL EZDVLSIEREHMTIS B
|CRIT 5T

OFBERVLSIY R 7 LDRETHAICEE T 2 H5E

e PVT-variation-aware VLS| architecture and its
applications

e Self-adaptive system for resilient VLS|

¢ Optimization algorithm and its application to
VLSI design methodology

e EDA/CAD algorithms for new paradigm VLSI
systems

Autonomous Decentralized Control Systems
Real-World Computing

ORIRBICEDCELIRIVF—N—FDzx
773 XIS BHIZE

OCMOSA Y IN\=F 4 7)baPw ZICEDH
BERSTEEBITICRS T 2158

ORMART 1w 7 EBICED < HEVERNIE
IN— R T T7ICE8Y TS

OJERBRFEICE DK BEHEES /-
U7 CBEY BT

e Energy-efficient hardware algorithm based on
probabilistic computing

* New-paradigm computing technique based
on CMOS invertible logic

¢ Brainware information-processing hardware
based on stochastic computing

e Ultra-low power hardware based on asynchro-
nous circuits

RHRBEBETI VT
BRI EF (MNANAESER)

Real-world Mathematical Modeling
(Assoc. Prof. Kano)

OxEY A7 LOBEIHHINICEE T 2%
OBNOEBEADZALDOBBPLEORY AN
DIGBICEY B

e Study on autonomous decentralized control of
traffic systems

e Study on swarm formation mechanism and its
application to swarm robotic systems
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BE ZEX  Akiolshiguro
MERE (R Director, Professor

Laboratory for Brainware Systems

v HH3EE

Research Activities
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cccccccccc d Recogniton

048

Novoltie
Chaotic Neural Network Re fli-flop
CHARZA—TRY b T—s U ERE
(VI bAVEa—T 1 VTERVRATL)

- 0TIy SAITEBATESECPU
(FEVLSIZV R T L)

* Brain Computing Based on Analog Neuro-Dynamics

The Laboratory for Brainware Systems of the Research Insti-
tute of Electrical Communication was established in 2004 and
renewed in 2014. Its purpose is to contribute to the research
and development of advanced information science and tech-
nology for Brainware systems which realize a seamless fusion
of the changeable and complex real world and the cyber
space.

We aim at establishing scientific and technological founda-
tions and at exploring human-like brainware computing appli-
cations for Adaptive Cognition and Action Systems Division
(Recognition and Learning Systems Group), Autonomous De-
centralized Control Systems Division (Real-World Computing
Group), Brainware LSI Systems Division (New Paradigm VLSI
System Group and Soft Computing Integrated System Group),
and brain architecture Division (planned). The Laboratory for
Brainware Systems consists of the above four divisions which
cooperatively carry out the research. At the same time, they
serve as a laboratory for nation-wide cooperative research in
the field of Brainware systems.

The technology developed in the Laboratory is expected to
enhance the research carried out in the four Divisions of the
Institute, and the research conducted in the Divisions, in turn,
is expected to provide scientific basis for the information
technology developed in the Laboratory.

Seamless Fusion of Real World

Physical and Adaptive Hardware Environment and Multi-Modal Computin

*Brain—Like Computing
(Brain Architecture)

JES
[

o
B
* Real-World Dynamical ALt

Intelligence

* Higher-Order Multimodal Perception
and Information Generation

(Real-World Computing)

Hardware Environment with Massively Parallel Brain LST
0451

(Recognition and Learning Systems)

Discrete Word Recogniton

haotic Neural Network Resenvair
* Low-Power Nonvolatile CPU for IoT Edge Devices

(Soft Computing Integrated System) (New Paradigm VLSI System)
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Recognition and Learning Systems

Staff
BA & Satoshi Shioiri A {&— Shuichi Sakamoto
E2resd Professor E2resd Professor
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Research Activities

FHENEF ClE. ARDSANENZHRLGIERE ANEHHELN
BLUBMACERH - ¥ET H5BBEBEoMLTETIMEL. BB
LSIZG E iR Z i8R 2/ \— RO T 7 ICRET 5 L= B
LTHIRZESH TS,

To create computational models of the process that the hu-
man brain integrates multiple sensory inputs from the outside
world, we are investigating the visual and auditory functions in
the human brain for implementing these functions in hardware
under biologically plausible settings. Our approaches include
psychophysics, brain wave measurements, and computer sim-
ulations.

¥ ERREBRY AT L
MRDE | AR

REDOEMAMBZDOIC, AR BEFRICE T DERRHERE.
REBEHFRL. TOETIVMEEBL T, ANBOREZEBH,. Th
ERIRET oV AT LOBRZEBET. &fc. MEDESMNAIE L
L. ReBasEeIgmezE2g L. E7/VteBEd. h
SOERICEDE, BRIEMOTM. MWENDTR, REBEOME
YAT LOBRADERT 5, Eolc. REPREOEZHN®E
ROBIZZFND ED D FRAGERE N COABDRERH
T8 FTAT BTCHOMRICEIEA TS,

v RBE - BeRERRVAT LA
MRDE | AR

RBEETEFENREL. HOEHTOEEHANEZ L. BEBR &
UBHBDRBEBERIMES L (FET SRE T COABOMNEIER
WIBEIEZ OIRYEFENTFEZBOCHBI L LBl £D
MREZER LT, ®BE3RTEE[L Y VIV AT LRIV
FE-LZIBEZE AT LEOEERBRI AT LOBE - 5E
{LICE W REATL B,

= Visual Cognition and Systems
(Prof. Shioiri)

Modeling the processes of human vision based on the find-
ings of the strategies that the visual system uses, we plan to
propose appropriate methods for evaluation of image qual-
ities, efficient way of image presentation and evaluation of
visual environments in general. We also investigate dynamic
selection process in vision with or without attention to realize
prediction system of human perception and action in the fu-
ture.

= Auditory and Multisensory Information Systems
(Prof. Sakamoto)

We study the mechanism of human multimodal processing, in-
cluding hearing. In particular, we focus on speech perception as
an audio-visual process, the judgment of auditory space during
motion and the impression of a sense-of-reality in multimodal
content. Such knowledge is crucial to develop advanced com-
munication and information systems. Based on this knowledge,
we are developing future auditory information systems.

ADEERIED SERDEIFICBIT TR T LEER, SAYEREARICETZRRE. WIThER—KBREDT 2%
AT HELVEENTES T LN S, BANCHREI ARG ZTETREICED BRERDLZE Y AT LITFIBTE S,
Estimation of preference judgments using facial expression. Since the accuracy is higher when the system is trained and
tested within subjects, this technique can be used to support selection of image data for each person by customization.
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Soft Computing Integrated System

Staff
EE =Z Yoshihiko Horio RS fEsF  Takemori Orima
Eer] Professor TR

Specially Appointed Associate Professor

v HZEE

Research Activities

B DRI, FERBITEMTIEID DD —EDEELF 2B LWL
DEZMENSMB XY FT—IDSBREINTWVND, TOKRIR
R - LFRICK2BELRBROEL. BEDTV2IVETE
HWEELBLGHREBTIONTE Y. B, 7V 2IVETEED
FMEFLTHMAICH LT, RO DMENICEZ ZHT EH
TE3, TOXOEMMOFERIICE > b EEB. BT, H8KE
BEREICLS ML FIAHILTOERICLDERLIE] (T
HZEHL. NETEBEEBNTHY EH S, RERDIKRLEME
ICEBREICHLTES, TLAVENT vV Ea—TFTa27
N=RI T 7DREEBIET,

Our brain is a highly-structured but very complex network of a
vast number of biological neurons. The brain is established on
a completely different information processing principle from
that of current digital computers, realizing its high cognitive
performance through a physicochemical system. As a result,
the brain can quickly and efficiently solve real-world problems,
which the digital computers are bad at or cannot solve. In-
spired by such information processing paradigm of the brain,
in particular, focusing on information processing through
physical dynamical process, we aim at a novel brainmorphic
computing hardware system, which is robust and flexible, and
yet quick and efficient.

WV bV —FT A VITERV AT A
MZ3ENE | SRR

BNDIBRNIBHAICE AT, SIERETHIRM, T/ Mg
BIRNBEBTHD (TLA VBN T v AVEI—32] DR
BAEBIELTHRZED TS, BT, MHZHOBEEMEDE
MERy NI —0THBTEISEE L, MEBNESRTERESL 1
FIURCED [TOCRICKBIEROE &, 707 ERER
BEZE LBV AT LELTRET S, ZDeH. BRTH
I AEERPRIREMRDEREIRRRER MO, BEEEES
TIET BIFEEE -1 — /b=y b T — 0 ERBEIEEMEM. ¥
BFN\AA BICAEY FOZIVRXTNARICELDZ1—OP
FTREEFMAE. WO E1—20D/\— U1 7REBED
e DOEEEMOBEREET O TWVD, TNEFARIT, ERDTY
2)VETEHK & IERG S, BUAKE O 1 — 427 —F 70 F v
EZFDISBICOVWTEMEEEDHTWVND, Flee A1 F I vIIC
REPERHIZBLT 2EMI Y bT—7IckY ., BEPEREE
DEHEMARKE IV E1—-20RBEEEL TV S,

= Soft Computing Integrated System (Prof. Horio)

We are working on a novel high-performance, highly-effi-
cient, flexible, and robust brainmorphic computing hardware
system. In particular, we focus on an information processing
through physical complex-networked dynamical process, and
its implementation as a computational hardware system using
an analog VLS| as a core component. Toward to the final goal,
we are developing integrated circuit and device technologies
suitable for the brain-inspired computer systems, such as
VLSI technologies for high-dimensional chaotic networks and
large-scale complex systems, VLSI circuits and architectures
for ultra-low-power asynchronous neural network systems,
and compact and low-power devices/circuits, e.g., spintronics
devices for neuron and adaptive synaptic connections. At the
same time, we are developing a massively-parallel brain-in-
spired computational system architecture, which is very much
different from that of the conventional digital computers. We
further intend to realize an autonomous brain-inspired com-
puter with a sense of self and consciousness based on a com-
plex network with dynamic change in spatiotemporal network
state and structure.

(L) BRTAFTAZ21—=2)bRY FT—=7 LSl (ET) BEEESHRRICAV Ry hT—VRER. () BHERER.

(Upper left) 3D chaotic neural network reservoir LSI. (Lower left) Network circuit configuration for discrete word recognition experiments. (Right) Recognition results.
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New Paradigm VLSI System

Staff

P& &ih  Takahiro Hanyu BEH HH Masanori Natsui
BiZ Professor pized Associate Professor
R B#k Naoya Onizawa EF# 5 Akira Tamakoshi
IR Associate Professor HERa Research Fellow
KHE K% Tomohiro Yoneda

HERE Research Fellow

v HZEE

Research Activities

BAIRBR A E(REFELES (Very Large Scale Integration; VLS </
AT LIF GBAR— ht2 (Society5.0) X X D BEFHISD 158
Bl & LTHEET 2—A. ZOWERAIGEL TWS, AR
ETIE THER) OVISI VAT LT —F77F v E5CICZD
IEIE%%‘EEEE‘UL . TEREMORFRZFTH L. ABDOEMNE
LEET HABREBRRVEBERIRT ST LEENET 2,

Very Large-Scaled Integrated (VLSI) processors are key com-
ponents as a "brain” for intelligent control in the future super
smart society (society5.0). In this research division, we explore
a path towards a new paradigm VLSI processor beyond brain
utilizing novel device technologies and new-paradigm circuit
architecture.

W HBERVLSIY R 7 LR D EF

RREDE CIlE. EROER EITIFZEWNEF LWEZ FITE DL
N=FDx77— #7‘77"\"@&71%{?’)TL\%)0 PIZIE. 58
B RELRICOBIL S B TRAGT AT /N> FigZzRIR
T2AVVIAVAERISIT—FT0F v ALY FAZIR
RFEEDHIEE - S - TBHET /N\A RZFER LT\
AETIANR=RFMRVLSI T —F 77 F viz & Ty IAATE
MREVLSI T Ot v TORBFEICET 2HKRET 2L 5,

W FLRVLSIT A VSRS | EHERIR

KRAEDEF CTIE. BIEED DREFZVLSIORRICAIT LRz
ToTW2, BEMICIE. PVTIESDET U —VLSIER 77 —F
TUF v, BWERIEEISAESEREVLSIER T —F TV F v, B
ASHEICED &7V XA&%U)VLSIDX.:‘I'HWIFJ)EH R
BREOD Y 7 A 2 AT VLSIEREHEN G & #IET 0t i
1[:0) BRZED L DD D DBEZAETICENTOLEEENE
ZEMN T BVLSID DRI T 28582172 CT %,

v HERVSIOYE 1 —FT 425
RS | BRIRAEZR

AR DETF Tld. ERORAERIVER & IE—1F 7 B I HERNE
BICED(HFER OV a1 —T 0 VI RINICEET 2T AT
TWa, BEAFNICIE. BENBEEO—ECHLIAMAAT 1V
JEEEFRLILEIXIVFE—N—FRo2 773U XLP.
REROHAEFMTIERBHAREZWNAAFTELARIRT 51~
N=T 1 7)VOTvy 7 EZDISRICET BMEET> TV,

Energy-efficient nonvolatile CPU for IoT edge devices
M. Natsui, et al., J. Memories-Materials, Devices, Circuits and Systems, 2023.
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Operation-condition-aware power-gating-switch configuration
F. Zhong, JIAP, 2022.

