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Greeting from the Director
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Research Institute of Electrical Communication

(RIEC)

Prof. Kazushi Ishiyama

Director
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The mission of the Research Institute of Electrical
Communication (RIEC) is "To realize a new paradigm of
communications that enriches people’s lives.” Communication
is an extremely important element of human society. The
focus of research and development at RIEC is information and
communication technology (ICT). Throughout its history, ICT
has radically changed methods of communication, enabling
people to exchange information in ways that overcome
human limitations of speed, quantity, and quality. The forms
of communication in today's world have expanded from
"person to person,” to "person to thing,” and to "thing to
thing,” expanding the limits of space and time, and enable
ever greater diversity. All of the activities of RIEC are aimed
at contributing to the prosperity of Japanese academia and
society and more broadly to the welfare of human society, with
the ultimate goal of helping to shape a thriving and advanced

information society.

On the other hand, we are now faced with a situation that
compels us to adopt a different approach and more diverse
strategy for securing the resources to enhance our research
environment and initiatives. In 2024, Tohoku University was
accredited as Japan’s first “University for International Research
Excellence,” which will allow it to enjoy a higher operating
budget. At the same time, however, the university's social
responsibility will also be greater. This means that the burden
of public expectations will also be higher, requiring the
university to upgrade its functions and produce more valuable
research findings. Despite this change in circumstances, the
focus of our research pursuits will remain unchanged. We will
continue to address real-world challenges that necessitate

prompt solutions and to promote basic research with a view to

2 | BRUEENIZEFT » RIEC 2025/2026



GHDEBEIMORANS & EFEHICLDERL. TNHZEB

Ce#B E AMMBERERNICED TEVWY E L, 5%bLE
WBETDLDEEETHL2BAESLWVA S/ R=2 3
VTR ZE VIR LODB N ZEE . ABMELN T2
Z—2avORBEEBELCTC. NEHROBUICERY 51
7T,

AFAIE 1935 FDOFRBLUR. MR OoFER, J@EER
IECHE LIERRDBERBEOERZZTHIEMRZZEITS.
HRE)-—FLTEL LI, INSDORED EIT, BHRERFE
NHCOMBRRE L CEBIZME L. REICELETED
EHRURZFDCODICHERRERI;F LIFTOET, B
EDESIC, MEL TN X BEAR. xY FT—7.
VI T RELCEE
MEPFICHREEE L. /N\—Foz7/HFHifEV 707
BEORE. e & OEHIC & 2 SOBEH, EREER S,
MREBMOBKFEELRIRTCE2EEZEBML TCVET,
2023 F 4 BOZMIT LY. 3 DOEEPS. 2 DDOME R
FE2DDEYZ—DSIEAHEEIE LE LIz, BRI
REIANGERICE SR Z. MERISHRMROMRELEE B
& LTHEINRRE BIET MR E. 22— 3FANOH
RECEE L TEFERICLSERLZHET 5 RHNG
MREZIF RO TVERT, HREFIE LT 5BV AT LE
BEARERFI ). [ERBEEBAIRIPIL. TAR - £KIER
AT LWERERFY) D3 DOFMIERE L. TNT DM

7;1

Boer

.|

\/

Eai—7a 7. ABIER.

&

REEE HEAREIDER . EXDLSBIERAVTZD
B TABBRICED BN AT LDOAIK] £LE
Lfce 2 DODMEsRIG. 7/ 70 /AT —ITEDWMR (X
EYbAZORGEE) - 7INA ABMOMRZHLENH DE
FRICHET B [/ - AEVERBRIER | & REDBRL
EHeHIcB T 2 EMrEEE (B/HBDEOEFILERE D
B3 L) ZITBWAHNERY AT LOBERZEET [T
127

BB ERERERE L 2— (IT21€>2—)) & 2023

I 7HERRERERER] T, 220t 2—F [T+—

FA4RLYRE2—b LIz THA/N=& U7V ICT ZERE
BLVBZ—] TY, COEYZ—lE ABUESH,HEIZ2=
T avOFREERR - BRI HEMNT. BEbH SRR
BOXEEZZIS (RESNE LT

future applications, with the ultimate goal of building a better
information society. For many years, we have boldly opened
up new frontiers of information and communications, creating
essential technologies that pave the way to the development
of new industries and practical applications through industry-
academia collaboration. Simultaneously, through these
efforts, we have strongly promoted education and human
resource development. We will continue striving to produce
groundbreaking innovations in the field of information and
communications that genuinely help to enhance human well-

being and communication.

Since it was established in 1935, RIEC has produced world-
leading research in magnetic recording systems, semiconductor
devices, optical communication technologies, and other
technical fields that form the foundation of modern
information and communications. Constantly building on these
achievements, we have remained active as a research center
for information and communications, steadily accumulating
fruits of research for the benefit of society. To pursue our
research, we operate a wide variety of specialized laboratories
for investigating materials, devices, communication methods,
networks, computing, human information, and software.
Furthermore, these are organized with systems that facilitate
organic collaborations between researchers, enabling the
fusion of hardware and software technologies, collaboration
with other institutions in the humanities and sciences, and
industry-academia cooperation. Following a restructuring
in April 2023, RIEC is made up of three research divisions,
two research facilities, and two centers. The three research
divisions conduct research with a long-term perspective; the
two research facilities pursue research with medium-term goals,
with a view to real-world implementation of research findings;
and the two centers conduct short-term research projects
focused on practical applications through industry-academia
collaboration with researchers both inside and outside RIEC.
The three research divisions are Computing System Platforms
Division, Information Communication Platforms Division,
and Human and Bio Information Systems Division, with the
research fields of Acquisition of Super Computing Power,
Building Information Infrastructure like Air, and Creation
of Super Intelligent Systems based on Understanding of
Human nature, respectively. The two research facilities of
RIEC are the Laboratory for Nanoelectronics and Spintronics,
which carries out comprehensive and intensive research into
nanotechnology-based materials (e.g., spintronics) and device
technologies, and the Laboratory for Brainware Systems, which
aims to build intelligent integrated systems that break down
the technological barriers to current information processing
capacity, such as power consumption and computing power
limits. RIEC’s two research centers are the Research Center

for 21st Century Information Technology (IT-21 Center), and
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the Interdisciplinary ICT Research Center for Cyber and Real
Spaces, launched in April 2023. These centers were established
with special funding support from the national government for
the purpose of exploring and developing the essence of richly

human communication.

In 2010, RIEC was accredited by the Ministry of Education,
Culture, Sports, Science and Technology (MEXT) as a
Joint Usage/Research Center for collaborative research in
information and communications technology. This status
enabled RIEC to play a leading role in the research community,
both inside and outside of Japan, by promoting scientific
and technological research in the field of information and
communications. To this end, we conduct joint project research
with external researchers. Through these kinds of projects,
which aim to promote collaboration with researchers from
national, public, and private universities, as well as private-
sector companies, RIEC has produced a great deal of fruitful
research. We are now promoting projects as part of our fourth
medium-term plan, which takes effect in 2022. The Joint Usage/
Research Center program is constantly being improved to
adapt to the needs of the times. Currently, it provides priority
support for internationalization, support for young researchers,
and industry-academia collaboration. As a result, the number
of participants has been growing over the past several years. In
2024, more than 130 projects were adopted. We will continue
to develop the program further in the areas of collaboration
with industry, international development, and projects that offer

young researchers the opportunity to play a central role.

The importance of some of our past research achievements
has led to the establishment of new academic organizations.
For example, when Tohoku University was awarded the
special status of “Designated National University” in 2017,
the spintronics research led by RIEC faculty members was
positioned as one of four world-class research centers in the
future plan of the university. Other new academic organizations
include the Center for Science and Innovation in Spintronics
(CSIS), dedicated to state-of-the-art spintronics research, the
Center for Innovative Integrated Electronic Systems, which aims
at building an industry-academia collaboration consortium, the
Graduate Program in Spintronics, which aims at developing
international human resources, and the Center for Spintronics
Research Network (CSRN), which focuses on promoting

domestic collaborative research.

In October 2011, the Research Organization of Electrical
Communication (ROEC) was established under the leadership
of RIEC for the handling of information and communications
in the event of a disaster. As one of eight major projects
promoted by the Tohoku University Institute for Disaster

Reconstruction and Regeneration Research, the role of ROEC
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is to promote research and development to build disaster-
resistant information and communications technology under
industry-academia-government collaboration. Since 2022,
ROEC has been working toward the integration of disaster
science and information and communications under the

International Research Institute of Disaster Science.

In 2016, the Advanced Institute of Yotta Informatics, a project
that makes use of both humanities and sciences to address
questions of information quality, was recognized as a priority
center for interdisciplinary research by Tohoku University and
began its activities. In 2024, the institute was renewed as a new
research center called the Advanced Institute of So-Go-Chi

(Convergence Knowledge) Informatics.

The current construction work to renovate former Building No.
2 is scheduled for completion by the end of October 2025. The
new building will feature spaces based on new concepts, such
as an open innovation space. We plan to make maximum use
of these spaces to continue our vigorous efforts to promote

and strengthen industry-academia collaboration.

In 2025, the Research Institute of Electrical Communication is
celebrating its 90th anniversary. Everyone at RIEC is committed
to further growth and development, toward the creation of a
new communication paradigm. We greatly appreciate and look

forward to your continued support and encouragement.
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Institute Vision
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We draw up the RIEC vision based on the institute missions, which would contribute to the Tohoku University Vision2030.
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Faculty's Vision (Basic Philosophy and Mission)

The Research Institute of Electrical Communication (RIEC) has a long tradition
of original research and achievements in the fields of high-density and high-
level information communications. With this in mind, and taking advantage
of the mobility enjoyed by a university-affiliated institute, we continually
investigate and research scientific principles and applied technologies aimed
at creating communication technologies that enrich humanity, including
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.

® \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
produce highly applicable and disaster-tolerant systems.

e \We promote research and development on novel and advanced
information processing and communications by exploiting state-of-the-art
information 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 information
and communication, in line with our university's research vision. 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 institute
management that allows for dynamically formed research groups to meet
the needs of various research projects. Under our new flexible management
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 members,
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 integrated
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.

4. 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. We have
created categories such as international collaborative research, young
investigator research and academia-industry collaborative research to
encourage diverse research projects.

. 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
foreign scholars, as well as through the RIEC international symposium.
Based on the goal of promoting world-class international joint research, we
promote “international collaboration” in our cooperative research projects.

6. 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
electrical 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 addition of a succession of gifted young researchers such as Yasushi
Watanabe, Masatoshi Matsudaira, Kinjiro Okabe, Shintaro Uda, Kenzo Nagai,
and Katsuichiro 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 telecommunications
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
Department 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, enabling it to produce noteworthy results.

Cradle and growth

In response to society's need for telecommunications engineers, the Department
of Electrical Communication was established within the School of Engineering in
1941. As part of a three-entity cooperative structure that included the Department
of Electrical Engineering and the Department of Electrical Communication, the
Research Institute of Electrical Communication (RIEC) achieved considerable
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
comprising five divisions staffed by full-time professors, but firmly retained a
system of close links with the Department of Electrical Engineering and with
communications 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
became 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
transferred 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 electrical,
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 total
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
Engineering was reorganized as the Department of Electrical Engineering and the
Department 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 information
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 communication
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 development 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 application
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 collaborations between industry and academia, the changes that
occur in the fabric of society, leading to the creation of new information and
communication industries.

In 2009, major changes were made to the organization of university research
institutes and centers; the national collaborative research institutes were
abolished, 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/research 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,
Laboratory for Brainware Systems), and long-term (approximately 20 years; 4
research divisions) research. In March 2004 we founded the Nanoelectronics
and Spintronics Integrated Research Block equipped with the state-of-the art
semiconductor cleanroom facility.

RIEC played important roles in establishing university wide organizations
authorized 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 Communication was established to carry out research on disaster-
resistant information communication network under the Institute for Disaster
Reconstruction and Regeneration Research in response to the heightened
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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 2018, "Yotta 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 successor center named
Advanced Institute of So-Go-Chi Informatics was established in 2024.

The research works on Spintronics, RIEC members are leading, was recognized
as one of the four top level research fields of Tohoku University as the
Designed National University in 2017. RIEC members have great contribution
for establishment and operation of the Center for Science and Innovation
in Spintronics, 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 enriching 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
understanding. 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 education 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 13,513m? 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 Building #2 is scheduled to be completed in 2025. Building on the proud
record of achievement of our distinguished predecessors and colleagues, we
are entering 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. Taking advantage of Tohoku University's recognition
as the Japan's first university for International Research Excellence in 2024, we
will work even harder to build a foundation of sustainable growth of our society
with rich humanity, through our three new reorganized research divisions, the
existing two research facilities and one center, and the newly established Cyber
& Real ICT Interdisciplinary Research Center for Cyber and Real Spaces.
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Information Science |Biomedical Engineering

ST
Undergraduate Students 49(2) BNZ)
ERTHIRAE
Master Course Students 92(3) 47(8) 5 144(11)
EHRARAE
Doctor Course Students 28(8) Y g el
O e 2(1) 2(1)
Institute Research Students

ast 169 (13) 62 (14) 8 2(1) 241 (28)

Total

¥ () HEANTHE Foreigner

14 | EKUESHIZEAT » RIEC 2025/2026



Wit - &
Land and Buildings

Bt LB EERATIT B1E 1S FEIXEA
Site: 2-1-1 Katahira, Aoba-ku, Sendai, 980-8577, JAPAN

2 AR ERE 12,247 m’
FEREETR 35,199m’
Building: Total building area  12,247m’
Total floor area 35,199m?
2 BRC BTHEE WEmTE
Name of Buildings Structure Year of Completion Floor Area
EN BEO > ) — M E6RE. MR 1R 2
Main Building Reinforced Concrete, 6 stories, 1Tbasement 2014 13,513m
1248 B> 5 U — AR S i S 291m?
Building No.1 Reinforced Concrete, 4 stories Building-S : 1962, 1963 !
N 13
Building-N : 1959, 1960
. o~ =T, = §REE
+/ - AR A A - e opE A 2004 7.315m’
Laboratory for Nanoelectronics and Spintronics Steel-frame, 5 stories
3 ~ — Tz = ey A P G
JLA>voxT Eﬁ#ﬁﬁ%ﬁ"@ﬂ ﬁsﬂj V) — NEERE 1967, 1968, 1972 527m?
Laboratory for Brainware Systems Reinforced Concrete, 1 story
52 1) — TR eH &, EE
ﬁ%fmj o )— b (—EREkE) 2REE ' 986 1.693m?
Reinforced Concrete (partly steel-frame), 2 stories
=1
SETER 1996 598m?
Steel-frame, 1 story
BREHUE2MEE 2
Light-weight steel-frame, 2 stories 1999 148m
IR EEEERE L 2 — B> ) — 3R 2
; ) 1930 1,343m
Research Center for 21st Century Reinforced Concrete, 3 stories
Information Technology
=17
SBTER 2002 435m?
Steel-frame, 1 story
BT - )4 5 — A5 U — 2R 1081 _
Evaluation and Analysis Center Reinforced Concrete, 2 stories
N ShE— S 1] — 1 E4kE) 1
) Lot #HI o - (—HEENE) TER 2
} Reinforced 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 DAt 2
Others 48/m
it :
Total 35,199m

Ee
B XL

BfE

bt

=

i
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TR
Budget

B BRI 5 F RO W Budget Shift

B : B/ million yen

4,500
4,000
346
3,500 —
3,000 —— —
138
7 2,312
2,500 4+ — — — o
172 2,078
2
2,000 — | ] | 14840l | ] |
1,218
892 %48
1,500 — —— —— — — — —
1,000 — — — — — — —
1,4:0
1,309 1,369 1,36 1,254 1,399
500 — — — — — — —
0 \ \ \
FY2019 FY2020 FY2021 FY2022 FY2023 FY2024
EEERE NEES iRl
Operation Grants External Funds Expenses for Facilities Improvement etc.
FHEEZENER W Budget Summary BE{37 : FF/thousand yen
£ I
c > FY2019 FY2020 FY2021 FY2022 FY2023 FY2024
ategories
@ﬁgﬁd‘f% AEE  Personnel Expenses 742,128 801,695 744,591 699,851 771,183 778,868
Op Grant
eration Grants s Non-Personnel Expenses 566,533 | 567,249| 571,737| 553,851| 628,159| 632,286
EEEE 5t 1,308,661 1,368,944 | 1,316,328 | 1,253,702 | 1,399,342 1,411,154
Operation Grants Total
BE MR EREEIE
Grantsin-Aid for Scientific Research 363,325 293,404 282,400 276,146 346,119 402,110
Rt E
N e mmissioned Research 486,053| 669,454 |  873456| 1178325 1,689,946| 1,878,000
E | F
xtemal Funds | onie Donations 42,436 27,200 57,422 29,604 36,742 32,011
(FB48) BIEEEE  Indirect Expenses 155,852 172,874 234,487 315,346 455,413 518,716

NEFER 5t

External Funds Total 891.814 790,058

1,213,278 | 1,484,075| 2,072,807 | 2,312,131

KETEIBEE  Expenses for Reconstruction 1,936 172,477 6,732 20,472 32,956 0
BERHFERXE Expenses for Relocation 0 0 0 0 0 0
TEEREEfHE  Expenses for Facilities Improvement 0 0 0 117,997 313,203 0
. MRS 5t 1936 | 172,477 6732  138469| 346,159 0
xpenses for Facilities Improvement etc. Total
A =
Fll'ot;ﬁ 2,202,411 2,531,479 | 2,536,338 | 2,876,246| 3,818,308| 3,723,285

16 | EKUE(SHIZEAT » RIEC 2025/2026



NERELZ AIRR W External Funds
I 1 BAF/ million yen

2,000
1,878
1,800
1,690
1,600
1,400
1,200
1,178
1,000
873
800
669
600
486
402
400
363
346
293 282 276
200 [
42 27 57 30 37 32
0 \ \ \ \ \
FY2019 FY2020 FY2021 FY2022 FY2023 FY2024
BEMEREHBS SRR E EliE
Grants-in-Aid for Scientific Research Funds for Commissioned Research Donations
HNEREEMER M External Funds BA{i7 : FF3/thousand yen
£ 1B
C : FY2019 FY2020 FY2021 FY2022 FY2023 FY2024
ategories
BRI EF S
Grants-in-Aid for Scientific Research 363,325 293,404 282,400 276,146 346,119 402,110
L= asl
REEARE . 486,053 669,454 873,456 | 1,178,325 1,689,946| 1,878,010
Funds for Commissioned Research
?Mﬁ@ 42,436 27,200 57,422 29,604 36,742 32,011
onations
o =
E_Il_otaul 891,814 990,058 | 1,213,278 | 1,484,075| 2,072,807 | 2,312,131

ELUBEMZEFT = RIEC 2025/2026| 17



HETOY TV MAZE

Nation-wide Cooperative Research Projects

7Y 7 MREOBE LB

AHZERTIE. BRBENEFICHITS COE (Center
of Excellence) & LT, TDOHERAZ L ULALHRIC
NEAL, AR EIZ 21 T4 —HDEBICEET
BlcHICHEBEFE - KEAZEN S E L TRADHIE
BEHETOV IV MAREZFTLTWS, KR
FROZMDME . BE2REOEBF B TIEE L.
AMEFRAE L DHEMEAZFIRELTVWDETA
IO D B, AZEFRD THEZ7OY 0 MR
ClE. BRBEIHICHITBEIM - VAT LICEAT
HEROMEEERNNDBNIZHEEDHRNIDE &
@ O—7rx— ML, 7OV TV MHIEEL
TEBELTWCEDTH S,

HEZ7OY 7 MZRIE. PRANDOHZEE DA
HEEHTLEEN, E5ICFOBEEBNESMERT
REINDEHLFETHD, TNET. KRHIZEFT
DERETAYV U FHEORES KURMEIE. BN
NDOE - N - FAILKRF, H - QIIHAEEERT. B
B - IREOHENUMAREERRELT.
ZlcLWfThbnTwa,

7wy s MIRERR

HEATOV T FAERDEEDcHIC. HETH
IV MAREZERROHEBTAI 17 FREEE
= HATOY T MREZERDNREIN TV D,
HET7OY 17 MAREERIE. HBETOY TV b
MRICEET 2 EERFIRZERT DTOHITHN 3 4.
FR2HEFEN 5 BOEF 10 BOESICK VB
TNTCW3, HET7OY 7 FRAREERDE®
& ARRATERTENTVDHERBDRF-EZE
BLGEDHS, FIRADERZIL KRS, HERDE
WCTH2 TANBEEENZIZ2127r—Y 3 V2R
T HMENBARMOFE L EADOME] DREIC
REIRGHETOY 27 MR BB (CHES 2
TEiLHB, INET. REAROAR. FIROE
. NBANDLRR. EEOSIICET 5RF(ICDW
TEMETOCECHY . HIchEXOBMICELT
F RF - RERERAE LTREBNENEZT T
TTCWVWB, GH. HETOY T FHAROFIRICHE
LBEBZEIBICTS b, NBEEZSHIHERT
Y17 MEZERSERDRBEBENTL S,

s HETAY 17 MRAROABGREEZR S
fedlc, ARRAEEOHEICLVEBIN TV
HRATOY 17 b RBEERDNREEIN TS,

y
~
J

|

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
communication, 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 Research
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 purpose of
the Project Steering Committee is the proper operation of approved projects.

