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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,” and the university’s social responsibility has
become greater than ever. 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 future

applications, with the ultimate goal of building a better
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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
the Interdisciplinary ICT Research Center for Cyber and Real
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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
2025, as much as 136 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
in 2017,

the spintronics research led by RIEC faculty members was

special status of "Designated National University”

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

is to promote research and development to build disaster-
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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 renovation of the former Building No.2, conducted under
the PFI project, has been completed at the end of October
2025, and the new building which is named Global Connect
Hab has been opened. The new building features spaces
based on new concepts, such as an open innovation space.
We will make maximum use of these spaces to continue our
vigorous efforts to promote and strengthen industry-academia

collaboration.

In 2026, our 91st year, we are 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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We draw up the RIEC vision based on the institute missions, which would contribute to the Tohoku University Vision2030.

FERDI v v a >y GEARME - flid)]

BROBEMEHMIE. BEERUBXIERESICE
THINETORERRBEERE L. ZITHEDDN
TETIRAIMEEMIBIRATE L COBENEATEN L
T, NBEBBOANSZ 1V E2—T T 1 RAETE
HEFELIEABEE,ZDAZ 12—V a3 Vv ARE
T AHRENRERIMOFELCHOMEE., DD
FOAETREE L CEF| LEITET,

(BERESRALIC U 7= HUHL A 8]

BREEAEDFICH T ZEEE R LAEDE
HMICEMRT 2HREHET BT L2 BIBL. FED
EEICRRYBHET,

O #febBlid, Tvyarye L THIFRE TARK
ENMEOAZ 1T/~ avDRE| ILET
ZEND DGR E —BIEEL LT,

O ﬂt%ﬁ BIRINF—TER- XBR8. &

CEBMEAB M EEPRE2E T S
%O\Eﬁkﬁ%m%@%®ﬁ%ﬁ%%ﬁﬁ
LET,

O #febld. REHDERDE - BIRBEHM
HEEBIC. INETEIBENICEESZSRD
BRUWEBYPOIZ 227~ 3 VICET B
FEEHELET,

(o R - o Bl 3K ]

1. BHREESFICE T BREZ R LAFEDOREAIC
BT D
BRBEEHREDFICHITDEFHMELY 3 Vi
BIC@EF. MmO DZENARZHELE T,
ZDeHIT. BEERTHITDHE. RITIHT
KB LCICFE - #RAHB. HEMNA - ZEH
SR RUREDHEEE. RSSO ERL & ER R
ROHE. EFEHEO—EDOHEISTHLET,

2. ZRGEMERADEI
ERNARZHET PN A T R T A
V17 FABIKG CCEHRERRZHET s
WENNEIRR T IV — T =R CE 2 RPTERE
EZTVET, TDfedlc. HEZZBERTH
BLIEBPICECET 5 & &, ISR &
LTHETOY 17 bHRA CE S EFIZEY &
Y. BEMRICESEBHEZRRL. & - 5t
EANZSCERBEAZRERLET,

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.

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

* We promote research and development on energy-efficient, high-speed,
and high-capacity information and communication technologies to
produce highly applicable, secure, 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.

BLUBEHIZEFT = RIEC 2026/2027 | 7



VAN
/A
CHRONOLOGY

1 #AxT

RIEKRZFICH T 2BEBEICEHT HHRIE 1919
F (KE8HF). IFMICBERIERMNMEEINY
MHSRmENE L, S BIEEVAIER
BIFEHFOT LIS, FRFRICHTVEA TS
BIFOMRICEZRAIFTCOER LT,

1924 F (KE13H), ANAFR K/RLF— F
ERRBO=HED BB LIOBEEEDHZE]
e L. MEEAFBRERDLS. BRGHRED
mENE Lic, cnicLY. HOAETHDH T, &
SUBEICEET SRS EBNICTONS L Sy
ELTe, MERFDOENE, WFIES. MEREBER.
FHFAR. KHRE= IHE—EZEHNERNT
mhy. EEIDBFEEINE Lic, TOHER. 2D
MEMRZEZFES. ZHOBIDANOMEEICHERE
NCEEZESET LT

ZOROBIUBERIMDFIELBERFIOE R L
LRE > CEBREEICET HHROERMEL—ER
FEN, RICFEXRZICEBEICEHT S8 Z B
WELIMEMERBELE D LT HREDNREICH
EOoTVEL LTc, TDORR. 1935 F (BEF 10 4)
9825 B, HIFTERFZEFO—EHIESN. K
BESBEMERAOFREN LB ENE Lic, L
RICIRILTF—HELSFH L. SEBE L LTHE
B34 BFoR. R 1LHRHoNE LT

ZOEFIE. BRIFRNSRENITRIIL
RO LB &I T D= Lo TENEL
e BMEBERIFRO—E=ER L. kR
DHURDLDZRELEDTL, 2D ELHo

BRILFR EIETREIRBEDORERICHY . BHILED
EELVENCEZDRENTESZHE L THIRME
BOPRABE—REBIEEN, RWITHREZES
SNBEDITBHEYE LT

2 fRELRE

1941 & (BB 16 F). BRBERMEBEERICHT
HHRDBHBICSA TESICGBEIERARBEIN
¥ LTz, BREREMEFIE. ESTHER. BETF
BE=FB—REGOEBNAEBI THEEHBICHTE
V. ZEGMBEEEDNBTAMBEROREZZEIF. LD
pH—EEDLHNELEBCOSNE LT

1944 (BB 19F). BHIOHEICLY., RibLFH
EKZMH B EBEHEFTIEM B ZIFTICEIT
LFE L, SEERODEEEZRT S EPIL 55 5T
I LTEMRFRDEH # B Z & LIeh. RSB IO
THBELILER. BEIEREOBELGAERIEEE
BEBEFITNE L

BTRNREBOREGERICEFED CTEH R
NTEHARBER THZEAE I SNE Lz, 1949 F (B
24 F), EMXFRBBEDRBICKY. FzicE
UAFELTEIEAELNFRBEN. ZDH BT
ELTHDTCETBEMEMIERBEINE LT

ZOBOILY FAZY ANHFORIRZERITH
U\ ANFAZEATIE. 1954 48 (FBF129 FF) & 1957 4 (P8
M 324) (T 188F99° D, 1961 & (BBF136 ) (T4
8PS, 1962 & (BRAN37 5) & 1963 £ (BBHN 38 ££)

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
occeur 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 was completed in 2025. (The new building is named Global
Connect Hub (nickname: Atelier Qw). 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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Faculty & Staff AFI8EE5H 1 BIRE/as of May 1, 2026
% Professors 22
R Associate Professors 14
BhE Assistant Professors 13
R Specially Appointed Professors 2
WA Specially Appointed Associate 0
Professors
KB Specially Appointed Assistant 5
Professors
MRS Specially Appointed Research 8
Fellows
FHERE Research Fellows 6
E=bisi:= Administrative Staff 19
R E Technical Staff 12
a5t Total 101
W HZ ANEL (5 7 42 HE)
Researchers (FY2025)
NEABFZEE Foreign Researchers BEEHIR Visiting Professors 3
BEMEHR Visiting Associate Professors 1
RESEHAMEE Cooperative Researchers of Private Company etc 5
BAFMiRERK MRS JSPS Research Fellowship for Young Scientists 10
HAFMIRESNE A LR JSPS Postdoctoral Fellowship for Overseas 5
IRE Researchers
AAZEMRESINEA L 4 ,
BAUZE Invitation Fellowship for Research in Japan 0
SRS Contract Researchers 2
ZEEHES Contract Trainees 0
= Total 23
PR
Students
SHI8FS5H1HIRTE as of May 1, 2026
N R I A ATH T = T = FFZeR — _ =
T THHRE | s DR E LS BREERE | B
) A Graduate School of Graduate School of
School of Engineering . ; . . . ; RIEC Total
Information Science |Biomedical Engineering
FERAFE
Undergraduate Students 47 (1) 0 ()
HLAIHARIE
Master Course Students 87(7) S1(5) 4 142 (12)
LGRS
Doctor Course Students 28(6) IS - ae ey
ARSI A " "t
Institute Research Students
ast 162 (14) 67 (13) 6 1(1) 236 (28)
Total
¥ () HEANTHE Foreigner
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Wit - &
Land and Buildings

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

2 AR ERE 10,467m’
N IATETY = 34,375m?
Building: Total building area  10,467m’
Total floor area 34,375m?
2 BRC BTHE WEmETE
Name of Buildings Structure Year of Completion Floor Area
AR BEIO > ) — M E6RE. MR 1R 2
Main Building Reinforced Concrete, 6 stories, 1Tbasement 2014 13,513m
Global Connect Hub a0 ) — SRR 2
Global Connect Hub Reinforced Concrete, 5 stories 2025 8,873m
F/ - AT REREER #E5hEE 2004 7 315
Laboratory for Nanoelectronics and Spintronics Steel-frame, 5 stories '
TLA Vo T THRERREREER HEHma> o) — b (—EEE) 205 2
; § ) 1986 1,693m
Laboratory for Brainware Systems Reinforced Concrete (partly steel-frame), 2 stories
=37
SBTER 1996 598m?
Steel-frame, 1 story
= P=olii=4
EEHAME . 1999 148m?
Light-weight steel-frame, 2 stories
2B EE R 2 — a0 ) — b 3kEE 2
; ) 1930 1,343m
Research Center for 21st Century Reinforced Concrete, 3 stories
Information Technology
=37
HBTEE 2002 435m?
Steel-frame, 1 story
B TI% #Ema> o) — MERE 2
Machine Shop Reinforced Concrete, 1 story 2025 369m
Z Dt 2
Others 88m
&t :
Total 34,375m

BLUEEHIZERT » RIEC 2026/2027 | 15



TR
Budget

ERVBEMZEFRICEHIT B FEDHETE 1 Budget Shift
AL 1 B/ million yen
4,500
4,000
180
3,500 346 —
3,000 —
138
7 1,939
2500 —— I | | [ 22600 @0 | |
1,931
2,000 — —
1,213 1,484
1,500 —— —
1,000 —— —
1,708
1,411
1,316 1254 1,399 ,
500 —— —
0
FY2021 FY2022 FY2023 FY2024 FY2025
EEER IS NEpES MR RS
Operation Grants External Funds Expenses for Facilities Improvement etc.
FEZENER W Budget Summary B3 : FFI/thousand yen
£ 1B
c > FY2021 FY2022 FY2023 FY2024 FY2025
ategories
BEEZNE AEZ  Personnel Expenses 744,591 699,851 771,183 778,868 799,563
Operation Grants
D
,@i‘ MBTRAT M Non-Personnel Expenses 571,737 553,851 628,159 632,286 799,554
Grant for the University | EIFREE AR R BIA S
for International Grant for the University for 103,528
Research Excellence | International Research Excellence
BEEINE - BIFSEMRAFEESRE 5t
Operation Grants:Grant for the University for 1,316,328 1,253,702 1,399,342 1,411,154 1,702,645
International Research Excellence Total
HNEMEE@EDE
Grants-in-Aid for Scientific Research 282,400 276,146 287,842 388,615 328,636
SRS
NEES Fuunds for Commissioned Research 873,456 1,178,325 1,621,769 1,843,955 1,565,209
E | F
xernal Funds | g4 Donations 57,422 29,604 21,000 27,611 45,184
(FB18) MEREE  Indirect Expenses 234,487 315,346 455,413 518,716 426,522
INERE® 5 1213278|  1,484075| 1930611  2260,181| 1,939,029
External Funds Total
KEEIHRE  Expenses for Reconstruction 6,732 20,472 32,956 0 0
e ERE  Expenses for Relocation 0 0 0 0 179,879
EEREEfHE  Expenses for Facilities Improvement 0 117,997 313,203 0 0
SR =
MR EERES 5t 6,732 138,469 346,159 0 179,879
Expenses for Facilities Improvement etc. Total
o =
DTot;I-I- 2,536,338 2,876,246 3,676,112 3,671,335 3,821,553
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External Funds

I 1 BAF/ million yen

2,000
1,844
1,800
1,622
1,600 1,565
1,400
1,200
1,178
1,000
873
800
600
400 389
329
288
282 276
200 77RO TR IR O T RO O TR OW TR R W UUTTTTM
57 30 21 28 4
0
FY2021 FY2022 FY2023 FY2024 FY2025
BEMEREHBS SRR E EliE
Grants-in-Aid for Scientific Research Funds for Commissioned Research Donations
NEBELWER W External Funds BA{1 : FFI/thousand yen
£ 1B
) FY2021 FY2022 FY2023 FY2024 FY2025
Categories
REMEEFHENS
Grants-in-Aid for Scientific Research 282,400 276,146 287,842 388,615 328,636
SLETITToT
SRS . 873,456 1,178,325 1,621,769 1,843,955 1,565,209
Funds for Commissioned Research
%Wﬁ 57,422 29,604 21,000 27,611 45,184
Donations
A =
?’otal:l 1,213,278 1,484,075 1,930,611 2,260,181 1,939,029

BRUBEMIZPT
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HET7OD TV bAE

Cooperative Research Projects

70y 7 MFEOBE LB

AHZERTIE. BRBENEFICHITS COE (Center
of Excellence) & LT, ZDOHERZ K VILLHRIC

Bﬁb QETLEE;'L%ZIE:L:?/(—D‘*LYBLC%‘E@“
BlcHICHEBEFE - KRS E L TRADHZE
%&?EITTEI I MAREEITLTWVNS, AR
FROZERDME £, BE2REOHBEFATIEE L.
AMEFRHEEDHEMAEREFIRELTVWDETA
D D B, AIZEFTD [HE O 17 M%)

& BREEDFICHITBEM - AT ALICET
HEEOMEEERNNDEBNIZHEEDOHRIDE &
I\ O—7rx— ML, 7OV TV MHEEL
TEHELTWEDTH B,

HE7OY 7 MIRIE. FTRAN OIS OZA
HEEHTLEEIN, E5ICFOBEBNESMERT
REINDTEDNHETH S, TNET. KT
@?EFJ?"EI TV MARORES LUEBIL. BN
NDE - - FITKF B - QIIAREERT. B
B - IW%@?&EZ’ZUﬁﬂn%%W%& LT 2
BlLE TN TW5,

7wy s MIRERR

HEZ7OYV 7 MEDEZED=SHIC. HE O
‘/°I7 FNARZESRUHER IOV TV FREERE
2 HETOYV IV MREZERHREINT L S,
HETAY 17 FHAREERIL ,\H?’EI Ik
MRICET 2EELREAERT DD LFEWS%\
PR 2 BEEN S5 BDOEE 10 ZDE KU
TNTWVWB, HE7OY ¥ l\Eﬂn%Ez@@un
&, BRI CEITEIN TV EHIERABT DR A &
BLENS, FRADERAEZL KRS, HIZEFROE
HWTHZ TNBUEE,EIZTa 45— 3 %R
T AHREMNRZEMOFIEL SHADOMZE] OHEEIC
REXRGEHBET7OY 7 SHEERBENICHET D
TEITHBD, TNET. REMEORA. FHROE
. NEANDOLIR. CEOBMNMICETZHEF DV
TERETO>CETCHY . BIchEDOBMICELT
&, RN - REERBE L TREBNESEITS T
%?L\%o GH. HETOY U FHEOFIRICER

B B Lﬁ’)t&b %uﬁéé%a&bt t[E 7
IZI/I'7 MEEZESD TNTW5B,

Ffe. HETO /1’7 I\EH%@PH‘?‘%CI%BE%%
ZHIC. AARFEAOHEICKEBINTVS
HE 7OV TV FREZERKHREIN TS

RIEC 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 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 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.