= New Paradigm VLSI System (Prof. Hanyu)

We are studying a “new-paradigm VLS| computing” con-
cept that breaks through conventional computational and
power walls. “Logic-in-memory architecture,” where storage
elements are distributed over a logic-circuit plane, is a key
concept to open up the future VLSI. To implement a log-
ic-in-memory architecture, we use functional and nonvolatile
devices such as spintronics.

= New Paradigm VLS| Design (Assoc. Prof. Natsui)

We are studying a new VLSI design paradigm for high perfor-
mance and highly-dependable VLSIs. To fully utilize the benefits
of technology scaling, we are focusing on PVT-variation-aware
VLSI architecture, self-adaptive system for resilient VLSI, brain-
like optimization algorithm and its application to VLS| design
methodology, and electronic design automation (EDA) algo-
rithms for Nonvolatile logic-in-memory VLS.

= New Paradigm Computing System
(Assoc. Prof. Onizawa)

We are studying probabilistic computing tthat is clearly differ-
ent from conventional deterministic computing. We are imple-
menting energy-efficient hardware algorithms based on sto-
chastic computing and develoing invertible-logic algorithm and
hardware, which can realize bidirectional computing for solving
several critical issues, such as machine learning.

Fast solving larger combinatorial optimization problem than QA

N. Onizawa, et al., IEEE TNNLS, 2023.

Memory efficient & twice-faster FPGA-based annealer
D. Shin, et al., IEEE JETCAS, Mar. 2023.
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Real-World Computing

Staff

BE ZJX  Akiolshiguro o RIS Takeshi Kano
E2res) Professor HEHES Associate Professor
BE Mt Akira Fukuhara LHEARRE  Kotaro Yasui
Bh#L Assistant Professor Bh¥ (Gk) Assistant Professor*

B K¥E  Daiki Wakita

SHERNE Specially Appointed Assistant Professor

v HZEE

Research Activities

REFAVE1—T 4 VIHRETIE. BARPHRV AT LIC
P BHFERORFAAN AL E BREDEHIE DBESH SERE
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AFNESTGOIE ] ZE T O KGRI %,

Our laboratory aims to understand essential mechanisms un-
derlying various natural and social systems from the viewpoint
of autonomous decentralized control,* and to establish de-
sign principles of artificial agents.

* Autonomous decentralized control: Control scheme in which
non-trivial macroscopic functionalities emerge from interac-
tions among individual components.

vEHREI 1 —FT Y
DS | AERHE

RERAVE1—T 4 VITHREDF CIE EMOLSICLEPH
DDORJICRIMRRIGICBIGARE [EEEEL LY AT LA
DFRFTFREOERZ Bis LIIRZED TV D, ART 4 J AP
HIERF £MF. BT LV o KRS EEF A fHEE
RICITERLED S, BIERN CIEIRLTHELEERL, £ &
S TLREE] ® TLefehE ) [FTrengs | 252FE )
BT HHMNATIY S AT LDORIRZ BT .

1LENCEREESEEE T 2N\EORY ~DBRED S/
Fig.1 Autonomous decentralized control of a snake-like robot
that exhibits highly adaptive properties.

v EHFRBEET) T
WRIEEF | NimAEEER

SREFEIRET ) Y IHRDF ClE. BRLEMEGFEDOEN G
EDBHRICE T HEFEBD A 1 Z X LOERE K UZ DFIfE
FAEDHREICIIHEATL D, INSDRIFE. B2 DERDEHR
BICIRESERY 5 C & ¢ KEICFEREEMEEHHIRY 2.
RIARDEF Cld. HRBRY > > FIVGHBET IV EWRT ST
ETC EHIEHOREKLREEZRY TDOREEZE LT FBiCHEo
fol RBFEZREIT D LZBEL TV S,

2. 8D LEPH R ERBIEEEM L
UgIOR Y b

Fig.2 Quadruped robot mimicking animal’s
flexible body structure

= Real-World Computing (Prof. Ishiguro)

Living organisms exhibit surprisingly adaptive and versatile be-
haviors in real time under unpredictable and unstructured real
world constraints. Clarifying these remarkable abilities enable
us to understand life-like complex adaptive systems as well as
to construct truly intelligent artificial systems. We study the de-
sign principles of autonomous decentralized systems that ex-
hibit life-like resilient behaviors from the viewpoints of robotics,
biology, mathematics, nonlinear science, and physics.

B 3. S D—ERHEI BEE 5B L T AT 4875 & £
b bFRORY b

Fig.3 Ophiuroid robot that can immediately adapt to
physical damage.

= Real-World Mathematical Modeling
(Assoc. Prof. Kano)

Our research group aims to understand mechanisms under-
lying collective behavior in multi-body systems such as traffic
flow and flocking of animals and to develop control schemes
for such systems. In multi-body systems, non-trivial collective
behaviors emerge from local interaction among individuals.
We seek for the core principle underlying collective behaviors
by constructing a simple mathematical model, and then de-
velop “reasonable” control schemes on this basis.
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Research Center for 21" Century Information Technology

EFEMZEMFEE W Industry-Academia-Government-Collaboration Research and Development Division
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Wireless ICT Platform Project

OFA4RVEZT)V« TT7DfcbOTO— KN
RIEIREE - v b7 — 78

OB/ A ARBICE T 2ABEBEBDHDE
ISAT AT T 071 ZHE

¢ Broadband wireless communication technolo-
gies for Dependable Air

o Adaptive Media Access Control for Increasing
the Capacity of Wireless loT Devices in Facto-
ry Sites

FIEGEHEZEER B Interdisciplinary Collaboration Research Division

AEbAZI X - CMOS BE
REEFEVATLO
r7Ovzy b

Research project of Spintronics/CMOS-hybrid
brain-inspired integrated system

21
ffic

BS3FRIZCER M Exploratory Research Division

AEHEICELS
BEZEBV AT LDOREE

Development of the education support system
with estimation of attention states

AIX—PFIB%ERETS
74 ¥ L X loT BEHTD
FAZSRAH

Wireless loT Technology for Smart Factories

HEHRERTRTS
FO— > FERE R OME

Drone Utilization Technologies to Realize

a Symbiotic Society
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Noriharu Suematsu
Director, Professor

FESEHIZCEHEER  Industry-Academia-Government-Collaboration

Research and Development Division

Ry FA Noriharu Suematsu

RE-HE 3 Project Leader, Professor*

FHEHEMZEER  Interdisciplinary Collaboration Research Division
PE Edh Takahiro Hanyu
RE -8R B Project Leader, Professor*

BHEFRZEER  Exploratory Research Division

BA M Satoshi Shioiri e B
RE-#HE 3 Project Leader, Professor® Rk - 8% ()

Yoshifumi Kitamura
Project Leader, Professor®

Research Center for 21st Century
Information Technology (IT-21 Center)

E/NI =)
& - 598 39

Noriharu Suematsu
Project Leader, Professor*

BXUBEMEMO INE CICBEB L TERBRBERM (T) (<
B9 oEEE. EFEERGFICK Y. SFROBRBZ U TEAL
Hifie LTRMEED I EZBNET D, RKEDRET 2%z
7 E LTRERUEEROEMZHRE L. 2 Rked27 71
T—2avEREEL. BeNEBISERERARMZTEREE S
LTk EFREORMBARAZ BT, SEEZBLICED S
N2EBEMBARICK VIEONTHR - MVIEMEIS. Bl
ICEFERNBHT 2, 7OV T FOHBEICIE. EERD SO
iz % < RIFAN. KEDRET Sl - SihsEz R
FRISICCHRT 5 & C. EFRINEDHE - HRARINE
DBEHEF LV Z2—E L TOREZRLT,

The purpose of the IT-21 center is development of practical
technologies for IT, based on the advanced technologies of
RIEC with the partnership among Industry, Government and
Universities. The term of development is limited less than 5
years. The projects are planned on matching with both basic
technologies in the University and application in the Industry.
Combination of the technologies of the University and Indus-
try makes practical technologies with availability for the com-
mercial products. The center actively accelerates to obtain the
intellectual properties generated from the development of
practical technology to the Industry.

1m0 era—
Fig.1:1T-21 Center
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and Development Division  Wireless ICT Platform Project
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Takashi Shiba
Specially Appointed Professor

Satoshi Tsukamoto
Specially Appointed

Noriharu Suematsu
Project Reader, Professor*
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Takashi Maehata

Visiting Associate Professor

Satoko Itaya

Visiting Professor

Mizuki Motoyoshi

Visiting Associate Professor
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MEE

Tamotsu Nishino
Research Fellow
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LTEITEIRETDHEND B,

T-21 2> 82—« ENAIVREFCIE. BRLUK. ERNBEBEEEHA—H—
PEBBEEBREELOEFER IOV MLV, LEBELER -
AREBBEZMILL, HORFEXERICEVTHERE LIOBERRDIRE
WEBIREE BT A RV RA TV« TT7 ORRBEEZITO> CET,

TNETIT, (1) 324Mbit/s 5GHz HEAR LAN IR RDFIFE. (2) /N\1ED 3
VIEERMRREENE 3D SiP (ERTVAT LAY Ny r—Y) ZUR
ERIHAR DR EZITV. Efee Q) RFENLTO—RNAY FTAVLR
702X (MBWA) REEERRRICK Y BEIEBERDOY —LLR/NY R4 —
I\ AR LAN & MBWA EDERER Y F T — U@ —LLRAY AT LINY
RA—NERHERTER, THIC. NSO ERBIRBEARDHE
STEXERHEY AT LGEOHEBEAREMET 5T &L CHERBRE
Y RNT=IDTARXVEC) T ZRBEEBREEZTO(E e,

FR 29 EENSIEEFEMRBELTAVLAICT ISy b T7+r—L7F
OYz7 bELT. EROTEEDKRKE OV TV bAZEL. THA
TOEGRBRERICE LIILHEH) 7IVAALANY b S LAEZ 2 %R
TEREOHMERBE ST CE, SMAEELSIE. 2HDOBRKEZE
ROV b (1) B5EE - ENEREEMEHEEESE (ERZ
HIEFA) TEENTFICHIT S 56 BELRMOMEE (54~ 6 4
E). Q) BHEE - BRERILADODMEREHE TCRmERET A VL X
BAEEOT SN BECEMICET 2MEEE (54~ 7EE ) &
NICT Beyond 5G MZRREsRiESE % (EFBEMFIAE) Ea5R~E [Beyond
5GFHRY FT—vEl QVESHKET Y2V — LT +—= % (DBF)
EZEY R T LEMB LU W S REEHEMBEREMOMEER (54
~8EE) | DHIHOEZEE IOV T FESFEL, HEBEHEETO
TW3, bHEOBBBERTOERZREAKS L b, BREERL
R L BEAMR TONY F v —hERT A SEiREICE BT 5 C
EEBREZICLTWS,

Fig.1 5GHz 5 324Mbit/s 4R LAN R
Fig.1 5 GHz-Band 324 Mbit/s Wireless LAN terminal

Fig.2 /\1 £ 3 VIEEMEREBNNE 3D Fig.3 MBWA SEFEEER (EMtEHE105)

SIP = 1) R EEARIRR Fig.3 MBWA field test (Base sta-
Fig.2 Ultra-small-size 3D SiP milli- tion)

meter wave wireless termi-

nal for uncompressed HDTV

Mobile wireless communication technology is one of the significant
communication technologies that support the ICT society, connected
with the high-speed backbone network using optical fiber. Evolution
of the mobile wireless communication technology in Japan is indis-
pensable to keep the leadership in this technology area in the world.

With the partnership of Japanese major mobile wireless manufac-
turers and Japanese Type | carrier, the mobile wireless technology
group of the IT-21 center has been proposing the concept of “De-
pendable Air,” which is a heterogeneous and highly-reliable wireless
network. The Dependable Air is able to work even in the event of a
big disaster.

As a result, so far, (1) 5GHz-band 324Mbit/s wireless LAN terminal, (2)
ultra-small size 3D system-in-package (SiP) millimeter wave wireless
terminal for uncompressed high definition television (HDTV) trans-
mission have been successfully developed, and (3) seamless han-
dover technology for wide area broadband mobile wireless access
(MBWA) and seamless system handover technology between MBWA
and wireless LAN have been successfully demonstrated by field tests.
Moreover, the Dependable Air with satellite communication systems
such as Quasi-Zenith Satellite System (QZSS) has been proposed for
improvement of dependability of wireless network.