EEHHOKE
Outline of the Operation Policy

#E7OY s FRARICAT S
EERE

Act as a planning center for all operations
in cooperative projects research

FROTEE/RERE
Rating of applications/Adoption decision

FHES/HEEE N
Budget allocation/Daily routine business

18 | EZUE(SHIZEAT » RIEC 2025/2026



7Y =7 Mg

2025 EEOHE IOV U FEIE. FRRADS
NEEIN, EZOER. 136 4 (A:83 4. B:36 . S:
T, SERR 34 T:134) DRI Nz, BH.
X7 A lEE A DI ZEERBEIC D W TR DRERR
R EEFERLTITS> 70y FThY. 83{4:
0)’)"5 78 HEAANERKL U DIRE. X9 B ILFEHARED

2FEROTOV T FT 36 FD S5 334N
’7*:‘531 YDIREDED TH B, e EEDOHZEEL
|: AICT10 AL X9 BIC24 AEIMLTW5, Eﬁj\

AT LCIE. ERREREMIEHEER, SEFMREXS
S%_HE — R EFEIZEHEERI D 3 DD Z 1 7. X

[ LTE. TNSICIIA EFE R #eEDR
%?QU'”CL\Z)O

T, KOS IHEBEEEICEDCHB OV T
7 NRAETH Y X S EHRRILE R E R IS
HEME L CENMNER S HREMEERBET 56D T
BB, BRBEDBFDFICHEE BV THIEE#EE
TAREBRBEICOWT, AKAEFAHFOEFY DD
HBE - FERNROHF CEHEANDKEW BEHRE
DO R & HR L THET 5,

BH. INFETHRREK - 596m. IR TFOREES
KUBTEHNHIZDOBRDBE L TEESNTERIER
IAFERBEMEFALENES] &, 2022 FELX
UERNDODFEBRSEZE2ENE L XD T
LT #EBEFAY Y I\TJHJH_@—ER& L CERY 3
S2Z&E e, IFEMERDEIZMALLD AT,
?W%@Eﬂn%’&%ﬁﬁ% BERTCORE -5
e, HEFME - HEMEILROEE T T 5(C
HET 5,

20245 ERE

W ERIREEU129 4 (AL75 R BI38 R SiT1 R SEII3 R
XHT D 124)
BHREE 12724 (AI524 %, Bi4524. S:17 %4, SEE:
56 4. X9 T 1 2234)
X5 A EX5 BITHT 2 4 DDRA TOFIREEHDNER
IFUTFOBY Tz (BEEED),
o ERHEREHEER © 354

uEFHRENRIE 11 #
B EFHEMSTHEER 94
n —RHERZEHEERY | 67 4

K7y =7 MIFEDOREE - FhilZDOWT

HETOI 17 MARIE. BF 1 BICEEEDT
El/I'7 FDREZTL. BEERTHIREINR
Bl ARRFONEHELLEICBFIAETT
OV hZEEETEEELTVS, o HA
7°E1 TV MRROMKREERDZE LT BF2A
Ic THETAY 17 MEREERS ) ZEL. BN
NDZHORREICL HERGHRDMTHODNTL S,

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

RIEC Nation-wide Cooperative Research Projects in FY2025

Applications for the FY2025 RIEC Nation-wide Cooperative Research Project
Program were received from inside and outside the Institute, and 136 projects
(A :83, B :36, S : 1, S-international :3, T :13) were approved. Type A projects
have access to the Institute’s facilities and equipment, and 78 out of 83
proposals came from external applicants. Type B are short-term, study group-
type projects, and 33 out of 36 proposals came from external applicants.
Furthermore, 10 private sector researchers participated in Type A and 24 in
Type B.

There are five types of research in Type A : International Cooperative
Research Project ,Young Researcher’s Project and General Joint Research and
Advancement. In addition to these three, 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
Organizations. 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 create synergy.

Until FY2021, the Institute operated the Study Groups on Electrical
Communication 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 FY2024

= No. of approved projects : 129 (A :75, B : 38, S : 1, S-International :3,T:12)

B No. of researchers :1,272 (A :524, B :452, S : 17, S-International :56,T:223)

* The breakdown of the 4 types of research in Type A and Type B are as
follows (including overlaps)

¥ International Cooperative Research Project :35

= Young Researcher’s Project :11

® |ndustry-University Cooperative Research Project :9

= General Joint Research and Advancement Project :67

Public Invitation to RIEC Nation-wide Cooperative
Research Project

Every January, the Institute starts public invitation process for the RIEC
Nation-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.
Furthermore, 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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2025FEEMER 7OV TV MAERIR—E

(X5 A/Type Al

TV RS S/ T LY FOZ Y RTHIF R - T Ot AEEE
BT 2%

" SHE% MRI ST ISARER NMR 3245 347/ DRSS

PHTERNR L RSO F R E BV OBEAREERIICEE T S EBERE

™ Japan-Russia International collaborative research of new designs of high-
power large-area photoconductive antenna-emitters

= high-k/Ge #83&ICH 1T 2 REHNIEMBIED 7 O R EKF DR

BB 100GHZ T4 A LY b T 1 D2 ) VXZEEIT ORI,

B2 URTINA AB S OEGRORBERGCE YT R

" New generation of 2d material based devices for terahertz technology

B REENE FR T B VR/AR T — 7 AR—XICEET D%

B SRRy b T — 0 E B ST B RMIE RO AR EET

W ERARRM Y X T LR O ZERE Y AT LNDER ESA

BRIVFRIVINAF AV EL—T 1 >V DHER

BRR— MRESZZZECEREY —EX TSy b T 5 —LICEET BH

e

BT LFD T VBRI ESERER A C AT TE R D — 2% b BT T DRAES

BHEFRENT OV 27 XEERIM DI F

NESHENER &R A & DBIRIFR

® Emotion processing in real and cyber world

RO EREBEESHS A T LDIER

R B SGE T T/ A ADFRFE

BEFTINAAD, BEHFEMMEIC DV T DR

BAEYRZ &F v\ RZERETINA AL BERESIRER/NA Y 21—
AV AT I

BE—F /RTF DYV AZBEICES 2 BRUREOFHE S IGH

BIRTBEERWEET S/ T\ RCEIF B BSEE T

BEERT ) OV SHERTIVR Z UV LAXDSHMAE/ Uy V=7t
HET/\ 1 ADREIR

BEAFHRE CRIMEEN S Y XZDRR

EREITY YAV =T VI N— DT DY AT LISA

¥ Cross-Reality Collaboration with Digital Twins

BEERTHTTT7 LA DEHFEDEIC K BIRRNERL S U IEARET L
AT VT FORFHERICET DR

BATvE—xvy b Ty Y EBE LOBEE G T S ey )L
YN

NERFEICE DN RO EF 1) T« DR

BEER Y N T — 0BT B Al BT D IRERIEICRE T BT

NEEMEA— Ry M ERRRERAW AV EERREY AT LR

NERRFELUARTT )T IVIC K B8 oT iKER T 1 L X468
BRUOZDKA, BRTA VL XEENDISA

NRERIRREAVCHAE 1< Y - ORY b - AV ESUT Y

WHT A NRY b D=0 % BV CHBREB DRI T R

¥ Cross-Cultural Dialogue on the Potential of the Sense of Smell

W Establishing Databases of Verbal and Nonverbal Features of Human
Emotions

ERIATRL—Y 3 v ERILT BODBERET NE—EAI— T L
TLErRORY b

" BinE OB OERR O SR FEZER DR

" Psychophysical properties of body expression perception: Signal

efficiency and noise tolerance

/ Title of Nation-wide Cooperative Research Projects in FY2025

BARBGEDOEDT ) RIEREOTIENGERICHIS T

3R TS AR RESEEREEER LT/ \ 1 F 71\ DAL

BEBERMEORICEZBEET N\ X EY 12— )LD ZDISA

BVR il S HHERIF OBEIC K S, BEIERIRE A = X LD SIENEER

RKERCBIT S TIEBEN\A TR ZHHT 2R2088E7 70> ADH
#*

NREERIEE | EAHE AV CRENERICE T 2/ 0 EFHIHT

NBAR— MIRORFEDHD XY b T—7 « T—T =7 SERERO
F%

NEREMRERESM D Z R BEETRIICEI Y SR

W EBREICN S IR R DR ZE B M DREER

H6G E/NA IRy b T =TT BXRIMRT —F 7 7 F ¥ ORE R U HAE
ST

RN DERKRIE K PIEEME x> A T LOIREY

B REERICHT D IERDRFIEDRET

NERAE VR bV I K B RPTEER bR EE I DRRET

mEmergent spin-orbit torques in 2D all van der Waals heterostructures for
quantum spin-orbitronics

NRRREFRINORFEICRSTcBEBHE - BEBIRELICET 23R

NEEEEITEEY R T LISAZEBE LA — % v FDEK

B ASTEORE L &

WEBREHIRIRICHITE T AU IRIBROERN. EmsIAIEmD S DIERE

mExploring the spintronic potential of novel high-entropy alloys with
excellent mechanical properties: a pathway merging engineering and
physics

= Construction and Optimization of Multi-modal XR Interaction Ecosystem:
From Gaze-Pinch Enhancement to Al-driven Adaptive Interface

NEMFEDERICK B4 > T A BT

mBeyond CFET BRBERARTE T/ \1 ADERKLICAS e RESH AN

BOTFS ZFAD Ny 75— < BIEMM & FHSS AXOTFSMIEEEDL Lo R
FHBEDOSFEEL

B REIC BT B NETEELEE A E IR T

B TIONVYBEILBFBF Y XIVET ) VI E—LTr— 32
P

= Management and performance evaluation of 5G systems

NRERAAVEY R NS IR2DMRER AV BB

BRI E BWERBF S/ TN RICET B

o/ R — ) VERNCED XD — 38R T )\ R DBERRFRDAEFA

W77 7 URAITIEETBREA A=V DENE LT DREEDRST

NSRBI S 2 DS HE AR & R & ST

BARR AL E XR » AR N—ZDE L MR ESRIREE

B SRICEE L e B DR & T DRI EDM

= DEEM: International Collaboration Project on Annotation of the Dynamics
of Emotionally Expressive movement (DEEM) Using Laban Effort Shape
and Prosodic Theory

mLarge Language Model-Powered Virtual Assistants for In-situ Secondary
Language Acquisition

1 Pre-verbal infant sleep and social-cognitive development

= Multimodal Multilingual Affective Computing: Database and Algorithms

HEDFHREDBHERIRIC S Z B EDERA

BRI AEMRI R AL RAEY PO Z Y RARART LAIFIBROEH

MRS L AE RARERD R I TeAREE S X 7 LR
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RN T LA TR S MR DRIB & Z D s B RS AT
uSiGe/Si FBRRICH T BEIRT v F > E REDRNGEHIICEI T HFFZE
nE NOFREERRY SRIEORY METLTLEV X

(X4 B/Type B]

BT VR A VHRITENT TERROGEWERR Y N T —7 DG

m Massive Connect loT BFRDEHRBE S A 7 L& /N\— RD T 7 D aHET
ndbe—LY b RAUOKRREESHKERRE - SPAIV AT LIKET 2

5
m6G ICEF e UK » 7 NIV IREITDRIRL & Z DIGA
11T ADBENDFEFEDEST

R ERAEIC BT SR E FBICE T HERIME

BA - HERDEYT T ENAICED SEBEM DM

BAR— T A VICKBEBER S TV F I RMERANT T —
> 3 > O%kEt

m A LS| |l S [ERE » 2 AT LRITEREREMZE

W GHERMEDOFIBERICK HER - 5TEY AT LDER

B ERGERBCERICTY 2IHFENFREROBERMICEY 2 RN
%

m Quantum Circuits Accelerator based on Stochastic Computing

BREDE— FEICEIT BT
NEEOVATL—Y a3V DRBHELZENFEICET 2R2EDEME
nEHRTENEFICEIT 53 LU EEDRA

m6G BERIMICAIF ey b T —F 2 Tl
BFERHRERE MR AT LB 28 - BERFHmE

NETBRIC K HHNAEEMDSHE S Z DR EFEDEET
OS2V avORERLELTOL NOHE - EEF) -
DIBFR

niEMR Y bV -V BRICE D S SEXEDSHEBMNEITEICET S
[5iEa
BIEFERAVE =T A VIRMICLBTA4 T A T XEBDAIH
EHRFTERE

RBEFBICBITARFFEICET MR

BE1—RY - T—VAR=R A VBZU2 3V OHER

N EREREBEREL LTCOESESHHE

B_ECBEFAF -1 —TIVRY N T ETIVERRE LS VA L
T A LA MTE B BERERTF AL FPGA 325
RHEENIVE2—T 4 77V XLICE Y B
BREBFEFPGA I 2L —2EZ D loT [SHICET 23

nE TR EERNFOREICK ZRERT /N1 XDRIE

A 787Uy FOxy b T—={ticEif fegb #8 & 7 — LERDOR
a7 7n—F

R4 - BB

mReducing Perceptual and Physical Fatigue in Virtual Reality
mEARBICED (BRI 1 —OERILE

BYAN=ET A DAIVDEREIC LB BHEER IV T A7 1 7B Y SR
BHEEDRRICE L=V IICT IV ERTES TA—1K ] D14
U aVHRRR

BEAREA =TV —REFED LIeA >0 Ib—2 D7z T4R3R) STEAM 700
PN

n N TRES KO F/ Mk EFIB L g2 > /7 BREESTRID T
BOMIFIEE T )V RDIBE L FIfE

NERBICHITBA TV Y MO

[X453S/Type S]
mEmB e — L > MBI OIS A / Establishment for innovative

coherent wave technology and its applications

[X%3 S EIR/Type SI]

B ABERRICE D C AT & ZD/N\— R 77538 / Al & Communication
Technology Based on Human-Centered Science and Its Hardware
Implementation

wVROREMERA EICKSRAER I 2 =7 —> 3 DOUWE / Improving
Immersive Telecommunication by Increasing Comfort in Virtual Reality

XRICKBIEEEIZI 2247 —< 3> DHIE/ Support Nonverbal

Communication with XR

[X45 T/TypeT]

REIRIF BRI 10T TV Y - TOt Y YEEDOHDR
EYhOZREA VAT AV E =T 1 v I HETDRE / Bridging
Spintronics and Computing-in-memory Technologies for the Development of
Energy-efficient Neuromorphic Processors

m6G T @ F fz XK - B & 3% 2 7 / Electromagnetic- and light-wave
transmission technologies toward 6G

IREERUEBEENORNEBRICED(EELEE - BF 117 —
a3V AT LICET HHFEFE / Research presentations on advanced
acoustic and speech communication systems based on a deep understanding
of human auditory information processing

WIEFE TS AT DOYEEFE - /N1 A 5B/ Physics and material-bio
applications of non-equilibrium plasma

W SO0 IV EREREPLE T AHERRE EZ DA / Computer
Science around Programming Language Theory and its Applications

AT LHIEICRI Y 2ERER & ISR / Theory and applications of system control

WINAH - F/INAT )y R RT LICED RN F 7731 RBIR /
Next generation biodevices based on nano-bio hybrid systems

nEEEMR, BREAS LU T /NAAISHICEY 2R/
Development of Magnetic Materials, Magnetic Measurements, and Magnetic
Device Applications

BABREZBESHBR I 1 —7 1 >~V E it DBAE / Research and
development of new paradigm computing technologies for the Al era

BEREMOERNSISAICET 2MREERS L UE5H / Research
Presentations and Discussions on the Fundamentals and Applications of
Ultrasonic Technology

BEOBISHIERNIES AT LD N—ALYIZT 1) >/ Reverse-
engineering adaptive information processing of animals

uF/ILY FOZI R RAEY FOZY RAENR—RE LIERHRIEREER
tiDERH / Development of next-generation information and communication
technology based on nanoelectronics and spintronics

N EHIRETFOERCISAICE T 785 / Seminar on Fundamentals

and Applications of Electromagnetic Compatibility
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pm {111

FEF/ TINA AARE Dielectric Nano-Devices

RES/ MUEFHHY 7 Ly
BRI (kA RD)

Nanoscale Dielectric Measurement Systems
(Assoc. Prof. Yamasue)

ORFNREZ BT 2IFEMERRIHRAER
S RT3 X N DR

O%IEEE - BRENE T O—TEHD N AT LD
B ERERBFE « 771 AFHENDIGA

e 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
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Solid State Physics for Electronics
(Assoc. Prof. Fukidome)
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e Multifunctional integration of 2D electron de-
vices

e Academia-industrial alliance study for graphene
devices application

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

e Realization of the ultimately-shrunk transistor
down to a monomolecular level
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Dielectric Materials Science and Engineering
(Assoc. Prof. Hiranaga)
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¢ Development of ferroelectric probe data stor-

age

e Development of nanoscale characterization
methods for ferroelectric/piezoelectric materi-
als and devices
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Materials Science under Extreme Conditions
(Assoc. Prof. Abe)
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¢ Design of new spintronics materials based on
first-principles calculation and machine learning

e Theoretical analysis of transport properties in
spintronics devices

¢ Development of innovative simulation scheme
for material/device functionality design
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® Matter at high densities

® Metallization and superconductivity of hydro-
gen and hydrides

e Development of first-principles structure
search methods
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Functional Spintronics
(Prof. Fukami)
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Functional Nano-Spin Devices
(Assoc. Prof. Kanai)
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e Electrical and spin properties of spintronic ma-
terials/devices and their applications

e Control of magnetization utilizing electron spin

¢ Nanoscale magnetic textures and their dynam-
ics

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
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e Solid-state spin qubit

® Nanoscale and high-frequency spin device

® Spintronics-based probabilistic computing

e Electrical control of nanoscale magnet and its
ultralow power applications
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Nano-Integration Devices
(Prof. Sato)

Nano-Integration Devices and Systems

EFATOBERERILTOLR
MRS E (REAEBER)

Group IV Quantum Heterointegration
(Assoc. Prof. Sakuraba)
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Nano-Integration Neurocomputing Systems
(Assoc. Prof. Yamamoto)
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e Brain computing hardware
e Intelligent quantum hardware
e Edge computing
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¢ 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
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¢ Bioengineering technologies for manipulating
neuronal network functions

e Computational modeling of neuronal networks

e Information processing in biological neuronal
networks
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Quantum Devices
(Assoc. Prof. Otsuka)
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e Electronic properties of nanostructures and
nanodevices

e Quantum devices utilizing nanostructures

e Informatics approaches in material and device
science
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Innovative Spintronic Device
(Prof. Akerman)
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Computing Information Theory
(Prof. Nakano)
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e Current-induced magnetization dynamics in
high-frequency spintronics devices

¢ 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
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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
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New Paradigm VLSI System (Prof. Hanyu)
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New Paradigm VLS| Design (Assoc. Prof. Natsui)
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New Paradigm VLSI Computing

(Assoc.Prof. Onizawa)
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* 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
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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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Software Construction
(Prof. Unno)

O70Y S LEEES LU T T S LER
OTBISZVIEH/EBVRT I
Ol - &t

OB#EEH

e Program verification and program synthesis
e Programming languages and type systems
e Constraint solving and optimization

e Automated theorem proving
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e Energy-efficient hardware algorithm based on
probabilistic computing

* New-paradigm computing technique based
on CMOS invertible logic

e Brainware information-processing hardware
based on stochastic computing

e Ultra-low power hardware based on asynchro-
nous circuits
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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.
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= 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 nanodevic-
es. We are creating the ultimately-shrunk transistor down to
monomolecular level, and will realize.
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Fig1. Schematics of our researches

26 | BXUBIEHIZEFT = RIEC 2025/2026



EBT/TINAARRE

Dielectric Nano-Devices

Staff

(BH# 1EX)  (Masafumi Shirai) IR #HF Kohei Yamasue
A= Professor HHIR Associate Professor
¥k ERE  YoshiomiHiranaga

R Associate Professor

¥ HIEEE

Research Activities

FEF/TINNAAAREOEN - B2k, +/ 70/ OV —%ERFELIE
FHEOFBHAICET 2HAEOREERSD T & BLU. TORRES
HEEXHEREF 7T /A ADBEENCHT 2T & Thb, BHEHR. HFE
R, EEFMAZ EFEMH MR - BRNOZNSZBEV SR
BT INA AREBBEFOMEET> TS,

BHEMITIE. BERT/INAARKET/INA A, Fe-RAMZFHICZHAETN, FE
ZOEEHNOETFE LV EFBHREFEROBEDOIES . HAEERDB
FINER ML BEN DB DR CERAI T 2 EB IR A ERBEME
(SNDM) % B33 L TWL\%, SNDM |E38A BIADIRE D ENHERR PR
FHMEAFIBELICITA A ERIDEBTH Y. BHCEAELEINTLS,
DERRED . IRECTIERFBAE T ./ A—2%Y>TH Y. FEKRICHWL
TERTFORETER L TV, ANBHIEE G Z ($RFBARGCROBERE
BICHAVNIE, RN TH > iBESRERIERIFE AN REIREIC A
L. AEMBILGEFEMRDOTMMICE EES5T. SEATIERENR
AEND, REECSNDM 7/ RAA VI VIZ TG AT LAEBW
WREBAT —R2A M L—IICHVT. RERTIFAAVFEHEY 4T
Ev bOTF—2IAML—IICERHLTVS (K1),

Ffe. SNDM IEBERENEGHBEHTNA RO K=/ a7 7101
MR R — FEEREYMED S/ R — )VEHEE EICE KRERE %
BT S (K2, TDESIT. SNDM IFBFEBICIRS §H A REHE
ENERELDODOHS (K3).