18 | EZUE(SHIZEAT » RIEC 2026/2027



7Y =7 Mg

2026 FEQOHETOY TV FRZRIE. PIRADL S
NEETN. BEOBER. 1794 (A11044. B:58
ST SERR 3R T3 ) AEHREN T
BH. K AIFELZDHERZRBEIC DV THRFZIRPAD
Mt - Rl EEFALTTS> 7RI T R THY.
104 D> 5 B HHHERL Y DIRZE. X9 B I35
FEDHEREROTOT L7 bT. 585D 5 56
HEONELELY DREDLDTH S, Flee REDH
BEFEDAIC 12 AEDBIT28 ABMLTWV S,
X A LTIE. ERERMAEHEER. EFHR
EWRE, —RIERFERHERID 3 DDMZEZ A T
X2 BIex LTIE. INSICMAER LRI HE
AEHRIT TS,

Ffeo K9S ISHEBEESICE DAY
7 NARTH Y. K9S ERIEERAEREH T HEE
BN E L TBNMEBE HAMREZRET 25D T
D5, FRBAGEDHEORICNRZBEVTHRZHE
TARNERBICOVWT, RAEFAAFOEEY DL
1HEE - MENROBHTEL2ENNDKREWEHRS
DRl S HE L THET 2.

TH. INETHRHEK - 595w FIOFOMES
FUOBEHFNHARDOEMDHZLE L CEEENTEL TR
IRFESBEMRRALFAARR] 2. 2022 FE X
WERNOFEFMSREEZELLHENE L KD T
ELT HATAY 27 PARO—RE LTHRUE
S EELfc, IEMREDERZEME LD AT,
FRADHEEICLDMERPHRR CDHEK - 51
weE . HEMA - HAAERROESZ S 5(C

HHET 2.

2025F ERE

EERIE136 18 (A183 fR. Bi36 R, SiT AR SEIBRI3 AR
XAT 134

THzREE 13944 (A:614 4. Bi426 4. SI19%. SEE:
56 4. XHT 1279%)
XD A EXDBICHT B 4 DDEA TOIFREE DR
IELLTOBY THB (BEREES),

u EFHEEAZEHEER | 34 4

uEFHRENRE 15 4

u EFHEZEHEER | 8 4

n —RHEAZEHEETR | 67 4

K7y =7 MIFEDOREE - FhilZDOWT

HEZOV 7 MARIE. BF1AICREEDY
A2 17 bOREETV, BEER THRIRENLR
Bl ARRFONEHELLEICBFIAETT
OV hZEERTEEELTNDS, oo HA
7OV MRARORREXRDZLE LT BF2A
Ic THATAY 17 MERERS ) ZEL. BN
NDZHORREICLHERGHRDMTHODNTL S,

https://www.riec.tohoku.ac.jp/ja’/kyopro/koubo/

RIEC Cooperative Research Projects in FY2026

Applications for the FY2026 RIEC Cooperative Research Project Program were
received from inside and outside the Institute, and 179 projects (A :104, B :58,
S : 1, S-international :3, T :13) were approved. Type A projects have access to
the Institute’s facilities and equipment, and 98 out of 104 proposals came from
external applicants. Type B are short-term, study group-type projects, and 56
out of 58 proposals came from external applicants. Furthermore, 12 private
sector researchers participated in Type A and 28 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 Cooperative Research Project Program in FY2025

= No. of approved projects : 136 (A :83, B : 36, S : 1, S-International :3,T:13)

m No. of researchers :1,394 (A :614, B :426, S : 19, S-International :56,T:279)

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

¥ International Cooperative Research Project :34

= Young Researcher’s Project :15

B |ndustry-University Cooperative Research Project :8

= General Joint Research and Advancement Project :67

Public Invitation to RIEC 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.

https://www.riec.tohoku.ac.jp/en/kyopro/koubo/
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2026 FEEEMHR T OY 7 MREIFRIR—E

(X5 A/Type Al

NIRRT R ERET T/ \ 1 ADRFE

BAEYRZ &F v\ 2ERT/NA REBEREBRER/NM I 21—
O A7 I

BE—F RF DYV AR BEICES 2 BRUREOFE S IGH

BIRTEERWREET S/ TN RCE I 2 BSEE R

MBSO/ BRIV ZTLRAXDSRBE S/ VY V= RT
=P AN NOES

BESFERE TR/ MEE N SV IR 2DER

ERERIT Y YAV E =T VI N I T T DY AT LISA

™ Cross-Reality Collaboration with Digital Twins

BEBRTHRTTT LA DEFEDEICE BIHARNRE S U FARIET L
A7 2T T DERFHHIRICET 558

BAvAE—xy b Ty Y ERE LOBEE NG T SEEEsImE7 LT
VYN

NERFEICK SN T 7 EF )T DR

BRI Y ST —7ICHIF B Al BATICE D CEREGIEICEI T S

N — Ry MEERRE BN AV EEFREY X T LR

NERRFBLUARIT )T IVICK ZERE 0T WhRRRT 1 v L X#6E
BRUZDKA, BRTA VL XBEEDISH

BIBRIRR ARV Rt —< Y - ORY b AV ET O3y

WHT T A NRY b D=0 % BV CHBREBOEREAICEE T 2R

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

W Establishing Databases of Verbal and Nonverbal Features of Human
Emotions

N SEE O B RSO S AR EZEEORERA

" Psychophysical properties of body expression perception: Signal
efficiency and noise tolerance

W TS A aE e S A ER LIt/ \A 7 T/ N1 XDRIRK,

NEERMERICEDEEET /\A ATV 21— VDBEREZDIGH

VR HilT L ERFZOMEIC K S BEREARERI A H = X LOTIENER
]

BEERCHIFD NERE/ AT R 2T 22087 0 > ADFH
¥

BHBAY— MROERROHDZ Y b T—7 « T—T 7 MERERMO
F%

N RN mERES D Z S BEIFTRIICE T ST

" BB I 2 ERE N R DR R RFIE DARRE

H6G BN R Y T —=VICET BZRIMRT —FT 7 F v DES RO
AEsT

NEMED DEBREBKPIFEREINRE S AT LDIRET

NERAERE) ML I K B RATEER R E B S ORET

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

B ARIRIEE FRATORREIC AT o BENEIE - BESE(LICBIY %%

NEBEEAETETE Y AT LSRR Big LIcHE A — v DR

WBEEHRERICHIT B AU RBARORERY. ERIAIEDL S DR

" Exploring 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

= Beyond CFET 15$RBEARTE T/ \ 1 ADEFMLICIAS e REmFeiH N

MOTFS ZFD K 75— « BIEMMEE FHSS AXOF S EEEDL Lz
FAFEBEORERIL

= EEICEIT B AREEEE R BRI L

BIZUR - TIONVYBEICBITARF v RIVET Y VL E—LT A2
P

 Management and performance evaluation of 5G systems.

UEAKZAYEY R DY IRZDOMEER EICHET e ERERTZE

BRI EBW BT/ TN XICBY 2%

W R — ) VERICED <N — 8K T/ A R DB EBRFR DR

BT T 7RI TICBITBEEA A=V DENE EZDRIEEDRST

BAR AL E XR « AZN= AR IHRERBHE

uBARICBHE L e B DR E T DRI E DT

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

¥ Large Language Model-Powered Virtual Assistants for In-situ Secondary

/ Title of Cooperative Research Projects in FY2026

Language Acquisition

= Pre-verbal infant sleep and social-cognitive development

= Multimodal Multilingual Affective Computing: Database and Algorithms

BEDFEEDRIERNIRICE 2 5 EDRERA

BEHGAREME R BN e AEY FOZ U XARART LAIRBEROEH

NS L AE RARERIER L ICA e REE S X 7 LR

B/ NT T UACEV e Em SRR ORI & 7 DB B R KA T
(il

uSiGe/Si BERICHIT 2RI v F > U L REORPREEHMEICEE T 5028

N FOBEREERETAREORY METLTLEVX

BNTA RROTZXAA NEET /A ORI

NEGTY AL TV VIEEDA VR R AREIGEDHEE

EREHENEERET Ny M5 X 2R EDEEMZR

= High-efficient photoconductive THz emitters with Bragg microresonators

BTV 11— 2 xRV R LESEFAORR

HASTEOREE A | SO SR

BHEEREFTEY MIBITEIER/ A AHEEEL T+ — PN\ VHIEOES
1t

TV BRFEROME - IO ABEBEMERE S/ ILY POV X T
INA A tEgElt

HEEYF SRR BV e EREE TR

BRTTHEER S S URVEF Y b TNAADRIREEEFE Y MERED
Btk

HGe-MIS BIEICHIF 57 — BB NREIERBEICRITTHEE XD
ZRDfRA

NETFEBEOBEKEELICAT LHRBEER L ETFRITORMSICET 58
®

xRy M= IERFMEEER LEIVFIN—T A FE O N JIVDERET
ERE

B Terahertz active metasurface based on InP-HEMT

= Supporting non-verbal human communication in remote conferencing

H6G & b T —7ElF QoS RIMTE Al ZERIVF/INAArY1—3

NI R M EER T ICAVT e MR ER R A

= Lightweight 2D Material Composites for Broadband EMI Shielding in
Spacecraft

NREER T Y VT —F T F v ICEDEMREY AT A

3D 7 =R ARt DOFRE(LE T N2 —IRICE D HEREZ R DHDE
ANREBREV AT I

BAALLY N T4V RIVRFERERERBWN A YT U N T YT Y
AT s

12D material Field Effect Transistors for Terahertz Sensing (TeraFetSens)

74 hIFIVTFARBICEEBEAOC—L Y b THZRERETD
R

B I RT A ADRBERETE SUESADRFICEE T S

NZERD KD EERA > 7 5 ERIRT 2 0RUIBROBEBRE O

mRecognition of Emotional Expressions and Dominance in Children and
Adults

HEBEROMATORSLEESD AN ZXLICEET D

NRIVFIVTNNAF AV Ea—T 1 VT DRIFE

n EEEEERAEIC K T Ty b T DRI

NSRRI B 2 D EAERIEM S I OFHE

= Minimal embodied communication

HODEHICED MBEEESE AGI DFTEET/VICET 5H5E

BVR (CHIT 5 ANEDIBERNIEZ ZE T 21 DRENZ B DFE,

HQOpenEarthMap ICE D RIVFE—Z VBN > F<— 7 51l

NREEES N BEEERATERERET S Y b7 4+ — LDREHE

NEEEEEICBI A2HRNBESFEE LI 15— a VR | BE)
{ED 5 BEMRENDER

= Developing the system for identifying emotion expressed by bodily
movement: Feature extraction and emotion classification

NEETRRETCHIT S XREFEEL V2 VI DFHEFMICED KRB
1t

VR ZEE T ORGRTICE D CREREBZEDOE R & AR ORER
Al DFEER

®Linking psychopathology with brain dynamics and structural alterations in
anorexia nervosa

BN=F )T T A ATRL—Y 3 VESET BT /N2 —X
=) T EE

= Non-visual sensory influences on saccadic suppression
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BTINVYIRE YT U IIC K BIEEME 1 - VA V2T T —ADRR

m Evaluating Speech Perception in Reverberant Spaces Using a 157-Channel
Loudspeaker Array System

nREEDZ—7 Y MEBICHIT 2FEDFMEDIEET

BEHORFAESDOMRICET B

w SRR ZEREE M S X T LR & S

(X4 B/Type B]