In FY2019, the mobile wireless technology group was renamed to
Wireless ICT Platform Project in Industry-Academia-Governmen-
tal-Collaboration Research and Development Division. From then,
the project group started wireless loT R&D projects and successfully
developed a novel wide-band real-time spectrum monitor. In FY2022,
the group has launched 3 new Industry-academia collaboration R&D
projects related to wireless loT and low earth orbit (LEO) Constel-
lation Satellite communication for B5G era. In addition, the group
would like to contribute to the local industries in Tohoku area includ-
ing the establishment of venture companies based on our develop-
ments.

Fig.4 Dependable Air
Fig.4 Dependable Air
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Interdisciplinary Collaboration Research Division
Research project of Spintronics/CMOS-hybrid
brain-inspired integrated system

Staff
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%mz\%@mF¥§ n® Society5.0 DEIRICEIS T, BB
ERFICHITEEDSBENDEBREVSEEFED Z7ETIVT
@%&ﬂﬁ%&%LVH%%E%ﬁEKHT%TOéOC@H
EMEFEZITTC. A—/\—2 1 —2PHY—/\ETKAEE
BY T T7HNT VDL A N—EHEZZDE Y Y
T — AR Al B2ETE & OEBIITIE A EH. SEEEIER. K
EFHPRBIR TG EDRBILFEMOIRERN Tlddh HH 4t
SREITNHEHTWVWS, LHrL. TD/N—RFT T 7IEBIEFED ./
ARVEDAVE2—T 4 VIREMDEE T, TDOLEICY T MU
TFUAY =TT —TS5—Z V7R EDNBEEERET S &
WO 7 7O—FIE BEHEYDIXIVF—ERNERICEL,
ZDIs. BADRAREBR L TWD T « VAIVEBTIE. £
BAHEERERDIOHICERDT TO—F DBESIERETH B,
BROENSBNDEEL 74V HIVEBICTRIRT S ABD
SO ITHEGFERNIE - M E BFIINERL . HDEREES
NICRITTCEBZN—RI 7 IENBTEES L. BKERICKECE
NG Blcdic TRAE Y bAZ o X -CMOS A& IBIERE S X 7 L
MR7OI 0 MOHERES 5, 2021 EEDFEHRE LT,
KIBEBERT—2D) 7 )V E2A LEEERBHRIRTCESLRE
FEEIHA K-means #EMESZE 7 O+ v H ORAIFEHME & b &
BETIVEFHFAHFZ1—T VR Y b T —TICE DV EBR
%W%ﬁfﬂﬂv#Qﬂﬁﬁﬁ&ﬂ%kTﬁéo$m%i Sy
X 2. FRREEF M4 BEEEN 4 RO, FEFHE2 4
Lmz\ﬁfﬁﬁkﬁ¢®ﬁ¢2#% EDHTND,

Fundamental research on electronics that has supported the Third
Industrial Revolution has the goal of accumulating more informa-
tion, accessing more information, and performing calculations
with higher speed and low power consumption. A lot of resources
have been allocated to the creation of the basic technology that
realizes the expansion of the amount of computation, and the lin-
ear model has been successfully developed. However, in the 21st
century, toward the realization of the Fourth Industrial Revolution
and Society 5.0 new social demands that are difficult to achieve
with the existing linear model of quantity-to-quality conversion in
the information communication field are emerging. In response
to this social demand, basic technology research such as big data
analysis and Al diagnosis that supports so-called cyberspace that
moves large-scale software on supercomputers and servers’ pro-
ceeds, and language translation, disaster prediction, long-term
weather prediction, etc. Although practical application technology
is limited, it is beginning to be socially implemented. While this
hardware remains an existing Von-Neumann-type computing
technology, the approach of implementing necessary functions
such as deep learning on the software layer is very energy-efficient
per operation. Therefore, in the physical space that constitutes our
real world, adaptation of the above approach is difficult due to its
power sharing limitation.

Realizing the transformation of information from the amount of
information in physical space leading the field of hardware engi-
neering that can execute advanced information processing and
judgment innovatively, efficiently, and with low power consump-
tion like human beings, and greatly develop in order to contrib-
utes, we have promoted the research project field of “spintronics/
CMOS-hybrid brain-inspired integrated system.”

The main achievement in the FY2021 include: the measurement
and performance evaluation of designed non-volatile adaptive
K-means unsupervised learning processor which can realize re-
al-time learning and recognition of large-scale image data; the
design and fabrication of nonvolatile object recognition processor
based on light-weighted full convolutional neural networks. These
research results achieve 2 academic journal papers, 1 refereed
conference papers, 11 invited talks, and 2 patent applications. And
2 patents are being submitted.

FHAERTOATVTY DA A=Y

Image of this research project

72 | BRUBIERIZEFT » RIEC 2023/2024



Exploratory Research Division
Development of the education support
system with estimation of attention states
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FREOKREZHER L. [H. BE. #HRLGEITHEDSMAR
RREHEHEL. TOIMBENETNZEBARRTENEX. FHEHEORE
ERED. AMEERICERGEEFEORARGZ L. FERED
REENME LD RIAEND, RAETIE. TIRENITERYT 55
EERICHRICBIT2HEZBRBORLICAT. FEEDT
BEIRREHTE & ZDBFREEY AT LDERBAXBEIET,

FEREL L TCETAHEM DL T Ly MM OFHEZIEE L.
FRMUE. FE IRBFOEECEFRELRLZNRET S,
REESDHFE LIBETAIFEZF B L CEEROEEIRE
ZeEEFRAIL. BE (VS5 FMV—R) £T2, ZOEER
B, BRIBFGEHFBEMAULISHET S LZBNE L. F
BERELERBEEOEREET VLT 5, FEEICAOEETR
ERBFICETR LICEEIER P ERZ AL FRREHEEDHD
WWMFEFEZRHET 5. SHREIEEORRIFTABRZ RO
U7 IEALTOIEHEZERET ST LD 5. SEERb.
BRICEND T EPNRBETHY . &HD Al FilT& FPGA (Field
Programmable Gate Array) IC&B/N\N— RO I 7HEZFAT
%, FHIREA LIIEEEICE > TIIEEENLS L\Ctb‘b\
AARICENTCOLRE RERENDERALRFT 2, BEEE
DRAFEBRDEBERIEL. FEDOHESTEE %i}ﬁ\iﬂ:‘ﬂ/aj a
=Y 3 v—RICBVWTKEGERDEFCE S,

While online classes and conferences have become popular
and the limitations compared to face-to-face meetings have
been identified, online communication is attracting many peo-
ple in terms of new types of information usages. For example,
facial expressions, which could be automatically recognized
from video images of participants, have begun to be used for
estimating mental states of participants. According to rapid
increase of online classes, it is an urgent issue to research
mental state estimations for the appropriate and effective
use of video teaching materials, tablet teaching materials,
etc. Knowing student’s mental states is useful for removing
obstacles during learning and developing teaching methods
of good creative activities, we expect that such technology
improves learning environment dramatically. In this research,
we aim to develop the method to estimate student’s attention
state and use it for vicarious experiment for better and effi-
cient education in the highly information-oriented society.
Assuming the use of video teaching materials and tablet
teaching materials as a learning environment, the target of the
present study is the position of attention, depth of attention,
frequency of attention shifts and concentration of attention.
Using the electroencephalogram measurement, the change in
the attention state during learning is measured, which is used
as the reference (ground torus). The purpose is to estimate
the attention state from facial expressions and voices and to
model the relationship with attention states. For the purpose,
we measure facial images and voices as well as EEG during
learning. To analyze these time varying measures online, it is
necessary to use high speed and performance system based
on the latest Al te ?mology and FPGA (Field Programmable
Gate Array). Since improving the learning environment is more
important for people with disabilities, we will consider the sys-
tem for people with visual/hearing impairments in this study.
Vicarious experience of cognitive experience of persons with
disabilities can be expected to make a great contribution not
only to learning but also to support for and to communicate
with persons with disabilities.

1T ABREMELZTDBERY AT L §4 754V COERREHEZ L TN ZEFB LICBRRET S EEREDORRS T —
2ESUBERD S GERIREIC L DNERERTT B, DR FERBOIRHEEDSF > 1V THIST 2FEZHEIIT 5.

Fig.1 Vicarious experience system of students’ attention. First, the attention state of a student is estimated offline, and the
condition of attention is experienced by others. From the time-series data of the attention state and the vicarious ex-
perience, teachers can consider how to improve the lectures. Then, technology will be developed for online systems.
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Exploratory Research Division
Drone Utilization Technologies to Realize a
Symbiotic Society
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Yoshifumi Kitamura
Project Leader, Professor*

FO—YVIEEAE T EIERTIRAEDEZIDDOH DD, TD
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ZRFRT D KD 3 DOFREICERYIAES,

(1) BERRO—28E A >R 50 T« TH
BHOBAMZER (UAV) K EFO—>OHIED77)LIU X
LZERET 5, 7 L THEED UAV & BN T IR Ze ] S 1520
ENERLLC VI VT BFEEGRNT B, Eolc. FA—2D
HPIFECBRMA IV ERFLEVFAEDERND DBHEICE
BRO—2%ZRIFTBIdDA V2572 3V FELENT %,

(2) &k EDHTRODHEEDFHDITEIHEEAM
LEENELRDROICRBELEOIANENTATHEH. HET
ERABRIGEDS B, DT RADTEZGIE - FET2H
EERNT B TDeD. AE—H—DLBETHEHEICHT
NS ADRIGEFHBDRBEDNSHTAILEDTUTUT 4D
BVRMEK M ZEHHTHDHR =BT, T LT EHOE
EBERESZRVCENZBRL CHZ ADTEORE - 5
BhaH5.

(3) =TV —XUAV ZEALIEAMER

BEGENCRF AT =23V T HDLDRMCHAZ L
UAV (BAMMZERE) ZRRCESRF -T2V —RV IO
(0SS) X=X FE—> (OSSUAV) BEREHEWNDDH S,
T LT REZRASEEENBIO-—XILED FA—V%
BoMELCBEMRTEDLDICHEODTECVD, TDR
DAMBERZENMRY 57D B F 2157 LPEEAE/NY 7—
JEIRE T B

Drones have been playing an increasingly active role in recent
years, but their utilization requires consideration of sustain-
ability and accessibility. In order to realize a symbiotic society,
this study addresses the following three issues to develop key
technologies for the utilization of drones that can be used by
anyone by introducing an open source framework and envi-
ronmentally friendly technologies.

(1) Multiple drone control and interactive technologies
We examine algorithms for swarm control of multiple unmanned
aerial vehicles (UAVs) and water drones. We also examine effi-
cient methods of sensing three-dimensional and acoustic spaces
using multiple UAVs. Furthermore, we investigate interaction
methods that enable users without expertise or piloting skills to
operate multiple drones intuitively and accurately.

(2) Behavior control technologies for coexistence of humans and crows
We examine methods to control and guide the behavior of
crows in order to bring them closer to a relationship in which
they can coexist, even though humans and crows are at odds
with each other due to their overlapping living areas. To this end,
we conduct experiments to see how crows respond to audio
played from speakers and obtain knowledge on how to create
highly realistic imitation techniques for crows. Then, we attempt
to control and guide the behavior of crows by reproducing a
flock using multiple sound reproduction devices.

(3) Human resource development using open source UAVs
An open source software (OSS) - based drone (OSSUAV) devel-
opment environment is being developed that allows anyone to
develop custom UAVs at low cost with standardized documenta-
tion. This is enabling parties facing problems to develop drones
that meet their own needs and solve their own problems. To ac-
celerate the development of human resources for this purpose, a
curriculum and development education package will be studied.
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BES A VDBRNVETH Y. KEBLE. SHERBUICHIET 2
Beyond 5G * 6G BHLDH LWL T A L R loT Hifi DRI H5E <
R&HSNTWNS,

FHETOV TV bTlE (@) RRICEBLTVWAITHEREN
TOBERRFELO—HIL 56 ZER LIEEYMAN TOERREDA
EZiB LTz Beyond 5G, 6GFRXDAR—hT 72 b —TD

BHREOMBESDER. (b) COER o DRERZEAT 2
e DREREEIR S AT Lo EREN\— P 2 7Hbf ES0

BRI OMERFEZIT D,

Figdl U7 LA A LANRY NS LEZRY VY
Fig.1 Real-time Spectrum Monitoring

Beyond 5G(B5G)/6G will offer us not only high speed/high
throughput but also low latency (real-time)/massive connec-
tion wireless loT communication. The factories equipped with
B5G/6G (i.e. smart factories) is a key of manufacturing revolu-
tion which is called as “Industry 4.0.”

This division conducts exploratory research on establishing the

following two technologies.

(a) measurement and analysis of smart factory’s real-time radio
environment in which multiple loT communication systems
(such as local 5G, wireless-LAN, Bluetooth and WPT) coexist.

(b) next generation wireless system, transceiver hardware, signal
processing technologies for next generation smart factory’s
wireless loT communication in 6G era.