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 semiconductor
materials besides ferroelectric materials (Fig.3).
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Fig.1 Ultra-high density actual information storage using
ferroelectric nano-domain manipulation (4 Thit/inch?)
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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 atomic-
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
data-driven approacﬁ, we aim to realize advanced analysis and
characterization of next-generation materials and devices including
two-dimensional crystals and wide bandgap semiconductors.

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

We are promoting research aimed at the practical application of ferroelectric
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
reversal behavior aiming at contributing to the progress of this field.
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Fig.3  Atomic resolution imaging of graphene on SiC by ultrahigh
vacuum noncontact scanning nonlinear dielectric potentiometry
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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.
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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 B—REFEICKLY SV AERIAIEREZET 2 LTINS
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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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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.
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For further details, please refer to the “Laboratory for Nanoelec-
tronics and Spintronics " section.
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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.

FME [F - IR S
For further details, please refer to the “Laboratory for Nanoelec-
tronics and Spintronics " section.
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Quantum Devices
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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\,

o)
RF readout ﬁ

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.
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Charge state control in a multiple quantum dot device
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Innovative Spintronic Device
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Bh# Assistant Professor B (CSIS) 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 TEHEE 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

mE  E/  Keisuke Nakano SRH iz Kazuyuki Asada
Hiz Professor BhE Assistant Professor
gt AER  Kentaro Kikuchi

Bh# Assistant Professor

W HEEE

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.

O IV Ea—T 1 VU IERER
FRNE | REFHIR

ANBFTIE. 7AT 7 LPFEEMBIE LIBEICDWVNTEZD
HREER L CWAERAAREEE R T NRICHABRZEDH TS, B
EEINCIE. KTV R T 12— & KIENBDKREED SAREEND
ZTHUCEET 2EmAaBE LRBIEHC &IcKY,. RN T0O
JoLEEH LY. TAYIRPAEGHEOMEBERIELZY
I AHAHORRICERYIBA TS, Fle. BEARZEREK
IENBEHERICE > TAFADE LS ZRET SV AT LERWV:
MEREED TN D,
£fe. IOV T I VI EBERGOMRLITOTCWVS, LD
XNEBRMAENISCTCTAT T LADO—EREDHZHRT 5
@CLXT L. TBES5D0FETIETOY T LORBHEEKEZ L TR
FLIEHMREETVD. TNERENITOMT ST LITEY. [R
EGBHTOT IV EBOREZHESHICT 2, /E\TZKE"]LCH
FRTHIERR - BRIEERGR - NIENERSS - BSRIERRS
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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.

conflict?

RERRERERRREER Formalization
il (WAITING) nih(FlRSTTOSS)
Fo:~e }—(n+l)::~t
"7H(CATCHTOSS) "7H(N0Toss)
0Fm+1)u~t n+1F0:~t
nkt mbt n#m (TOSSABLE)
Proof n+lbFm+1)~t
Theorem toss_441_valid : |- toss_441 ;
Proof. el e
30144, H : Dt1443 144)
assert(@ |-toss_441); cofix; OFGL SEum S - 1RAW SEam

assert(1 |-toss_441); cofix; T
assert(2 |toss_441); cofix; SHug
rewrite eq_unfold_toss; simpl; repeat constructor; auto.

1E@an 0F 4D 2F@4D oan
3FQ48)

Qed.

2 FEEEEARERICLS Vv 70U I08H%F) Oft
Fig.2 Formalization of Mathematical Juggling in Coq
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New Paradigm VLSI System
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BARREFBIREREIRE (Very Large Scale Integration; VLSI) </
AT LlE, BAR— b2 (Society5.0) XA HEFIEED 58
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SRR EELRICOBUL T B TR AG AT U/ FigaRIR
THATVIAVAERIISIZ—FF70F v, ALY OZTXHK
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Fv. IMEREESESEEVLSIBE/ 77—+ 77 F v, AR
[CEDCT#N7IVT) XL EZDVLSIERGH A, #ha7 0+
AWML DB REZEN L DD, D OBEEREHTICHWV L BEEE
1R R S BVLSIDTHDFETH A, BEIEED—TETHD A b
ART 1w EEEER LB TIRIF—/N\— oz 77)LdU X
LA EROTERM CIE KRR RE E WA R EERIRT 51~
N=T 4 TIVAY v EZDEA. IKBT2MRETO> T3,

Very Large-Scaled Integrated (VLSI) processors are key components
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 spintronics, PVT-
variation-aware VLS| architecture, self-adaptive system for resilient
VLSI, brain-inspired optimization algorithm and its application
to VLSI design methodology, electronic design automation
(EDA) algorithms for Nonvolatile logic-in-memory VLSI, energy-
efficient %ardware algorithms based on stochastic computing and
develoing 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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Software Construction
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Research Activities

BHRICBENT ARIFEERICAR— b7+ E1—4
EREFEPHERICAVTE Y. EEEHBINGVE - €/t - &
B IR F -V ot ERE O —ZIc K URIEEINT
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&, FPRREL 707 S LB R E VS ERERICE DV caE
38 - BERY T MU T VRO AT TN B,

In modern society, people regularly use smartphones and
computers in their personal lives and work, and unnoticed,
computer-controlled infrastructure such as transportation,
finance, healthcare, and energy plays a crucial role. Therefore,
ensuring the reliability of software that controls computers
and improving its efficiency are important challenges for
maintaining social stability and smooth functioning. In our
laboratory, we research techniques to construct highly reliable
and efficient software, based on foundational theories like for-
mal logic and program theory.

W V7T MU I TERMAERSE | BEEE
KRBT TE. SZA5NETO0 5 LRAZOEERE RS T &
FHNCEERITREE T BIehDRIM T DT 0T 5 LIRFE®. Tk
DoZThaElicd 702 L% BzdDREM o707
S LERDHZE - BREED TS, BEMIcE, BRI TO0
=558 OCaml ITI&EE - &Y —IVERET AT LIk >
T. BEE  SWERTIOJVSLOBEFRET ST EFBEL
fz RCaml . ZRGAEEE - BB A BEHIH P AB R ERER
ELTERBLTBRLLZENTESYIVINTHS PCSat ® Muval,
MuCyc D - BIFRZE{T 2T 5,

Ffe. INSDOY—IVOERE 5270075 LIBmOEER. &l
i - RBOER. A ERHEE TORERRICOVTHH
BHETOTCWVD, FICERIADY 7 b7 T 770&, M7 - W - 98k
HEEEPHIHEE 7 /LD, BS 70 /LR TO
Io L BIRTZIVIU XLITHIT BT >4 LEORBEH G B
ClTEY, ETETEMELTVS, ZDfs. BEOERRLT
TIEXHL L ENGE VBRI T 2 e DERIBRICE NEF
WTW5,

Verified

or
VC generation Falsified

System programming languages
- Low-level memory operations

Functional language
- Algebraic effects
- Prob. choices &

observation

or
Unknown

1 ABRETHEBEHRD TOY S LIEEE - kY — LB CoAR

Fig.1 The CoAR suite of program verification and synthesis tools developed

and maintained in our laboratory

= Software Construction (Prof. Unno)

Our research focuses on program verification, which is a tech-
nique to mathematically rigorously guarantee that a given
program satisfies its specification, and on program synthesis,
which is a technique to generate programs that meet a given
specification. Specifically, we are working on integrating ver-
ification and synthesis tools into the functional programming
language OCaml, aiming to promote the development of
highly reliable and efficient programs. Additionally, we are
conducting research and development on solvers such as
PCSat, MuVal, and MuCyc, which can represent and solve a
variety of verification and synthesis problems as predicate
constraints or fixed-point logical formulas.

Furthermore, we are conducting research on the theoretical
foundations of these tools, including program theory, type
theory, constraint solving, optimization theory, fixed-point log-
ic, and its deductive systems. Especially, with the increasing
complexity of recent software due to factors such as concur-
rent, parallel, and distributed behavior, reliance on machine
learning models, and the inherent utilization of randomness in
cryptographic protocols, probabilistic programs, and random-
ized algorithms, we are directing efforts towards constructing
theories to address complexities beyond those covered by
existing theories.

New Theoretical
Framework

%
Logic &
PPR ‘ Comp. theory]
% ‘ -~ ',r" ‘ B - —
Function Craig ‘ ‘ earning
’ Synthesis ‘ SMT ‘ ‘ Interpolation ‘ MBP Opt. theory
J/

2 FEAREMRRELIHLVESRIL — LT7— 7

Fig.2 The new theoretical framework proposed by our laboratory
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Ultrahigh-Speed Optical Communication
(Prof. Hirooka)

Ultrahigh-Speed Optical Communication

FERHEY 27 LIRS E
(BFERR)

Lightwave Control System
(Assoc. Prof. Kasai)

AEFHFHER W Applied Quantum Optics
SfRENRFHAME S E
(EFHAEHIR)

High accuracy optical measurement
(Assoc. Prof. Yoshida)

OBERE - BMERMEED S OESILIRICET
S

OF VI —L > MEBEENTENAILT
A~ bR—)LN\DERH

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

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

IR AV L RBEE AR E

Advanced Wireless Information Technology
FeisT 1 ¥ L @ EH i
MRS EF RILEER)

Advanced Wireless Information Technology
(Prof. Suematsu)

O6GCRILEEETA VL ABER Fv &S
fEHEDIRZE

OZ VR U7 2 VR RERERIRE D
OZA LY ~T« 241 RFESIRE DT
OfEXBHEZRAWN O S —>3> - ¥3—+h
H oy —IBEDOHE
ONERBIEY AT L/ T 154 ADBAFE

e Broadband wireless on-chip transceivers for 6G

e 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

O EAERIEEMmEZDTI 2V e—L >
b IBENDISAICEET S5

OFEHZENL —T EZDHFSHTRNDIS
FRICEEY BHi%%

® 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

BHWA b L—I Y AT LHARE

Information Storage Systems
RREmIVE1—T—3y
MR D
(GreavesAEHi%)

Recording Theory Computation
(Assoc. Prof. Greaves)

OBRANL—ITNARADRA 0 OHKX>
Tal—y3av

OXMHRBEBREN—RT 1 A7 RS54 7B
ERGY i

OBRA b L—I 731 RS

OZa—maEITarvryaAvEa—7420D
fe ORI T INA R

® Micromagnetic simulations of information
storage devices

® High areal density hard disk drives

® Magnetic information storage devices

* Magnetic devices for neuromorphic comput-
ing

OBRHRERL —T EBRBENHANDISH
DI

OBsa/ VA E— FEH L — Y L EIREIREE -
FER AT QRN DIG A DIRZ

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

Information Communication Platforms Division
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Ultra-broadband Device Physics
(Assoc. Prof. Satou)

Ultra-Broadband Signal Processing

870-FN\VFEFILIbAZIR
HZE 5 B (FFAEZIR)

Ultra-broadband Quantum Electronics
(Assoc. Prof. Lin)

OYZ 7 I EWHEEANT DIEERD
R T ZREVICET BIMBRERUZDTZ
NIVYBEHR - BHTNA ZNDISA

OVZ7xraHhnE T HRTRTEENT
OBE7/\1 ADMBEZDT IV iEE
Iy::]

OHMBFHEF v 7O\ —2DHZE

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

e Physics of Devices Based on Graphene and 2D
Atomically Thin Layered Heterojunctions and
their Applications to Novel Terahertz Photonic
Devices

¢ Photonics-Electronics Convergence Carrier
Converters

XY NT=OT7—F TV FvHRE

O ENEEERPZRTEREONTO - ETE
BT AMRE LUTZFDT NIV YISH
ORBEEFGX Y N T—VITBIT BN EFRIE
EFILY FAZIRTNA ZROHAEH LU

ZDBIEISA
OBFHRT—FRL—H—DA70O - EFEE
DERERS KCZDFFRADS T ALY
DB

® Research on hetero/quantum structures of com-
pound semiconductors and two-dimensional
thin films and their terahertz applications.

e Research on optoelectronic devices and their
communication applications in high-capacity
wireless networks.

e Research on physical properties of hetero/quan-
tum structures in quantum cascade lasers and
their mid-infrared to terahertz applications.

B Network Architecture
2y MI—oT—%FoF %
HMERE (RE)IIEER)

Network Architecture
(Prof. Hasegawa)

OBfEtE - Bt - SAERRY b7 —7
O8It xy b D7—2 /2 AT LERET - Sl
ORMEENAIVZY N T—0 T —F T 0 F v
Oy ~7— 7 HaeaHmRAT

e Highly reliable, high performance, and highly
available information network

¢ Design and control mechanisms of virtualized
network/system

¢ Next-generation mobile network architecture

e Performance evaluation techniques for ad-
vanced information network

=

AEFRRBEEIEHARZE
Quantum Optical Information and
Communication Engineering

REFIRREETS
RS E RE#HER)

Quantum Optical Information and
Communication Engineering

(Prof. Matsuda)

OFEREIRAEAWEETIERILET /N1 XH
KUV RT LOEE

OHMEFIVE1—ERUYZ 1 L—2DHRE

OyaAY 7+ FZ UV AERWEXABET /N
14X

e Development of quantum information pro-
cessing devices and systems using photonic
integrated circuits

e Quantum computer and simulator

e Optical communication devices using silicon
photonics

RIEMBELF 17 1ERY AT 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

e 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

Staff
&M 8= Toshihiko Hirooka B8 Ef  Keisuke Kasai
HIZ Professor V6] Associate Professorsor

W HHZEES

Research Activities

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.
BERBELOMEEZLAIELT 5. BEE - BABECTEF2
TEDOLYU IV NEHEAGRERN. 8X0TNSERSD
TRVWIXIF—HETREL D 5EHEEY X T LOEHRZE B
LTS,

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 KEEIE R T LTS | BT RS

KRR DE CIEFCAAEEERIL— TP EABBRE Vo EEER
FORAERIEREM S CnERWE T U2V — LY BB R
ERMOMERFICIR YA TND, lee BRI1SUMEICS
1T I EIREE (L L —T & T DB TS TRANDISAIC
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 71 /\OMEERE (A)
2048 QAM coherent optical signal (left) and cross section of 19-core fiber (right)
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Applied Quantum Optics
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We are investigating high-speed pulse lasers, space division
multiplexing transmission, and secure optical communication
technologies to increase the transmission speed, density and
security, respectively, of optical communication systems.

@ SREEGTAMRDE | SHEABR
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Fig.1 1.55 pm frequency stabilized pulse laser

= High accuracy optical measurement

(Assoc. Prof. Yoshida)
We are engaged in the development of a frequency stabilized
laser and a high-speed pulse laser operated at 1.55 ym and
their application to highly accurate optical measurement. Fur-
thermore, we are developing optical measurement technolo-
gies using multi-core fibers.

Power [dBm]
&

0 100 200 300 400 500 600 700 800
Offset Frequency [MHZz]

2 RIWFAT T 7 A\ FD GAWBS EF AT b
Fig.2 GAWBS noise spectrum in multi-core fiber
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Advanced Wireless Information Technology
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Research Activities
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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.

W el A v L AOBERA
MRDE | RAEIR

AREDHCIIHER - BERZHELEEERBRXY bT—7
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EERAT (Advanced Wireless IT) (CBEY BHIZE % 5 S ALIE R -
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EEIEEEIE - 7/\1 X « REFMOMHEE LTIE UV
CMOS Hffix B\ e BB RE® RF /N —7 > 7 - oot A
B FPEEDR - BE BN YT FEY 1 —IVDE
RETO>CWD, ZL T, NS5OV RFTFINA R, T
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Satellite

Network £ J

ﬁ q High-Speed Optical Network
<Y \4,’ Internet
= Cellular and MBWA
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. T

atety vehicle) with DWS

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/Millimeter-
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),
dependable broadband wireless local area network (WLAN)
and ultra-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.”

Radio wave (UHF/microwave/mm-wave)

Mult Tx Mixer

Ant

Beam Rx Mixer

- v P comai

Beam

oming E' Multi-band RF/mmWave CMOS IC E‘ Channel Estimation
Beam-forming Signal Processin

Fig.2 [RBIHT A L BER 1 F v S EZEHOMR
Fig.2 One-chip modem LSl for broadband wireless communication
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Information Storage Systems

BHANL—

Staff
(&R #xx)  (Naofumi Homma) Simon Greaves
26 Professor AR

Simon Greaves
Associate Professor
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Research Activities
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Our main interest lies in high-density information storage
technology. The amount of data generated in the form of mul-
timedia, loT and Al information increases dramatically every
year. Information storage systems with high performance, high
capacity and low power consumption are needed to store
this data. In this group, we are conducting research into high
density information storage based on magnetic recording and
magnetic devices. Magnetic materials and devices are mod-
elled using micromagnetic simulations. Our aim is fast, low-
cost, high-capacity storage (over 10 Thits/inch” areal density),
in which the size of each stored bit of information occupies an
area of less than 100 nm”. We are also investigating magnetic
devices for neuromorphic and stochastic computing applica-
tions.

‘ Eaﬁ«%ﬂgﬁj \/ 51_7_'—:/ 3 \/
ERDEF | Greaves HHIF

RAVAR T Z T4 w7 YZalb—yavid BRAML—Y
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MR FZYZaL— b5, R, BREZTTILHSDAY F
WRANSHBEFEBLT. BRI 1L —Y3avEETT 3, Nv R
CREDREE. ETIVEBLTRBECTES, MR V2L T
XA AEY (MRAMLAEY MV RIRES. Z1—AF/ILT 1Y
U AV a—T4 VIBOBRTINA Rz E. MOBR T /N1
AHETIVET B, TDOMDA AR T RT AV V221l —
2 arvOENS DOHRITRLTWS, ST/ 71 v. Xt
A TAR HECYHE IRIVF— TV MEREED
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Fig.1 Nano-scale analysis of perpendicular magnetic recording

= Recording Theory Computation
(Assoc. Prof. Greaves)

Micromagnetic simulations are used to model the behaviour
of magnetic materials used in information storage applica-
tions. To model a recording medium the individual magnetic
grains of the medium can be simulated. Then, using a head
field distribution from a finite element model, recording simu-
lations can be carried out. The design of the head and medi-
um can be optimised through the model.

We also model other magnetic devices, such as magnetic
random-access memories (MRAM), spin-torque oscillators,
magnetic devices for neuromorphic computing, etc. Some
other micromagnetic simulation examples are shown.
Magnetic nanowires, two-dimensional spin ices, domain wall
pinning and energy-assisted recording are some of the topics
we have worked on.
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Fig.2 Examples of micromagnetic simulations
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Ultra-Broadband Signal Processing
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RIS Associate Proffesor B (3%) Assistant Professor*

Victor Ryzhii Victor Ryzhii
HMERE Research Fellow
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Research Activities
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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.