W GHEREDOFIBRRICK SEER - 5TBY AT LDIER

B ZRERECEEICH T 5IHFHNFRIBROBEAMICEE T 5 RAHIFF
£

m Quantum Circuits Accelerator based on Stochastic Computing

WIEDE— FEICEIT S

NHEIAVATL—Y 3V DORBHEELRENFECET 228DFME

m6GBERMCEIT ey b T —F 2 Il

B FREREIRE T Mk AT LICHIT 5ES - BIERFmE

BETEIC K D HNAEEEOFE & T Om EFEDKRET

OS2V avORERELTOL NOHE - EF) - /A - BERFIE
DIRfR

niEM Ry b TV ERICED ZEBNED S EEMNRITAICET
[

BIEFERAVE =T A VIRMICL B T4 T A T XEBDRIH
EHRFEE

WREBFEBICHITBRRFEBICET %

BEI—RY T AR=R A VRZT7 23 VOHER

nZREREREBRL L TCOESESHE

B EBIHFAHF 1Ty P T ETIVERRE LT VAL
74 LA ML BRPERERFE L FPGA FiE

RHEENIVEa—7 4 277V XLICE T B

BAREBEFRFPGA T2 L—2EZD oT ISHICEY 23S

nE TR EMBERFOMEIC L ZIER T/ XDRIE

A 787Uy ROxy b T—=2{bicEif fegb #8 & 7 — LEROR
&7 70—F

mReducing Perceptual and Physical Fatigue in Virtual Reality

B AN=ET A DAIVDEREC LB BHEER IV T A7 1 7 ICBI Y HFR%

BHEEHRRICR L - U VLTV ERTES TA—1E ] D1V~
U aVHRE

MEREF =TV —REED LA Vb= T 75 R38R STEAM 70
NG

NI IRES KO 7/ RIaEE MR LTcBE 2 >\ BHEREsTRID T
SOMIIRTE 7V ROIEBE L HH

BEZRBICHBFTEBATI TV SERADIAZE

u7LA YD T TER - AT LGEEELER

m Co-Presence in VR: Designing Avatars That People Feel Connected To

NESDLSEIERA > T SEEAT S 6G AR - = EHEBERA

nEExX Y bT— 7 IR & LT ORERRIE TCP BBR DS

- RATORAC—L Y MREERICKZEMBE - V1 —T 1
> EHRI AT LICEE T %R

LI UIY F=ZRTREA T T TICB A BB R S \IR U
A5gET

BERTGY AT LT AV EZDOBENRISH

RERTOYT 1« T RS

® Multi-Modal Cryo-ET/Cryo-EM Large Foundation Model

= Human-Centric Intelligent Systems for Neuro-Therapy: Developing a close-
loop brain-computer interface (BCl) for customized neuromodulation

BEE/O—JEBVEZ1—0OY-ILY FOZY RBEME

m Development of a Universal MRI Segmentation Model Using Immersive
HClI-Driven Prompts for Multi-Organ and Multi-Sequence Analysis

= Interactive and Socially-Aware Multi-modal Avatar Generation

BAR - WIRBE A > 250 3 v FESLUBERE QSRRSO
92 OCTHIRER Y ) —Z > J DISAY A7 L

mHuman Intelligence and Medical Knowledge to Augment Data-Driven Al
and Machine Learning

= Geospatially-Consistent Neural Gaussian Splatting for Satellite-Scale 3D
Reconstruction

mHuman Computer Interaction in Atrial Fibrillation Focused Cardiac
Research

BHAZB Ll ABET—Y Y bOBGRE  TXIVF—VRXT LY Zal—
I3V EYTIAF IV EBADIGH

mDiffusion-based 4D Medical Generative Models with Immersive Visual-

Haptic Interfaces

mImmersive Virtual Reality (VR)-oriented Agentic Coding Support System

m A VR-Based Tactile Platform for Interactive Neuron Analysis and Correction

m Design-for-Manufacturability: Al-Powered IC Layout Hotspot Detection
and Visualization

m Research on Complex Human Pose Estimation and Downstream Tasks via
Multi-source mmWave Radar Arrays and Cross-modal Sensing

m Multimodal Generative Modeling and Interactive VR-based Plasma State
Prediction System for Fusion Devices

nEALEBIE LTI h S ADBENDFEEFED BB L DR

m Al for advanced photonics

m Neurocomputational Principles Underlying Human Visual Abstraction

B 7)Y INA R —REIEFCEICET e 4 > 7/ A LLM I & B BRI LI5S
BT H08E

N ERRIRRAEIC BT AR/ 2 — DR - FEA M F I RICET S
[

mIimmersive VR-Haptic Systems for Capturing Crafts Expertise and
Transferring Tacit Knowledge to Physical Al

BRI L— LT =V ICEDCBRITZ1—F/bxy M7=V BHRIL
EEAR

BEFEENDS Al EADBEGHENAS FIERER

m Digital Human Modelling

[X43S/TypeS]
mieim T/ M DREE £ I5A / Advancement and applications of cutting-
edge nanotechnology

(X% S EE/Type SI]

B ABRRICE D C AT E ZD/N\— R £ 775%=3E / Al & Communication
Technology Based on Human-Centered Science and Its Hardware
Implementation

wVR DIRERA EICKZEARERIZ 2 =45 — 3 Y OHE / Improving
Immersive Telecommunication by Increasing Comfort in Virtual Reality

BXRICKSIEEEII 2245 — < 3 DK/ Support Nonverbal
Communication with XR

(X% T/TypeT]

BEIRIF BRI 1 —0EINTrv Y - IOty YEEDHDR
EYrOZOREAV AT DAV E 1 —T 4 VAT DRE / Bridging
Spintronics and Computing-in-memory Technologies for the Development of
Energy-efficient Neuromorphic Processors

m6G (T A 1 fo I+ & K & 1% B iT / Electromagnetic- and light-wave
transmission technologies toward 6G

REBRIVBBENORNEBRICED(REATE - EF13I127—
> a VI AT LICET HHFEFE / Research presentations on advanced
acoustic and speech communication systems based on a deep understanding
of human auditory information processing

WIEFEH TS A DYE E MK - /N A A5 F / Physics and material-bio
applications of non-equilibrium plasma

n 7075V EREEREPOE T AR ERBY S ZDISA / Computer
Science around Programming Language Theory and its Applications

u 2T LHIEICRI Y 2R & ISR / Theory and applications of system control

WINAF ~ F/INAT )y R AT LITED RERNAF 7/ B/
Next generation biodevices based on nano-bio hybrid systems

MR, BREFASIUOHBKR T /NA RISHICET 2HEMAE/
Development of Magnetic Materials, Magnetic Measurements, and Magnetic
Device Applications

BABREBESHEZR I 1 —7 >~ U HEMTDOBAA / Research and
development of new paradigm computing technologies for the Al era

NEBEREMOERDSIGAICET 5 5RHERE L U515 / Research
Presentations and Discussions on the Fundamentals and Applications of
Ultrasonic Technology

NEYOBEISHIERLES R 7 LD N—=ZAL VI =T 1) 7/ Reverse-
engineering adaptive information processing of animals

B/ ILY POZIR - AEY POZY ZBEN-R E LT RRIERBER
ftiDERE / Development of next-generation information and communication
technology based on nanoelectronics and spintronics

EHIRETFORREISAICE T 2H3EH R / Seminar on Fundamentals
and Applications of Electromagnetic Compatibility

&
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BES/ TINAAHEER W Dielectric Nano-Devices

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

Nanoscale Dielectric Measurement Systems
(Assoc. Prof. Yamasue)

ORFOEREZEB Y HIFEMERRIHGFEER
BEtER RT3 A b DBER

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

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

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

VAT b
LR SE

Computing System Platforms Division

BEHAEFITEHZEE W Solid State Electronics —

EFEFIMEIS
5 (W AR

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

OZRTBFRT /I A ADZHEEERIL

OFZ7 x> - 7I\A ADEEZEIEERABLHAZR

OARZ YR - F/ XignytEk BV TERER
BTN ZDYER L FEFIEE AL

OERREEHEN DOBHANBERFRY — b THz
bV YZXEORIH

* Multifunctional integration of 2D electron de-
vices

® Academia-industrial alliance study for graphene
devices application

® Operando nano-X-ray Spectroscopy for Ex-
treme-Environment Devices and Industry—Aca-
demia alliance study

eRealization of the ultimately-shrunk transistor
down to a monomolecular level

AEMETY
FRAH (PN

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

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

o Development of ferroelectric probe data stor-
age

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



MEREBERRETIIZEE W Materials Functionality Design

PniEikaEsssEt
MRS E (BHEER)

Materials Functionality Design
(Prof. Shirai)

PR
WRSE I EF (FIER-EHR)

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

OB—REHBELEMFBICEDHLLRLE
VIRREM I DIESRFRGT

OREY bAZ I ARFILE T 2BRURERFNE
DERERMT

OMH - RFHREZRFT I 2EHNT I 2L —
PEPEY 0l

e 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

AEY bOZY AFRERE @ Spintronics

On#EEmE
OXHE. KELEMDERILLBRE
OB—REEERRFEDMHE

® Matter at high densities

® Metallization and superconductivity of hydro-
gen and hydrides

e Development of first-principles structure
search methods

AEVHEETS
MRDEF (FREER)

Functional Spintronics
(Prof. Fukami)

T/ AEVHEEETINA R
MEDH (EHAEBR)

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

OREY MOZY AMH - RFICBITZE
AEVEE ZDISAICEET 23R
OBFARE Y ZBWBLOHIEDICRE T 2%
OF /AT —IVBSHEEL ZDRA 20 R
SRy TiEAY
OBMeE - BEBEBNACL Y FOZIVAXEY
RTDRF
OLBHMARFOAT) - REEHEOR.
BERIERNERISAICR Y B3

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

OBMAREVEFE Y MY B

OF /RT—IVEARAEY T I\A RICET 3
i

OREY bOZ Yy RBERHFN IV E1—FT 1>
B8 B

OF/ R — IVEGHEEDBKBIEIE & Z DK
HBEENATVISHICET B

e Solid-state spin qubit

e Nanoscale and high-frequency spin device

e Spintronics-based probabilistic computing

o Electrical control of nanoscale magnet and its
ultralow power applications



F/ERBTINAR « VAT LHRE

FT/EB/TINARA
RS E (EREHR)

Nano-Integration Devices
(Prof. Sato)

Nano-Integration Devices and Systems

EFATOBERERILTOLR
MRS E (REAEBER)

Group IV Quantum Heterointegration
(Assoc. Prof. Sakuraba)

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

® Brain computing hardware
e Intelligent quantum hardware
e Edge computing

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

Quantum Devices
(Assoc. Prof. Otsuka)

OBfRT / BEhDOEFHIEREREEGRS /18
BT INA RDHZE

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

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

e Electronic properties of nanostructures and
nanodevices

e Quantum devices utilizing nanostructures

e Informatics approaches in material and device
science

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

OV EHEFhsEEEFNT OBEDSEREL
TOX XY B

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

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

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

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

BEFHNRAEY bOZY RTINS RAFARE ——

M Innovative Spintronic Device

EHRHAEY POZIRATINA R
AEPF (FHh—<8#%)

Innovative Spintronic Device
(Prof. Akerman)

AVE21—T 1 VI IERERARE ——
B Computing Information Theory

AV E1—T 1 7 T 1ERER
R 5 (REFHER)

Computing Information Theory
(Prof. Nakano)

OBAKAEY FOZY RRFDEMBLHI
BAFTZUR

OREY FOZV XIREFOHEEIVE 21—
Iy

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

OF / A4 — )b bROY A)VESEE DG
RFOA

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

e Application of spintronics oscillator to uncon-
ventional computers

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

¢ Nanoscale topological magnetic textures and
its application to functional devices

ORZMB LUOKRF — b b OEBIER
O7nIZ LEMELUTRY S LIREE
OFEFRZERICE D EBERDERL
OfEFmEICBGEREOLTEM PIRRORA

e Theory of tree automata and tree transducers

e Program transformation and program verifica-
tion

e Formalization in proof assistants

e Elucidation of computational behavior over
combinatory logic



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

FBL2VLSIY R 7 L
HEDE (PEHE)

New Paradigm VLSI System (Prof. Hanyu)

HE2VLSIT 1>
MRS EF (EHAEHIR)

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

swEgvLsIavyEa—r15
S CRIREEIR)

New Paradigm VLSI Computing

(Assoc.Prof. Onizawa)

OFREFREEAI v IA VATV —FTUF v
EZORBES VLSOt Y HISEICEYT %
B3

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

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

OERMERICED CBEEEEZALSICET 2

i

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

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

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

e Low-power VLSI design technology based on
stochastic logic

V77 b7 E B Software Construction

VI b TT7HER
HMESE (BEFHIR)

Software Construction
(Prof. Unno)

O7nIZ LIS LU TR S LAK
OFOYSIVIEREBVAT I
ORfEEH - Bt

OB#EEH

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

e Automated theorem proving

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

Ot 7))L 31 X L EZFDVLSIEREHETIS B
|CRET %R

OFBERVLSIY R 7 LDREHAICEE T 2 H%E

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

e Self-adaptive system for resilient VLS|

e Optimization algorithm and its application to
VLS| design methodology

® EDA/CAD algorithms for new paradigm VLSI
systems

ORMRERICED(EIXIVF—/\—FDzT
773 XIS ZHIZE

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

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

OERBARFEICE DS BEHEESH/N\— K
U7 CBET BT

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

BFF/ILY Oz ZARERE

B Quantum Nanoelectronics
BF¥F/IL7rhOZ9R
AL E (BEHHER)

Quantum Nanoelectronics
(Prof. Hirohata)

OB DFEFE
O8FF/ IV A=Y ARFHHE
OF /T hAZY ARFOIIEERE

¢ Development of a new magnetic material

¢ Development of a new quantum nanoelectron-
ic device

e Characterisation of a nanoelectronic device
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Solid State Electronics

Staff
({£#& X)) (Shigeo Sato) =EE HEE  Tetsuo Endoh
Big Professor HiE (3 Professor*

B #— Hirokazu Fukidome fe2ARKXFE  Fuminori Sasaki
HHIR Associate Professor =301 =] Research Support Staff
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Research Activities

A=) rdlt k> TRt SERILZRRICRIRT 25177
JOV—ICERDOISNTERILY fOZ o UL, SiopHEs
PR, WML 0t XM - X M/ 7ICEmL
TW3, e, EBNEBAR— MEEOEBA VTS5 EKES
Internet of Things (loNl&. ZEZHFGL YT —PEET/ A AN
WBEED, TDe. SIUADMHZ B EIERET /N1 XD
PSRRI RN GRE CTH D, YMRETIE. TERT/NAR
MR (2770 BIFER. 21V EY RGEE) 2RV
R T N\A XDFEBICE D MRDH ST /A AL TOHEH
R AT O TV 5,

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, diamond, from materi-
al exploration to device devlopments.