Fig2 imREr — 7)1 (LCX) ZAWEAI— M7 77 b —BERY X7 LORKE
Fig.2 Experiment of LCX wireless system for smart factory
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In future telecommunications, it is expected that people will
be able to communicate with each other in the cyber/virtual
space with objects and information from the physical/real
space they are located. The successful key to realize such rich
telecommunication is to unlock “communication with nonver-
bal information” by appropriately conveying the subtleties of
“non-spoken signals,” which plays an important role in our
daily interpersonal understanding.

This center is established to accelerate research and devel-
opment of “telecommunication with nonverbal information”
through interdisciplinary integration. It synergizes basic and
applied Al research, networks and security, human sciences
(psychology, brain sciences), human-computer interactions,
and VR/AR/MR communication technologies, to impact the
society with the research results

® Human Communication Science Research Group

Research on nonverbal information in interpersonal com-
munication based on psychology, brain science, etc.

m Al Research Group

Research on Al that understands the subtleties of nonverbal
information

® Network Platform Research Group

Research on custom-made quality network infrastructure for
each individual user

m Security Platform Research Group

Research on security technical studies, including online as
well as offline situations
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N XRAZ 27— 3 VEINAKRIIL—T ® XR Communication Technology Research
W/MR/IREE a—vyava—afvasyyav  Group
iz I IESREE M2 T 58 a3 a=r—ay Research on rich communication technology utilizing non-

Hitoe verbal information based on VR/AR/MR and human-com-
puter interaction technologies

N ISEMEI IV —T m Applied Research Group
ERRIEDENDISAR Applied research in various fields

N EFEHAICEE ® Industry-University-Government Co-
Bl & DIy S AR RO 2ssc =z Creation Planning Office
ZeBHFED M - HEHE Planning and promotion of R&D from basic research to

social implementation of research results through indus-
try-university-government co-creation
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The Spintronics/CMOS-Hybrid Brain-Inspired Integrated System group
is dedicated to paving the way for a new Al approach spanning from the
fundamental science of material and information to the devices, circuits,
architecture, and software technology for information generating, storing,
and recognition, based on both the concept of RIEC on the realization of
humanity-rich communication and its past achievements in hardware tech-
nology for information and communication. This group aims to investigate
the fundamental technology for high-efficiency semiconductor integrated
circuits that combine the information storage and processing of the Al
system, as well as to lead and contribute to the innovative development of
high-efficiency and low-power hardware technology for advanced flexible
information processing and recognition akin to that of the human brain.
This group is attempting to develop a novel brain-inspired computing sys-
tem capable of realizing precise and real-time processing for information
value judgment, choice, and refusal by continuously evolving the proposal,
design, verification, and evaluation of the next-generation Al VLS| architec-
ture, which can maximize power consumption efficiency by leveraging the
high speed and high endurance of the spin-device.

W AEVFEZI R CMOS BiE RN ERE Y AT L
A4
MEDE | mEHE

EERDFICHWNTE, AV MAZI R - CMOS BtE 7 /31 AICEEd B
B A bOZI R - CMOS BEAICEDC[ER - 7—F 77 F vi&sta.
B CMOS £]8EIEE. KU A OV 1 —T7 4 VI ERDHDFBA ke
LEBIEAHLICES T AEY FOZV X - CMOS Be&ERRIE D=
BERAEEEL, BEEEDBESNINDALEY FOZF R - CMOS Bi& iNEY
EBIRTLORBEEBHELTVS (F1), ZOfoic, HEeths [/
ARVE] & BE/ARVEL 27D, TNSORTORNREDHE
B, HifOBE, 74— KN\ o EEENICITO TV S,

IRMAIERATRICH T B AOMBERMOBREE>TI v 2 (10%) N\
MEHEZ HBERERHNERINEDHE5T, [EROEZ MK LABDER
ERTIET B AERIEE Ty I7 /1A A TITORBEENER L DDH 5.
—F. BEOBEATVICEDC AR EET 27 7 0—Fid. BED
e DIRIVF—FNRDEREICEL T4 VDB TOESIERE TH 5,
AREDFIEL [/ A< VB] 7= Tl 5fE LIERMERBEISE K-means
BREFB IOy IO, £0514 2V EF T4 VFBORBER L EFER
1SR EEEITT B1csD 316PIN BGA / Sy 7 — I F v TEFNZNEZHEE
LT, REEDFBAR TSGR T >V N\T Y AEGT — 2 LT R
B L@ R K-means BENES B 7 —F 77 F v DREER L. RO\ 5#&
OX MYPBAREI CE R, B, M2DmT LI, NERYASLHEER T
Oty HOFEEHCHWTIE, BELLIZFANN Z2—5)bry bT—J18E
HRIBY DB MAMMBROKAIRZE L FPGA BT o1z, IR T
FCNN RS AEH ER5 7 01 v D 55nm-CMOMS/56nm-MTJ &/E &
/NIRRT LIEEmRH CE e, LT BE/ARVE] 7—X Tl
B\ T — SR E A LTz 32K-Synapse/512-Neuron #0> 8 17/8 L
A7 NN /X2 —VEB# T Ot v HOFEFEERAETV. FEEHFRHIC
BT BRAMSEARIN T, HESHIERT L

1 AV FOZI X - C(MOS RAEEREIROF L ERIC L S BMEA DBE
BADTERMEERE Y X7 LORR
Fig.1 Realization of the high functional and ultra-low-power nonvolatile

brain-inspired system based on the new concept of spintronics/CMOS-
hybrid VLSlIs.

= Spintronics/CMOS-Hybrid Brain-Inspired Integrated System
(Prof. Endoh)

The Spintronics/CMOS-Hybrid Brain-Inspired Integrated System group aims to concentrate
on the scientific principles for Al computing, brain-inspired VLS|, and spintronics/CMOS-
hybrid device/circuit/architecture technology, to construct the new system of spintronics/
CMOS-hybrid VLSIs, and to realize the high functional and ultra-low-power spintronics/
CMOS-hybrid brain- mimicking VLSI system (Fig.1). For such occasions, the entire research
group is well-organized in two topics of “von Neumann type” and “non-von Neumann
type” with knowledge sharing, technology transfer and feedback.

Along with the advancement of Al technology for the next-generation information society,
not only the supergiant data generation over Yotta (1024) bytes but also the Al information
processing on edge devices that improves the quality of information and supports human
thought has become increasingly important. On the other hand, conventional Al implemen-
tation approaches based on volatile memories are very disadvantageous in terms of power
consumption efficiency and not feasible for practical use.

In this group, on the “von Neumann” approach, the prototype chips for verifying accuracy
enhancement and the computational speed improvement of the designed nonvolatile
adaptive K-means unsupervised learing processor are evaluated with the actual mea-
surement of 316-pin BGA packaged chips. The higher accuracy and lower computational
cost for both online and offline learing of real image data are achieved by the proposed
processor even for those unbalanced training data sets, which are extremely difficult for
conventional K-means learning processors. Moreover, as shown in Fig. 2, the new adaptive
convolutional computing circuit module is proposed and verified with an FPGA implement-
ing the lightweight FCNN structure for the nonvolatile object detection (NOD) processor.
The 55nm-CMOMS/56nm-MTJ fabrication and on-wafer measurement of the FCNN-
based NOD processor are also completed for design issue extraction. On the “non von
Neumann"” approach, the prototype design of a 32K-Synapse/512-Neuron multi-core non-
volatile SNN pattern recognition processor leveraging self-directive power management
is performed, which verified the handwritten digit recognition and evaluated the power
consumption performance.

2 8bit/16bit/32bit/ 64bit \BEDEE/ R Y B IREFIEFE FONN AR
FTHETOL Y FICBWNT, FTLOBIGEEISAHEHEERE ZIEZE L T FPGA £
EL. HEBHEUMZREL

Fig.2 Power consumption superiority of the proposed novel adaptive convolutional comput-

ing circuit module is verified with FPGA implementation for nonvolatile FCNN object
recognition processor with 8bit/16bit/32bit/64bit hybrid fixed-point computation
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Ad-hoc research groups

BRUBEMERADIBILVIZERT > v)LaED L. BFE « SEMVEHAR O HI50 = — XIS ClefemiS AR S 217 5. %R
DIEREICE S DN THBICEBRIEN SR IL—T TH 5,

Taking advantage of the wide range of research expertise in the institute, ad-hoc research groups are formed outside of the formal

organizational structure to investigate challenging exploratory topics and needs-based, cutting-edge subjects.

W HAN=T 4 TV ANEF Y T~ = Cyber-Physical Security Research Group

WMEIN—TF

L B BHX Naofumi Homma, Group Leader
B8 hk AN HBAIT R E2—) Takuo Suganuma (Cyberscience Center)
PE &b Takahiro Hanyu
R FA Noriharu Suematsu
BAR EX (IBRBEPER) Takafumi Aoki (Graduate School of Information Sciences)
TNk =2 (FEREIFEERD Nei Kato (Graduate School of Information Sciences)
Ba BE T-25ERE - NEERRtY2-) Hiroki Shizuya (Center for Data-driven Science and Atrtificial Intelligence)
R 2R (TFEAZERD Akinori Ito (Graduate School of Engineering)
KEJE—ER (TR Shin-ichiro Omachi (Graduate School of Engineering)
mal ki (TEHAZERD Hiroki Nishiyama (Graduate School of Engineering)
fER = (BAN—HA IRV E2—) Toru Abe (Cyberscience Center)
2H HA Masanori Natsui

KK BEE (A=A IRt %2—) Takaaki Mizuki (Cyberscience Center)

loT. M2M. CPS & W\ e RERIEHRBEERD For the next-generation information and communication infrastructures
B VI b7 BRI, VAT LEF1U T suchasloT, M2M, and CPS, we aim to developing information security tech-
N—=ROxz7Fa1) 74, BE7—F77F+vFH nologies to ensure security and reliability at the level of vast and diverse in-
SO TOw v EEHEPGE T EHREEICLDE  formation sources (i.e., embedded devices such as sensor terminals) in a ver-
BHENET7 7a—FIlck Y. BADDZHEEIBEIR  tically integrated manner from the viewpoints of software constitutive theory,
HER (LU HHAREEDT/INA R/\— K 17)  system security, hardware security, circuit architecture and next-generation
DULANIVHS VAT LDREME - EREZIEMRT S microprocessor.
BT+ )7« TR ZB187 .

e
% g W RS 7N A - MEERISEZ Vv —7 = Brainmorphic Nano-Devices and Circuits
% § Research Group
)[/“;- KX EBE == Yoshihiko Horio, Group Leader
7l°§ ik i Shigeo Sato

R B Shunsuke Fukami

PNE &b Takahiro Hanyu

BH M Masanori Natsui

TEH ES Ayumi Hirano

LA Z=HR Hideaki Yamamoto

S Satoshi Moriya

e s Takemori Orima

TE. HEN— RO 27 DHREINBA THSHN. Brain-inspired hardware systems have been actively developed recently.

RIEZEOMEITIEIZE. KEHFZTL—27RX)V—IT  However, a big break-through to the true brainmorphic system has not been
IEFESTWVEL, £Z T, MORFOERFHIE  reached yet.

ICEDE. FICHICBIT2EMMBY A1+ X This research group aims at development and implementation of novel
.S/ TINAZAPHEEEEHERBRIBEOYIE  brainmorphic computational hardware that reproduces the bio-physics and
ERAFZUAEFERLTEIRT S, HrLLKAELE  dynamics in the brain directly through dynamics and physics of nano-devic-
RUWEBT —F 70 F v ORREEZDERREICKS  es and ultra-low-power integrated circuits based on the latest physiological
RREEEET, knowledge.
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Co-creation Research Center for
Photonics Integration



BT XRILKF
74 b2 ABEHAARHIR

Staff
EH ER
R

AHAATHARTIE. SR L O BERESERO IR
TA NI ANEEREE LT SABRITENO DRMMI L4
RERERICEGRICAF DG L D/E - BHElc L. #ifc
IRFIEITED CEHFNRBEERMOAIL. BLUORELEFIIAMDOE
iEBELTVS, EAMICE. 22 - ROTALDIREICEST T
EDTEBTRATFIIVEHEDRRICET S, EEUT 1. IRV
F— BROMEFEDZATRINREE T 2 BT RIMOEIE
ICANF e T — < DFEZRE L UHEZROHEEICE Y BA TV 2,
Ffe. MEEOHANERZEL. BELIENFEEZE L. ENHL
DREEH - BENBEZRE TEDAMBRICEIT 2,

Furukawa Electric x Tohoku Univ. Co-creation Research Center
for Photonics Integration aims to create innovative new tech-
nologies driven by novel ideas and to develop highly special-
ized human resources through integration and collaboration
between Furukawa Electric's materials processing capabilities
and Tohoku University’s comprehensive solution capabilities
toward challenges in our society. The collaboration is based
mainly in the field of photonics, which plays a vital role in our
future advanced information society infrastructure. Specifi-
cally, we are exploring new research frontiers and promoting
joint research toward innovative new technologies with a
diverse impact, such as the integration of mobility, energy,
and information, which will contribute to the realization of a
sustainable society where people can enjoy safe, peaceful and
rewarding life. In addition, through co-creation and collabora-
tion between the two organizations, we will contribute to the
development of human resources with advanced engineering
backgrounds and the ability to practice integrative and cre-
ative thinking with different fields.