W iEBT7O0— RN\ RF/INA A
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rtical Diode Nonlinearity
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= 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 conducting research and development of the
devices for their applications to future ultra-fast wireless commu-
nications and photonics-electronics convergence networks.

= Ultra-Broadband Quantum Electronics
(Assoc. Prof. Lin)

We are creating semiconductor optoelectronic devices in the mil-
limeter-wave and terahertz regions, theoretically and experimen-
tally study on electronic transport and optoelectronic properties
at novel materials and hetero/quantum structures. Research and
development of high-intensity terahertz sources, high-efficiency
photoelectric convertor and detector for future ultra-broadband
wireless communication systems.

|y Holes
FEMBEAN: 5 dBm, 112.5 GHz
N, . S RF-LOA %: 1.5 dBm, 90 GHz Electrons.
optical subcarrer signal 1-MHz span
-50 = 1 Bi2Se3
06 a N Utcpo L m'
< ; HEMT s O/ 7Rzt
@im ] 43 dBrﬁ]L! nin E 10
iz % -90f ; #
=2 2 A HEMT £,
2% 02 g -100¢ i
28 € -110} F
ot P ot L 120 fr e %, o ,
00 05 10 15 20 Frequency a,  %p g 2000
Gate 2 bias voltage (V) K -2000 s (5)

INGaAs F v % JU HEMT AEX—X & Lfe 7oALY - 7
SREZVITA TV 2B LUIMEREORAN. EF
BEHHEEH, REREDRER-R

Schematic views, operation principle, SEM image,
and measured detector responsivity of a terahertz
plasmonic detector based on InGaAs-channel

HEMT

UTC-PD &7 HEMT ABFRE S FURFORAK. B
FEMSEER, I+ HNOAERR

Schematic views, SEM image, and measured mixing
output of a UTC-PD-integrated HEMT photonics-
electronics-convergence mixer

Bi2Se3/h-BN A\TF Oi@EEE AW e Ea/N\A 7 X - LY T
FRTHz T« 77 2 B LOBEREBOERK. HFE
HIREH, THz RESISEDRIER-R

Schematic views, optical microsope image, oper-
ation principle, and measured THz detection pho-
toresponses of a zero-bias Bi2Se3/h-BN rectenna
detector
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Quantum Optical Information and Communication Engineering
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Research Activities
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Current information and communication technology relies
on macroscopic and classical physical quantities, such as the
voltage or frequency of electric fields. However, classical tech-
nologies are approaching their fundamental limits of informa-
tion density and processing speed. As a promising alternative,
quantum information and communication technology, which
uses microscopic, quantum-mechanical quantities to carry
information, is expected to overcome these limitations. Our
goal is to develop quantum information processing devices
and systems using photonic integrated circuits, aiming to
establish cutting-edge technologies that will form the founda-
tion of future quantum information systems.

@ ABFIERBEIS
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I Quantum Optical Information and Communication
Engineering
(Prof. Matsuda)

Research and development of quantum information systems

that use photons as information carriers utilizing integrated
photonic circuits.
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Photonic quantum computing device on a silicon chip
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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.

OWRYNIT=0T7—FTTF%
MEDE | RO 18R
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Cloud

Cameras Terminals

Wireless network

=P Camera streams

= 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.

E ': k@eéEack loop for congestion conErD
— o

<—H Receiver

Sender «— packets

Server resources and functions

Server resource
(CPU, memory,
storage, )

Output

() () - (o) e e
e J— (0 o)+ (on) (o)

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
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© HEEH
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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.

W REEANBELF 27 BHR AT L
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High-performancellight-weight
cryptographic computing

Al

:Hu[r’\Cm‘ 4-Turn.Coil Ly
Tamper-resistant/
Trojan-free
crypto LSIs

Infra-
actory Medlcal

Security systems conscious of usage

environment and applications

Vehicle structure Retail

= 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.

Hardware security for
embedded systems

’ 3 -.

35 ,
Security
ign/evalu

Side-channel attacks & platform
countermeasures

Avionics N lsr
C.CRYPTREC

Cryptography Research and Evaluation Commitees

Standardization work

BRIFAMA A+ 1 715 R Y A7 LHROME
Overview of environmentally conscious secure information system research
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Electromagnetic Bioinformation Engineering
(Prof. Ishiyama)

Electromagnetic Bioinformation Engineering

L
CETLACT T )

Electromagnetic Bioinformation Materials
(Assoc. Prof. Goto)

OMSFIRL>Y Y Y IV AT I
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¢ Sensing system utilized magnetics

¢ High-frequency electromagnetic measuring
system

® Micro magnetic actuator

* New medical equipment using magnetic

OF /A0 OBKIEF R
OtryYIRT AR - BEKHSH
OLEMISABIATME - 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 - @ ERERWY AT L
MRS CREHER)

Auditory and Multisensory Information Systems
(Prof. Sakamoto)

OBRERUEARENRIBRLIBERZDHE
O3RTEEMBROBIEML Y Y TV AT s
DIEE
ORGREBRUEICED
DIFE

BEBRYAT L

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
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Real-World Computing
RtFIAVE1—-FT1Y
HADE (AEHER)

Real-World Computing
(Prof. Ishiguro)
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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, swimming,
flying, walking, running

e Dynamical system approach to understand ver-
satility behavioral and its application to robotics
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Visual Cognition and Systems
A5 - ¥8
RS EF (B4R GR))

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

OMAIZI 27— 3 VBT BIFEFEER
DIERR
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e Visual attention mechanisms and models
® Multi-sensory perception and learning
e Interpersonal nonverbal communication

F/  NAFRERFTINARARARE ——
Nano-Bio Hybrid Molecular Devices

T/ NAARERFTINAR

MRS EF (FHEER)

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

e Construction of nano-bio hybrid system based
on artificial cell membranes
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Interactive Content Design
(Prof. Kitamura)
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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.

1=V T=YAN=24V5359V3
MRDE (FREEHR)

Human-Workspace Interaction
(Assoc. Prof. Fujita)

OT =9 ARX—RDHIEEN - A > 250 7471k
ADEEEEHFRER) ELEZBBLUZ
DERBEICOVE1—25KEa L. ZBD
BRPLAT D MEBGHICEELEERT &
TADFEEEZIET B 250 7« THi
BLOI—PA BT —ADERET - 5F -
FHMMICRE T AR ESD TS,

ON=F v IVITVTFAICHBITBRIVFE—H
WA RZI 3>
BRI DR DS BH T, N\—F v L2/
AICEIT 2517, BRBEIIE. ZOMOEEE
FEAMEB B VEIERTRIET % /28,
ADOMERFEAE S EFEALEOOTE—Y 3
ETR. ADSITICHES BISHE AR E T 1 —
RNy V3RS A - BFEL TV,

OZf - =TT RA VBRI 3>
ANDBEDOFELERGTIRSD BN EZRE L.
BLGEOAVTVICHT D&Y BETHRER
AR TUY 3 FEDHRE - 5F - FH@IC
B DMEEED TS,

Intelligent and Interactive Workspaces

To support various human activities, we design,
build, and evaluate interactive technologies and
user interfaces that integrates computers into
the space and its components surrounding the
activities, and by adaptively changing the con-
figuration and layout of the space.

Multimodal Interaction in Virtual Reality

To provide a highly realistic experience of walk-
ing, body movements, and various other human
activities in a virtual space, despite the limita-
tions of the physical space, we investigate and
develop locomotion technologies that exploit
characteristics of human perception, as well as
haptic technologies that are used adaptively
while walking.

Spatial/Surface Interaction Techniques

We explore optimal content manipulation tech-
niques considering human body characteristics
and natural behavior.
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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. TNOEMEMITIRET 51 DRTHEDL WE
Thb, TOHICEHMRETIFRE. EERDHET 2IFHREZT
W2t Y IRIE S GICERICEHENS ZITORIICET 5
MREHEL TS, INSORMAFRZELC T, EhEDRY
BAZ 2T —Y aURMOELIZBE L. FREELUICER
BUDFICEML TP <,

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 EREHMRARDE | RRBERR

EHROBEREMDERL TV T T INARUE, EDEEEGED
. BFORDVICAE Y RE®ROEBNEATHHEERS
hz. L L. REVREIEZ BV EM ST ERERIIRIREN
THLHI. TNORBEEIRL VS, Feo ERICBENTZ
T2FEE LT BMREMNEFE ST I\ REZDIHDIREE
RET2CWDE, BFEET/N\AARRDHIC, BFEF/ - =
AV AT —VOBRE KOFAEZED B L TW

BEREOTHEY
High-sensitive strain sensor

SELIBHAHELHIMA T OB D A v L RV 7
o7arzA7
A prototype of wireless artificial heart assist blood
pump

= 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.

Spin-controlled laser

AEVHEL—Y—DTO a7

A prototype of spin-controlled laser
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Advanced Acoustic Information Systems 5
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/A 1&—  Shuichi Sakamoto 7% E SaiSun iy

% Professor B G0 Assistant Professor* ?E ,3

o

G
v TS5 I Research Activities ﬁ
&
FIRBIERY AT LAREE. BERRORIVFE—HIVHAEE  We aim to develop advanced and comfortable acoustic com- Q
MIVBBIZICRIT HERME LS. TOMREAVTEELREE®E  munication systems exploiting digital signal processing tech- A2
BY AT LPREGEREZERIRT 220D, EITIEFT AT niques. To realize this, we are keenly studying the information %
LEROEREGZDT 4 VR IVESNEBOHRERICERIMBATL  processing that takes place in the human auditory system. o
9

Do INOSDHARKIE,. BES - [FRAZFRLIT TR BX-BfE-
BFIFE SOIKIIHRIE BREREIFDEXEETLENT
v ER AR LEFREOMONTFLLERERT HEE
IR TD BRI E RS LTV S,

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 RE-BERERBR AT A
MEDE | RAHE

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,

157¢ch DAFERAE—AY AT LEBWET Y EY 2y 7 ABEEMEEHEE Y AT A
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.

Elevation [deg.]

MEARDBBRERE, BEBAMIAICKE > TRAMICELL 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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Visual Cognition and Systems

Staff
(A 18—)  (Shuichi Sakamoto) = H0E&  Chia-Huei Tseng
% Professor HHIR (R Associate Professor*

v HHZEEE

Research Activities

FARZETIE. BITRERDBEDOHAREL SHEREZER L. 1§
SNIEMRICEDCABIZ. BRIFE ENDIGANERZ B
HELTWD, ARBDRERMZHD fcdD ORYEERNERE
DS, BERERIE SOV E1—2EY 3 VT TO—F &l
BOESHIET. REICKDZEMME. IAEEH. ARICKDH
FEBOET/VBE, REERSHBICEY 5HEZ 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.

VIR - FEMRST | SR

FAERDEF ClE. DIRYERR, BFAES, 5EHO 3 D07 7a—
FEFBLT MR IR FEEV O ABDSRAKEDIE R
BiE9. bR ZER—E LRz, ABDOREI AT
LIFEDESITBELTVEDDZEE L. INSDIRICEDE,
e BbOHBEEDEZR LY 5 HDICHARERZTRRY 5.

= 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.

AEMRICEFRLTATS by TEY Y OFREBDVRSEEBIDRIMCAIFSNBR LT YT
AEHNHISN TV, TS LT, FOEY G LEDRBITTT 2EEMROFELHSNTLDH, ~v
TEDABRR LT v TEREOBEIRATH 2, HLE FOESHOI—IUIEEREBIHHIC
by LD FEEAFIBEICE. -V UB \DOEBEMRNIHSHT LB L, Tle RO
RCEVRAEENCERDLEAY D FOBBI—IVEIBL by TV VEBMBTIAELRES L
DEMENRGEBANZALILE BT EDDD Dfce FOBBO I—)EICIE, FHEMICEITD by T
A VERESRIDFBAAZXLHMEL
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Distance from top-down attention location

Attentional effect

Hand
movement goal
Location of

tl)p'down‘aottenﬁon
Attentional effects are known to include top-down attention, which is directed consciously, and
bottom-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 movement. We also found that the spread of attention measured by electroencephalography
differed significantly 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.

2 £

Attentional effgct

Distance from hand movement goal

EhEebDIAZaAZT—2avid, — RIS TEP. FDEIE. BERBICLZRRBELTIT .
AR T, BENGESICE2II 2127 -2 a VKDWY Bfedlc, MREL Y —IC
L 2EEDFR & DBES LUOMHFBNF Az b RRERE L.

¢ b
A fubitub

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

HE ZX  Akiolshiguro ‘R H  Akira Fukuhara
E2resd Professor BhEL Assistant Professor
LTHIEARES  Kotaro Yasui AR K#E  Shura Suzuki
B (30 Assistant Professor* Bh# Assistant Professor
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Research Activities

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

TEEOEEIE | BALERA - Yl - EEREEE R ORR (B
B) PMEEMERT 5T LICL > AR DERDEMIEL SIFIE
BETERVIFERERERFSE ) ZRAIX L0 D=
AFNUSHOAE ) ZE IO KD 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
FEH ES  AyumiHirano-lwata INE  FFE Maki Komiya
Hi% Professor BTN Specially Appointed Assistant Professor

AR #E Kaoru Hiramoto
B#E Assistant Professor*

v HIEE)

Research Activities

B LTI TR & NA A< T U 7 )b, BEE S DOREIT
£V, BRIBRUVIBEFREICT DS/ AT —Ib. DFRAT—)LD
BRAGTINA ADFFEAZBEIET. FEEMMMNTEMaER R o
=22 IR EOERBRICFIBTZAT A HIVNAFILY b
AOZ7 A, GEARICE DKV YEEATSBEILY Oz
TR, LT, EEHiAEGE > TEERIEREMEY EiF. BXOL
CHEBBRLEDETDHINAATLY FOZT ADHEEESDT
W3, INSDT/INA ASBHRBIEV AT LEEETRETH Y.
BRARDIHDFFME 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

VHRRE

Staff

b EX Yoshifumi Kitamura
26 Professor BT

BAR #8WZE  Yumi Hamamoto
B# )

Assistant Professor*

B #z  Kazuyuki Fujita

Associate Professor

W TZEEE)

Research Activities

loT DEREEE ST BEFLHDEY DFRIEPERLAKZE
H1b - Het LDoDH 2, TORNIE. REPAELZLE. 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.

WAVERZUTATAVT Y
DS | AR

N=F V)T T 1 Zt8dE LT, HRABIRTIAVT VI
WEHE—V AV IIVFVIVRT LOREY. ZRTAEIRE
ROV T VY ENROICRS edDA—F 1 22T T —AFi.
AEOWADZ 1= —Y 3V CEERREZRLTVWDIFE
EIFRERERII 17— 3 Y CHRNICRAFBT 250ME
ICIBIAEX W #EA TLVS,

W1 VT—DAR=RAVBZZT/ 3
DS | BERAEZER

IN=F v VKL T 14 VHIVEBENEDA VRT3V EE
BRI BHEEHIC. TNEISHLADEEI A ZIET 23725z A
VRTIT—RERTRL TN S, Fic. AOZEEHEDOREL A
HEBWNENGEE IS A V2T —AA 273
FEFICERBICTRYEATVET,

= 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.
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= Human-Workspace Interaction
(Assoc. Prof. Fuijita)

This team attempts to understand the relationship between
human and spatial elements surrounding of them and develop
spatial user interfaces that support human'’s activities.. The team
particularly works on adaptive and flexible spatial user interfac-
es that exploit the characteristics of human spatial perception
and physicality.
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Functional Spintronics
(Prof. Fukami)

Laboratory for Nanoelectronics and Spintronics

T/ AEVEEETINM R
HADE (EHEHIR)

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

OREY NAZI XM - RFICBITBEF +
AEVIEL ZDISAHICEY 5%
BF ALY ZBWHILDORIEICE Y 5HR
OF /Ay —IVBSHEEE ZTDHA A F 27 AT
SRt
SIERE - EEBEBHALEY POZ VXX EY
RFDRFE
O=BHIMEARFOA T « REERLRK.
BERIERNIBISAICEE Y 2058

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

e Control of magnetization utilizing electron spin

* Nanoscale magnetic textures and their dynam-
ics

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

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

OBMEREYEFE Y MIET B

OF /AT —=IVBEAKAE Y TINA AICBET 3
Bz

ORXEY bOZ /7 ABEHFNIVE21—T 1~
JICE8Y B3

OF / 247 — IVEEHEAA DB FIE & Z DRBIE
HEENATUSAICET B8

e Solid-state spin qubit

¢ 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 AARE ——

M Innovative Spintronic Device

EHMAEY FOZI AT R
HEPHF (FHh—<8#%)

Innovative Spintronic Device
(Prof. Akerman)

OANTHBREICE D T\A ZADBFE S IGAIC
ESpaY iy

OF /HEEEDEELNA A HISBICEYT
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OFEWEMREE B AT @RERIREICEET
BHE

O%EBEDF - #REIREADET ) >V JICBET 3
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OZRTNAFHRUCEDLLCBEF - /147N
A ADAIRGICEET BH1ZE

OANIHREERWeF ./ « NAANA Ty
R X7 LOWEERICEET 258

¢ 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

e Modelling of biosystems and neuronal circuits

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

e Construction of nano-bio hybrid system based
on artificial cell membranes

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 ARFDERBILHI
BAFZUR

OXEY rOZ I AIREFOFHREIVE 21—
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OV IVT VHE BB\ <Y/ > -
T+ /DS - ZEEOARERER

OF / A4 —)b FROY AV S E DA
RFIOA

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

¢ 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
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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
OxvyarvEa—7+JIcE8Y BH3E

® Brain computing hardware
¢ Intelligent quantum hardware
® Edge computing

OBEEN BFEGT 2+ v VREDED
DEREERIFMA TS XVDT AL RIC
EY 2%

OVEHEFaEEEFN\T OBEDBERL
TO+4 XY B

OWVIEHEHEFATOF/ T/\1 XDOBIEL
SR LICREY B %R

e 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
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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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Laboratory for Nanoelectronics and Spintronics

Specially Appointed Assistant Professor

¥ HIEEE

Research Activities
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[ICEDWREFOER « REVEEE T 2EBME T/ 1 A
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R, 7/ - AEVBEMEETIK. T+/ - REVRERIER
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DEEBBFIMEIVETIHRAREL. BRERL2—70
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B BEF T/ A AEENEE L THREEDHTLND, TNED
AT, ERREBERmEAEL. S/ Iy bOZIR - AV
FOZORCHIFRHAEDE Y Z2—FTTo LR (COE)
EIEBTERBIZELTWVS,

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
nanotechnologies of materials and devices in Nanoelectronics
and Spintronics are continued extensively. Furthermore,
nation-wide and world-wide collaboration research projects
are conducted to build a systematic database in electrical
communication 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, and Quantum Devices.
These groups cooperatively carry out the research aimed at
establishing a world-wide Center of Excellence (COE) in the re-
search area of nanoelectronics and spintronics

Nanoelectronics and Spintronics for Information Technology
Laboratory for Nanoelectronics and Spintronics

High functional and high performance
Si-based semiconductor devices
Nano-Integration

Devices and Systems

THz electronic and photonics-
electronics convergence devices

Biomolecules

Dimensional ity
Control

Nanostructures

Functional control of electron spins

Innovative
Spintronic Device

Organic Molecules

R -
Functional devices
utilizing quantum effects

Novel electronic and biomedical devices
based on functional bio/organic molecules

Industry-academic-government

Quantum Devices

collaboration

-
e

| Nano-Bio Hybrid Molecular Devices |

Project Office of the Center
for Innovative Integrated
Electronic Systems
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El PR ERA ST HEE AR DIESE

COE of International Research Collaboration

T/ I bOZ 7 AEBRARRRLRRIEER (FRI7TEE~
QFERFHHEMRBEE LCRIN) ZEBE LT 21HELITK
HONZBEGBERBELZRIRT 2d. T/ KRG
REER) « TRAEVHERTOMIEFBEANDSA] « [DF
T/ BEICEDBRIVEORF LGB D3FZRITEA. /T
Lo hAZ o ZABRTINARE TNERVIIBERY AT LOE
REWET DL LBl INSERTT B RHDEBFEHRFHARAE
BlaBEL, 7/ ITL7 baZ I ANHFOMRICE S 2HCOEDHE
TEBEL TV,