¥ EREFIETEARDE | RE AR

T2 71 0EIECHETBDIracEFRNUGaNZE ED—RTE
HRZRZE BN TN A ZDWMERE . BRSBTS /5
B AEME L CEHMICAN, 727 10 EOFMRETNE
BWTER LT\ A ROBZFHEDBEHEES ML T3,
ELITEREAME BN Y 27 1 g - BFYMEHEEDRH
HIFT T VDTECEERCEDTHY . +/MIILES
T2 7T VEOSIEE . EFEERRICSENL TV S,
TBICE. S/ TTRAERV. HREE TN DB D
Frvw T mBHBANT Y NEMXIEDHERAL. i/ 7
INAZDTINA ZMBHEER L TWD, THIC, R/E. BHFT
A ZRETHRIMEENZZBD 5> I XA Z2DAIHICERY B &
HATHZE b5 VD A2 % RIBT %,

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

We investigates the physical properties of devices based on
Dirac-electron systems such as graphene and 2D electron-gas
materials such as GaN, using advanced nanoscale characteri-
zation techniques centered on synchrotron radiation, and elu-
cidates the relationship between the electrical properties of
new materials such as graphene and those of devices fabricat-
ed from them. In particular, we have developed a method for
controlling the structure and electronic properties of graphene
through substrate crystallographic orientation, opening a path
toward the industrialization of graphene. Together with the
control of graphene properties through nanofabrication, this
constitutes a major focus of our industry—academia collabo-
rative research. We are also pioneering operando nano-X-ray
spectroscopy using NanoTerasu to bridge the gap between
material properties and device characteristics, thereby explor-
ing the device physics of novel nanodevices. Furthermore, we
are currently working toward the creation of ultimate transis-
tors scaled down to the single-molecule level, aiming at the
realization of high-output THz-band transistors.

1. HROSEHE

Fig1. Schematics of our researches
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Dielectric Nano-Devices

Staff

(BHE [EX) (Masafumi Shirai) Ik HFE  Kohei Yamasue
A= Professor HHIR Associate Professor
Fx EE  YoshiomiHiranaga

R Associate Professor
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Research Activities

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

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

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

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

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

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

@ FES /WY 2T L
FRAT | Wik

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

@ FEIETE
NSV 7373

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

1. WDIERERE Y b T — 2T K B RIERCER
] (4 Tbit/inch?)

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

774 )VDEHA

power MOSFET

2. SiC/NT7— MOSFET @ K—/8> h 70

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.

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

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

Staff

BH IEX Masafumi Shirai FIERsAIZ 00
B Professor HEHES

Il A Masahito Tsujikawa

Bh# Assistant Professor

Kazutaka Abe

Associate Professor

¥ HIEEE)

Research Activities

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

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

© MRS | RS

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

v RN DE | FIERAERIR

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

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

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

= Materials Functionality Design (Prof. Shirai)

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

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

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

2 BE—REFEICKLY SV AEBRIAINEREZET 2 LTINS
CoCrMnSI/MgO B DIEREE &£ BEEDEX
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.

I [F - X E> R S5
For further details, please refer to the “Laboratory for Nanoelec-
tronics and Spintronics " section.
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Nano-Integration DeVIces and Systems
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AR E A EEFOE T HIE/ AR VBEEICER
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oA, EEICMA. 7)L3 U XLPHERZEE E SR
IThOREBMREZIT L. TNESEHET BT ET. 2<HLLE
BHEMOAIRICHEL L T B,

Our laboratory focuses on non-von Neumann computing,
particularly brainmorphic computing, and conducts research
on its underlying hardware technologies. We carry out inter-
disciplinary studies spanning devices, fabrication processes,
circuits, as well as algorithms and neuroscience, and strive to
create entirely new computing technology through their inte-
gration.

FRIL [F - X E>ERR R S5
For further details, please refer to the “Laboratory for Nanoelec-
tronics and Spintronics” section.
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Quantum Devices
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AE&EBLT. FILWVERE, BEEMICERT 5.

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

W EFT /N1 ARRDE | KR

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

FEEEF Y N O—T

Semiconductor quantum dot probe

= Quantum Devices (Assoc. Prof. Otsuka)

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

als and devices utilizing nanostructures.

ZBEET v FRTICHI 2 EEHRESIE

Charge state control in a multiple quantum dot device
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Innovative Spintronic Device
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7 >/) D Applied Spintronics Laboratory & BRI TEE L TN 5,
https://www.gu.se/en/about/find-staff/johanakerman

Our research activities aim at clarifying the interaction be-
tween electric current and magnetization via the electron spin
in spintronics devices and applying them for unconventional
computers such as neuromorphic hardware and Ising ma-
chine. We address the enhancement of the performance or
exploration of new functionalities of the spin Hall nano oscil-
lators, showing rf output by dc input through the magnetiza-
tion oscillation and dc output by rf input through the magne-
tization resonance. We closely collaborate with the Applied
Spintronics Laboratory at the University of Gothenburg in
Sweden.
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Computing Information Theory
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REARZE DB G BRI AR ETERDOBDMR Y 21885
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WY BHEND DD ANBEABRDBEICIIRIHH S, A
BB DU LR TIEETIHEL TH U AERICEENDDL 2T
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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 Ea1—T 7 VRS
MERE | PEHIR

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

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

1 TRYS LB L DREL

Fig.1 Performance Improvement by Program Transformation

= Computing Information Theory (Prof. Nakano)

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

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

2 FEEEEARERICLS Vv 70U I08H%F) Oft
Fig.2 Formalization of Mathematical Juggling in Coq
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BARREFBIREREIRE (Very Large Scale Integration; VLSI) </
AT LlE, BAR— b2 (Society5.0) XA HEFIEED 58
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SRR EELRICOBUL T B TR AG AT U/ FigaRIR
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Fv. MEREESESEEVLSIBE/ 77—+ 77 F v, AR
[CEDC KB 7IVT) XL EZDVLSIERGH A, #ha7 0+t
AWML DB REZFEN L DD, D DOBEEREHTICHV L BEEE
1R R S BVLSIDTHDFETH A, BEIEED—TETHD A b
ART 1w EEEER LB TRILF—/N\— oz 77)LaU X
LA EROSTERM CIE KRR RE E WA RAEERIRT 51~
N=T 4 TIVAY v EZDEA. IKBT2MEETO> TS,

Very Large-Scaled Integrated (VLSI) processors are key 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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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
HEEEPEHEE T 7ILADOKEFE. BS 70 b )LERTO
Io L BIRTZIVIU XLITHIT BT >4 LEORBEH G B
ClTEY, ETETEMELTVS, ZDfs. BEOERRLT
TIEXHL L ENGE VBRI T 2 e DERIBRICE NEF
WTW5,

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.

2 FEARENMRRELIHLVESRIL — LT7— 7

Fig.2 The new theoretical framework proposed by our laboratory
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Recent advancement in engineering technologies allow us
to create new alloys by designing atomic positions and their
device implementation in nanometric scale (about 1/100,000
of the diameter of a hair). In such a very small scale, quantum
mechanics dominates the physical behaviours of electrons
and spins, which are different from what we experience in our
daily life as governed by the classical mechanics and electro-
magnetism. By combining these behaviours and the corre-
sponding principles, we have been developing new magnetic
materials and their devices to contribute to the sustainable
society.

WETSH/ILZbOzZoR
MEDE | EmHR

(1) FEHEMBIORE TLY FAZ7ACBVWTIERIZE
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FDAE Y DIHERE L TERT BMRDREIESNT
WEWC ETH B, T THRIFRARAT—E2ETEN
BMEICER LT, BRFBLGLICLDTFALRFELAN
IV CORBRHRE T Z A B T #H LOBEMEIOR
FEBEEL TV,

(2) 8FF /I L7 OV ARTFHE EFHFELZET S
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AEND, RLTIFT MR ZE> TEMERITT S LIR
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DEEH T EHEDE T REPEANDDENEF
FRFEDRHELFTMZEIT 2TV D,
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A= RIVBRICHY H LT, SEREFRMIECRET S
ED—RTH B, LHLENSTDBRECTHIERBOA
B LELHY . FBBTOBDRRERENROESN TN D,
Z T CHASERREFBEMIRICBL TINEREEZHEHT 5
CETEFOBARZREE T RFHEIMEL TV ERH
ICBWTET / A= MVtse COBRF A= LTc, C
DFE&FEOTC. ESBIMBPEFDRREED TN,

= Quantum Nanoelectronics (Prof. Hirohata)

(1) Development of a new magnetic material

In the conventional electronics, information can be carried and
stored by an electron charge. By utilising another feature of
an electron, i.e., up and down electron spins, the information
density can be increased and their quantised states can be
used in quantum computation. A major obstacle here is the
difficulties to fabricate a magnetic material to produce only
one of the spins in a nanometric size for device implementa-
tion. In our group, we have been investigating a ternary/qua-
ternary alloy, as known as a Heusler alloy, through prediction
by machine learning and demonstration by ultrahigh vacuum
growth techniques.

(2) Development of a new quantum nanoelectronic device

In the quantum world, many unique phenomena can be ob-
served, e.g., the leakage of an electron spin in a confined
device as well as the superposition and interference of spins.
We have been designing a new quantum nanoelectronic
devices to achieve these phenomena at high efficiency by im-
plementing the abovementioned new materials. We have also
been developing and evaluating a new fabrication process by
combing atomically controlled growth and patterning.

(3) Characterisation of a nanoelectronic device

It has been a common practice to charaterise a material and
device in nanometric resolution using transmission electron
microscopy by thinning them below 100 nm in thickness. Such
thinning, however, introduces defects and strain in a sample,
which may hinder the intrinsic properties. Accordingly we have
established a non-destructive imaging method by controlling
an acceleration voltage of an electron beam in scanning elec-
tron microscopy. Our method can be applied for in situ obser-
vation under device operation.
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Ultrahigh-Speed Optical Communication
(Prof. Hirooka)
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Lightwave Control System
(Assoc. Prof. Kasai)
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¢ Ultrahigh-speed and highly efficient optical
transmission and signal processing

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

T b il 5 3%

Information Communication Platforms Division

ONRMERERMEZDTV 2V ae—L>
FECBENDISAICETY 5815

OFRBZELL—T EZDRFHEHRNDIE
AICEEY 2%

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

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

Seim T A ¥ L B HTRE

B Advanced Wireless Information Technology
b7 1 v L R@EHif
R EF RILEER)

Advanced Wireless Information Technology
(Prof. Suematsu)
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OF AV EY FEERSE RS LRI O

® Broadband wireless on-chip transceivers for
6G

* Millimeter-wave/submillimeter-wave IC's

 Direct digital RF signal processing

e Millimeter-wave DBF antenna modules for
SATCOM systems

® High-power RF circuits using diamond semi-
conductor

Zeibl

BHWA b L—I Y AT LHARE

B [nformation Storage Systems
REmIVE1—T—3y
MRS

(GreavesAEHi%)

Recording Theory Computation
(Assoc. Prof. Greaves)

OBBRANL—=IFNA RO A7 AKX
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ERGY i

OBEA b L—IF 31 RS

OZa—mAEITZarvoaAvEa—FT420D
fe DRI 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
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Ultra-broadband Device Physics
(Prof. Satou)

Ultra-Broadband Communication Platforms
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Ultra-broadband Quantum Electronics
(Assoc. Prof. Lin)

OYZ 7 I EWHEEANT DIEERD
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¢ 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

Ol EMEEEDP —RTERONT O - EFHE
EICBE T AMEE LUTZFDT NIV YISH
OXBEEGX Y N T—0ICBIF 5 EFRE -
BFILY FAZIZRTINA ZDHES LU

ZDBEISA
OBFHRT—FRL—H—DA70O - EFEE
DUERES KUOZDHRFNADS TNV
DA

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

® 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
Y bT—IT—%F0F ¥
HRDE (RE)IER)

Network Architecture
(Prof. Hasegawa)
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e Highly reliable, high performance, and highly
available information network

e 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
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Quantum Optical Information and
Communication Engineering

(Prof. Matsuda)

OFERBEIREAWEEFIERILET /N1 RH
KUV AT LDEE
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O¥)aArv 7+ bZ v AZBAWHEET N
AR

® 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

REEMBEEF 17 BRY AT LHARE
B Environmentally Conscious Secure Information
System

RIEAMEt T 1 78R AT
MRS F (FEEEER)

Environmentally Conscious Secure Information-
System (Prof. Homma)