Figl B L XEILKE 74 b =0 AREHAIMERLSOME L BiF
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Flexible Information System Center

ORBIROUEE - ML - FIAE - RERUHRX
FEIRFDEER

Oxv V=V DBERRT - BF - A

OMEFRDERRY N T =V BLOBERY AT
LB Y 23Tz

e Information collection, organization, dispatch,
utilization and research support environment

* Maintenance, management and operation of
information networks and systems in RIEC

e Technical support for information networks and
systems in RIEC

% b 6 ﬁ)b ) Flexible Information System Center
WM AT ALY 7 —

REBERME 22—

Fundamental Technology Center

OB T, BeFeHAL ZRII.
DfcDIRA IERATOIRME

OA—=AlbzY FT—=7 DRSF

OMEFRDZ LN T DA &

BREE

e Providing of technical skills of machining,
physical and chemical measurements, material
processing, and information management

¢ Maintaining of the in-house network of the in-
stitute

e Technical supports for safety and security of
the institute

Fundamental Technology Center

REHEEER

Management Office for Safety and Health

OMEFA DT 2 HEERAF)
DRR. BLUHEDIE

OReBHEBROERDRES LULRLHEE
HICEIT B IBHRDUNE

OBHEDLREEBIELHEANDT P/ XAPE
RO

OBESLUFEENRE LIREREBBE DR

OZANDAMERF PEE BT & DEERE

OreWEZERDRMIE

FERRG L

* Inspection of and assistance in improving the safety
and health management system and working envi-
ronment within the institute

o Investigation of laws related to safety and health
and collection of information regarding safety and
health management

e Provision of advice and information to safety and
health personnel in each department

¢ Implementation of various types of safety educa-
tion targeted at staff and students

e Liaison and coordination with the supervisory au-
thority and other departments on campus

® Holding the safety and health committee meeting

Management Office for Safety and Health

ZEWTEREE
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Staff

EA) R Go Hasegawa

tra—k &R Professor

AXH FA Keniji Ota full BF
FifEE Technical Staff RilBa
EE g Mutsumi Shuto A 7
HittsEs Assistant Technical Staff FAfrtEe

Flexible Information System Center

Yuko Maruyama
Technical Staff

Kiwamu Sumino
Assistant Technical Staff

WEDODIVE1—RIRKRENSZBERY AT LI 71H>TRD
SNTeEWS TEENGNLEDIHEDH IR T 2L0bp 5 TH
eV Y RTLTH D, A 2—DENIE. TNETDIHTZLN
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SIBE TN R ABDRBEICHIETES LD [PhohL
BHRNBDEZ FICEDE, BHFTNOMBEMRESN Z X Z 5
fedDER*Y bT—0 BLOBHRY AT LEEE - EATS
zElcdB,

Fle. BREXY 7= BRUBERY AT LOREENDEH
@B/ oN\DEER L. FiEROsERER. FIA.
BE - ER. BELEDODIENZ Y AT LZRET - BRE
T2TW\W5,

Pt VAES

Printer Room

The existing information systems are inflexible, meaning that
they only provide processing functions predetermined in their
design phase. The objective of this center is to introduce,
operate, and maintain information networks and systems to
support research activities in RIEC, based on the concept of
flexible information processing that reflects human intentions
and environments.

Moreover, utilizing know-how obtained through practical
experiences of the information networks and systems, this
center designs and constructs the state-of-the-art systems for
advanced organization, utilization, management and opera-
tion, and dispatch of scientific information.

TERisERE

Server Room
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Staff

fkiE /XM Shigeo Sato
AR —F #d%) Director, Professor
B {52  Nobuyuki Sato
B Assistant Professor

FK R TamotsuSuenaga FULI EHF Yuko Maruyama

e Technical Staff e Technical Staff BiEE
faER  EMN Maho Abe B8 ##E Takenori Tanno
e Technical Staff e Technical Staff e

frER A Kento Abe KH FA Kenji Ota
HitHE Technical Staff Hittae Technical Staff i ES

BIE  Z=PE Yasuaki Maeda
Hi#a Technical Staff

HE  FEH lori Morita

b nia=] Technical Staff AT

Fundamental Technology Center

/NEF SIEE Rikima Ono

Technical Staff

W4 E= Hiroyuki Yagyu

Technical Staff

H#& f®IE Michimasa Musya

Technical Staff

B {£ZE Kana Sekiya

Technical Staff

BRUBEMAEAICSL L. BRRBIED SIEABELRICLD HIBA
WERIEHIC BV CRBRGEHRN INE TITEENTE ., EHM
Ild, EBEI S L RBEEBREBLTINSICEIMLTE
oo FERICAD > CT DX SBEMDIMRENS el 2TORI
B8 & —LOBED D o iRt > 2 — 2007 F(CFRIL
N, tY2—EUTOAEMEEEL T, BTN, BF5
AL MBI, BREBEOODRAL BRAMEREL T2,
TRBRIS B TR 2 2 L TN %, BRATR IR (X
1) ZRVWTHREDERZ T RBHEEORED IR TH D, &
foo B ITIFZIT D BME PEENDIEELT O WD, FHmERIE.
XFEHTEE (KM2) PEFE—LHEXFTRDTEED L D 7551
i - EERRBEDORMZIT S, AT ATMERORELAIETH S, &
foo FRIOHEEZIFR > CWD, TOCABIES/ « AL EERTE
LB EH A L. AEY bAZ Y ZERBRT )\ RERITRD
MRS L TV B, UV IS5 7 « Bt (M3 BFFHERE
*F ./« AEVOHBERIBESE) ©7 4 FATDFFINTL. ERA
FrE—LNTTEBZ £ & LIBEZEI . L0V U—Vb
—LODEELEREZITO TN S, [BIREAMERIE. POSOUVMERY AT
LB —=EBHLT HIBFRAOR Y FT— V%282 Y 5L HcH
BERDERESRDEREZTOT%, MNA T, FAKFTCEENS
EFVERATZ HRICE L TORICEERR, ANMEICET 215
BRONREBEITREEL TV,

1 NCT 5+ R
Fig.1T NC milling machine

B2 X#FEriE
Fig.2 X-ray diffractometer

Pioneering studies in research areas from basic sciences to
applied communication technologies have been performed
at this institute. Technical staffs have traditionally contributed
to these efforts through the use of their well-established skills,
experience, and knowledge. To accelerate such contributions
in the future, a fundamental technology center encompassing
all technical staffs and an assistant professor was established
in 2007. This center provides technical skills of machining,
physical and chemical measurements, materials processing,
and information management through the following four divi-
sions.

The machine shop division focuses on advanced machining
techniques and supplies the experimental apparatus that are
required by different laboratories by various machine tools
(e.g., see Fig.1). This division also provides machining instruc-
tions to the students and faculty members who pursue ma-
chining independently. The evaluation division offers various
evaluation and measurement instruments such as X-ray dif-
fractometer (see Fig.2) and electron probe X-ray micro analyz-
er. Glass processing techniques can also be provided. In ad-
dition, this division is responsible for supplying cryogen. The
processing division contracts technical consultation on the
fabrication of semiconductor devices such as spintronics with
the cooperation section of the Laboratory for Nanoelectronics
and Spintronics.This section provides lithography technology
(Fig.3 Electron Beam Lithography System *Shared use ma-
chine of Laboratory for Nanoelectronics and Spintronics),
commissioned processing of photomasks,various commis-
sioned analyzes such as focused ion beam systems, and clean
rooms operation management. Finally, the information tech-
nology division operates the in-house network of the institute
and manages commonly used information equipment in
cooperation with the Flexible Information System Center. In
addition, this division engages in the collection and manage-
ment of intellectual property-related information.

X3 BFiFEEEE
Fig.3 Electron Beam Lithography System
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Staff

ik X Shigeo Sato
= #R) Manager, Professor
kg 52 Nobuyuki Sato
Bh#L Assistant Professor
fIER BN Maho Abe
Esna=) Technical Staff
mE B Hiroyuki Yagyu
Esna=) Technical Staff

Management Office for Safety and Health

ZEBEEERIMEM CHCBEPIEEDRE L RFZMEFT
B EEBENE LI TH D, MIFEFICHIT DMFEEICHL
T E&. BEARA BEREEHNMMEONTEY . ERIEEMH
STEENDE LBV, ReBEERE CIIFN CORITERH %
ENDMBICITONS L DIT. RIETHZE L CHIRELERE
& D5E0REBEEEDTR— FEITO TV 5,

IEFROOMERIE. BEEM CH LIRS K UHEA, HRED %
IO TV R RIARE. TOXEBEB CHL2ERERPNBLIES
LUSEBEED 555, RS KUBERIMRMLADEEE
BRIV B2OMRES LOBREOELERIZBRIELET
HEHFE, EEZERBENMTO LS,

BEFESBICEVTE. iR, MRFTOBE. EEXEHSE
MENZBEFEZERHDFNDOREFEEEREHOBFEPR
LEEICHEITLEETELABELAEREL. IESLUHERIC
BEETD, IRBLUEESIZBEOARIC LA > THE
EREL. SHRE. BRGEHNREBETBEORBOIEES
75T &%,

ZEFHEEREIIAEF COMTEBD LN DRBICTHNS
LOEHL TV B,

REFEFEER (Web B
Safety and health seminar (Webinar)

The Management Office for Safety and Health is an organiza-
tion with the objective of maintaining the safety and health of
staff and students working at the institute. The use of chem-
icals, high-pressure gas and radiation in research activities
at the institute entails many risks. The Management Office
for Safety and Health provides support for safety and health
management in facilities such as research laboratories, exper-
imental facilities, and machine shops through activities to en-
sure that research activities within the institute are conducted
safely and smoothly.

With respect to safety and health management, the Safety
and Health Committee, comprising the Director, staff at the
institute and industrial physicians, discusses matters related
to safety and health and the maintenance of the safety and
health management system at the institute, and submits rec-
ommendations to the Director and Faculty Council. The Direc-
tor and Faculty Council then finalize guidelines as advised by
the contents of these recommendations. The guidelines are
then implemented into actual safety and health management
operations at each of the facilities such as research laborato-
ries.

The Management Office for Safety and Health operates to
ensure safety and convenience in research activities at the in-
stitute.

BEAZREZEER (Web 3f2)
High-pressure gas seminar (Webinar)
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Research Activities

WAL R ABXBEMET > ¥ RV A B Symposiums Organized by the Institute
R VRITLEER - BE - EFRUOBRIFZONFICH This Symposium is planned to exchange relevant information

1 FARAHDEELGHZFTEICOVWTLEDOHEEAMZ TCHEE  on current important topics concerning Electrical Eng., Electrical
ICBHRERBEL, 59EIT AT EABNE L TREEINZEDT  Communications, Electronic Eng., and Information Eng. Many re-
HB. FFITFERM 8 FENSIZCOE (Center of Excellence) #2&  lated researchers inside and outside Tohoku University participate
ICKBEBY VR VLAZRETES KDY, WRDBHF  in the Symposium and stimulate discussion.

SURI T L (BBR39E~TRY 9 4 37ERE) EHRE L. &b

ERY ORI LEAMmEEE LT,

BEREFHARMERS >V RI UL (2023 EFERETE)
International Symposium organized by the Institute (Scheduled to be held in FY2023 )

REH FEFE
International Workshop on Emerging ICT Oct.31, 2023

RIEC International Workshop on Spintronics Nov. 30-Dec.1, 2023
The 12th RIEC International Symposium on Brain Functions and Brain Computer Feb. 16-17, 2024
RIEC International Symposium on Human-Computer Interaction 2024 Feb. 2024

The 14th International Workshop on Nanostructures & Nanoelectronics Mar. 2024
International Symposium on Yotta Informatics Mar. 2024
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REHIBRUBEMRA. AFRIEMRR. FREEMRRE
FUOEIEHAERDOBR « BRAG EICHIT HHMEHRDERD
HBED—2Tdd, Ffe. HEDHRZEZL{MNSESIEHEN
D—2&LELTHY. TOBEDS. &HER. B VRI VLD

AN DEREBFR. ELmPiRa S ZMHEEEE LT
L/\%O
FENBEAERCIREFIEIND L D ICHE 2 eDIF. KIEDHK

DELSBRIEFMMN W ERIEAFBR LEHONRBHGESR
IR L TV S, TOMBRERR CENENLETROT) > b
BNBWAD)V— b ERTHEBOBERHAREICK4RIEIN. 2
TR RIEARFBRMNBHGEREIRE L (5IAENS LD
o RBICRHHEM E LTINS LS 1KE 2T
HEDH—B5HlT LI BBM2BFEL, SE'EL. BU
TERIFEMERRT KSR o, BI27FED SAMEARNE
[LERD SR L CEMTIATIE L THRT 5 icxy (B
M27F7/IQ1EB—5 (BlL@EE) ZHT L TLCRF2~3[E,

75 LIRS F2RIDRET 2T T2,

2 RIEKRFERBEMEAMARESNRE

Kitld, BESBEEMEFHOFEROEICEEHREFBIZERE LT
Bgl Lt TEEZHE LT, AIEFROBEEDENRRZL T
RNTRET BTcdd. FRIETBICATISNEDTH S,

ZTOARIE, SEBFY. HERERMEH ’&@Eb@ﬁ%mﬁiﬁﬁi&
HETOY T/ MR, BREER S SERRRROEERE
UGB Y Y RY D LICET 2/ EE. TNODFHREICEDC E
DMl & AN 575> TV D, KIZFRMIOEELY . ZDHEE
A4 1 X M THBAnnual ReporttFH17 LT 5,

B Periodicals Published by the Institute

1 The Record of Electrical and Communication Engineering
Conversazione Tohoku University

This journal aims at providing an opportunity to publish re-
search results of the Institute as well as the result of the Graduate
Schools of Engineering, Information Sciences, Biomedical Engi-
neering. Since the journal also aims at publishing general research
activities of the Institute and of the Graduate Schools such as
records of the final lectures of retiring professors, records of the
Institute Symposium, and reviews.