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

COE of International
; Research Collaboration

T/ - AEV R CRlE LTCERY VRY U L

RIEC INTERNATIONAL WORKSHOP ON
SPINTRONICS

International Symposium held in LNS, RIEC

RIEC INTERNATIONAL SYMPOSIUM ON
BRAIN FUNCTIONS AND BRAIN COMPUTER

1s t:February 8-9, 2005 2nd:February 15-16, 2006 1s t:November 15-16, 2012 2nd:February 21-22, 2014

3rd: October 31-November 1, 2007 4t h:October 9-10, 2008 3rd:February 18-19, 2015 4th:February 23-24, 2016

5th : October 22-23, 2009 6th:February 5-6, 2010 Sth:February 27-28, 2017 6th:February 1-2, 2018

7th: February 3-4, 2011 8 th:February 2-3, 2012 7th : February 22-23, 2019 8th : February 13-15, 2020
9t h:December 5, 2020 10th:February 18-19, 2022

9 th:May 31-June 2, 2012 10th: January 15-16, 2013 11th: February 17-18, 2023 12th: February 27-28, 2024

11th t January 31-February 1, 2013 12th:June 25-27, 2014 13th : February 25-28, 2025

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

19th : April 6, 2023 20th : November 30-December 1, 2023 2

21th : February 25-26, 2025

INTERNATIONAL WORKSHOP ON
NANOSTRUCTURES & NANOELECTRONICS

1st :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
11th :March 1-2, 2021 12th :March 14-15, 2022
13th :March 7-8, 2023 14th :March 5-6, 2024

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

1st: October 22-23, 2009

The Future of Computing: Perspectives (a joint symposium comprising three
events: the 13th RIEC International Symposium on Brain Functions and Brain
Computer, the 21st RIEC International Workshop on Spintronics, and the 4th
Symposium on Multicellular Neurobiocomputing)
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Spintronics

Staff

EE (2 Shunsuke Fukami £H Ef

Bz Professor HEHFE

Jiahao Han Jiahao Han iR #EK

HEHIE (AIMR) Associate Professor* HEHFZ (FRIS)
Katarzyna Gas Katarzyna Gas Aakanksha Sud

Bh#L (CSIS) Assistant Professor* Bh#L (FRIS)

H =g Yukihiro Marui Aurelien Lagarrigue
BEMRE Specially Appointed [ =]

Research Fellow

K. Vihanga De Zoysa K. Vihanga De Zoysa Nuno Cacoilo

RS E Specially Appointed IS
Research Fellow

Eva Diaz Eva Diaz IR ER

BAFRER JSPS Research Fellow AASHHRES

NENFFRIFHEE BRIz E

Shun Kanai

Associate Professor |

Yuta Yamane
Associate Professor

Aakanksha Sud ¢

Assistant Professor*

Aurelien Lagarrigue
Specially Appointed
Research Fellow

Salvatore Teresi
JSPS Research Fellow

Salvatore Teresi
BARFMRER
NENFRIARE

Nuno Cacoilo
Specially Appointed
Research Fellow

Ryo Kawarazaki
JSPS Research Fellow

© HEEH

Research Activities

ERPDERP AL BALDREEFIE L TEMICRBT ST & FBH
EL FLLWREY FOZ Y ZAME - BEDREPLZT I TREINSAE
HEOER, RUAEY FOZY ARTFISHICET MR %172 T W5,
o, REERLEE. IS (KA. BEHHN. 27) BRLEREAD
ISBEEE LIz, SHEE - (EHEBHRAL Y MOV ARXFOREICEY
DR EED T NS, EEMICIE TR b > RIVEERTORREE
MR, BACERE BV CEHWEEHIEREM. X\ 21 >0k
EERBVHRALY FOZV AMBORRE. |REMALY POZV XK
FOWMMINTHA - FREFHERMNG ST 2R E1T 2T W5,

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 computing 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 techniques for
nano-fabrication and electrical characterization of the developed devices.

@ AL BT
HEAS | RRAE

BYERE - MEBEBNALY POZ VXX T - HEEBRIROREIREZ B
L. BRICEK DT /BMSRFORMACHIERMOBIED, TDDDIRR
MOBAFICI VA TS, FAEY FAZ T XOFEERIERIEGA
HEHLWT T r—2 3V OBRICEMYEATYNS, AEY - BiEdE
EfpRZRA LI DB & Z Db DOMRIFS. BB & OMMH S
IEDEE - BINGEEDRRA, MK b > R VEERFOME. -
J AT — VMR T DU A 27 ADIREE, MMBRMEHS A €Y RT
Eifom L. ANTHRRBEREHZT A CYRFORRELHTEIFRID
R, BEICBMVBATLS,

@/ AEVHEET N X
FRENE | SH MBI

AEY FAOZI ZAEBWHT LRI T N\ ADORFEZBEL. 7/ X
T—IVCOFEACVRROMBBEZ DT /\A AEHICEYHATWN S, &
FOAEVEFEY FOIb—L Y ADKEDERRR L T OEMEGIE. X
EY 21 F IV ADOMBRETINA RASHA. AEY OBREEZRA L8
EHEBIHACHIEICE A TV B,

= 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 nano-
scale magnets and magnetic textures such as domain walls and skyrmions,
development of ultra-small magnetic tunnel junction devices, enhancement
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 elucidating 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 electric field
control of spins.

Spintronics for future information societies

Low-power Unconventional
semiconductor computing
Ultrasmall and high-performance Neuromorphic/Probabilistic

magnetic tunnel junction computers

Novel materials
and phenomena

Quantum
technologies

New quantum materials
and functionalities

¥ e 0" em?
Ny o

Topological materials
Antiferromagnets

AEY bRZY AAREDOHRDGE

Overview of spintronics laboratory
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Nano-Bio Hybrid Molecular Devices

Staff
EE ES  Ayumi Hirano-lwata INE A Maki Komiya
E2resd Professor HHEBhE Specially Appointed

Assistant Professor

AR E Kaoru Hiramoto
B (30 Assistant Professor*

@ HRIEE)

Research Activities

A LTI IR ENA AT U T L. B & DREEIC
K. BRIBERWIBEZAIEICT 5/ AT —)be BFAT—)LD
BRRIZTINA ADBFEZBIET ., FEAMMMIREMZE o
=20 EQEBREICHBT 2 AT« AIVINAFI LY b
D:ﬁx\ﬁ%ﬁﬂ:ﬁ6<t>ﬂ%%&ﬁiﬁﬁlb7bu‘
TR, T LT, EEa > THIRRIBRATEY £IF. KD
<%&ﬁ%b$at?én4#lb7hu_ﬁxwﬁn%ﬁbf
Wb, TNSDT/\A XIFERBEV AT LEEERIBEETH Y.
BEA2OOOFRME L TRIRT S ELZBIELTVS,

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 | FEFHE

/Y(???@?ﬁ?%‘fﬁﬁ%%&%f/?ﬁ/ AY—&ERETEHTE
KU FLOBFTN\A ADBRETS. BENICIE. ATH

Jﬁﬁ@ﬂ%ﬁm’ﬂ%% L. HRELEMEEDEHEAT ) —Z

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, #
REBEFT/\AADREEBIREL TV S,

side effect
negative

ST L

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

side effect
positive

side effect
positive

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.

M\(Vr
T F 2RI

UL
.\(\h( )

Teflon

: l Ag/AgCI E

|

M3 ATHBRERW TS/ « NAANAT )y R AT s

Fig.3 Nano-bio hybrid system based on artificial cell membranes
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Nano-Integration Devices and Systems

Staff

B XM Shigeo Sato B Ik Masao Sakuraba
Bi% Professor BT Associate Professor
IhA& ZEAR  Hideaki Yamamoto ST #  Satoshi Moriya
IR Associate Professor HETBhE

Bl Mt Masaya Ishikawa

e Research Fellow

Specially Appointed Assistant Professor

W HHZEES)

Research Activities

AHARE T BEPE T ER EDIE/ A< VEEEICER
L. ZNoD/N\— Rz 7BEBREMICOVWTHREZT> T\ 5,
TINA R, TOXVR @ HBHWNET7I0T X LDEER ST

ZREMEREZET L. TNSDOREICK Y 2 LVEFEER
MrDBIRICHRET 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 T/ EET N RARDE | iz

MBS EZSE Al RO LY )EU)*iA?E lcmiFc. N—=F
VT T DENECEEEENODEERRELEOTCND, T
NSZEBREET BT /NA APFA LS HH5\NEZNED 5

BREND Al YR T LORMFEZEL THEAEN-FD T 7E
BRAOBRZ BT,

¥ EFN\TABERERLTOtR
MZENE | MEREAEHIR

T ARFERIGE EZRE L TISEREEIC BT 5N\ T OBl
PRI L. FTRBFMMEZRRT 2. AKIC. 8BFN\T OB
&% Si EBOIRICEHT 5O DEBRIMERZB1EY.

O T/ ERERERY AT L
e EF | AR

FEARHHEMNT - FEAEE - BEBET ) VO EREe L. BB
RIVBOMRER TR N LT v TS B0 LUVRERR
ERBET B, INUTKY . BIFEROERERIIEE A BT
DY A7 LABEE L TWEBIRNEYT —F7 7 F v DB
EDFRERICAT o, EWFRENGT7 7O—FDRIfZEBET.

Brain Computer Inspired by Neuronal Networks

Understanding of information processing in the brain and development of
hardware technology are necessary for implementation of a brain
computer being functional in a real world. In this laboratory, we study on

brain functions in biological neuronal networks and apply findings to
develop a brain computer utilizing advanced nanoscale devices and

process.
IR

ATATATATA]

= 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 LSls 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.

Biological Neuronal Networks

Brain Computer

BUEIST B DRIRICEINS T

Towards the Realization Brain Computer

< 400 . . r Low-Energy Ar Plasma
h ///, . Te%eTe%e
& § 309 (00®) L6 <] SiH,,
@3 L SO 5 @ GeHs,
% g Q?(;@\ / NN | Sig4,Geqss 3 N} b ,‘QCHM---
E’_% 2000 «\\\‘\\"‘/ ‘ = ‘&\ | 1 SosGeoss 3nmi | @
E E A.’. O Nﬂ' kg
k3 A(“ | Sig.,Geqsg 3 M <
3¢ « 9
£ 100- Uniform i £
°z Spacer ? )¢ [
-3 (A, A) i =
2 0 00 200 2
000202 06 08 10 SOLLBLNOL =
Ge Fraction for Spacer @@ PP S
BINTOBESER(L T O XOBEICEITT
Towards Establishment of Process for Group IV Quantum Heterointegration
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Innovative Spintronic Device

Staff

Bengt Johan Akerman Bengt Johan Akerman ~ Ahmad A. Awad

g Professor HHIE (CSIS)
T B3%E Takaaki Dohi Akash Kumar
BhE Assistant Professor Bh#L (CSIS)

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 & BB 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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Laboratory for Brainware Systems

FRE - FEY R T LHASEER - BAZEE M Recognition and Learning Systems

BR - RERERHRVATL
MRS EF ORFER)

Auditory and Multisensory Information Systems
(Prof. Sakamoto)

ORERUEERENEIERLBEEDHE

O3REEMIEROSHERE Y VIV AT s
DR

OBEERFBRUBICED(ZIEBTRI AT
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




B LSI 2 R 7 WSS
LR VLS| ¥ X7 LR E

FBLZVLSIZ 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 VLSI Design (Assoc. Prof. Natsui)

wEVLSIaYEa—710J
RS (RIREBER)

New Paradigm VLSI Computing
(Assoc.Prof. Onizawa)

OFREBREAYV Y IA VAR T —FT0F v &
ZOBESBAVLSI 7O v SISBEICEE T BEFE

OFNARETIAR=2FH2IE1—T«
VOT—FTUF v ICET B

OZBEREHRER - IEPABEICEDIBHE
BE - BN=SoC/NoCICEI T B %

OmXRMERICED CGBEEESZALSICET S
DieA

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

¢ 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

OPVTIESDETZ ) —VLSIE/ 7 —F TV F+
|CBE9 B
OBEREBISESERBVLSIEE/ 7 —F 77
F v |CBT BHA%E

OB 7)) X L& ZFDVLSIFREHRTISA
|CREY BH1ZE

OFBERVLSIY R 7 LDRETHAICEE T 2 Hi%E

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

e Self-adaptive system for resilient VLSI

e Optimization algorithm and its application to
VLSI design methodology

e EDA/CAD algorithms for new paradigm VLSI
systems

BEDHBIES 2 T LHZED
RERIAVE1—T 1 VITHEE

RFIAVE1—-FTsVT
MEDF (GREER)

Real-World Computing (Prof. Ishiguro)

OBABEHREY 7 bORy O
OEfTPEX. RiT. H1. EFICBIT58E
53 B
OZEZFHIRZ2EVORBRED HEMNAEE
EORT 4 T ANDISHA

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

® Optimization algorithm and its application to
VLSI design methodology

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

ORIRBICEDCELIRIVF—N—FDzx
773 XIS BHIZE

OCMOSA Y N\=F 4 7)bay vy ZICEDH
BERSTEEBIITICRS T 2158

ORMART 1w 7 EBICED < HEERNIE
IN— R T 7|cB8Y BHIZE

OZERBARENHICE D CBEEESH/N\— R
DT 7Y D%

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

Autonomous Decentralized Control Systems
Real-World Computing




M BB SehtEER
A AP R T

Staff

PE &3 Takahiro Hanyu
MRE () Director, Professor

Laboratory for Brainware Systems

v HH3EE

Research Activities

(A0 T 7THERERR] (&0 KREFHBHEER
ELTERMICFLIBOMBEBMOUE - BIRLBERFICT LA >
DI 7 EEMRE LTHREN. TDOR. TRFEHEER
DEFRERIT, FR26F4BITT LA > D 1 7 HERREESR
PMEE L. TOEMIE. BREHR KLU QEMICELT
DRMEFREY —LLRXICHET HRMABRY AT L%, HE
I BRI TRV 2EBREMORIME T DICADEH%ZREFHAT 5
TETHB, TDRDIC. KRBAROAFEBEGBERICH
DEFER - FRADEHARENFORERREEEDT LA
VI T DB OMEEDRNZREE L THRZET .

C DREsRIE. BIGKVERATEIY A7 LHIRE (GR# - 28
ATLHRE) . BRIBEIEY AT LARE (RERI>
Ea—7« YIWRE)  MELSIY AT LA GRERVLS!
JRT LRRE) DIMEHERICMA T TLA>T7—F7
I F v IRARBOBEHNTFEIN TS Y. BESHRDFDORH
DT HERUHERODEEZIT D,

SE - A 3 OY—LLRY
= RLFE=HZNAVE2—F42F
- B M AR "

GULAYT—FTFIF %)

* BRMWIC & DAnaFRT A
(i - $EORTL)

- R - BRIKIREHA BT
(RERAVE1—F 1Y)

- HWEEOMTIR—XNV-FFEEEHT
($BEEVLSIV R T L)

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 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 cooper-
ative 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)

. . Predic;ioil of Aha! experience
Intelligence from facial features
(Real-World Computing) (Recognition and Learning Systems)

Hardware Environment with Massively Parallel Brain LST

+ Novel MTJ based NV-FF circuitry * Fast Solving Larger Combinatorial Opt. Problem

(New Paradigm VLSI System)
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Recognition and Learning Systems

Staff
A {&— Shuichi Sakamoto
Bi% Professor

v HZEE

Research Activities

FRAEDEF ClE. RO 5 AN EN DA EIERE ANBOHEL
BLUMA TS - 8T 5BREEoMLTETIMEL KB
LSIG 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.

VBE  EeRERRVAT LA
MEDE | RAHE

REEEENEP. BCEPTOFEFHMELZ L. BEBER X
UEHBDRBEEROIES L (FET HRE T COABDOMNTIER
WNIBEIRZ OEBYIBFHEFEAZAVTHIET L LB TD
MRZFER LI, 8B3RTEE[L Y VIV AT LRIV
FE-RIBHELZEY AT LEOERERY AT LOBER - 5E
{LICER I HRBA T D,

= 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.
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AU12_mean
AU25_mean
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AU06_std
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AU25_std

AU10_std

0.00 0.01 0.02 0.03 0.04 0.05 0.06

mean |SHAP value|

0.07

ERRIBIC & B Aha | (ABR TR, B—HWREDT —2ZFBT HLIVEENTES T EN S, BANCHREIAXTBHIETRE

[CEDCIBRTEY AT LICFIATE S,

Prediction of Aha! experience from facial features. Since the accuracy is higher when the system is trained and tested with-
in subjects, this knowledge can be effectively used to develop personalized information presentation systems.
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Research Activities

BARBEFEAERRLE (Very Large Scale Integration; VLSI) </
AT LIF GBAR— ht2 (Society5.0) X X D BEFHISD 158
Bl & LTHEET 25—, TOYERFRIGEL TV, AR
ETIE R OVLSI VR T LAT7—F 70 Fv25TICZD
EIRERIBARICK Y. EREMOBREZITH L. ABOEME
LEETHBEEERBRUEBEZRIAT ST LZENET S,

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
THOIYITAVARUVSIT—F 70 F v, ALY FOZT R
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

KHRAEDEF CTIE. D DREFZVLSIORRICAIT LRz
ToTW%, BAERITIE. PVTIESDET Y —VLSIER 7 —F
TUTF v, BIFRBECESERVSIER, T —FT7 7 F v, Hiil(
AHBEICED (BT )V T X EZDVLSIEREHEMIS A, &
BRMEOD W U A 2 AE VLSRG £ %Ljﬂ‘lzxﬁ(‘f‘ﬁi
1t0)/u BEEHLDD. B OBEEGTICEVTEEEEENF
EEM T BVLSIDTHDREHEAMICBIT HMERZEITO TS,

v HERVSIOYE 1 —FT 425
DS | IRAEZR

KR DETF CTld. ERORAERIVER & IE—1F 7 B I HERNE
BICED(HFER OV a1 —T v VI RINICEET 2R AT
TW3, BEMICE, BENEBED—BTHIAMARXT 1V
JEEAFERALEAIXINE—N—FRo 7703 XLP,
RROHAEFMTIERIBHAREZWNAAFTEARIRT 51
N=T 1 7)bOIy 7 EZDISRICET BMEETT> TV,

Total 2312 8.02

Conv  Prop.
Wite 625  125x5
Delay )
msl Ver®y - 125x6
Total 625 137.5
Rate of
Write error bit 10 10
Wite 2309 4.62x10"
Energy  Verify - 166x1072
T control  0.03 0.01

~_7

Sart : it Completed: it 65% store energy reduction

o 25 50 75 100

Probability-Aware Store-and-Verify Scheme
M. Natsui, et. al, IEEE ACCESS, 2025.

Gompare Resstance Aop .
ompare
o i Corent Recstonee y
) -
@ 9 =
fod | steen
| Tty i Shared  Data Shared Time
@ @ Write  Retention  Reference
i J MTJs MTJ Reducing overhead with backup and restore
Conventional Structure Reference-Load Sharing Scheme
(Proposed) b Restore Backu
G Proposed
MTJ Devices 64 48 g Overbad Encrve
Backup Time 30 ns 240ns
Backup Energy 044nJ —-50.0%—p 022nJ [ty =
Cell Area 871um? — 44.2%—p 486um? . Time

Energy/Area-Aware MTJ-Based Nonvolatile Register for Intermittent Computing

T. Yoshida, et. al., IEEE MWSCAS, 2024.

= New Paradigm VLSI System (Prof. Hanyu)

We are studying a "new-paradigm VLS| computing” concept
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 logic-
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 VLSI.

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

We are studying probabilistic computing that is clearly different
from conventional deterministic computing. We are implement-
ing energy-efficient hardware algorithms based on stochastic
computing and developing invertible-logic algorithm and
hardware, which can realize bidirectional computing for solving
several critical issues, such as machine learning.

GPU achieves
two orders of
magnitude
faster than
CPU

‘ Energy drop
| large timing
ariability

g with p-bit device variability modeling
N. Onizawa and T. Hanyu, Scientific Reports, Feb. 2025.