B - BE8tFaU T OV I—Ta VY
OMAHY AT LDIN=RIx7vFa )71
OFBREPORZZER LIctT2 )74V AT A
OAtFa7 1 DEREIGH

e High performance/lightweight security com-
puting

e Hardware security for embedded systems

e Security systems conscious of usage environ-
ment and applications

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

O KRB R T LTS | BEERE

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

BEECBERBROKT

Experiment on ultrahigh-speed optical transmission

= Ultrahigh-Speed Optical Communication
(Prof. Hirooka)

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

= Lightwave Control System
(Assoc. Prof. Kasai)

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

2048 QAM T —L > FHEES (B) HLT19 A7 7 71 /\OMEERE (A)
2048 QAM coherent optical signal (left) and cross section of 19-core fiber (right)
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Advanced Wireless Information Technology

Staff

KR FA  Noriharu Suematsu K FXE  Yasunori Suzuki
E2resd Professor BEHE Visiting Professor
4™ BB  Tomoyuki Furuichi

Bh#L Assistant Professor
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Research Activities

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

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

@ 55557 1 7 L REE

D E | RIAH
THEDF CIEM LR - BEREHE LIEBEBRXY b7 —7
DERBAEBEIRLT. SEEHN DEINEEDDEWNERET A VLR
BIEFEA (Advanced Wireless IT) |CBEd B HI3E A (S SALEEO] R -
TINA A - REHMH S, cNSD/N\— Ko 7HAfICIIi LT
TAVLRV AT LEMICESETC. —BLTHE - BEZT-
W5,
EEIBEEE - TINA R - REBEDTAVLRN-RITT7H
ORZEE LTI, > O CMOS ®ifix B iBaE s RF
IND—=T 2T« oA« ST EOWE - BFEE. B/
BT Y 1—)VOMRE-BRET> TV, EH TEEC
RFE7HOJEIETAOY VEBNT « VZ)IVEETERL, *F
EY A X ERMETBELEEIC. VT YT TEGILEEEE
ET B AALYT NT o IR)U RF ESMEOZE - BRITEH
LTW3,
TAVLURAY AT LEMOMZEE LTIE. HEROEARIRED
EHIE (LEO) AV AT L—Y 3 VEEBEV AT L EDE6
AL (6G) DR > T TV AT LI EDHEETT> T3,

Fig.] RO ERERRBE VA VL ABEY AT A
Fig.1 Next generation terrestrial/satellite converged wireless com-
munication system

= 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, and wireless system technologies based on our hard-
ware technologies.

As the wireless hardware studies on signal processing, RF/
Mixed signal device and antenna technologies, we are devel-
oping RF/Millimeter-wave RF CMOS IC’s, antenna integrated
3-dimensional system in package (SiP) transceiver modules,
digital/RF mixed signal IC’s. In particular, we are focusing on
the research and development of direct digital RF transceiv-
ers. This technology replaces RF analog circuit blocks with
digital circuits as much as possible, minimizing the size of the
transceiver and enabling software-defined radio operation.

As the wireless system studies, we are focusing on next gen-
eration Japanese Low Earth Orbit (LEO) constellation satellite
communication system and terrestrial 6G distributed antenna
system.

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

BLUBESEHIZERT » RIEC 2026/2027 | 39

B B pi T e

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




B H BR T

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

VAT LHARE

Information Storage Systems

BHANL—

Staff
(AR ™) (Naofumi Homma) Simon Greaves
26 Professor AR

Simon Greaves
Associate Professor

W HHZEES

Research Activities

AAEABFOEEELIE. BBEBRA N —IFMICHD, <
IWFAT 47 loT. AlIBRDETEMEI NG T —22lE. BF

2EMLTWVWS, TOT—2ERET BICIE. SEE. KBE.
fEE HEBEEIDBEBRAN L —I VAT LADRECHD, TDTI—
Tl MEEFEHMSTNA RCEDICBBEBRA N L —Y
DOHIEEIT> TWB, BMEMEE TN R 47072
TAvIYIalb—avaERFERLTETIMEEINS, BIZIE.
FEENBEROZE Y b OERE 100 nm? 5% (10 Tbits/inch?
L EOERE) OlEigx 555, &E BOIXA M ABEA N —
IThHB, Tlee Z1—ATNW T4 v AVEI—TAVITEL
UKWV EC1—Ta 07 T — 3 VBOBS T /N1 A
HFEL TV S,

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.

@ EEERI 1T~y
32 % | Greaves HHIE

RAVAR T Z T4 w7 YZalb—yavide BRAML—Y
7 — /a/?@%*ﬂ%&ﬁﬁﬂ@ﬁ#%%rwm?%t
DIFEREIND, SCFEEETTIVET BIciE. BAROE L DY
MHFEYZa1L— T3, R, BRERTTIVLHSDAY K
WARNSHBEFEBLT BRI 2L —Y3avEETT 3, Nv R
CREDFEHE. ETIVABLTCRBILTES, R V2L T
TR AEY (MRAMREY MU RERS. Z2—AFIL T 1Y
U AV a—T4 VI BOMRTINA RIxE. MDOBR T /N1
AHETIVET B, ZTDOMDORA VAR T RT AV Y 22l —
a3 >OBENDHRITRLTWS, BSS/ T4 V. Z Xt
2EY TAR BBV HE IX)VF— 7YX MRBEEED
BiF5ns,

M1 =RTTHRECEROEEER

Fig.1 Schematic of three-dimensional 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.

2 RAVOWXYZ2L—2 3 v0f)
Fig.2 Examples of micromagnetic simulations

40 | BRUESHIZERT » RIEC 20262027



B70—-FN\YFEEERMRAR

Ultra-Broadband Communication Platforms

Staff

1R BB Akira Satou N =2E Tsung-Tse Lin
BUR Professor FEHS Associate Proffesor
=3 # Chao Tang

B (3 Assistant Professor*
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Research Activities

KARDE TIE. BB EOBHKERE CHEI UK - 75N
VK (72U mORiEREA. RALT 58I REE
T HHLVEFT N\ A RABLUERBRY X T LORAIEE,
NS DERBIE - 5HAIY AT LN\DIGAICEET 2EMEHEET >
TL\%O

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
AZEDET | (R

HIREL - FOREMERIBICE DC I VR - TINIVYIRT N1 RDAIHE
BiEL. 7/\1M ZAADBFEXRR LB FIEL Vo IR DIRRIIAE
PAPRBHURAZTE O TV D, T, FROBEZEREREE PIEEFR
BRY FT=I\DT/I\A ARBLICE FHERRREEED T 5,

OB O—RKRN\VFEFILZ bOZIX
DS | MRS

SR TIONIVYETOEEEREFILY FAZI XT/\A ADA|HE

HIZE, FRMAEPATO - EFEEDEFHEIRPICBEFIIEDOERAAZR

PREMRIEEITE D TWD, SREFEERT ZNIVYIGR. SEDH

BEBEDIRHT /N ADAEEREED TN D, BEIRESEEONE

BExy FT—INDOREEZHIET,

= Ultra-Broadband Device Physics
(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.

INGaAs F ¥ %)V HEMT ZN—X & LTe 7oALY -« F
SAEZVITA TV ABLUBFREDRAR. BF
BEHHEEHE, 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 AXBFRE S FURFORAK. B
FEMEER, 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 O#@EEE AL e Ea/NA 7 X - LY T
FRTHz T« 77 2 B LUOBEREBOERK. 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

Staff
#HE {§%  Nobuyuki Matsuda
E26H] Professor

L ROEWE D)

Research Activities

RAEDBRILE - BERMIE. F5%BEPEREREDHHEM
TR AGHEEICHIEE B TRLBGLEZT O CLEH W
TR BROBEE(LEERILISRENGFNS Z EHEFENT
W3 UL, BLZDBEFPHFEEDIVOBEICIFERE
RESE. EFNHFOREBEZERICAI 2 LIk 2T ERD
[RAZFT BB MREE RS S 2B FIEMEERINDEALNE
HRFENTVL S, RAREIL. HERRRZ BV TEFFRILE
TINARABLOY AT LEBRL, EVFROEFHBREEOTR
RETZHDNEMBREMORAFEITABAIHE L TS,

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.

¥ EFEREEILE
D E | MAEHEE
DAV T+ PR EMENDHOERER AR, HFEE

WK E LIeBFOvEa1—42. 8F7 3 1 L—25EDMZERH
EETDO TV,

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.

) v HERERE AV AR TAHERT Y T

Photonic quantum computing device on a silicon chip
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By NI =0V AT LISBICHEDOBLZETREL. ALD
BEEEPHESEZXEITDEHIT. HILLSATRAZAILPH
LR ETCEBLRREZESIDLOE L THFINTL S,
FHARZETIE. TORRBICEFTEERENSIGAICEDHZRRICE
DG,

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

@ XY RT—9T—%F5F ¥
WENE | £6)1508

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

REIT D,

= 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.

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

Staff
A EX  Naofumi Homma R JE Akira lto
E2resd Professor BhEL Assistant Professor

Tasso Elise Léa Marléne
Specially Appointed Research Fellow

K2y THY—X
HIFZRE
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Research Activities

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

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

O BIRRENAECF 17 IERI AT A
ROF | REHIER

KR TIE 2y b T=0PV T DT 7DtF 2T DHER
DHEST WA DEHEBRELER (L TimAEEDTN
AAN=KDTT7) DLNIVhSek EREZEERT 2+
TIERBIEY AT LOBREMZRE L TV 2, Fe. A
AT LDEF 2T ARV AT LB NRIECARICKE
CEAENSCENS. RABREPIGHICEITSY AT LDOY
F2 U7 AR BB SHEEMORBE LT L TIT O TV 2,
Eolc, LERMEMROURRELMRECERET 2L LD,
HRICAICHITHREICHEVBEA TS,

= 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, we are
promoting the social implementation and standardization of
the above research results, along with addressing the chal-
lenge to their social application.

BRIFAMA A+ 1 718 A7 LHROME
Overview of environmentally conscious secure information system research
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Electromagnetic Bioinformation Engineering
(Prof. Ishiyama)

Electromagnetic Bioinformation Engineering

TR
LG )

Electromagnetic Bioinformation Materials
(Assoc. Prof. Goto)

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

e Sensing system utilized magnetics

¢ High-frequency electromagnetic measuring
system

® Micro magnetic actuator

* New medical equipment using magnetic

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

e Nano- and micro-magnetooptical materials

¢ High-frequency magnetic materials & devices
for sensing

* Magnetooptical materials & devices for
bio-applications

N - BRSO AT L

Zenbl"]

Human and Bio Information Systems Division

FIHBIERY AT LHAKE

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

Auditory and Multisensory Information Systems
(Prof. Sakamoto)

OBRERUEARENRIBRLIBERZDHE
O3RTEEMBROBIEML V> Y TV AT s
DIEE
OBEERBEBERUEBICED(EBBER AT L
DIFEE

e Mechanism of multisensory information pro-
cessing including hearing

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

e Auditory information systems based on multi-
sensory information processing



RRIAVEL1—TAVIRRE ———

B Real-World Computing
REFIVE1—-T1VT
HRDE (A RHR)

Real-World Computing
(Prof. Ishiguro)

OBABBEEY 7 FORy kO

OiETP)X. RiT. H17. ETICB 5B
DRI ED

OZEZFHIRDBEVORBRED HFHIERA
EORT 47 ANDISA

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

* 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

HEBRY AT LHEE 1 Visual Information and Systems

AL
e 5 (B2EEHR)

Visual Information and Systems
(Prof.Koida)

Oyt & BRREFRAEIRDIEBIZDITAE
OFHRBRITIC L 2 BIRBEROERIBIZ
OERADERHHEEREFHR

elLight and color perception

eImage information generation process via opti-
cal analysis

ePrimate visual neurophysiology research

s S
HZESE (M50 (36)

Attention and Learning Systems
(Prof. Tseng®)

OWADZT 2= —aVICHTZIEEERER

DERR
OFBEIED AN ZALEETIUE
OZREMELFE

sVisual attention mechanisms and models
eMulti-sensory perception and learning
eInterpersonal nonverbal communication

F/ N AFARERFTINAAARE
W Nano-Bio Hybrid Molecular Devices

T/ NMARERFTNAR
MRS EF (FHEER)

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

OATHRIRICE D T/ ADBF EGRIC
B9 5HR

OF /BEHOBRENAF L HISHICEY
D%

OfFE Rz B AR EIREICE Y
DR

O%ffNF - HREEBOET Y >V JICBET S
Bi%

OZRFTNAFHRUCEDLEF - 147N
A ADRIRICESY B

OANTHRERERWT/ - INAFINAT )y
N 27 LOEEITET B

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

® 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




AVRZ9T4TAVTVIYRRRE
AV359T747aAVT0Y
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Interactive Content Design
(Prof. Kitamura)

Interactive Content Design

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

Human-Workspace Interaction
(Assoc. Prof. Fujita)

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

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

OFEBBERETRALELFLLERBIZ 2
r— 3 VO
BEOWMAII 1/ —Y 3V CEELRE
HE->TWS MBEEEER) &, @i (&
BlOsCTBBE &R L T) XL T,
EBMEIWTETEHFIZ2Zr— 3>
DTELREARITT DD EED T
W2,

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.

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 attenuation as
necessary) the “nonverbal information” that
plays an important role in ordinary interper-
sonal communication.