The name of the Journal “Conversazione” is attributable to the
“Tuesday Conversazione” at the Department of Electrical Engineer-
ing, which had been held once a week on Tuesday since around
1920. Minutes of the meetings had been distributed to research-
ers outside of the University via various routes and therefore some
of them had been referred to as ‘Records of Tuesday Electrical
Engineering Conversazione Tohoku University” with the result
that they came to be treated as official publications. Though the
meeting was once interrupted by World War Two, it was restarted
in 1947. In 1952, the publication of the records was succeeded by
the Institute and the records have been published as periodicals,
two times a year recently, since No. 1 Vol. 21 was published in July,
1952.

2 The Annual Report of Research Activity at the Research
Institute of Electrical Communication, Tohoku University

Published annually since 1995. This report details the activities
of each research division and research facility. Also included are
reports on nation-wide cooperative research projects, internation-
al symposium, and the reports and evaluation on the RIEC adviso-
ry board members. English version is also available since 2007.
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Educational Activities

RICKFBRUBEMEFIE. HERBEBDHE S THBEETHIC
BLTH, KERIFAER. BREZARRS LOETEH
RRDBR - BRREBEGHHBREZRO>TEY . #HEWEE
R BREBRBEORBHUEL LT KERELUOEMFLED
BBICBEL TV S, EMEDFICE. BEX - BRIOKF R
EEFEAFEDFIR L THEZETT > L2, RIEMEFICHE
LTV R ARFEREITERIAERIZ4A04, AIHIERIZ 1404, FEAFEE
3598 TH %,

Zofttlc, ZFEMERE. MAAEMRE. BRZHERERERD
KRz E P AEARRIMEE. RESDOHEREEHPER
DEENTHDO>TND,

T—02 3y TTORRRS
Presentation scene at a workshop

RIEC is keeping close contact with the School of Engineering,
Graduate School of Information Sciences, and Graduate School
of Biomedical Engineering. All faculty members of RIEC hold
positions in these schools and have courses for graduate and
undergraduate students. Students also have chances to join the
research groups in RIEC. In 2023, 59undergraduate students, 140
master course students, and 40doctor course students are study-
ing at RIEC.

RIEC also receives many visiting professors, visiting scholars,
visiting students, and postdoc researchers from all over the world.

AREL=
Seminar scene at a laboratory
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International Activities

FAERFROBEIE. EFMNENEOREZELL V) — EHIF
REOEBEEPRYES. H2OVEEREY v —FILA\DHEXIR
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%o AIRRFHEFLE. BELF. BRIFERLICHITHER
D= FT-T7EL VX (COF) £GE2TVWABREFLEL,
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BADKFPAFEHE & EMIRBEZFO. HHHED Dk
ICIBRRACH, AR, HEMRGEZHEL TV,

PR UL B A

International Academic Exchange Programs

REFFMTREGE
University Level Agreements

Many of the staff in RIEC contribute to the development of
technology and science in the world by serving as editors of refer-
ees of international journals or by chairing or programming inter-
national conferences. In some fields in electronics, electrical com-
munications, or information engineering RIEC serves as a Center
of Excellence (COE), which attracts researchers and students from
all over the world every year. Several academic exchange pro-

grams with foreign colleges or institutes are in operation.

E% W E & ERHEER B E% W E & WEMREER B

Country Institution Date of Signing Country Institution Date of Signing
TAVA | AVTHIVZTREGVEN=NFHK | 19903.15 ke ANV IHAF 2010.8.3
USA. University of California, Santa Barbara Germany | Technische Universitat Miinchen

TAUR | AVTHIVZTKRE (108 1990.3.15 kv HAT=RZ DT IV TRKRF 2012.2.1
USA. University of California Germany | The University of Kaiserslautern

FANSYT| & R —k 1993.1.8 Ry FNRRT-TINIVITREIA Y 2012.2.6
Australia | The University of Sydney Germany | Johannes Gutenberg University of Mainz

TAYH | JS—F 1 —k 1997.9.23 24 FUTERYVY FIRKFENTUR | 2012.11.26
USA. Purdue University Thailand | KingMongkut's University of Technology Thonburi

S| Y AR IVETRE 2000.9.16 Ry | rLzyy TRk 2013.10.31
Singapore | National University of Singapore Germany | Chemnitz University of Technology

=§} EiraERF 2000.11.18 AFVR | AZN=2 7« - ALy YOV Y| 20131121
Taiwan National Taiwan University U.K. University College London, UCL

AAR AA ZEBIHAFO—T> AR 2000.11.20 F=ANIUT | AIVRIV > KE 2014.11.7
Swiss Swiss Federal Institute of Technology, Lausanne Australia | The University of Melbourne
=X ErRIEARF 2003.11.14 Ry L=V AT KE 2017.3.16
Taiwan National Chung Cheng University Germany | University of Regensburg

AFUR | I—UKE 2004.6.7 By FIVTVTIVIKRE 2017.7.13
UK. The University of York Germany | Carl von Ossietzky University of Oldenburg
=) ErHEREAS 2005.12.15 TIVA | AL—XKFE 2018.2.26
Taiwan National Yang Ming Chiao Tung University France University of Lorraine

K FLATZYTHAE 2006.6.26 ARAY | IR VARE 2018.5.20
Germany | The Technische Universitat Dresden Spain University of Salamanca

K NJbY) Y IRAFE 2009.8.26 m T bRFIVT IV ERTRAFE 2019.11.22
Germany | Berlin Institute of Technology Russia St. Petersburg Electrotechnical University
=F) ERTBERT 2009.12.2 R=ZV K| R=5VFRETHTZ— 2021.7.23
Taiwan National Tsing Hua University Poland Polish Academy of Sciences

TAUA | NN RRE 2010.7.22

US.A. Harvard University
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Department Level Agreements

E% W E & HERMSER R E# W E & EREFEAR
Country Institution Date of Signing Country Institution Date of Signing
K=V K| R—=5> RRET7HT I —4BEMER | 197683 TIVA | BN BEERBERT 2017.10.25
Poland lSncSingL::tees of Physics, Polish Academy of France Telecom ParisTech
Ry | PATAFE— 2001.1.22 AY7 | BERAVTJENIKRE EEY 2018.6.8
Germany | IHP-Innovations for High Performance Russia Faculty of Physics, M.V.Lomonosov

Microelectronics Moscow State University
TS5 VR | EREIEAR 2005.10.24 =2 ETABATF 2018.7.31
RIVEA DS/ FALY AFEB 2 — ATHIEE - Sete Ry ks —
France The Interdisciplinary Center on Taiwan Center for Artificial Intelligence and
Nanoscience of Marseille, National Advanced Robotics, National Taiwan
Center of Scientific Research University
. ; - Y7 | OY7RETHT I —@BRRERYEMR| 2020925

B | R = i A Z S
PE | REREREARIR 2007412 BYTIFHEFR HLU )

China Institute of Semiconductors, Chinese A T7RZFT HT I —KEYEEFZR
Academy of Sciences Russia \F/.G. Mokersov Instit(ljte of glltra High
— < requency Semiconductor Electronics
TAIH | T EA-AKRE B 2009.12.9 of the Ruisian Academy of Sciences,
AL ARy T =755 and Prokhorov Genaral Physics Institute
of the Russian Academy of Sciences
US.A. WINLAB, Rutgers University
a7 | Ny - BERY TEULTIRAS 2014.6.26
PN it S
BLOMFEFILT - L—Y—TFHER
Russia Research and Educational Center
"Photonics and Infrared Technology”
and Institute of Radio Electronics and
Laser Technology, Bauman Moscow
State Technical University (BMSTU)

AT B AP WELZERZ LTOLHEEY ¥ —F v

International Journals in which a staff in RIEC participates as an editor

1 Scientific Reports

2 Proceedings of the ACM on Human-Computer Interaction (PACMHCI) Editor
3 Auditory Perception & Cognition

4 Nonlinear Theory and Its Applications, IEICE

5 |EICE Electronics Express

&
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International Conference programmed by a staff in RIEC

—

ICOOPMA: International Advisory Committee member, Inter-
national Conference on Optical, Optoelectronic and Photonic
Materials and Applications; IAC (Int. Advisory Comm.), 9th in
Ghent, Belgium, July 3 -7, 2022; IAC, 10th, in Pardubice, Czech,
June 23-28, 2024

2 CIMTEC: International Conferences on Modern Materials
& Technologies; International Advisory Board member;
Montecatini Terme (near Florence), Italy, June 19-23, 2020, June
2021, June 20-29, 2022.(postponed due to covid19)

3 SPIE Photonics-EU: SPIE International Conference on Photonics
Europe, Conference on Terahertz Photonics; TPC member;
Strasbourg, France, Apr. 1-2, 2020, Apr. 2021, Apr. 3-7, 2022.
(postponed due to covid-19)

4 RPGR: International International Conference on Recent Progress
in Graphene and Related 2D Materials Research; IAB (Int. Advisory
Board) Chair, member; IAB Chair, LOC Co-Chair, in Matsue, Japan,
Oct. 6-10, 2019; IAB Chair, in Seoul, Korea (Online), Oct. 10-15,
2021; IAB member, in Taipei, Taiwan, Nov. 13-16, 2022

5 2DM: International Congress on Graphene, 2D Materials and
Applications; TPC member, Sochi, Russia, Sept. 30-Oct. 4, 2019

6 IRMMW-THz: International Conference on Infrared, Millimeter,
and Terahertz Waves; |IOC (International Organizing Committee)
member; 2016~; 10C, TPC, 46th in Chengdu, China, Aug. 29-Sept.
3,2021; 10C, TPC, 47th in Delft, Netherland, Aug. 29 - Sept. 2,
2022, 10C, TPC, 48th in Montreal, Canada, Sept 17-11, 2023

7 META 19: The 10th International Conference on Metamaterials,
Photonic Crystals and Plasmonics, Lisbon, Portugal, July 22-25,
2019; Special Session Organizer

8 TWHM: Topical Workshop on Heterostructure Microelectronics;
TPC member; 2003~; TPC, in Toyama, Japan, April 26-29, 2019;
TPC, in Hiroshima, Japan, Aug. 29-Sept. 1, 2022

9 RJUSE: Russia-Japan-USA-Europe Symposium on Fundamental
& Applied Problems of Terahertz Devices & Technologies;
ISC (International Steering Committee) Chair, 2017~; Nizhny
Novgorod, Russia, Jul. 8-11, 2019.

10 CSW/ISCS: Compound Semiconductor Week / International
Symposium on Compound Semiconductors; Program Sub-
Committee member, in Matsue, Japan, May 19-23, 2019.

11 TeraTech: International Symposium on Terahertz-Related
Devices and Technologies; General Chair, and ISC (Int. Steering
Comm.) Chair, 10th in Aizuwakamatsu, Japan, Sept. 4 - 8, 2023

12 SPIE Optics+Photonics 2022, Conferene on Terahertz Emitters,
Receivers, and Applications XIV (OP412); TPC member,
SanDiego, CA, USA, Aug. 20-24, 2023.

13 RJUSE 2019: TPC member, Russia-Japan-USA-Europe
Symposium on Fundamental & Applied Problems of Terahertz
Devices & Technologies, Nizhny Novgorod, Russia, Jul. 8-11,
2019.

14 RJUSE 2020: Chair, Russia-Japan-USA-Europe Symposium
on Fundamental & Applied Problems of Terahertz Devices &
Technologies, Sendai, Japan, Nov. 2-5, 2020.

15 TeraTech: International Symposium on Terahertz-Related
Devices and Technologies; LOC (Local Org. Comm.) Co-Chair,
10th in Aizuwakamatsu, Japan, Sept. 4 - 8, 2023

16 SSDM 2022: International Conference on Solid State Devices
and Materials; Area 4 Technical Program Committee member,
in Chiba, Japan, Sept. 26 - 29, 2022.