Time required for evaluation m

Required time Long short

Approx. 40 min*

Hardware
conversion

o 1 2w » 4 s & W oW
Required time (min)

alempieH

Generating
 Pre-training (float)  Implementation setup bitstream
= Quantization for PTQ = Pre-iraining with QAT [P pepeppepepeyepe

* Environment-dependent

Buuien-aid

Required times are reduced through skipping subsequent phases

R. Kanda, et al., IEEE MWSCAS 2024
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Real-World Computing
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Research Activities

REFAVE1—T 4 VIHRETIE. BARPHRV AT LIC
BIFBERRORBE AN Z A LE BEDEGIE OESN SR
L. AIMORRNERETHEZBNE LTHEETOT
W5,

“ B BRI BEAGERA - HkT - EEAEE R OER (BEE)
PEEMEAT 2 LICE 2T B4 DERDBEHIEL SIFIEE
HTEBVIFBBAGT AT (iR ZAIE S LS L0 D M=
AFNULHOHE] ZEE(CHTOL K S GRS,

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 4T
DS | ARHE

REFRAVE1—T 4 VITHRDFCIE EMOLSICLEPH
DDORIICRIMRRGICBIGAERG [EEEEL LY AT L
DFRFTFREOERZ Bis LIMIRZED TV D, ART 47 AP
HIERFE, £MF. MEBEF LV oK EEEFHESE HHEE
RICITERLED S, BIERN CIEPRLTHELEERL, £D&
S TLREE] ® TLefehE ) [FTrnge | 252FE )
BT HHMNATIY S AT LDRIRZBIEY .

= 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.

1. 80 Lz PhESAEEE &M L @i aRy b

Fig.1 Quadruped robot mimicking animal’s flexible body struc- 7T

ture Fig.2 Reconstruction of extinct animal’s
locomotor patterns based on bio-in-
spired control mechanism

2. EMREHEICE D CRENOEDR

3. SHGH - BEEHRE 2 — ERRRELN T
BOAY b

Fig.3 Centipede-like robot that can generate versatile
body-limb coordination patterns.
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Research Center for 21* Century Information Technology

EFEMIEFMHAEES B Industry-Academia-Government-Collaboration Research and Development Division
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Wireless ICT Platform Project

AlNN—Foxz7t€Fa)r«7a2x7F

Al Hardware Security Project

PEGEHERZSER W Interdisciplinary Collaboration Research Division

BHEEHIZEER M Exploratory Research Division

HEHRZRIRTS AR— M IIRERRT B
FO—>FERETOME 714Y LR loT B8 FXilTOMHITEFH

Drone Utilization Technologies to Realize Wireless loT Technology for Smart Factories
a Symbiotic Society

HEFTHEHD

e o 4.
RNERRERERKIMDHAT

Highly Efficient and Secure Implementation Technology for
Post-Quantum Cryptography
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FEESERZEREER  Industry-Academia-Government-Collaboration

Research and Development Division

Ry EA Noriharu Suematsu PNE Y4
K& - HE R Project Leader, Professor® R=E - B
FHEHEMZEER  Interdisciplinary Collaboration Research Division

BEEFRIZCER  Exploratory Research Division

Naofumi Homma
Project Leader, Professor*

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

i = Yoshifumi Kitamura E /NI Noriharu Suematsu A EX Naofumi Homma
KE - #E 3 Project Leader, Professor* RE-#HE ® Project Leader, Professor* RE-#HE Project Leader, Professor*

BXUBEMEMO INE CICBEB L TERBRBERM (T) (<
By 2oREe. EFEEEflicLy. SEROBEZUTERL
Hifie LTRMEED I EZBNET D, RKEDRET 2%z
7 E LTRERUEEROEMZHRE L. 2 Rkd27 71
T—2avERECL. RaBIGHRERBRINE TR EED
LTk EFIREORMNBARZ BT, SEEZBLICED S
N2EBEMBARICK VIEONTHR - MV EMEIS. BRAY
ICEERNBHT 2, 7OV FOEICE. EERDSDR
MEZZ CRIFAN. REDRET DIl « Sinmz e
FRISICCHRT 5 & C. EFRINEDHE - HRARINE
DBEHEF LV Z—E LTOREZRT,

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

Staff
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Takashi Shiba
Specially Appointed Professor

Satoshi Tsukamoto
Specially Appointed Professor

Noriharu Suematsu
Project Reader, Professor*

e BT gigE & [t )
EEHE EE AT Higta

Tamotsu Nishino
Research Fellow

Takashi Maehata

Visiting Associate Professor

Satoko Itaya

Visiting Professor

A—HEZy bT—UICEST 57 7t AR E LTOENAILT A
YL RBEEFEMIE. T 7 ANCKBBER/NNY I R—> %y bT—0 &
BT, ICT HEDRB®EZ Z B IEREBEM TH 5, HROBEERED
=22y TERES ODAEORBIBEHRMIE. BAREZZA2ENE
LTETEIRETHIHEND B,

T21 &> 82— ENAIREF T FRLok. ERBEERBEKA—H—
PEBBEEBREELOEFER IOV MLV LEBELER -
AREEBBEZMILL, HOKFEXERICBEVTHLERE LIOBEQRDIE
WEBIREE BT 4 RV RA TV« TT7 ORERREEZTO>CET

TNETIT, (1) 324Mbit/s 5GHz HEAR LAN IRRDBIFE. (2) /\1ED 3
VIEERMRREENE 3D SIP (ERTVAT LAY Ny =) 2UE
ERIHARDORHEZITV. Efee Q) RFHENLTO—RFNAY FUAVLR
702X (MBWA) REEERERRICK Y BEIEBEROY —LLR/N\Y R4 —
I\ AR LAN & MBWA EDERBR Y b T — U —LLRAY AT LINY
FA—NERHERTER, THIC. NSO ERBIRBEARDHE
STHERBEFEV AT LR EOHEBEANZRET 5 & CERER
Y RT=IDTARXVAC) T ZRBELBREZTO(E T,

FHL 29 FEDSIEEFEREMEBVA VLA TSy b T3 —L7T
AYzo hELT EF 0T BEORKETOY 7 b aZFEL. THER
TOEFRBERICE LILE®H) 7 IV A LAXNY S LEZ 2 ZRFE
TBHEDHERREHIT CEfe, B4 FEDSIE. HHBERABRE
RIER DT DRFEREF TR T A v L ABAEEOFFHE - &
EALEAiTICBE Y 23R (S 4 ~ 7 FE)J &£, NICT Beyond 5G Ff5E
FsRESRE (BREFIAL) ERE [Beyond 56 FEA Y hT—7
Bl QV HBRET Y 2IVE—LT =32 (DBF) EREVAT LK
lids KU W B 2 EER SR BRI OMERRE (S04~ 8 FE) | OFf
QHDEFERTOD TV b EZHEL. BRBERETOTCV2. DHED
BENBERINOBLLREZRS & £6lc. RERBIEIMICE SR
XTONYF v —RERUG EMERAICOERT 5 &2 BRI LTV
2o

Fig.1 5GHz & 324Mbit/s £E4R LAN 57K
Fig.1 5 GHz-Band 324 Mbit/s Wireless LAN terminal

Fig.3 MBWA SEFEEER (EMtEHE105)
Fig.3 MBWA field test (Base sta-
tion)

Fig2 /\1 ©'Y 3 > JEFEHE(m%#E/)V 3D
SiP = R ARG

Fig.2 Ultra-small-size 3D SiP milli-
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 [T-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-Governmental-
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 2 new Industry-academia collaboration
R&D projects related to wireless loT and low earth orbit (LEO)
Constellation Satellite communication for B5G era. In addition, the
group would like to contribute to the local industries in Tohoku area
including the establishment of venture companies based on our
developments.

distance
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Fig.4 Dependable Air

Fig.4 Dependable Air
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Industry-Academia-Government-Collaboration Research
and Development Division - Al Hardware Security Project
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Naofumi Homma
Project Leader, Professor*

KENEHBARY— FHRICBVTIE. BEBEPEXR - REA
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IT-21 €22 —=7Tld. INETRHADBEHRBEXMDHAIEFHFE
EEFEETOVIV MCKYMEL TE T, 2025 FE LY,
AIDNEZE T BHRICE T EREGT BRBERMOMIIZ Big
LT AR RZEF2 T (AlEF2UT 1) OMKREER
HET2FETOYI Y M EREE T

ATOV Y bTIE BEEEICTE LTHVRE - Btz s
TEES/N\— PO 7OMEREEZIGENET D, iGN
RPIvITOREZRELIBE. YA/N\—KBICIMATHY
BWE (VAT LIZYENICT 7 AL TBEROIRERHE A
EETORE) DERBIRV LGS, TOHRTHLRENGE
Bl ENDDH VAT LEWFRDREIRNGEYEE (HEE
B EHGR - BEREG L) ZREB L CTHBIER % IERK
B MRERICNET OV A R Ty RIVKETH D, cEAETF
SERICEBERBEIERES TH>TCH. DLV A T
FIHBEZ BCWBERBEANDOMMEZEZR L CRENNALE D,
UEDBEHLHS, KTOV IV FTIE A ZFET28E5EY
HWE & T ONREMOMEREZHET 2.

BHHICiE. 6 FEH S ZFE L2 JST K Program T ATA]
E (A) DNRET BT — 2D EHRICHER Al L+ 2
T B DRETL | DFFZSAERBICHIT D TAlN— Ko 17+
U7 SO EWSEFEE IO 7 M EFBLICHZEE
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Front-end (FE)-AI

\
/

&t [
%mn

Back-end (BE)-AI analysis

Countermeasures measurement 2 Tﬁiﬂinsl_/Ar_Blvsis methods
* Prevention of FE-AI « Leakage identificati . G 2 .

measurements « Fault injection * Vulnerability detection tools
* Masking secretdata

FE-Al/BE-Al-fused attacks
* End-to—end Al-based attacks

Fig.| BIZEH RS

Fig.1 Overview of research topics.

In the coming super-smart society, various physical and bio-
logical data will be collected and integrated in applications
such as automobiles, industrial/household robots, and cus-
tomized medical care. Accordingly, individualized and com-
prehensive services that utilize the knowledge gained from
them are expected.

On the other hand, security is considered to be an insepara-
ble issue in utilizing and expanding such services in the future.
In particular, cryptography is the foundational technology of
modern security, and strong security technology based on
cryptography will be required as its core in the future society
where artificial intelligence (Al) will be widespread.

[T-21 Center has been promoting research and development
of next-generation information communication technology
(ICT) through industry-academia collaboration projects. From
FY2025, we have launched a new project to promote research
and development of Al-related security (Al security) with the
aim of establishing highly secure ICT in a society where Al is
widespread.

The main purpose of this project is the research and
development of cryptographic hardware that is highly
resistant and robust against various attacks. When assuming
implementation on loT terminals and edges, in addition to
cyber attacks, physical attacks (attacks that physically access
the system and steal or tamper with information) will be a
major risk. Among these, the most realistic threat is the side
channel attack, which exploits unintentional physical quantities
(power consumption, electromagnetic radiation, execution
time, etc.) during system operations to steal secret data and
control in a non-destructive and non-invasive manner. Even for
next-generation cryptography, it is essential to implement it
with consideration for resistance to physical attacks including
side channel attacks. In light of the above, this project
promotes the research and development of advanced Al-
based side channel attacks and their countermeasures.

Specifically, we are conducting the research mainly in the in-
dustry-academia collaboration project "Development of Al
hardware security technology" in the framework of the JST K
Program "Establishment of Al security technology necessary
for a data-driven economic society where artificial intelligence
(Al) is widespread," which we were commissioned to do from
FY2024. Through this project, we also aim to contribute to the
social implementation of Al security technology and the pro-
motion of industry-academia collaboration.

Trained parameters

Training phase Attack phase

Side—channel  Trained Secrst
information model  data

Profiling type: Another device of the same product
Non-profiling type: Attack target device

Fig2 REBZFIAY 201 N F v RIVKE

Fig.2 Side-channel attacks exploiting machine learning.
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FO—YVIEEAE T EIERTIRAEDEZIDDOH DD, TD
FERICIE. AT A FEUT A7 722 EY T A NDER
DRDBE5NDEDICHEOTETCNS, RARTRIHAEHEZDE
BeBEEL. 7 =TV —AOBEFPREICPE LOFiTE
BATBHTET #HLD FO— Y ERNATE SRS REBERI
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
LTEENELRDROICRBELEOIAENZATHEH. HET
ERABRIGEDS B, DT ADTEZGIE - FET2H
EERNT B TDeD. AE—H—DLBETHEHEICHT
NS ADRIGEFHBDRBEDNSHTAILEDTITUT 4D
BVRMEK M ZEHHTHDHR =BT D, T LT EHOE
EBERESZRVCENZBRL CHZ ADTEORIE - 5
BhEH 5.

(3) =TV —XUAV ZEALIEAMER

BEGENRF AT =23V T HDLDRMCHAZ L
UAV (BAMMZERE) ZRRCESF -T2V —RV IO
(0SS) X=X FE—> (OSSUAV) BHEREHEVNDDH S,
ZTLC REERASEEENBIO-—XILED FA—V%
BoMELCEEMRTEDLDICHEDTECVD, TDR
DAMBERZENMRY 57D, B F 2157 LPEEAE/INY 7—
DJEIREN 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.

BRUBESHIZERT » RIEC 2025/2026 | 71

21
i
@
5
%
5
5
B
%
B
%
t
>/
2

491U] | 2L




TN

THe

T
N
=
0O
®
>
—
®
<

H
1B
(=
o
z
5
¥
+
P4
%’

*%Eﬁ%'ﬁ‘ﬂ AX—hTi5%RET 2

Exploratory Research Division
Wireless loT Technology for Smart Factories

BH

T4+ loT E A& 1l7 D W 75 B 3
Staff

K A oh Bz

e XE ¢ € ) B GO

Noriharu Suematsu
Project Leader, Professor*

Tomoyuki Furuichi
Assistant Professor*

B5 A (5G) LIBED Beyond 5G ® 6G ITH 1T 5. HAFENS
BEDNRE LT BEOTO— RNV KN (LKFE) bk S
NBERE. AN— bR—Lo NFTIICHENT, EBEFEYS
BRHORBHIRO SN 2B, BEEDHNIFDNICKEL,
ZOHFTE. Society 5.0 Industry 40 TEEINTWA AR —
FT7O MU —E HEROICERDED by TLANIVOFEES
EROTVBEDENDFEAES>TVND, AR— I T77 M —
T3, VESREDF —HF—A— FICHSAIEER 7 L+ 7V
BES A VDBRNVETH Y. KEBLE. SHERBUICHIET 2
Beyond 5G * 6G BHLDH LWL T A L R loT Hifi DRI H5E <
R&HSNTWNS,

AAERTOY T F T (@) ERICEREL W3 TIBREN
TOBERRFELO—HIL 56 ZER LIEEYMAN TOERREDA
EZiB LTz Beyond 5G, 6GFRXDAR—hT 72 b —TD
ERRBEOMBEROREA. (b) TDER o] DREREHRRT 2
e DOREREGES AT L, BEH/N\— B D T 7#i E54
BRITOMERFEEIT S,

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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Exploratory Research Division
Highly Efficient and Secure Implementation
Technology for Post-Quantum Cryptography

Staff
AE X
R& - HE R

Naofumi Homma
Project Leader, Professor*

M. KRBT EFAEROMERREINERILT ST LTV
ZDEABS FICAREESEM NMERINIBENER
INTWB, BBIF—EFRAITNS ERPEICE> GERTINS
febd. BEFETEMICTT 2REMIESBDBES Y A7 AITRAR
I35 EFRENS, fFiC. MEFETERES (Post Quantum
Cryptography: PQQC) (&, Z5 LicZ2 A BRI 25T &
LTEEERICIENSE > TV 5, RE. KEZESMHZ
B (NIST) & 2035 % Tl PQC\DREBITHEBIELTH Y.
2024 FE|TRERREAXE—HOREETO> TV D, RHNEICH
WTHBIFIC K BB EMEETRICK Y PQC O ZREREAN
FAREINTHY ., SEUHRNEREELRLICLN S EFEEIN
2o

AR TIE. UEDBEHLNS. PQCEFNRE L. TDEME -
BREBREFMEABETHILABNET B, i, PQCD
FRBHAY LYV COREZBE LIHE. 1 /\—KEIC
MA TR E (VAT LITYEWICT 72 AL TEROINE
PUTAZFZTORE) NEAGIRXY EED, ZOFRTEHE
RNGTEBEESNDDON. ¥R T LBEFDORIRNZIEE (8
BE - WS - BEEES) 27 L TRHEER O
JEBIE - IEBEICNET ST 14 FF v RIVEKETHD, POCT
HoThH. THOLHA FF v ZIVKEADMMEZEE L cRE
NEBELGD, TI T AARTIE. LERORELRT 220
YRR (M2 /\—1%) CMREEMILY HRERM AR
TAHTEEBIRT, BEAEMICIEZ. 7IVT) XLHDS/N—RD 7,
JRTLREFETEA L7 TO—Flc kY. BRFESHI.
REBEAN. 2ERZEAES AN LV SZEEL PQC AR
ERRET DM/ - BWEEY T T - N— DT
T DRERMARFET B,

In recent years, as the research and development of large-
scale quantum computers has become more active, there are
concerns that many modern cryptography (especially public
key cryptography) may be broken. Since cryptography is used
for a long time once implemented, security against quantum
computers is expected to be essential for future cryptograph-
ic systems. In particular, post-quantum cryptography (PQC)
has been rapidly gaining attention in recent years as a cryp-
tographic technology that ensures such security. In fact, the
National Institute of Standards and Technology (NIST) aims
to fully transition to PQC by 2035, and is formulating the first
Federal Information Processing Standard (FIPS) in 2024. In
Japan, the government's Cryptography Committee is closely
watching the research and development trends of PQC, and
it is expected that its social implementation will gradually
spread in the future.

In light of the above background, this research project aims to
develop a highly efficient and secure implementation technol-
ogy for PQC. In particular, when assuming the implementation
of PQC on loT terminals or edges, in addition to cyber attacks,
physical attacks (attacks that physically access the system and
steal secret information) pose a major risk. Among these, one
of the most realistic threats is the side-channel attack, which
exploits unintentional physical quantities (power consump-
tion, electromagnetic radiation, processing time, etc.) during
system operations to steal secret information and control in a
non-destructive and non-invasive manner. Even for PQC, it is
important to implement it with consideration for resistance to
such side-channel attacks. Therefore, this research aims to de-
velop implementation technology that combines high phys-
ical security (tamper resistance) and efficiency to solve the
above issues. Specifically, through a comprehensive approach
from algorithms to hardware and system implementation, we
develop tamper-resistant and highly efficient software and
hardware implementation technology for major PQC methods
such as lattice-based, code-based, and multivariate polynomi-

al cryptography.
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Interdisciplinary ICT Research Center for
Cyber and Real Spaces
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Yoshifumi Kitamura
Director, Professor*
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Toshihiko Hirooka

Professor*
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Chia-Huei Tseng

Associate Professor
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Miao Cheng

Specially Appointed Assistant Professor

Schneider Victor Pierre
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Schneider Victor Pierre
Specially Appointed Research Fellow
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Shuichi Sakamoto

Professor*
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Noriharu Suematsu
Professor*
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Kazuyuki Fujita

Associate Professor*

Zhao Guanghan
FHEARA

Zhao Guanghan
Specially Appointed Research Fellow
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Yuki Onishi

Research Fellow
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Go Hasegawa

Professor*
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Naofumi Homma

Professor*
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Interdisciplinary ICT Research Center
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Godai Saito
Specially Appointed Assistant Professor
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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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® XR Communication Technology Research
Group
Research on rich communication technology utilizing non-

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

® Applied Research Group

Applied research in various fields

® Industry-University-Government Co-
Creation Planning Office
Planning and promotion of R&D from basic research to

social implementation of research results through industry-
university-government co-creation

76 | BLUBIEHTIZEFT = RIEC 2025/2026



B L — 7

Ad-hoc research groups



WENRIRAR Y IL—7

Ad-hoc research groups
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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 THNEF ) T4 = Cyber-Physical Security Research Group
7N —7
RER B WX Naofumi Homma, Group Leader
B8 Bk GAN—BA TV REE—) Takuo Suganuma (Cyberscience Center)
P& &b Takahiro Hanyu
Fa FA Noriharu Suematsu
BAR EX (BRBFPERD Takafumi Aoki (Graduate School of Information Sciences)
TNk = (1FIREEZERD Nei Kato (Graduate School of Information Sciences)
FiE =R (TEHERD Akinori Ito (Graduate School of Engineering)
AETE—ER (TEHfZERD Shin-ichiro Omachi (Graduate School of Engineering)
il K (TEMERD Hiroki Nishiyama (Graduate School of Engineering)
KA BB (AN—HYA IV AL E2—) Takaaki Mizuki (Cyberscience Center)
BEH Masanori Natsui

PR T (HAN—HPAI VR E—) Toru Abe (Cyberscience Center)

loT. M2M. CPS & W2 fe mHARIEMIBEEMDTc  For the next-generation information and communication infrastructures such
B, VI O THEBAIER. AT LEFa1) T 1. asloT, M2M, and CPS, we aim to developing information security technolo-
N—=Fox7tFa)rq, @ER7—FT77F+¥3FH gies to ensure security and reliability at the level of vast and diverse informa-
SORMRTO v U AEFFHE T DHEEICLSE  tion sources (i.e., embedded devices such as sensor terminals) in a vertically
BHREMET7 7O—FICLY. BAD DZHEIER  integrated manner from the viewpoints of software constitutive theory,
HER (T THEEREEDT/INA ZA/N—RKT7) system security, hardware security, circuit architecture and next-generation
DNV STV AT LDREN - EFEHZIERT S microprocessor.
1B+ T« BRIz BiEd.
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w BT 2 FNA A - WIEERESE )V —7 = Brainmorphic Nano-Devices and Circuits
Research Group

K&k LX =R Hideaki Yamamoto, Group Leader
ik i Shigeo Sato
R B Shunsuke Fukami
PE &b Takahiro Hanyu
BH Mo Masanori Natsui
TEH ES Ayumi Hirano-lwata
DA k21 Satoshi Moriya

WE, HEN— R T 7OMEHSNBRATHSH.  Brain-inspired hardware systems have been actively developed recently.