OT—Y AR—RDHIEEN - A 250 7471k
ADTEEELE TR S EBHELUZ
DERBEICOVE1—2%5KEa L. ZBD
BRPLAT D MEBGHICEEEERT &
TADFEEEZIET 12507« THi
BLOI—PA BT —ADERET - 5E -
FHEmICBE T AR A ED TN S,

ON=F v IVITVTFAICHBITBIVFE—H

WA BrRZI 37

BRI ORI DS BH T, /N\—F v /L2

AICEIT 2517, BRBEIE. ZOMOEEE

FEAMEBZ B VERIERTRIET % /28,

ADOMERFEAZ S EFERALZOOTE—Y 3

EATR. ADSITICHES BISHE AR T 1 —
RNy VRIS A - BHEL TV,

Bl =TT ARA RT3

ANDBEOREPCERGIRSEVEEE LT,

BLRGEOAVTVICHT D&Y BETHRER

AR ZT9Y 3 FEDHRE - 5F - FHEIC

BT OMEEED T B,

O

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.

RIERELE - VAT LHARE

Brainmorphic Computing Systems
RifReREdE - VA7 L
MEDEHF (LFEER)

Brainmorphic Computing Systems
(Prof. Yamamoto)

OB IERVIBOERRIER S ¥ X7 LRE(C
B9 HHIZE

OAT S MABERAE BV ChigET T >0
|CRIT 5T

OEYPHREN I HEMF B8 T 2H138

OB 27 LOBEE F DMERFIEA
|CRET B3

e Constructive understanding and system imple-
mentation of brain information processing

* In vitro modeling of brain functions using artifi-
cial neuronal networks

® Biologically inspired machine learning

® Microphysiological systems for neuroscience
applications
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Electromagnetic Bioinformation Engineering

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

v HHZEE

Research Activities

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

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

W EHEHIBFRARDE | AILEE

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

W EHREHMRARDE | BRBERR

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

BEREOTHEY
High-sensitive strain sensor

o7arzAT

pump

SEREBHANHAEMA TOBRNL T AV L ARV 7

A prototype of wireless artificial heart assist blood

= Electromagnetic Bioinformation Engineering
(Prof. Ishiyama)

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

= Electromagnetic Bioinformation Materials
(Assoc. Prof. Goto)

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

AEVHEL—Y—DTO a7

A prototype of spin-controlled laser
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Advanced Acoustic Information Systems

Staff

IRA  1&—  Shuichi Sakamoto 7%
B Professor B (30

£ SaiSun

Assistant Professor*

v HHZEE

Research Activities

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

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

v BERE-EEREBRY AT A
MRDE | AR

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

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

= Auditory and Multisensory Information Systems
(Prof. Sakamoto)

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

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

Staff
B8 R Kowa Koida = f0Z& Chia-Huei Tseng
B Professor B (3 Professor*

W HZEEE

Research Activities

AARZETIE. ANEOREROAEHZ OBFH L OrR LIRS
OHELSHEL. FONHMREZABIEPERIFENCAT
DMRETOTWND, REBROEHLENDARDILEITE
DLWMBIRROMBZ L CH. RERBITT 2B & EEISE
EAET B 0BIMEBEFRER,. MEEEDIFRESTAG S UICIEE b
EREZENRE LIMEEERR. CoICIIREZBLCOI2
= avONLPREICHT SHSHNERRE L. ZANG
T7Aa-FEREALTVS,

Our laboratory investigates the mechanisms of the human visual
system from both psychological and neurophysiological perspec-
tives, applying the acquired knowledge to ergonomics and image
engineering. Our comprehensive approach includes analyzing
the physical phenomena of light and color that generate image
information, conducting psychophysical experiments to measure
perceptual and physiological responses to visual stimuli, utilizing
non-invasive brain imaging and non-human primate neurophysi-
ology research, as well as undertaking social science experiments
on the culture and development of visual communication.

v ARBRAERDE

R RS 65

KAELDF CTld. BEOHTHLERITER L. BRBICHIT2HFB
RO, FIESHE S CICEBRGDEHAL JEe N EREF TSR
& LTepERetRlz A ahE ¢ BICEhAIRRDOTIENZIRMRE
EHEDH TN D, BEIIYMARHCEMBEDODEBEZFHHY
THHEEBIT, BDORES T PEEPH ETIEABDMBEER DT HICEH
BiET 5, Tl BEREANG O THEREITOEMEDERICEH
FEENFT, YNHFClE. INSDOEBEERIIBOEEEE LT,
TARATLARTHA >, B - BRESORBRELFHISHT 2
MRET> TV,

VIR - FEMRNT | B

ARDE Cld. DIBEF HREER SHEHRD 3 DD TH—
FEFALT. ME, T2 FEEV O ABOSRAKEEDERZ
BiEY. bR T 2BR—ELIciRE. ABDOREY AT
LIFEDESITHBRLTVBDOHEERE L. TNSDRERICEDE,
McEDHELEEDEZMA LT 5dDISBNEREZERKT 2, B
AT EIR - RERBICBV THEREZ®ILY 5. FFEEN
2227 —Y3a>v0ER @R BE. SROBELRL) ZRKE
L. 2REVATLEHET 2T LT K& ZERIDYIERNHIK &
HBA S EREERINZERT 2.

= Visual Information and Systems
(Prof. Koida)

This research field focuses specifically on color vision. We are ad-
vancing a comprehensive understanding of color-related phenom-
ena by integrating the analysis of optical processes in the environ-
ment, the measurement of perceptual cognition and physiological
responses, and neurophysiological measurements in non-human
primates. Color vision serves as a crucial cue for object recognition
and material identification, while the brightness and vividness of
colors are directly linked to human values and preferences. Fur-
thermore, the light and wavelengths produced by lighting envi-
ronments significantly impact physical and mental health. Through
a deeper understanding of this color information processing, our
field conducts research aimed at practical applications in visual en-
vironment design, including displays, product design, lighting, and
eyewear.

= Attention and Learning Systems
(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.
In particular, | investigate how non-verbal cues (touch, temperature,
body motion) integrate across sensory systems to enhance the
feeling of co-presence between virtual and real spaces in the next
generation tele-communication techniques.

50 | BXUBIEHTIZEFT = RIEC 2026/2027
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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

W HIZEE)

Research Activities

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

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

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

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

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

T/ NATREDFTINA ARRE

Nano-Bio Hybrid Molecular Devices

Staff

FEH ES  AyumiHirano-lwata INE  FFE Maki Komiya

Hi% Professor BTN Specially Appointed Assistant Professor
AR #E Kaoru Hiramoto 2l 5A#E  Hironori Kageyama

Bh¥ (®) Assistant Professor* Bh¥L Assistant Professor

v RS

Research Activities

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

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

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

Staff

AN =X Yoshifumi Kitamura B Mz Kazuyuki Fujita
E2resd Professor HEHET Associate Professor
BAR #3%  YumiHamamoto a M Gulin

B (&) Assistant Professor* B Assistant Professor

W TZEEE)

Research Activities

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

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

WAVEZUTATAVT Y
DS | AR

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

W1 VT—DAR=RAVBZZT/ 3
DS | BERAEZER

IN=F Y IVETAET 14 VHIVEBENEDA VRT3V EE
BRI BHEEHIC. TNEISHLADEEI A ZIET 2325 Z/M A
VRTI—RERTRL TN S, Fic. ADZEEHEORELSA
MEBWNENEZEE I A V2 T T —ANA 2T 3
FEFICERBNICRYEATVET,

= Interactive Content Design
(Prof. Kitamura)

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

= Human-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 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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Brainmorphic Computing Systems

Staff
A ZBH  Hideaki Yamamoto
Bi% Professor

W TZEEE)

Research Activities

ANEZE ECERSROBRLEHEL. BREEY AT LITH
BIL—0 2 =L 5T T ENBFENTND, CDRREHE
N3 ITld, EROFERIERICHIT 2R IFRLIEBIZ
AL, FONTMEZRERMNEREELLLNER

BEEDcdicld. MIcHIT BIFRLEICEREFITHEROD
MBS 27 LOBRSBREDFRE LG 2TV 5, HHERE Tl
RN FEPHIE TR A E DM R %2 86 LU CEFRERREEICHIT
BIERNIBBIZDHEAZED D L LI, FEERTFE PRI
FirE%ER LI REROMAIERILIED X 7 LOBERPIEA
BT 2RARZHEDH T D,

The information-processing mechanisms of living systems, in-
cluding humans, are expected to drive new breakthroughs in
information and communication technologies. Realizing this
potential requires uncovering the computational principles
of biological neural networks and translating them into engi-
neered systems. As current Al approaches maturity, developing
new forms of brain-inspired computing systems has become an
urgent need. Our laboratory investigates the computing princi-
ples in biological neural networks through experimental neuro-
science and computational modeling, while developing novel
brainmorphic computing systems through microelectronics and
bioengineering.

FME 7 L1 >0 1 T RER) S
For further details, please refer to the “Laboratory for Brainware
Systems” section.
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AEY bOZY XSS - AZRE W Spintronics

AEVREETIS
MRS E (FRREAE)

Functional Spintronics
(Prof. Fukami)

Laboratory for Nanoelectronics and Spintronics

T/ AEVEEETINM R
HADE (HEHR)

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

ORXEY FOZY AME - RFICHBITSE
A S ZDISAICEET 23R
BF ALY BRI OFIEICEE T 238
OF /R —IVHSEBEEZDEAF 37 RIC
B89 BT
SR - EEBBHAE Y FOZIAATY
KT DR
O BHMEAREFDAT - HELEBRIK. %
BRI RIS AICE Y 13

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

e Control of magnetization utilizing electron spin

* 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

OBEAE V8FEw MCEY BHI%E

OF /AT —IVBAKAEYTINA AICET 3
[oiea

OREY bOZ v ABEFNIVE21—T 1~
7B BHI%

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

e Solid-state spin qubit

e Nanoscale and high-frequency spin device

e Spintronics-based probabilistic computing

e Electrical control of nanoscale magnet and its
ultralow power applications



T/ N AREDFTINA AHARE

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

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

EFMAEY FOZIRATNA AARE ——

M Innovative Spintronic Device

EHMAEY FOZI AT R
HEPHF (FHh—<8#%)

Innovative Spintronic Device
(Prof. Akerman)

OANTHBREICE D T\A ZADBFE S IGAIC
ESEpaY iy

OF /HEEEDEERLNA A HISBICEYT
258

O EHEMEE BV e AT HZEEREIcEd
BHE

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

OZRFTNAABUCEDCEF - 1T\
A ADRIRICEE T HH%E

OANTHMBEREZRBW ./ - INAANA Ty
R 27 LOEERICET 2138

¢ 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

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

FT/EB/TINAR
R (EREEIR)

Nano-Integration Devices (Prof. Sato)

EFANTOMEERERILTOER
R (REAEHIR)

Group IV Quantum Heterointegration
(Assoc. Prof. Sakuraba)

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

® Brain computing hardware
e Intelligent quantum hardware
e Edge computing

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

OVEF¥EFRaEEEFN\7 OBEDSERL
7Ot RICEET B

OWVIEHEHEFANTOF/ T/\1 XDOEHEL
SR LICREY B H5E

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

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

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

OBAKRAEY FOZ U ARFDERBILHIL
BAFZUR

OREY rOZ 7 AR FOHREIVE 21—
A58

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

OF/ R4 —)b b ROV DIV SEE DERENE
RFIOA

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

e Application of spintronics oscillator to uncon-
ventional computers

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

¢ Nanoscale topological magnetic textures and
its application to functional devices



j_
/
A
sl
>
=
B2
i
5%

soluouIdg pue sa1uoiRa|s0uURN 10} AiojelogeT

M B b Ze bR _
T/ « AE RERME

Staff

i XM Shigeo Sato
MR (#I®)  Director, Professor

H3@EEB Cooperation Section

A FEf lori Morita /NE JIEE Rikima Ono
BT A=) Technical Official HitEe Technical Official
H#&E f®LE MichimasaMusya {BAK K Daisuke Tadaki
BT A=) Technical Official SHERNE

Laboratory for Nanoelectronics and Spintronics

Specially Appointed Assistant Professor

W TZE/EE)

Research Activities

[/ « A RERHER] (& AAZRAMBIZEMHEER & L CFR
16F481HICKESNZ. TOEMIE. BHREEEEZAST
JILYZMAZOR - REY FNOZ AEBEMAERET R &
ICHB, INERIBT B, T TTOU S LICHITBHZEEH
HHEDT-HDREEE ) ICE>TEREINEF/ - REVRE
MEREZDEERBEERN T, AAZEH KUK & HEERE
RICHBERFER - BRAODZIMAEFEHICH /70 /A9 —
ICEDWEBFOER « AV EEMET 2R 7/ 1 A&
MOMETEHELED., T5ICEE - HROBKEEDFOMEE
DEMAEGEE LEHETOY 17 MR EHEET 3,

BE. 7/ - RAEVBERETIE. T/ - AE R
DHEET B2 /&ERBTINA A« VAT L, AEY NOZYV AL F
JOINATREDFTINA R, EFHNACY FOZIRT/INA R
DEZEBEMEEY T HBRATRE. BRERtL2—70
Ty bR, BRILER. RUBTO— RNy NEEERRE
E. NIBERER - VAT LHRE. 8F7 /1 RAAEEHEE L
THRAED TN S, INSDERT. LEeBBEMaalE L.,
FT/ILZMOZIR - RAEY FOZ Y RCHITBHHEAD
B—FTITUL VA (COE) &BBTEEFBZEELTVS,

The Laboratory for Nanoelectronics and Spintronics of the Re-
search Institute of Electrical Communication (RIEC) was estab-
lished 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 Na-
noelectronics-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 exten-
sively. 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, the Cooperation
Section, and the groups of Ultra-Broadband Communication
Platforms, Brainmorphic Computing Systems and Quantum De-
vices. These groups cooperatively carry out the research aimed
at establishing a world-wide Center of Excellence (COE) in the
research area of nanoelectronics and spintronics.
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COE of International Research Collaboration

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

T/ - AEV R CRME LTKERY 2V RY U L

RIEC INTERNATIONAL WORKSHOP ON
SPINTRONICS

1s t:February 8-9, 2005 2nd:February 15-16, 2006
3rd: October 31-November 1, 2007 4t h:October 9-10, 2008
5th : October 22-23, 2009 6th:February 5-6, 2010
7th:February 3-4, 2011 8th:February 2-3, 2012

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

13th : November 18-20, 2015 14th :November 17-19, 2016
15th : December 13-14, 2017 16th:January 9-10, 2019
17th : December 3-6, 2019 18th :November 18, 2021
19th : April 6, 2023

21th : February 25-26, 2025

INTERNATIONAL WORKSHOP ON
NANOSTRUCTURES & NANOELECTRONICS

1s t :November 21-22, 2007
3rd :March 21-22, 2012
5th :March 5-7, 2014

7th :March 1-3, 2016

9th :March 1-2, 2018

1th :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

2nd :March 11-12, 2010
4th :March 7-8, 2013
6th :March 2-4, 2015
8th :March 6-7, 2017
10th :March 6-7, 2019

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

"o

no-integration technologies and their evolution”, ”Spin-con-
trol physics and technologies and their applications”, and
“Realization and application of information processing using

molecular nanostructures”.