17 SSDM 2023: International Conference on Solid State Devices
and Materials; Area 4 Technical Program Committee member,
in Nagoya, Japan, Sept. 5 - 8, 2023.

18 IEEE Virtual Reality and 3D User Interface 2023, Program
committee

19 ACM Symposium on Virtual Reality Software and Technology
2022, Program Co-Chair

20 ACM Symposium on Virtual Reality Software and Technology,
Steering Committee Chair

21 ACM CHI Conference on Human Factors in Computing System,
Steering Committee

22 International Conference on Artificial Reality and Telexistence,
Steering Committee

23 The 2022 International Symposium on Nonlinear Theory and Its
Applications, General Co-chair

24 The 2020 International Symposium on Nonlinear Theory and Its
Applications, General Vice-Chair

25 13th International WorkShop on New Group IV Semiconductor
Nanoelectronics, RIEC, Sendai, Japan, Jan. 23-24, 2023

26 13th International Workshop on Nanostructures &
Nanoelectronics, RIEC, Sendai, Japan, Mar. 7-8, 2023

27 2022 IEEE 11th Global Conference on Consumer Electronics,
Organized Session Co-Chair
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Publicity Activities
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A scene on the day of RIEC Open Day
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B RIEC Open Day

Every year RIEC holds an open day to present research and educa-
tional activities to the public, university staff, students and alumni as well
as representatives from the industry. The RIEC Open Day is taken place
on weekend in early October. All the research laboratories, research
centers, and machine shops of RIEC exhibit various types of demonstra-
tions focused on their research fields.

The exhibitions include some historical devices and instruments de-
veloped in RIEC, such as magnetron tubes and steel recorders, historical
milestones of RIEC activities. In addition, we have planned a number of
open experiments and craft classes that parents and children can partic-
ipate in, which have been well received. Some of them draw long lines
every year.

In recent years, the event has been canceled or held only online due
to the severe impacts of a large typhoon and COVID-19, but in FY2022,
we were able to hold the event in person for the first time in four years.
In order to prevent the spread of infection, we decided to require
pre-registration for on-site participation to limit the number of partic-
ipants and duration of stay. In addition, a special website was opened
with many movies related to the contents of the exhibition, making a
hybrid event where the atmosphere of the exhibition could be enjoyed
even online. Within two days from the start of registration, all of the
approximately 1,600 slots were filled, and on the day of the event, there
was a long queue in each open experiment and craft class.

The FY2023 Open Day is scheduled in October as a joint event with
other research institutes on Katahira campus.

In addition, please enjoy virtual RIEC Open Day on the following Web
page.

https://www.riec.tohoku.ac.jp/koukai/

NERER - TIFIEZRLGENE

Participants enjoying the open experiment and craft class

B RIEC News

As a part of RIEC's publication service, “RIEC News" is published.

With the 75th anniversary of the establishment of RIEC, RIEC News
introduces cutting-edge’s research and the vision of the future from
RIEC's contributions to the progression of science and technology in
Japan. RIEC News was first launched in March 2011. Every issue intro-
duces special topics such as large-scale projects and Specially-Promot-
ed Research, etc. RIEC News also includes current information about
each laboratory and center, all kinds of RIEC events, research exchange
meetings, laboratories open to the public (RIEC Open Day), etc. English
version was also launched in March 2014. Further, an electronic version
of every issue published so far can be downloaded by following the link
below.

https://www.riec.tohoku.ac.jp/riecnews/

With the 26th issue of RIEC News, it has finished multi-monthly pub-
lication style as before. From April 2020, in order to bring you the latest
research results and event information as quickly as possible, RIEC
News was renewed to a new web-based publication style. The new RIEC
Newsweb is published by the following link.

https://www.riec.tohoku.ac.jp/riecpr/
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Staff (as of May 1, 2023)

R () /#uR Director, Professor B o4& & 3k Takahiro Hanyu

FAZRERPg Research Divisions

2 AT NEAERZRERPT Computing System Platforms Division
B ERBETFIFHARE Solid State Electronics
] Professor (1 B X IE) (Shigeo Sato)
QI E: ) Professor* = OB OB O Tetsuo Endoh
OB (3R Professor* H &2 % A& Eiji Higurashi
R Associate Professor o8B E — Hirokazu Fukidome
HEEEE (FB) Associate Professor* i M i Takeru Okada
B FES /71 RAARE Dielectric Nano-Devices
B2 ] Professor (B # IE ) (Masafumi Shirai)
R (G Professor* N E B B Tetsuya Kodama
B R & Professor* =T = = Shin Yoshizawa
TEHIR Associate Professor o x # F Kohei Yamasue
IR Associate Professor F ook B E Yoshiomi Hiranaga
B YRR Et AR E Materials Functionality Design
G ] Professor B # E X Masafumi Shirai
H R (R Professor* B & M 2z Kazuyuki Tanaka
OB (R Professor* T % 2 Akira Ando
£ QA C ) Professor* A B B Z Masayuki Ohzeki
IR Associate Professor i = | Kazutaka Abe
M (GR) Associate Professor® = B M 8 Kazunori Takahashi
By # Assistant Professor & KA Masahito Tsujikawa
B REYhOZY RAEE Spintronics
O Professor w~ R B 8 Shunsuke Fukami
B R G Professor* Z B R Ok Yasuo Ando
B R & Professor* g # R = Takehito Simatsu
OB (R Professor* = % (2 Shin Saito
R (G Professor* M H E Z Shoji lkeda
OB (R Professor* K F 8 B Mikihiko Ogane
OB (R Professor* B B E B Masakiyo Tsunoda
SRS Associate Professor & B2 Shun Kanai
HERE (GR) Associate Professor* N g 2 Tomoyuki Ogawa
By # (3 Assistant Professor* [T I = N Yuta Yamane
HEMEE Specially Appointed Research Fellow N OH O F & Yukihiro Marui
FiirbAEa Research Fellow NR R OF Noriko Obara
B F/EBETNAR - VAT LHARE Nano-Integration Devices and Systems
Q] Professor e B X I Shigeo Sato
R (3R Professor* B L & % Masanori Hariyama
OB (R Professor* E @ EBE A Rihito Kuroda
IR Associate Professor B E B X Masao Sakuraba
IR Associate Professor A = B8 Hideaki Yamamoto
HHE (3R Associate Professor* Waidyasooriya Hasitha Muthumala Waidyasooriya Hasitha Muthumala
B # Assistant Professor 1t B F 2 Nobuyuki Sato
SHTBNE Specially Appointed Assistant Professor 5F & g Satoshi Moriya
BN Specially Appointed Assistant Professor & & & <F Takemori Orima
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B S77/\1ANEE Quantum Devices

R Associate Professor X &K B BE Tomohiro Otsuka

B EFNREY NOZIRT/INA ZAPER Innovative Spintronic Device
B B Professor Bengt Johan Akerman Bengt Johan Akerman

By # Assistant Professor T E 5 5% Takaaki Dohi

B OYEa—T VU IERERIARE Computing Information Theory
B ® Professor ROE £ N Keisuke Nakano

B R Professor* A B E—EB Shinichiro Omachi

EHER GR) Associate Professor* B OH OE X Masao Sakai

HEEE () Associate Professor* B e F A Shuiji Isobe

By # Assistant Professor % B M o2 Kazuyuki Asada

By # Assistant Professor B oM KRR Kentaro Kikuchi

B R VLS| 2 AT LS E New Paradigm VLS| System
O] Professor B £ & A Takahiro Hanyu

B rE&® Professor* HF K £ X Takafumi Aoki

R Associate Professor E H K M Masanori Natsui

R Associate Professor & R B & Naoya Onizawa

MR (GR) Associate Professor* H B BE — Koichi Ito

FiTzEE Research Fellow * #@ = Akira Tamakoshi

FhTAZER Research Fellow K H kK F Tomohiro Yoneda

B /7 b bOZ AHEE Nano-photoelectronics
B R (G Professor* OB = X Hideo Fujikake

R (R Associate Professor* a # B R Takahiro Ishinabe

B V7Y T TEEARE Software Construction
E G E ) Professor* (EE #* Ayumi Shinohara

N E ) Professor* 1F H =EIES Eijiro Sumii

R (R Associate Professor* w B — % Kazutaka Matsuda

EHR R Associate Professor* = 5 Ryo Yoshinaka

B SEYRT LEREMMEE (B8) Computing System Platform Technology (Visitor Section)
BEHE Visiting Professor 5 B = Yasushi Yuminaka

EEEE Visiting Professor VNI & Hiroshi Matsuoka

= BT Visiting Professor 5 H bicd Masashi Imai

Information Communication Platforms Division

B BedLaEmEE Ultrahigh-speed Optical Communication
E G Professor EHE % = Toshihiko Hirooka

G E: ) Professor* [N T - Hirohito Yamada

H R (R Professor* W OH 3 Yuji Matsuura

IR Associate Professor 2 " B N Keisuke Kasai

HEE (GR) Associate Professor* W B FE = Nobuyuki Matsuda
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Applied Quantum Optics

B = Professor IR p Hiroshi Yasaka

HEHIR Associate Professor HF H B A Masato Yoshida

R Associate Professor M H F = Nobuhide Yokota

B T AV L ABEEMHEE Advanced Wireless Information Technology
] Professor x W E A Noriharu Suematsu

B B Professor* 3 = Qiang Chen

I Specially Appointed Professor 2 -] Takashi Shiba

R EER Specially Appointed Professor K K B & Satoshi Tsukamoto

HEHIE (GR) Associate Professor* 5 B FE Keisuke Konno

By # Assistant Professor SR T Tomoyuki Furuichi

FAEE Research Fellow m % A Tamotsu Nishino

B BERAN LIV XT LHARE Information Storage Systems
£ Professor B & B Yoichiro Tanaka

B B &® Professor* & BE Xiao Zhou

B #® Professor* # B g F Takehiro Ito

MBI Associate Professor Simon John Greaves Simon J. Greaves

HEEE GR) Associate Professor* % K ] Akira Suzuki

B B70— RNy NMESBEMERE

Ultra-Broadband Signal Processing

] Professor B 3+ & — Taiichi Otsuji

O ) Professor* iR N - Hiroki Nishiyama

OB (R Professor* X X B Tetsuya Suemitsu

IR Associate Professor h B BA Akira Satou

AR Specially Appointed Associate Professor #& = = Tsung Tse Lin

B # Assistant Professor B D B oz Takayuki Watanabe

B # () Assistant Professor* B s Tang Chao

FhTAZER Research Fellow Ryzhii Victor Ryzhii Victor

B EFHERIFARE Quantum-Optical Information Technology
H O Professor W E= — Keiichi Edamatsu

B R Professor* £H XEB Fumihiro Kaneda

By # Assistant Professor Soyoung Baek Soyoung Baek

B Xy bhT—=07—FT 0 FvHARE Network Architecture
£ Professor EA ] Go Hasegawa

B R & Professor* = B g 7 Hiroumi Saito

B R Professor* 72 R ER Kentaro Inui

£/ E ) Professor* #? K b Jun Suzuki

MR (3R Associate Professor® % B = B Hideaki Goto

MR (3R Associate Professor* K AR B BB Takaaki Mizuki

HHR (3R) Associate Professor* kR O B *h Keisuke Sakaguchi

B RERNACF 1 7ER AT LARE Environmentally Conscious Secure Information System
B’ Professor A B B X Naofumi Homma

B # Assistant Professor + k= Rei Ueno

IR E Specially Appointed Research Fellow Tasso Elise Lea Marlene Tasso Elise Lea Marlene
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8)

Information and Communication Platform Technology (Visitor

Section)

Visiting Professor

B A

=

Yasunori Suzuki

Human and Bio Information Systems Division

B AREHERARE Electromagnetic Bioinformation Engineering
E O] Professor a W mo=E Kazushi Ishiyama

B o® G Professor* = H = Makoto Tsuda

woE G Professor* E B B & Takashi Watanabe

ES G AE ) Professor* == I I = Kenji Nakamura

B R Professor* % t 5 Shin Yabukami

B R Professor* = B % Yasushi Endo

HEHET Associate Professor % B X — Taichi Goto

HEHIE (G Associate Professor® ZKEH R sh Akihiro Kuwahata

HEER (GR) Associate Professor* £ I (% Yoh Nagasaki

HEE (GR) Associate Professor* = B 3 Sho Muroga

B OB (3 Lecturer* BEACRE)=mE Hanae Aoki (Kijima)

B RREERY AT LHARE Advanced Acoustic Information Systems
B ® Professor R ®x B — Shuichi Sakamoto

B R Professor* & FF i Hiroshi Kanai

B R G Professor* # B = A Akinori Ito

HHIE (GR) Associate Professor® BE B 23 Takashi Nose

R (GR) Associate Professor® = Nl T #E Mototaka Arakawa

B SXRBERY AT LHRZE Visual Cognition and Systems
B o® Professor ' A Bl Satoshi Shioiri