KEEOMAICIFIZEL. KEBTL—2 X)V—IC  However, a big break-through to the true brainmorphic system has not been
IEES>TWVWEW, ZT T HORFOEBEFHHE  reached yet.
[ICEDE. BICHICBITDENMIEDPL A F 27 X This research group aims at development and implementation of novel
oS/ TINA ZAPHEEEEHERBOIROYIE  brainmorphic computational hardware that reproduces the bio-physics and
ERAF I REFRALTCERT S, HLVKAEE  dynamics in the brain directly through dynamics and physics of nano-devices
WU —F 770 F v DR EZOERERERICKS  and ultra-low-power integrated circuits based on the latest physiological
REZHIET, knowledge.
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® Beyond 5G Network Technology Research Group

Akira Satou, Group Leader

Keisuke Kasai

Nobuyuki Matsuda

Nobuhide Yokota (Shizuoka University)
Masato Yoshida

For next-generation wireless communication systems, Beyond 5G (B5G),
realization of the optical-wireless-converged full-coherent transmission net-
work that seamlessly connect the optical-fiber network and terahertz wire-
less network is necessary. This research group aims at realization of the B5G
full-coherent transmission networks in close cooperation by researchers who
specialize in optical fiber communications, terahertz wireless communications,
optical-wireless mutual converting devices/systems, quantum computing, and

network systems.

= Edge-AI Semiconductor Group

Takahiro Hanyu, Group Leader
Norihiro Kiyoshige

Shigeo Sato

Go Hasegawa

Shunsuke Fukami

Naofumi Homma

Masanori Natsui

Naoya Onizawa

While the usefulness and potential applications of Al and neuromorphic com-
puting are increasingly expected, there remain numerous challenges toward
their implementation in society. For example, although there is a strong de-
mand for higher performance and sophistication in Al processing at the edge,
there are significant limitations in infrastructure costs, such as power supply
and installation scale. To address this issue, it is essential to bring together a
wide range of new technologies—such as novel computational algorithms, ar-
chitectures, circuit designs, and device/material innovations—that differ from
conventional approaches. This group
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RRERRICE HERIERZDRAE N EDORE « BIc L. #ife
IRFEIEITED CEFNRBEERMOAIL. BLUORELFPFIAMDE
MEEELTWS, BRI, &2 RO TAADREICEST T
EDTEBTRTFIIVEHEDERRICET S, EEUT 1. IRV
F— BROMAEZEDZATRENREE T 2 BT RIMOEIE
ISV TERRZR T — R DERERES K UHBFAZEOAEEICE ) #A TLVB,
Ffe. MEEOHANERZEL. BELIENREZE L. ENHL
DRYEH - AENRBEZRE CEDAMBRICEIT 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.
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Flexible Information System Center
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¢ Information collection, organization, dispatch,
utilization and research support environment

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

e Technical support for information networks and
systems in RIEC

NDH OV

Flexible Information System Center

B ATAEY ¥ —

MREREM > 2 —

Fundamental Technology Center

ORI, BLFEFR. 7/ ZFRSZIE.
BIREED e HDBRA BT DIRSE

Oa—=AlbzY FT—=7 DRSF

OMFEFRDZ LN T iz &

e Providing of technical skills of machining,
physical and chemical measurements, device
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

OMEFAD R LHEERAEF). FERERE
DRR. BLUHEDIE

OReBHEBRODERDRES LULRLHEE
EICEIT B 1BIRDINE

OBHEDLREEBIELHEANDT P/ XAPE
RO

OBESLUFEENRE LIREREBBE DX

OZANDAMERF PEE BT & DEERE

Ore@WEZERDRMIE

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

e 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

BT RS
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toa—E 3R Professor
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FifEE Technical Staff EATE
EL: BE Mutsumi Shuto EF 1z
HittsEs Assistant Technical Staff FAfrtEe
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Pt VAES

Printer Room

Yuko Maruyama
Technical Staff

Hitoshi Shoji

Assistant Technical Staff

Flexible Information System Center

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.

LT

=

=

Server Room
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Staff

fkiE /XM Shigeo Sato
t2—K (HR) Director, Professor

KK R Tamotsu Suenaga
BT S Technical Staff

Fl EBF Yuko Maruyama

e Technical Staff e

F[ER BN Maho Abe
Hilra Technical Staff

A% ffE Takenori Tanno
1= Technical Staff < n=]

FIER  #EA Kento Abe KH FA Kenji Ota

INEF FIEE Rikima Ono

W4 E= Hiroyuki Yagyu

K& f®IE Michimasa Musya B

Fundamental Technology Center

Technical Staff

Technical Staff

HiEe Technical Staff HitTE Technical Staff TS Technical Staff

HHE  FEH lori Morita BIE 3%EH YasuakiMaeda A7 fEZ Kana Tsukimoto

KitEae Technical Staff e Technical Staff RS Technical Staff

BRUBEMAMAICEVTE. ERREDSISEBELIRICEN MR  Pioneering studies in research areas from basic sciences to
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i - aﬂﬁJ%E@?ﬂ,\%ﬁ’Bo HEATRRDREEFTRETH S, &
feo FRIOMEEZIFR > TWD, TOLAITS/ « AL EERTE
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HRONELEERIHEL TV D,

K1 NCT 5 R
Fig.1 NC milling machine

2 XiRETEE
Fig.2 X-ray diffractometer

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, device processing, and
information management through the following four divisions.
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 BFHHEEEE
Fig.3 Electron Beam Lithography System
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Staff

B HX Naofumi Homma
= #R) Manager, Professor

i Shigeo Sato

BER E® Deputy Manager, Professor
fIER BN Maho Abe

Esna=) Technical Staff

mE B Hiroyuki Yagyu
Esna=) Technical Staff
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Hazard prediction trainingd

REFEHEER (Web FtE)
Safety and health seminars (Webinar)

Management Office for Safety and Health

The Management Office for Safety and Health is an organi-
zation of the RIEC that aims to ensure the safety and health
environment of faculty members, students, and staff who co-
operate in the promotion of research, and to provide safety
advice and cooperation so that activities can be carried out
smoothly.

Specific activities include safety management guidance relat-
ed to experiments, confirmation of sanitary conditions in the
premises and buildings, and holding of various committees
and training sessions on safety.

In the safety management guidance related to experiments,
since there are research activities involving the handling of
hazardous chemical substances such as chemicals and high
pressure gases and hazardous equipment such as X-ray
equipment, we provide the guidances on the management of
chemical substances and the proper operation of equipment
in accordance with university regulations and internal regula-
tions of the research institute.

In the checking the sanitary conditions in the premises and
buildings, we carry out regular patrols to prevent the occur-
rence of any situation that could lead to an accident or inci-
dent,

and distribute and replenish disinfectants to maintain a sani-
tary environment.

In the holding of various committees and training sessions on
safety, we carry out the preparation of safety and health com-
mittees, safety and health seminars, high-pressure gas safety
seminars, and so on.

BEHABROER
Management of container
FEARDRH., FERE
Return or disposal of container
EENSDEABTRIHERICHMRBAISEIT S
Borrowed container must be returned within the
time limit
FARHRORETEMRXEITIKEATD
Disposal of unnecessary container
> authorized specialist

BRI ARD/O T @IITRIEL 200
Don't touch the valve of deteriorate container

BEAAREZHEER (Web M)

High-pressure gas safety seminars (Webinar)
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Research Activities

FALR B BEM e ¥ ¥ R Y7 A

RYVRITLFESR - BE - BEFNUBERIFODHFICHS
I AREHOBEELERBICOVTLEDOHSEE DA THE
ICIBERARHBEL, &I D EABNE L TEEINZEDT
b5, FICFR 8 FEEHSIZCOE (Center of Excellence) #2&
ICKBEBY VR DLAZBETES KDY, EROBH
TURI T (BRFI39E~FA, O F 7B Hifa L. @bt
B VRITLEZIETE LT,

BEREFHARMERS > RI T L (2025 FERETE)

B Symposiums Organized by the Institute

This Symposium is planned to exchange relevant information on
current important topics concerning Electrical Eng., Electrical
Communications, Electronic Eng., and Information Eng. Many re-
lated researchers inside and outside Tohoku University participate
in the Symposium and stimulate discussion.

International Symposium organized by the Institute (Scheduled to be held in FY2025)

EF 22

FRETE

The 3rd Japan-Turkey Collaborative Symposium on Magnetism (JTSM) June. 24-25, 2025

RIEC International Workshop on Spintronics

Nov. 13-14, 2025

The 14th RIEC International Symposium on Brain Functions and Brain Computer Feb. 25-27, 2026

The 15th International Workshop on Nanostructures and Nanoelectronics Mar. 2-3, 2026

11th CIES Technology Forum

Mar. 16-17, 2026
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THE RECORD OF ELECTRICAL AND
CCOMMUNICATION ENGINEERING CONVERSAZIONE
TOHOKU UNIVERSITY

THE RECORD OF ELECTRICAL AND
COMMUNICATION ENGINEERING CONVERSAZIONE
TOHOKU UNIVERSITY

Vol.93  No.1 July 2024 Vol.93  No.2 March 2025
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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 research
results of the Institute as well as the result of the Graduate Schools
of Engineering, Information Sciences, Biomedical Engineering.
Since the journal also aims at publishing general research activi-
ties 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 re-
ports on nation-wide cooperative research projects, international
symposium, and the reports and evaluation on the RIEC advisory
board members. English version is also available since 2007.

BRGEET R
R ES R Annual Report 2023
$£30S (20234E) Eﬂ;::;o’zlmrmlco mmmmmmmm
Annual Report 2023
Research Institute of Electrical Communication
T Ui
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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 B ARFEREITERIARIZ40%. AIHIRIZ 1445, FEAFEE
3498 TH %,

Zofttlc, ZFEMERE. MAAEMRE. BRZHERERERD
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D=0 3y TTORRES
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 2025, 49 undergraduate students, 144
master course students, and 46 doctor course students are study-
ing at RIEC

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

AREL=
Seminar scene at a laboratory

88 | BXUEISHIZEFT = RIEC 2025/2026



ES[ESET)

International Activities
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International Academic Exchange Programs

RERFMTRIGE
University Level Agreements

Many of the staff in RIEC contribute to the development of tech-
nology and science in the world by serving as editors of referees
of international journals or by chairing or programming interna-
tional conferences. In some fields in electronics, electrical commu-
nications, 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 & EREREEAR B E# W E R WERREER B

Country Institution Date of Signing Country Institution Date of Signing
TAVA | AVTFIVZTRE (10K) 1990.3.15 Ry HAVP=RASUTIVY TRAE 2012.2.1
US.A. University of California Germany | The University of Kaiserslautern

F=ANSUT | ¥ RZ—K%F 1993.1.8 Ry ANRRT-TUNIITKERA Y 2012.2.6
Australia | The University of Sydney Germany | Johannes Gutenberg University of Mainz

7A)AH N—FT1—K%F 1997.9.23 2A FUOEV Y FIRKREN TR 2012.11.26
US.A. Purdue University Thailand King Mongkut's University of Technology Thonburi

YRRV | 2 AR—VETRE 2000.9.16 KA1y L=y Y IRKF 2013.10.31
Singapore | National University of Singapore Germany | Chemnitz University of Technology

=p} EraEAF 2000.11.18 AFVR | AZN\=2 T« - ALy Y- OYEFY| 20131121
Taiwan National Taiwan University UK University College London, UCL

AA AA ZEBIHAFO—T> AR 2000.11.20 A=ANIUT | AIVRIL Y KFE 2014.11.7
Swiss Swiss Federal Institute of Technology in Lausanne Australia | The University of Melbourne

=p) EirERZE 2003.11.14 Ry L=V ATV KE 2017.3.16
Taiwan National Chung Cheng University Germany | University of Regensburg

=§) ETTARIhAS 2005.8.9 Ry FIVT > TIVGRE 2017.7.13
Taiwan National Cheng Kung University Germany | Carl von Ossietzky University of Oldenburg

=§} E1IRERRRE A 2005.12.15 TAVA | TARAKE 2017.7.21
Taiwan National Yang Ming Chiao Tung University US.A. Rice University

B RLATYIHAF 2006.6.26 TJIVA | OL—X2KE 2018.2.26
Germany | The Technische Universitat Dresden France University of Lorraine

Vabaid VA —R2—)V—KF 2006.10.30 ARAY | UIRVAKRE 2018.5.20
Canada University of Waterloo Spain University of Salamanca

TAUA | AVTFIVZTREF T ZN—NTHR | 2007.11.2 E BERE 2019.3.16
USA. University of California, Santa Barbara China The University of Hong Kong

TAUR | AVTFIVZTREN=T L—1% 2008.9.1 YRR | F YIRS 2019.8.23
USA. University of California, Barkeley Singapore | Nanyang Technological University

Vabatd FRIKE 2009.6.26 a7 B0 bRFIVT IV ERITRKFE 2019.11.22
Canada University of Ottawa Russia St. Petersburg Electrotechnical University

k1 NIV Y TRARE 2009.8.26 T7oVA | N ST LRE 2020.7.20
Germany | Berlin Institute of Technology France Paris-Saclay University

& EIEERT 2009.12.2 R=Z2V K| DI vy TRE 2021.3.4
Taiwan National Tsing Hua University Poland University of Warsaw

AA AAZEBIHAZT 12— v ER 2010.7.21 K=V R | R=5V R RRETHTI— 2021.7.23
Swiss Swiss Federal Institute of Technology in Zurich Poland Polish Academy of Sciences

k1w SAVAVIRKE 2010.8.3 sl RFIVKRF 2024.6.4
Germany | Technische Universitat Minchen Canada McGill University

&
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Department Level Agreements

B4 W E & HEMSEERR E% " E & EREFEA R
Country Institution Date of Signing Country Institution Date of Signing
K=oV F| R=5> FRIET7 AT I —YBEM%ER 1976.8.3 TIVA | IS IRKRET LAL/ANY 2017.10.25
Poland Institute of Physics, Polish Academy of France Télécom Paris, Institut Polytechnique

Sciences de Paris
PNV B AN )
RAY | PAIAFE— 2001.1.22 =5 Eiﬁ;k;ﬁuf/btya 2018.7.31
E * Y —
Germany | IHP-Innovations for High Performance Taiwan Center for Artificial Intelligence and
Microelectronics Advanced Robotics, National Taiwan
TSV | EREHER 2005.10.24 - ety
771/‘&’(17'/*7'(1\/7\?@‘&\/9* o> OY7RZT7H7 I —BaEEFEK 2020.9.25
- BFIFHRF 50
France The Interdisciplinary Center on ;97%5]-?;73?:—%@’&%@?{3}}%@?
Nanoscience of Marseille, National ) = e X
entifi Russia V.G. Mokerov Institute of Ultra High
Center of Scientific Researc Frequency Semiconductor Electronics
HhE CHER S S AR Zo 2007.4.12 of the Russian Academ){1 of Sciences,
and Prokhorov General Physics Institute
China !Ar\wst‘gute of{ ge_miconductors, Chinese of the Russian Academy of Sciences
cademy of Sciences
TAVA | T hA-ZAKRFE - 2009.12.9
AV LAy bT—2 %5
USA. WINLAB (Wireless Information Network
Laboratory), Rutgers University

AR B EAPWEZRZ LTOLHEEY v —F v

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

1 Applied Physics Express (APEX)

2 Audito

ry Perception & Cognition

3 Bioinspiration & Biomimetics

4 e-Journal of Surface Science and Nanotechnology

5 Frontiers in Physics

6 Frontiers in Psychology

7 Frontiers in Robotics and Al

8 ICT Express

9 |EICE Transactions on Communications

10 |IEICE Transactions on Electronics
Special Section on Microwave and Millimeter-Wave
Technologies

11 |IEEE Transactions on Magnetics

12 Japanese Journal of Applied Physics (JJAP)

13 Journal of Cryptographic Engineering

14 Journal of Magnetism and Magnetic Materials

15 Journal of Physics D: Applied Physics

16 MDPI Magnetochemistry

17 Science and Technology of Advanced Materials

18 Scientific Reports

19 Spin
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International Conference programmed by a staff in RIEC

1 ACSIN-16/ICSPM-34 12 IEEE WCCI 2024

2 ALC2024 13 Intermag 2024

3 ASIACRYPT 2025 14 International Conference on Magnetism (ICM) 2024

4 ASIACRYPT 2026 15 ISMVL 2025

5 COSADE 2024 16 JSAP M&BE11

6 DATA2025 17 KJF-ICOME2025

7 EM-NANO2025 17 Magnetics and Optics Research International Symposium
(MORIS 2024)

8 IEEE HPSR 2025 19 The 8th International Symposium on Swarm Behavior and
Blo-inspired Robotics 2024

9 |EEE ICCCN 2025 20 The Magnetic Recording Conference (TMRC) 2024

10 IEICE ICETC 2024 21 Western Pacific Commission for Acoustics

11 IEEE International Symposium on Radio-Frequency
Integration Technology (RFIT)
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Publicity Activities
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https://www.riectohoku.acjp/koukai/

B AR B ORRT
A scene on the day of RIEC Open Day

RIEC News

BRUBEMEMOLRESND—RE L TZ2—AL%— [RIEC
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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 labora-
tories, research centers, and machine shops of RIEC exhibit various
types of demonstrations focused on their research fields.