International Symposium held in LNS, RIEC

RIEC INTERNATIONAL SYMPOSIUM ON
BRAIN FUNCTIONS AND BRAIN COMPUTER

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

7 t h:February 22-23, 2019 8t h:February 13-15, 2020
9th:December 5, 2020 10th : February 18-19, 2022
11th: February 17-18, 2023 12th: February 27-28, 2024
13th: February 25-28, 2025 14th :February 27-28, 2026

20th : November 30-December 1, 2023

The Future of Computing: Perspectives (a joint symposium comprising three
events: the 13th RIIEC 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

FE B Shunsuke Fukami e Ef
6] Professor AR
Jiahao Han Jiahao Han iR K
HEHFE (CSIS) Associate Professor (CSIS) HEFEE (FRIS)

K. Vihanga De Zoysa K. Vihanga De Zoysa

BhEL Assistant Professor B# (CSIS)
Min-Gu Kang Min-Gu Kang AH =B
Bh# (FRIS) Assistant Professor (FRIS) FHEBIE

Salvatore Teresi Salvatore Teresi

FHERZEE (AIMR) Specially Appointed
Research Fellow (AIMR)

Fi= gty Shunya Chiba

D= Specially Appointed
REHRE Research Fellow

Katarzyna Gas Katarzyna Gas
Assistant Professor (CSIS)

Yukihiro Marui

Specially Appointed
Assistant Professor

Shun Kanai
Associate Professor

Yuta Yamane
Associate Professor (FRIS)

Aakanksha Sud Aakanksha Sud
Bh# (FRIS) Assistant Professor (FRIS)

Nuno Cacoilo

Specially Appointed
Assistant Professor

Nuno Cacoilo
FHEBNH

Eva Diaz Eva Diaz AR R Ryo Kawarazaki
BHAZMIRES  JSPS Research Fellow  HAZFfiRES  JSPS Research Fellow
NEAFFRIFHERE R E

© HEEH

Research Activities

ERPDERP AL BALDREEFIE L TEMICRBT ST & FBH
EL. FLLWREY FOZ Y ZAME - BEDREPLZT I TREINSAE
IEDER. RURAEY MOZY ARFIHBICET MR AT TV 5,
o, REERLER. LR (KB, BEHHN. 27) BRLEREAD
IGAERE LTc. BMRE - EBBHRAEY FOZ I AEFORIBICET
DR EED T NS, EEMICIE. TR b > RIVEERTORREE
FMER. EACERE BV SR CHIEREM. X\ 21 >0k
EERBVHRACLY FOZV AMBORRE. |REMALY FOZIV XK
F O TIANT - FFEEHERATR & (ICRT 2R AT > T 5,

Our research activities aim to deepen the understanding of spin-related
phenomena in novel spintronics materials and structures and apply the
obtained insights to develop advanced spintronics devices, where electron
charge, spin, and magnetization in solids are controlled. We also work
on high-performance and ultralow-power spintronics devices to be used
in 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.

W AT H
MRDE | REHE

SR - EEBENALY FOZIAXEY - REEBEEROXREE B
L. BRICE 7/ BMRFOBMEHIEERMOBED. T DD
MOBAFICI VA TS, FAEY FAZ T XOFERERIERIEGH
HEHLWT T =2 3V OBRICERYEATNS, AEY - BiEE
EEAZEFIA LICBUE OB & Z DI DOMEIBRF. HE R & OIS
BIEOF - SRVEIEEORRA, BHEHS b > RIVESRFORE.
S AT — VMR T DU A A 2 7 ADIREE, MMBRMEHS AT ERT
BifDm . ATERERERRHNZT A LY RFORRELHTEFRAD
R, BEICBMVBATLS,

. d'/Xl:"‘/*% 7-/\4’7\

AEY FAOZI ZAEBWHT LRI T N\ ADORFEZBEL. 7/ X
TV TOEACVRROBBEZDT /A AGHICEY HA TN, é
FOAEVEFEY FOIb— L ADEEDRR & Z D=,

EY P14 F I ADOBAETINA RAGH. AEY OBRFIEZFIA Uiﬁf
EEEB DA CHIEICE A TLD

28> hOZY A%

= 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.

ZEDHREDEIE

Overview of spintronics laboratory
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Nano-Bio Hybrid Molecular Devices

Staff

FEH ES  AyumiHirano-lwata NS FRE Maki Komiya

IS Professor FHEBNE Specially Appointed
Assistant Professor

EAR  E  Kaoru Hiramoto f2illl 5AER  Hironori Kageyama

B (30 Assistant Professor* BhE Assistant Professor

¥ HHAZES

Research Activities

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

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

O/ IMFTREDFTINA A
MENE | FEFHER

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

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

2 AEECERERV RIS O BB

Fig.2 Reconstruction of neuronal circuits using living cells

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

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

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 R Associate Professor
A B  Satoshi Moriya

Bh# Assistant Professor

@ HREE)

Research Activities

FARZE T MASFEZFROLETHIE/ A VEFEICER L.
TON—= R 1 7EBEEIOMERETO TS, T/NAA 70
LA BIREICMA. 7V T X LPEERFE E LSRG DEFICD
feoR=EEITL. TNoZMET DI LT 2<HLLFER
BT ORIRICHE L TN,

Our laboratory focuses on non-von Neumann computing, par-
ticularly brainmorphic computing, and conducts research on its
underlying hardware technologies. We carry out interdisciplinary
studies spanning devices, fabrication processes, circuits, as well
as algorithms and neuroscience, and strive to create entirely new
computing technology through their integration.

O T/ ERT N AR | eiEds

Al DE 5725 RREICHIT T JEEBOERIE LT
EHESNMtEzBENE L. MET /NS ZAPER LN G5UIKT
No&EME LI A VAT LOREZELC T MAEEN\—FUT
TEBRIMOBREZBIREL TS, B, 77087 CMOS £iiid
AL HEEEFEOMEICE Y. BIRIVF—DDOEMRES
RUELERINIES R T LDOERZ BIEY,

¥ s AFOmESERt7OEX
HEe) S | RS

BAGEEMR TERENSEFN\T DEETME 75 ATHRL
RiS7E EDXRME - REOREEHE T Ot A Z5E L TREICHIE
L. FHWABHRET S v b7 5 — LIBRE R X 5 R EAFEE
VAT LEBENEE B ODFEET I\ AT O A BER i
DHIRHAFEEIT D,

BUEIST B DRIRICEINS T

Towards the Realization Brain Computer

* Nano-Integration Devices (Prof. Sato)

To further advance the societal deployment of Al technolo-
gies, we aim to establish a hardware foundation for brainmor-
phic computing through the development of brain-inspired
devices, dedicated LSls, and integrated Al systems, with a
focus on achieving high computational efficiency and low
power consumption. In particular, by leveraging the maturity
of analog CMOS technology and integrating it with emerging
computational paradigms, we seek to realize energy-efficient
and high-performance neuromorphic information processing
systems.

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

By precise formation control of quantum heterostructures com-
posed of various heterogeneous materials using surface and in-
terface control processes such as plasma-induced reactions and
so on, we conduct research and development of semiconductor
device process fundamental technologies to enhance next-gen-
eration semiconductor systems that support the construction of
a peaceful platform for the coexistence of all humankind.

BFINT OEERER T DL ADBEICHEITT

Towards Establishment of Process for Group IV Quantum Heterointegration
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Innovative Spintronic Device

Staff

Bengt Johan Akerman Bengt Johan Akerman

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

Ahmad A. Awad Ahmad A. Awad

Associate Professor (CSIS)

Akash Kumar
Assistant Professor (CSIS)

@ HRIEE)

Research Activities

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

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

BR - ®RERERHYAT L
MEDEF ORFHR)

Auditory and Multisensory Information Systems
(Prof. Sakamoto)

ORERUESRENBBRLIBEREDHE
O3 E=@BROBIEML YV Y TV AT s
DIER

OBERBEBEHRNEBICEDEBBERV AT L
DIFE

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

=Tt
P

Laboratory for Brainware Systems

FiBY LS| & R 7 LNBRZEER
REHRERE - ¥ X7 LHARE

Brainware LS| Systems

Brainmorphic Computing Systems ———

RitReRERE - V2T L
MRS E (ILFHER)

Brainmorphic Computing Systems
(Prof. Yamamoto)

OBIERAIRICBI T HAEARAIFZ
OBEMREIREE BT ) > JIcE
I BHHR

OEYIREN G HAEE & DY A7 LRE(C
B9 BRI

OSBEIBEMS AT LOBRE F OERIZEA
|CRET 5T

e Constructive study on brain information pro-
cessing

e In vitro modeling of brain functions using cul-
tured neuronal networks

e Biologically inspired machine learning and its
system implementation

® Microphysiological systems for neuroscience
applications



B LSI & R 7 LB ZER
LR VLS| & R 7 LEREZE

FL2VLSI R 7 s
MRS F (PREHER)

New Paradigm VLSI System (Prof. Hanyu)

Brainware LS| Systems
New Paradigm VLSI System

FLEVLSITH 1>
MRS T (EHEBR)

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

wEVLSIaYEa—710J
RS (RIREBER)

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

OFREBREAYV Y IA VAR T —FT0F v &
ZOBESBAVLSI 7O v ISR T BEFE
OFNAREFTIWR=ZF@2a > E1—F7 7
VOT—FTUF v ICEET B

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

OmXRMERICED CGBEEESALSICET S
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

® 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+
|CBIY B
OBEREBISESERBVLSIEE/ 7 —F 77
F v |CBT BH%E

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

OFBERVLSIY R 7 LDRETHAICEE T 2 H5E

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

e Self-adaptive system for resilient VLS|

¢ Optimization algorithm and its application to
VLSI design methodology

e EDA/CAD algorithms for new paradigm VLSI
systems

BEDHBIES 2 T LHZED
RERIAVE1—T 1 VITHEE

RFIAVE1—-FT1sVT
MEDF (GREER)

Real-World Computing (Prof. Ishiguro)

OBABEMBREY 7 FaRy kO
OEFRIEK. RIT. &7, ETICEIT588
YRR
OZEZFHIRZDEVORRREO S F AR
EORT 47 ANDISA

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
versatility behavioral and its application to ro-
botics

ORIRBICEDCELIRIVF—N—FDzx
773 XIS BHIZE

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

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

OJERBRFEICE DK BEHEES /-
U7 CBEY BT

e Energy-efficient hardware algorithm based on
probabilistic computing

* New-paradigm computing technique based
on CMOS invertible logic

¢ Brainware information-processing hardware
based on stochastic computing

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

Autonomous Decentralized Control Systems
Real-World Computing
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Staff

PE &3 Takahiro Hanyu
MERE (R Director, Professor

Laboratory for Brainware Systems

v HH3EE

Research Activities

(L2701 7HERERR] (&0 KREFHBHEER
ELTERMICFLIBOMBEBMOUE - BIRLBERFICT LA >
DI 7 EERMRE LTHREN. TDR. TRFEHEENR
DIRIRZWIT, FR6F4BICT LA >0 = 7 HZEHAFEMR
PMEE L. TOEMIE. BREHR KLU LEMICELT
DRMEHREY —LLRXICHET H2RMABRY AT L%z, HE
I BRI CRIVI 2EBREMORIME T DICHADEHZREFHAT 5
TETHB, TDRDIC. KRBAROAR & BEGBERICDH
DEFER - BRADEHAENFORERRESEDT L1
VI T DB OMEEDRN ZREE L THRZT .
CDREsRIE. BIGKERATEIY A7 LHIRE (GR# - 28
ATLHRE) . BRIBEIES AT LARE (RERI>
Ea—7« YIWRE)  MELSIY AT LHHZEES GREERVLS!
VAT LHRE. HIFREE - X7 LHRE) O3AKEHE
KA T, TLA>YT7—F 7 7 F v RRBOBBHIFESIN
THY. BESHEDTFOBADTIC. HERVTHERDEE%E
72,

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 Brainmorphic Computing Systems Group),
and brain architecture Division (planned). The Laboratory for
Brainware Systems consists of the above four divisions which
cooperatively carry out the research. At the same time, they
serve as a laboratory for nation-wide cooperative research in
the field of Brainware systems.