QI E: ) Professor* 2 B BoX Norihiro Sugita

THEHR Associate Professor = m = Chia-Huei Tseng

By # Assistant Professor T BE R ®B Yasuhiro Hatori

By # (3®) Assistant Professor* Sun Sai Sun Sai

B RERIVE2—T 0 VIHRE Real-World Computing
H R Professor " B E Xk Akio Ishiguro

IR Associate Professor m o mo% Takeshi Kano

By # Assistant Professor B R o Akira Fukuhara

By # Assistant Professor* =2 HF EKRED Kotaro Yasui

BN Specially Appointed Assistant Professor i H KX & Daiki Wakita

B S NATREDTF T /N1 AR Nano-Bio Hybrid Molecular Devices
H O Professor T HE 5 Ayumi Hirano

B R & Professor* EF E E X Tatsuo Yoshinobu

B B &® Professor* A T & B Kengo Kinoshita

O ) Professor* & F B BB Toshiro Kaneko

BB G Professor* Py B Makoto Kanzaki

OB (R Professor* K M iz Takeshi Obayashi

HERE (GR) Associate Professor* 2 K AR Koichiro Miyamoto

HHIR (GR) Associate Professor* i BoE Hafumi Nishi

HEHIE (G Associate Professor® moEE B B Toshiaki Kato

By # Assistant Professor B KX X N Daisuke Tadaki

B # Assistant Professor N =g M F Maki Komiya

By # 3® Assistant Professor* EOKR ® Kaoru Hiramoto
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Interactive Content Design

B #® Professor It & B X Yoshifumi Kitamura

B R Professor* Bk =S Nei Kato

OB (R Professor* g 8B #H| *x Takuo Suganuma

IR Associate Professor P =R 4 Kazuki Takashima

R (3F) Associate Professor* fa g = Toru Abe

HEHEE (FB) Associate Professor® A& — Yuichi Kawamoto

By #% Assistant Professor B HE Mz Kazuyuki Fujita

By # Assistant Professor RN & Kaori lkematsu

B VNIV a—T oV IERYRT LHARE Soft Computing Integrated System
2 Professor " B B B Yoshihiko Horio

B Xy hAzZo X - CMOS RERMEIETE S X T LFFRZE

Spintronics/CMOS-Hybrid Brain-Inspired Integrated Systems

s

%
B %

Professor*

Assistant Professor

= B B R Tetsuo Endoh
Li Tao Li Tao

B EFERY AT LARE (F8)

Bio Information Systems (Visitor Section)

BEHE Visiting Professor H ok KB Mitsuteru Inoue
BEHEHE Visiting Associate Professor M A& $H B Takuma Okamoto

MBI ZE R Research Facilities

MBS/ - A ERERMER

Laboratory for Nanoelectronics and Spintronics

MRE (H) % Director, Professor "B B E B Yoshihiko Horio

B HEEE Cooperation Section
KitrErIHeE % Technical Staff* # H # 8 lori Morita

Kiti—hgHe % Technical Staff* N B B Rikima Ono

it —heHe % Technical Staff* R & f@ E Michimasa Musha

B REYMOZURARE Spintronics
E Professor ® R R W Shunsuke Fukami

R (G Professor* Z B R XK Yasuo Ando

B or G Professor* 5 2 ® Z Takehito Simatsu

BB &® Professor* ® O ff Shin Saito

ESOE - E ) Professor* M B E Z Shoji lkeda

B B Professor* X % 8 E Mikihiko Ogane

B B Professor* H E & Masakiyo Tsunoda

AR Associate Professor & H B Shun Kanai

R (GR) Associate Professor* NI Bz Tomoyuki Ogawa

By # (3R Assistant Professor* (AT = 3 R N Yuta Yamane
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B S/ A AREDTF T/ A ARE Nano-Bio Hybrid Molecular Devices
E O] Professor T H E 5 Ayumi Hirano

B o® G Professor* " F E X Tatsuo Yoshinobu

B B Professor* AXA T B B Kengo Kinoshita

B KGR Professor* & F B B Toshiro Kaneko

ESOE ) Professor* o )i Makoto Kanzaki

B B Professor* KX M i Takeshi Obayashi

R GR) Associate Professor* = N = Koichiro Miyamoto

AR GR) Associate Professor* i ¥ OE Hafumi Nishi

R (GR) Associate Professor* m o R Toshiaki Kato

By # Assistant Professor B KX X N Daisuke Tadaki

B Assistant Professor A= Maki Komiya

B # Assistant Professor* RN -4 Kaoru Hiramoto

B J/ERTINAR - VAT LHRE Nano-Integration Devices and Systems
B B Professor U A Shigeo Sato

B R G Professor* E L& # Masanori Hariyama

B R Professor* 2 H E A Rihito Kuroda

R Associate Professor B oE B X Masao Sakuraba

R Associate Professor oA B Hideaki Yamamoto

R (R Associate Professor* Waidyasooriya Hasitha Muthumala Waidyasooriya Hasitha Muthumala
By # Assistant Professor kB B <2 Nobuyuki Sato

TR Specially Appointed Assistant Professor ~ 5F 4 " Satoshi Moriya

TR Specially Appointed Assistant Professor B OB B Takemori Orima

B EFNRCY bOZY AT AHER
E ] Professor
B # Assistant Professor T BB B 3%

Innovative Spintronic Device

Bengt Johan Akerman Bengt Johan Akerman

Takaaki Dohi

MET LA >0 1 7 HZRRaRhEs%

Laboratory for Brainware Systems

HEE () 3% Director, Professor " B EF X Akio Ishiguro

B 58 - FBVRXTLHARE Recognition and Learning Systems
E ] Professor B A B Satoshi Shioiri

E O] Professor R X B — Shuichi Sakamoto

B VO NIVE LT VIEREY AT LARR Soft Computing Integrated System
4 Professor B E = B Yoshihiko Horio

B HER VLS & R 7 LHRE New Paradigm VLS| System
H O Professor P o4& B 5 Takahiro Hanyu

BB (F Professor* T K £ X Takafumi Aoki

HEHIS Associate Professor B 5 B #A Masanori Natsui

TEEIR Associate Professor B R B B Naoya Onizawa

HEHEE (GR) Associate Professor* R Bk B — Koichi Ito
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B RERIEa1—T 4V IHRE Real-World Computing

E ] Professor 7 B E X Akio Ishiguro
R Associate Professor m W B e Takeshi Kano
By # Assistant Professor & R H Akira Fukuhara
B # Assistant Professor* =2 EKRED Kotaro Yasui
FHEBIE Specially Appointed Assistant Professor i H kX & Daiki Wakita

/B2 1t BB SISz >~ 2 —

trE—F B/ #HE Director, Professor x W E A Noriharu Suematsu

B EFEMEHRE Industry-Academia-Government-Collaboration Research and Development Division
H K R Professor* x W FE A Noriharu Suematsu

ZEHR Visiting Professor R & B F Satoko ltaya

BEMHIR Visiting Associate Professor B & = Takashi Maehata

B E I Visiting Associate Professor X B B & Mizuki Motoyoshi

B PSS Interdisciplinary Collaboration Research Division
OB (R Professor* B £ & 5h Takahiro Hanyu

B HEFHRR Exploratory Research Division
B R G Professor* B2 A Bl Satoshi Shioiri

B R (R Professor* it & & X Yoshifumi Kitamura

B B &® Professor* x W E A Noriharu Suematsu

PAN=& U7V ICT ZERIEHZEE> 2— Interdisciplinary ICT Research Center for Cyber and Real Spaces
p

E—K ) SEE Director, Professor it & &8 X Yoshifumi Kitamura

B ABOZaZ4/—YarREmRERIIL—T Human Communication Science Research Group
HOR () Professor* 2 A Eil Satoshi Shioiri

HEE (GR) Associate Professor* = m = Chia-Huei Tseng

BN Specially Appointed Assistant Professor Z& B H K Godai Saito

REBA Specially Appointed Assistant Professor  Cheng Miao Cheng Miao

m AT Al Research Group
B Xy NT—UEBRARIIL—T Network Platform Research Group
OB (R Professor* EA il Go Hasegawa

OB (R Professor* EE % = Toshihiko Hirooka

OB (R Professor* * B F A Noriharu Suematsu

B txaUr B8R/ Security Platform Research Group
H R (GR) Professor* A BEOH X Naofumi Homma
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B XROZa2Z4/—2 a3 vl dIL—7 XR Communication Technology Research Group

H R (R Professor* it & B X Yoshifumi Kitamura

B B ® Professor* kR & E — Shuichi Sakamoto

ZEHF Visiting Professor EN) 2 Taku Komura

HEMEE Specially Appointed Research Fellow X B K & Yuki Onishi

B SAEMRY IV Applied Research Group
HERE (GR) Associate Professor* 5 B R Kazuki Takashima

N EFEHAtH=E Industry-University-Government Co-Creation Planning Office
BEEgE (3 Specially Appointed Professor* HF A 5L & Hiroki Shoji

SR TR A AR Division for the Establishment of Frontier Sciences
B XEYhOZTR - CMOS RIGIMELETES X T LHAZRE Spintronics/CMOS-Hybrid Brain-Inspired Integrated Systems
B r® Professor* = O B R Tetsuo Endoh

By #H (3®) Assistant Professor* LiTao Li Tao

ISR Specially Appointed Professor E H & & Michihiro Shimada

ReBHEEREE Management Office for Safety and Health
= E G 4R Manager, Professor® X Shigeo Sato

By # ) Assistant Professor* kB F 2 Nobuyuki Sato

HIBA IR Common Research Facilities

POSOMERV AT L2 — Flexible Information System Center
- ) B Director, Professor* £/ f) Go Hasegawa

Rt 2 — Fundamental Technology Center
trE—K ) HE Director, Professor* R B ORI Shigeo Sato

IERMEHE (EifE) Technical Staff x X % Tamotsu Suenaga

N TESR Machine Shop Division
Hifi—Ee (JIL—7R) Technical Staff (I = N Kento Abe

HilT—hEEE Technical Staff a1 B F B Yasuaki Maeda

HilT—hREE Technical Staff B A &F & Kana Sekiya

N FHEER Evaluation Division
RiiEMEE (VIL—7 k) Technical Staff % @ =& Takenori Tanno

FTEPREE Technical Staff oI B MR Maho Abe

T —REEa Technical Staff m £ B = Hiroyuki Yagyu

B JOtuRE Process Division
Kii—HEe (VL —7R) Technical Staff N B E Rikima Ono

HiTEMEE Technical Staff F A R & lori Morita

il —pREE Technical Staff B & f® E Michimasa Musha

B [FEREATER Information Technology Division
HiiErEE (VIL—7R) Technical Staff xX H £ A Kenji Ota

ATEPIEE Technical Staff o ABOF Yuko Maruyama
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ERMCHEER

Office for the Promotion of International Relations

B EHE Specially Appointed Professor ATE K Hirokazu Igarashi
EFEEEHER Cooperative Research and Development
BHIHIR (GR) Specially Appointed Professor* F oF 5L & Hiroki Shoji

Eve Administration Office
EBE General Manager = k ¥ — Yoichi Mikami

E Sy Deputy-General Manager E BB 2l Manabu Watanabe

=1 =] Associate Expert ) K ES Itaru Suzuki

BEGRE Chief of General Affairs Section T L B E Masaki Shimoyama

MEHBIRE Chief of Research Cooperation Section ~ #i JI| I Ken Tsunakawa

EEGRE Chief of Accounting Section o # % Norimitsu Yamaguchi

BEGRE Chief of Purchasing Section B B’ A Hayato Goto
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7R
ACCESS

iR
Sendai City

BRI TE I R NIX
RIEC Campus Map
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Access
From Sendai Airport
By taxi: About 60 minutes from Sendai Airport to Ka-
tahira Campus
By Sendai Airport Access Line: About 25 minutes from
Sendai Airport to JR Sendai Station

From JR Sendai Station
On foot: About 20 minutes from JR Sendai Station
By taxi: About 5 minutes from JR Sendai Station
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https://www.riec.tohoku.ac.jp



	RIEC要覧_表紙
	RIEC要覧_表紙ウラ
	目次
	01_所長あいさつ/研究所のビジョン/沿革/組織/共同プロジェクト研究
	02_計算システム　基盤研究部門
	03_情報通信基盤研究部門
	04_人間・生体情報システム研究部門
	05_ナノ・スピン実験施設
	06_ブレインウェア　　研究開発施設
	07_21世紀情報通信　　研究開発センター
	08_サイバー& リアルICT 学際融合研究センター
	09_高等研究機構　　新領域創成部
	10_機動的研究グループ
	11_古河電工×東北大学　フォトニクス融合　　　共創研究拠点
	12_やわらかい情報システムセンター
	13_研究基盤技術センター
	14_安全衛生管理室
	15_研究活動/出版物/教育活動/国際活動/広報活動/職員
	IEC要覧_アクセス/裏表紙ウラ
	RIEC要覧_ウラ表紙