The exhibitions include some historical devices and instruments
developed 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 participate 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. From
FY2022, we have restarted holding it onsite, and in FY2023 we held
it as a joint one-day event with other research institutes on Katahira
campus for the first time in 6 years. About 620 people selected by
lottery in advance among about 3000 people enjoyed each open
experiment and craft class so as to form a long line at each booth.
From the next RIEC Open Day, which will be in FY2025, we will hold
it biannually in October as a joint one-day 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/

NEIRER - TIFEZRLGBMNE

Participants enjoying the open experiment and craft class

B RIEC News

As a part of RIEC's publication service, “RIEC News" was published.
With the 75th anniversary of the establishment of RIEC, RIEC News
introduced 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
featured special topics such as large-scale projects and Specially-
Promoted Research, etc. RIEC News also included 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
publication style as before. From April 2020, in order to bring you
the latest research results and event information as quickly as possi-
ble, RIEC News was renewed to a new web-based publication style.
The RIEC Newsweb was published by the following link.
https://www.riec.tohoku.ac.jp/riecpr/

From 2024, we shifted the publicity activity from Web-based style
to SNS-based style.
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Staff (as of May 1, 2025)

ik ()8R

Director, Professor

A W fmoE

Kazushi Ishiyama

BRZEERFT

STE Y AT NEAERIRERPT

Research Divisions

Computing System Platforms Division

B EEBEFIFHEE

Solid State Electronics

H O Professor (1 B X 1) (Shigeo Sato)

BB &® Professor* = OB B O Tetsuo Endoh

EE ) Professor* H & ® A Eiji Higurashi

R Associate Professor m B B — Hirokazu Fukidome

R GR) Associate Professor* fd H & Takeru Okada

B FEF/ 7\ RARE Dielectric Nano-Devices
H O Professor (8 #F [E ) (Masafumi Shirai)

B B Professor* N E B Tetsuya Kodama

B OE G Professor* - i Shin Yoshizawa

AR Associate Professor T N Kohei Yamasue

R Associate Professor T ok R B Yoshiomi Hiranaga

B MERRERETIASE Materials Functionality Design
B Professor B # E X Masafumi Shirai

B R Professor* H & M 2 Kazuyuki Tanaka

E O )) Professor* KX B B 2 Masayuki Ohzeki

£/ C ) Professor* E M & X Atsufumi Hirohata

AR Associate Professor M B Azh0 Kazutaka Abe

R (GR) Associate Professor* 5 B M & Kazunori Takahashi

B # Assistant Professor o) #OA Masahito Tsujikawa

St =] Research Fellow 5 Ea Zijian Qiao

B X2 hbOZ7AHR=E Spintronics
B = Professor w® B B & Shunsuke Fukami

BB &® Professor* Z B R X Yasuo Ando

BB &® Professor* g % K Takehito Simatsu

BB &® Professor* =R fh Shin Saito

EE - ) Professor* D == BT = — Shoji lkeda

EE - ) Professor* X % 8 E Mikihiko Ogane

ESOE - ) Professor* A B E & Masakiyo Tsunoda

R Associate Professor & F Ly Shun Kanai

R GR) Associate Professor* N g oz Tomoyuki Ogawa

R GR) Associate Professor® L AR A Yuta Yamane

8 #H Assistant Professor* Sud Aakanksha Sud Aakanksha

MRS Specially Appointed Research Fellow 3, # = & Yukihiro Marui

BEMRE Specially Appointed Research Fellow  Lagarrigue Aurelien Lagarrigue Aurelien

ERE Specially Appointed Research Fellow  De Zoysa KarunathilakaVihanga ~ De Zoysa Karunathilaka Vihanga
FHERRE Specially Appointed Research Fellow  Fernandes Cacoilo Nuno Filipe Fernandes Cacoilo Nuno Filipe
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RS Specially Appointed Research Fellow — SAJJERI B Ryo Kawarazaki

B F/ERTNAR - VAT LHARE Nano-Integration Devices and Systems
H O Professor r B ORI Shigeo Sato

B R G Professor* B L 2 & Masanori Hariyama

OB (R Professor* 2 H B A Rihito Kuroda

IR Associate Professor B E B X Masao Sakuraba

TR Associate Professor & = BB Hideaki Yamamoto

HHR (3R Associate Professor* Waidyasooriya Hasitha Muthumala  Waidyasooriya Hasitha Muthumala
FHEBI# Specially Appointed Assistant Professor 5F & il Satoshi Moriya

FhAEE Research Fellow a il g Masaya Ishikawa

B EF77/\1 AHRE Quantum Devices
SRS Associate Professor K &K B E Tomohiro Otsuka

B SEHHAEY bOZT X731 ARRE

Innovative Spintronic Device

WO Professor Bengt Johan Akerman Bengt Johan Akerman

MR (GR) Associate Professor® Awad Ahmad Awad Ahmad

B # Assistant Professor T+ B B & Takaaki Dohi

B OVEa—7 1 V7 ERERMREE Computing Information Theory
O] Professor R = N Keisuke Nakano

B o® G Professor* K B B8R Shinichiro Omachi

R (R Associate Professor* B OH OE X Masao Sakai

HEE (GR) Associate Professor* B & F 7 Shuiji Isobe

EHER R Associate Professor* 2 5 = Tomo Miyazaki

By # Assistant Professor % B oz Kazuyuki Asada

By # Assistant Professor %M AR Kentaro Kikuchi

B LR VLS & R T LHRE New Paradigm VLS| System
- Professor P & & 5h Takahiro Hanyu

B R (R Professor* 5F K # X Takafumi Aoki

R Associate Professor E H K M Masanori Natsui

R Associate Professor B OR B & Naoya Onizawa

B G Associate Professor* 7B R — Koichi Ito

FifzE 8 Research Fellow X B Ok ¥ Tomohiro Yoneda

B /74 bIL7 bOZT AARE Nano-photoelectronics
B E Professor* OB "X Hideo Fujikake

QI E: ) Professor* A i = Takahiro Ishinabe

B VUMY TIERRE Software Construction
B ® Professor BB L& Hiroshi Unno

B R Professor* % R 22 Ayumi Shinohara

B B G Professor* £ H BT Eijiro Sumii

MR (3R Associate Professor* W HE — #F Kazutaka Matsuda
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M (3R Associate Professor® = fh bl Ryo Yoshinaka

B # Assistant Professor Eberhart Clovis Eberhart Clovis

B BT LEEFEMERE (B8) Computing System Platform Technology (Visitor Section)
BEMHR Visiting Associate Professor X N OB Naoka Nagamura

Information Communication Platforms Division

Ultrahigh-speed Optical Communication

E ] Professor E /| B 2 Toshihiko Hirooka

ESOE - E ) Professor* W oE oA Yuji Matsuura

I Associate Professor B oA Keisuke Kasai

B [CAEFHFMRE Applied Quantum Optics
] Professor (A H# ExX) (Masafumi Shirai)

B E & Professor* i & &K F Kyoko Kitamura

AT Associate Professor T B E A Masato Yoshida

W RiT AV L BERITHEE

Advanced Wireless Information Technology

B B

B R G®
RrEEUR
R IR
R GR)

Professor

Professor*

Specially Appointed Professor
Specially Appointed Professor
Associate Professor*
Assistant Professor

Research Fellow

Research Fellow

K B FE A Noriharu Suematsu
3 58 Qiang Chen

2 al Takashi Shiba

B K 1B 8 Satoshi Tsukamoto
5 B F th Keisuke Konno

& m OB Tomoyuki Furuichi
[LiR 54 A Tamotsu Nishino
H oL B = Tori Inoue

B ERA ML =YY RT LHARE Information Storage Systems
E Professor (KB H ) (Naofumi Homma)

B R &R Professor* =] BE Xiao Zhou

B R G Professor* F B B Takehiro Ito

BB & Professor* oA BB Takaki Nakamura

BB ® Professor* oK iz} Akira Suzuki

R Associate Professor Simon John Greaves Simon John Greaves

B B70— NN\Y NMESUIBHERE Ultra-Broadband Signal Processing
] Professor (Em#EE) (Toshihiko Hirooka)

B R Professor* ol ok Hiroki Nishiyama

B E G Professor* * N B W Tetsuya Suemitsu

RIS Associate Professor 1 & i Akira Satou

TR Associate Professor I = = Tsung Tse Lin

B # Assistant Professor* = A Tang Chao

FhTAZE R Research Fellow Ryzhii Victor Ryzhii Victor

B EFEREETIEMRE

Quantum Optical Information and Communication Engineering

B B

Professor

w | F = Nobuyuki Matsuda
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= Fumihiro Kaneda

Network Architecture

ESOE ) Professor*

B Xy bET—0T7—FT0F vHRE

B ' Professor

ESOE - ) Professor*

B #® Professor*

B B Professor*

BB &® Professor*

R GB) Associate Professor®
R (R Associate Professor*

s=2 ] Go Hasegawa
OB s B Hiroumi Saito
E72 TR ER Kentaro Inui
3PN pEd Jun Suzuki

XK K B BH Takaaki Mizuki

' B = MR Hideaki Goto

Ik O B #h Keisuke Sakaguchi

B RERAEF 1 7ER AT LHARE

Environmentally Conscious Secure Information System

Professor

RS Specially Appointed Research Fellow

Naofumi Homma

& B H X

Tasso Elise Lea Marlene Tasso Elise Lea Marlene

B FREEEERNMERE (B2

Information and Communication Platform Technology (Visitor Section)

BEHE Visiting Professor E 2 3\ = Hiroyuki Nagasawa

=S Visiting Professor i NI = Yasunori Suzuki

BEARIE Visiting Associate Professor + % 8 Rei Ueno

B E A Visiting Associate Professor Wang Lan Wang Lan

AR - ERIERS X T LHZEERR Human and Bio Information Systems Division
B ERBHIERARE Electromagnetic Bioinformation Engineering
E O] Professor a W mo=E Kazushi Ishiyama

E ] Professor B2 B BT Yukiko Takahashi

B r® Professor* 2 H b Makoto Tsuda

B B &® Professor* E B | T Takashi Watanabe

ES G AC ) Professor* = S - — Kenji Nakamura

BB &® Professor* % Lk = Shin Yabukami

O ) Professor* = OB #§ Yasushi Endo

R Associate Professor ' B X — Taichi Goto

HHIR (3R) Associate Professor* ZKH % 5A Akihiro Kuwahata

EHR R Associate Professor* E & % Yoh Nagasaki

R GR) Associate Professor* = B B Sho Muroga

E OB (B Lecturer* BARKRE)mE Hanae Aoki (Kijima)

B EHEERY AT LHEE Advanced Acoustic Information Systems
B ® Professor kR KX & — Shuichi Sakamoto

BB &® Professor* # & = 8l Akinori Ito

IR (GR) Associate Professor® BE B [ Takashi Nose

HEEIE GR) Associate Professor* wm Nl oT #E Mototaka Arakawa

By # Assistant Professor* Sun Sai Sun Sai

B SXRBEERY AT LFRE Visual Cognition and Systems
H O Professor (IR &= & —) (Shuichi Sakamoto)

EE - ) Professor* 2 H B X Norihiro Sugita

EHR R Associate Professor* & m = Chia-Huei Tseng
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B BRIV —T 0V IHRE Real-World Computing
¥ ® Professor a 8 2 X Akio Ishiguro

B % Assistant Professor & R s Akira Fukuhara

By # Assistant Professor E2 B NI N Shura Suzuki

B #H () Assistant Professor* Z H EKRE Kotaro Yasui

B 7/ NATREDTFTINA ARRE Nano-Bio Hybrid Molecular Devices
] Professor T HE 5 Ayumi Hirano

B R G Professor* HFE E X Tatsuo Yoshinobu

B R Professor* XN EE Kengo Kinoshita

B R R Professor* & F & B Toshiro Kaneko

B R &R Professor* i iz Makoto Kanzaki

B R Professor* K # " Takeshi Obayashi

B R Professor* m g & 5 Toshiaki Kato

EHR R Associate Professor* 2 A AR Koichiro Miyamoto

HEEE G Associate Professor* 7 BOES Hafumi Nishi

B # Assistant Professor* R E Kaoru Hiramoto

BN Specially Appointed Assistant Professor /N & R % Maki Komiya

B (AT TAVT VYRR Interactive Content Design
¥ ® Professor It & B X Yoshifumi Kitamura

BB ® Professor* m g = Nei Kato

E - ) Professor* B B8 B X Takuo Suganuma

BB &® Professor* = # — Yuichi Kawamoto

T Associate Professor OH M oz Kazuyuki Fujita

HEER (R Associate Professor* G = Toru Abe

By #H 3B Assistant Professor* B K B = Yumi Hamamoto

B EFBERRATLHRE (B8) Bio Information Systems (Visitor Section)
BEHR Visiting Professor H k£ X E Mitsuteru Inoue

EEMHIT Visiting Associate Professor f AN R B Takuma Okamoto

WE+ ./ - A RERHES Laboratory for Nanoelectronics and Spintronics
MR (6f) /#d% Director, Professor e B X I Shigeo Sato

N HES Cooperation Section
KifiErIHe % Technical Staff* # H # 8 lori Morita

BifiEE ) Technical Staff* N B B Rikima Ono

KitTErIHeE % Technical Staff* R & f@ E Michimasa Musha
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B X2 Oz RBRE Spintronics
B B Professor xR B Shunsuke Fukami

B B &® Professor* Z B R X Yasuo Ando

B R &R Professor* B =2 R = Takehito Simatsu

B B &® Professor* = fh Shin Saito

B R Professor* M H E = Shoji Ikeda

B B &® Professor* K F 8 E Mikihiko Ogane

B B Professor* A B E A Masakiyo Tsunoda

IR Associate Professor £ H 3 Shun Kanai

EHR R Associate Professor* N g Z Tomoyuki Ogawa

HEEE () Associate Professor* LR X Yuta Yamane

By #H 3B Assistant Professor* Sud Aakanksha Sud Aakanksha

B S/ N AARED T T/ A ARE Nano-Bio Hybrid Molecular Devices
.y Professor T E S Ayumi Hirano

B r @ Professor* =5 & X Tatsuo Yoshinobu

R (3R Professor* XN BB Kengo Kinoshita

B R Professor* ® F B W Toshiro Kaneko

B oE G Professor* o B Makoto Kanzaki

B B Professor* K i Takeshi Obayashi

B oE G Professor* m o & mE; Toshiaki Kato

R R Associate Professor® = RN E—HR Koichiro Miyamoto

EEEE (3 Associate Professor* B oxE Hafumi Nishi

B # & Assistant Professor* T E Kaoru Hiramoto

BRI Specially Appointed Assistant Professor /N & F Maki Komiya

B F/EETINAR - VAT LARE Nano-Integration Devices and Systems
O] Professor e B X I Shigeo Sato

B R G Professor* R oL 2 @ Masanori Hariyama

B r® Professor* 2 H B2 A Rihito Kuroda

B Associate Professor BoE B X Masao Sakuraba

R Associate Professor oA % Bj Hideaki Yamamoto

EEEE (3R Associate Professor* Waidyasooriya Hasitha Muthumala Waidyasooriya Hasitha Muthumala
FHEBIE Specially Appointed Assistant Professor 5 & 7" Satoshi Moriya

B EFMALEY FOZ7 X7\ AHARE

Innovative Spintronic Device

E O] Professor
R R Associate Professor*
By # Assistant Professor

Bengt Johan Akerman

Awad Ahmad
T B &

3

Bengt Johan Akerman
Awad Ahmad
Takaaki Dohi

MET LA >0 1 7 HZRRhEs%

Laboratory for Brainware Systems

mERE (6 B Director, Professor

Takahiro Hanyu
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B - ¥R URTLHRE Recognition and Learning Systems

£ Professor kR & E — Shuichi Sakamoto

B R VLS| 2 AT LR E New Paradigm VLS| System
H R Professor B £ & 5h Takahiro Hanyu

QI E: ) Professor* 5 K £ X Takafumi Aoki

IR Associate Professor E A O o#H Masanori Natsui

R Associate Professor & R B & Naoya Onizawa

HHIR (3R) Associate Professor* B BE — Koichi Ito

B =ERIVECa1—T 0 VIHRE Real-World Computing
B’ Professor a B E X Akio Ishiguro

By # Assistant Professor " R Vi Akira Fukuhara

By # Assistant Professor ]ORN K B Shura Suzuki

By #H R Assistant Professor* 7 H EKRE Kotaro Yasui

Mi/E2 1t BB SRRz >~ 2 —

- ) Director, Professor * W OE A Noriharu Suematsu

B EFEMREHERE Industry-Academia-Government-Collaboration Research and Development Division
R (G Professor* x W F A Noriharu Suematsu

OB (R Professor* A B H X Naofumi Homma

BEHE Visiting Professor R & B F Satoko Itaya

FEMEHR Visiting Associate Professor B & & Takashi Maehata

B FBEHEZEER Interdisciplinary Collaboration Research Division
B HEHER Exploratory Research Division
R (G Professor* it & & X Yoshifumi Kitamura

OB (R Professor* N = Noriharu Suematsu

R (GR) Professor* A BEOH X Naofumi Homma

YAN—=&UTIVICT ZEREHZEL > 2 — Interdisciplinary ICT Research Center for Cyber and Real Spaces

rE—R ) HE® Director, Professor It & 8 X Yoshifumi Kitamura

B ABEIZ2Z5—YarBEmERIIL—T Hurman Communication Science Research Group
By B ® Professor* R H B 2 Nobuyuki Sakai

B B Professor* 2 B T o= Motoaki Sugiura

By #® Professor* e — & Kazumichi Matsumiya

THEHR Associate Professor = m = Chia-Huei Tseng

SHTBNE Specially Appointed Assistant Professor 2% B A X Godai Saito

KEBI Specially Appointed Assistant Professor  Cheng Miao Cheng Miao

ESUESHIZERT » RIEC 2025/2026 | 99




m AT Al Research Group
BB ® Professor* 72 AR Kentaro Inui

woE G Professor* K B E—RR Shinichiro Omachi

BB &® Professor* 3PN b Jun Suzuki

FERE Specially Appointed Research Fellow Schneider Victor Pierre Schneider Victor Pierre

B v NT—UEBMRIIV—T Network Platform Research Group
E O )) Professor* p==aill i Go Hasegawa

BB ® Professor* BEm| e E Toshihiko Hirooka

B #® Professor* * B OE A Noriharu Suematsu

B B2 ® Professor* B 2 4R Takuo Suganuma

B tFXaUrEBMRIIL—7 Security Platform Research Group
BB ® Professor* X B H X Naofumi Homma

B XROZa2Z4/—2 a3 VEmmRdIL—7 XR Communication Technology Research Group
R (G Professor* It & 8 X Yoshifumi Kitamura

B B ® Professor* R KX B — Shuichi Sakamoto

EEHE Visiting Professor = N E2 Taku Komura

JEEEhEEED Part-time Lecturer oK P Ryo Suzuki

IR E Specially Appointed Research Fellow Zhao Guanghan Zhao Guanghan

FRE Research Fellow X B & B Yuki Onishi

B SEMRY IV Applied Research Group
B B Professor* A 7 Guang Hong

EOE - ) Professor* s il B Toshiya Irokawa

BB G Professor* N E #F Masanori Yamauchi

R GR) Associate Professor* B N oz Kazuyuki Fujita

- TNE ) Lecturer* X A O F Eiko Onishi

B EFEHAICEZR Industry-University-Government Co-Creation Planning Office
BEEER ) Specially Appointed Professor* F 7 54 # Hiroki Shoji

R Specially Appointed Professor & B &8 % Michihiro Shimada

HEEER

Management Office for Safety and Health

W
‘

E R &R
BER GB#8E

Manager, Professor*

Deputy Manager, Professor*

B #H X
B R

Naofumi Homma

Shigeo Sato

PHOOSOMER AT LY Z2—

Common Research Facilities

Flexible Information System Center

Tra—k ) BE

Director, Professor*

Go Hasegawa

ZEE AR > 2 — Fundamental Technology Center

trE—K G HEK
LEEMEFIE iR

Director, Professor*

Technical Staff

Shigeo Sato

Tamotsu Suenaga
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N TR

Machine Shop Division

FiiEFE (JIV—7F) Technical Staff LI =N Kento Abe

FiiiEE Technical Staff B H % MB§ Yasuaki Maeda

FitrEE Technical Staff B X £ = Kana Tsukimoto

L I Evaluation Division
HimErme (JI)L—7K) Technical Staff F o 1’ Takenori Tanno

HitEMEE Technical Staff o2 B M#H Maho Abe

REitrErIEE Technical Staff W o4& B = Hiroyuki Yagyu

B JOtuRE Process Division
HiErme (JI)L—7k) Technical Staff R & f@ E Michimasa Musha

Kt ErIsE Technical Staff # H # 8 lori Morita

B EE Technical Staff N BB Rikima Ono

B FEEAE Information Technology Division
RiiEMEE (VIL—7 k) Technical Staff X B £ A Kenji Ota

RirErIEE Technical Staff Ao B F Yuko Maruyama

EB AR Office for the Promotion of International Relations
R Specially Appointed Professor B B B R Norihiro Kiyoshige
EFEESHER Cooperative Research and Development
TR Specially Appointed Professor h B M = Masami Nakajima

BEEER (B Specially Appointed Professor* F 7 5L & Hiroki Shoji

EHER Administration Office
EBE General Manager 1 B K 17 Masayuki Sato

BRI Deputy-General Manager P = Manabu Watanabe

==l )= Associate Expert ® K ES Itaru Suzuki

WHRE Chief of General Affairs Section T ol B & Masaki Shimoyama

B NRE Chief of Research Cooperation Section ~ #f )I1 @ Ken Tsunakawa

BERE Chief of Accounting Section N 1& Osamu Kobayashi

AERE Chief of Purchasing Section ® B R A Hayato Goto
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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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S
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Research Institute of Electrical Communication

RIEC ﬁﬂtk‘f‘;’é %%ﬁi&%‘;ﬂ-%ﬁﬁ TOHOKU UNIVERSITY

T980-8577 ALEHEEXAFTHI1-1
TEL : 022-217-5420 FAX : 022-217-5426
https://www.riec.tohoku.ac.jp
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