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

64 | BXUBIEHIZEFT = RIEC 2026/2027



iaitt c FRVATLARE

Recognition and Learning Systems

Staff
A {E&— Shuichi Sakamoto
Bi% Professor

v HZEE

Research Activities

FRAEDF ClE. RO 5 AN EN DA EIERE ANBOHEL
BLUBMACERH - ¥ET H5BBEBEoMLTETIMEL. BB
LSIZG E iR Z i8R 2/ \— RO T 7 ICRET 5 L= B
LTHIRZESH TS,

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

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.

ERRIBIC & B Aha | (ABR T, B—HWREDT —2ZFBT HLIVEENTES T LS. BANCHREIA AT B ETRE

[CEDCBRIEY 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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Brainmorphic Computing Systems

Staff
U7 ZEBH  Hideaki Yamamoto
#E Professor

W TZEEE)

Research Activities

ANEZE ECERSROBRLEHBIL, BREET AT LITH
BIL—=0 2 —%d 5T TENBFENTND, CORREHE
N IR ITid, EROFERIEICHIT 2R IFRLIEBIZ
AL, FONTMEZRERMNEFREELLLNER

BEEBcdicld. MIcHT B IFRLEICEREFITHEROD
MBS 27 LOBRHSBEDFRE LG 2TV 5, HHERE Tl
RN FEPHIET A E DO R %2 86 L CEFRERERICHIT
BIERNIPEZDOBAZED D L LB, FEERTFEPHRET
FirE%ER L RERDOMAIERILIES X7 LOBERPLIEA
BT DRARZEHEDH T D,

The information-processing mechanisms of living systems, in-
cluding humans, are expected to drive new breakthroughs in
information and communication technologies. Realizing this
potential requires uncovering the computational principles
of biological neural networks and translating them into engi-
neered systems. As current Al approaches maturity, developing
new forms of brain-inspired computing systems has become an
urgent need. Our laboratory investigates the computing princi-
ples in biological neural networks through experimental neuro-
science and computational modeling, while developing novel
brainmorphic computing systems through microelectronics and
bioengineering.

W HIERREE - X T L
MEDE | ILAHER

ANEFTIE, ERICHIT 2T IERIBEREZ TFRRRD SR
L. BAR— MRZEX X D REARDOBMEBRNIES X7 L,
Btz XA S EERHNE - EREINEU DI 5t
DR EED D, BHEMICIE, IRERIN Ch 2 AT HiEEiaEE
EREREIREDOETIVRELTGERL, BRUES X7 LELT
DUDERDFHELER SBEREHCRANGAEEERICED
CHAORBEGE BEDALZ2—Z)bxy bT—UP Al
HHEANSNTOEWEFRMOFHOEEENEZEZ RS HNCT B,
T LT TR LOEYRREN R IERIMEE 7 ) L DHRIEHE
BARMAN—RD 7 EOIKIEEEZ 1 —OVICED Ty
T IERET D, WITL T & MREiaDBER %z 6
T2 LT, ERRER, FC/\—F 2V VEPRIEG G E D&
BANZXLDAEEERETIVORIRZBIET .

FERETE SR L IR eE R OREE - HAEHE
Structural and functional control of neuronal networks using semiconductor
technologies

= Brainmorphic Computing Systems
(Prof. Yamamoto)

We study the neural basis of information processing in the brain
from an engineering perspective and translate that understand-
ing into brain-inspired computing systems and biomedical
technologies that support our future super-smart and super-ag-
ing societies. Using artificial neuronal networks developed in
our lab as in-vitro models for brain networks, we investigate key
features of the biological computing that are not yet captured
by current artificial neural networks and other Al systems. We
then implement these principles in software-based biologically
plausible models, ultra-low-power neuromorphic hardware, and
“"wetware” based on cultured cells. Additionally, by utilizing
cultured human neurons, we aim to elucidate the mechanisms
of neurological disorders and to establish new in vitro disease
models.

BEZ1-OYVZERVEEUYN-2Y 1TV
Physical reservoir computing using living neurons
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BAIRBR A E(REFELES (Very Large Scale Integration; VLS </
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ETIE. TR UDVLSI VRTLT—=F T FviE5TICED
Eﬁ%%fﬁﬁ‘mu R MORARZITH L. ABOERE
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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

AARDEF TlE. ERDIER EITIFEWVFLWEZ HICEDS
N=RDIT7T7—F70F v DRRZEITOTLVD, BIAIE &8
B RELRICOBIL S B TRAGT AT /N> FigZzRIR
T2AVVIAVAERISIT—FT0F v ALY FAZIR
KT EDHREE - ZHEE - TERTNA RZEB LT /INA
RETIAN=RFERVLSI 7 —F T 7 F vz e, Ty VAEITE
MREVLSI T Ot v TORBFEICET 2HKRET 2L 5,

W FLRVLSIT A VSRS | EHERIR

KRAEDEF CTIE. BIEED DREFZVLSIORRICAIT LRz
ToTW2, BEMICIE. PVTIESDET U —VLSIER 77 —F
TUF v, BWERIEEISAESEREVLSIER T —F TV F v, B
ASHEICED &7V ZA&%@VLSIDX.:H%T]FJJEH R
BREOD Y 7 A 2 AT VLSIEREHEN G & #IET 0t i
{EDBEZELD L DD, D DOBEERAETICEVTELSEENE
ZEMN T BVLSID DRI T 28582172 CT %,

v HERVSIOYE 1 —FT 425
RS | BRIRAEZR

AR DETF Tld. ERORAERIVER & IE—1F 7 B I HERNE
BICEDCHERAYEa—T V7 EMICET 2HEETo
TW5, BEMICE, BENEBED—BTHAIAMARXT 1V
JEEEFERLICBIXIVE—N—RI 7 7)b 3 XL,
REROHAEFMTIERBHAREZWNAAFTELARIRT 51~
N=T 1 7)VOTvy 7 EZDISRICET BMEET> TV,

= 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 VLS.

= 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.
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REFAVE1—T 4 VIHRETIE. BARPHRV AT LIC
B BHREORRAH Z X L& BEDEEIE OBESD SER
L. AIMORRNERETHEZBNE LTHEETOT
AV

“ B BRI BEAGERA - HkT - EEAEE R OER (BEE)
PEEMEAT 2 LICE T AL DERDBHIEL SIFEE
HTEBVIFBIAT A (i) ZAIESES L0 D=
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

RERAVE1—T 4 VITHREDFCIE 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 .

1. B DS MR IRTES)CNTE S BHIME A 5 = X LDREER

fillmps 7T

Fig.1 Legged robot for investigating the control mechanisms
underlying versatile interlimb coordination in animals.

2. EMREHEICE D CEENOEHR

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

= 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.

3. SARGHD - BRARIREE N2 — 2 E IR LN T
AORy b
Fig.3 Centipede-like robot that can generate versatile
ody-limb coordination patterns.
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BXUBEMEMD CNE CICBER L TEBRBERM (T) |
B9 oEEE. EFEERGFICK Y. SFROBRBZ U TEAL
Hifie LTRMEED I EZBNET D, RKEDRET 2%z
7 E LTRERUEEROEMZHRE L. 2 Rked27 71
T—2avEREEL. BeNEBISERERARMZTEREE S

K HFIREDR R E BET . SERZEBLITEDS
N2EBEMBARICK VIEONTHR - MVIEMEIS. Bl
ICEFERNBHT 2, 7OV T FOHBEICIE. EERD SO
iz % < RIFAN. KEDRET Sl - SihsEz R
FRISICCHRT 5 & C. EFRINEDHE - HRARINE
DBEHEF LV Z2—E L TOREZRLT,

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

1m0 era—
Fig.1:1T-21 Center
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A—HEZy bT—UICEST 57 7t AR E LTOENAILT A
YL BEEFEMIE. T 7ANCKBBER/NNY I R—> %y bT—0 &
BT, ICT HEDRB®EZ Z B IEWREBEM TH 5, HROBEERED
=22y TERES ODAEORBBEHRMIE. BARELZZA2ENE
LTEITEIRETDHEND B,

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

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

Tk 29 FED SIEEFERRBERETA VLRI TSy b T4+ —LT
OYx7 LT ERIOTEEOHRBKE IO T bEZEL. THA
TOFESRIBEHERICE LIAHEH 7 IV 2 A LARY T LEZ2%HH
TEEEDMARRZHIFTE, HM4FEDSIE. NICT Beyond 5G
HERREEEE (BREFIAL) E2RE [Beyond 56 FER Y hT—
Al QN EEET V2 IVE— LT+ =327 (DBF) XREV AT L
Bitd LU W mEHELBEHMEEERMOMEHERE (BH4~8FE) ) O
EFEHETOD 1Y M ESEEL. HEBEZT o TV 5, DHEOBERE
BEMOBERBEZNZ L &HI1C. BRERRBICEMICKSEIBMXTO
N F v —RERT G EMIFIREICEEMT 2 LE BRI LTV S,

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

Fig.2 /\1 £ 3 VIEEMRREBNN 3 Fig.3 MBWA S23E525% (BIt1E5R1% )

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

meter wave wireless termi-

nal for uncompressed HDTV

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

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

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

In FY2019, the mobile wireless technology group was renamed to
Wireless ICT Platform Project in Industry-Academia-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 a new Industry-academia collaboration
R&D project related to 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.

Fig.4 Dependable Air
Fig.4 Dependable Air
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RENTTREEEN TN D, K BSEMIFEREF1 U7+
DEBRIMCHY . ATHEE (A) BNRBET258DHRICE
WCBHBESEMZED7 & LIRBER v+ 1) T« BRiiH RO S
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IT-21 €22 —=7Tld. INETRHADBEHRBEXMDHAIEFHFE
EEFEETOVIV MCKYMEL TE T, 2025 FE LY,
AIDNEET BHRICE T 2EREGTBRBERMOMIIZ Big
LT AR REF2 T (AlEF2UT 1) OMKREEE
HET2FAETOYI Y M EREEET.

ATOV Y bTIE BEEEICHE LTHVRE - Btz s
TRBSN-FUI T OMEEEEZTHEENET 5. Bk
RPIvITOREZRELIBE. YA/N—KBICIMATHY
BWE (VAT LITENICT 72X L TERONEPHE A
EETORE) DERBIRT LGS, TOHRTHLRENGE
Bl ENDDN VAT LEWFRDRIXNGZEE CHEES -
B EHKR - BEREG L) ZHEB L THBIER % IEK
B MRERICNET OV A R Ty RIVKETH D, cEAETF
SERICEEREIEARES TH>TH. DL A FF v
FIH B BCWBREANDOMMEZER L CRENNALE D,
UEDBEHLHS, KTOV IV FTIE A ZFET28E5EY
HWE & T ONREMOMEREZHET 2.

BHHICiE. B 6 FEH S ZFE L2 JST K Program T ATA]
g (Al) DNBET 27 —2REELORELRICTKER Al L+ 2
T B DRETL | DFFZEAERBICHIT D TAlN— Ko 17+
U7 DR EWSEFEE IO Y M EFRLICHZEE
BHEETO>TWS, A70VT Y MEEBLT. AlEFaU T
EMOHARE - EFEEORAICHERT ST L2 BIZICL
TWa,

Fig.1 BAFIROETE

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 ?oundational 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.

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

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

(3) =TV —XUAV ZEALIEAMER

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

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

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

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

(3) Human resource development using open source UAVs
An open source software (OSS) - based drone (OSSUAV) devel-
opment environment is being developed that allows anyone to
develop custom UAVs at low cost with standardized documenta-
tion. This is enabling parties facing problems to develop drones
that meet their own needs and solve their own problems. To ac-
celerate the development of human resources for this purpose, a
curriculum and development education package will be studied.
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B5 A (5G) LIBED Beyond 5G ® 6G ITH 1T 5. HAFENS
BEDNRE LT BEOTO— RNV KN (LKFE) bk S
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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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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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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.

® 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
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® Security Platform Research Group

Research on security technical studies, including online as
well as offline situations

B 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
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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.
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® Cyber-Physical Security Research Group

Naofumi Homma, Group Leader

Takuo Suganuma (Cyberscience Center)

Takahiro Hanyu

Noriharu Suematsu

Takafumi Aoki (Graduate School of Information Sciences)
Nei Kato (Graduate School of Information Sciences)
Shin-ichiro Omachi (Graduate School of Engineering)
Hiroki Nishiyama (Graduate School of Engineering)
Toru Abe (Cyberscience Center)

Masanori Natsui

Takaaki Mizuki (Cyberscience Center)

For the next-generation information and communication infrastructures such
as loT, M2M, and CPS, we aim to developing information security technolo-
gies to ensure security and reliability at the level of vast and diverse informa-
tion sources (i.e., embedded devices such as sensor terminals) in a vertically
integrated manner from the viewpoints of software constitutive theory,
system security, hardware security, circuit architecture and next-generation

microprocessor.

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

Figl B L XEILKE 74 b =0 AREHAIMERLSOME L BiF
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e Information collection, organization, dispatch,
utilization and research support environment

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

e Technical support for information networks and
systems in RIEC

% b 6 ﬁ)b ) Flexible Information System Center
RS AT HE Yy —

MREREM > 2 —

Fundamental Technology Center
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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

Safety and Health Management Office

OMEFAD R LHEERAEF). FERERE
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* Inspection of and assistance in improving the safety
and health management system and working envi-
ronment within the institute

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

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

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

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

® Holding the safety and health committee meeting

Safety and Health Management Office

MRS
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Flexible Information System Center

Yuko Maruyama
Technical Staff

Hitoshi Shoji

Assistant Technical Staff
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Pt VAES

Printer Room

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

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

TERisERE

Server Room
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AR —F #d%) Director, Professor
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KifE Technical Staff

Fl EBF Yuko Maruyama

b a1 Technical Staff e

F[ER BN Maho Abe
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A% f2fE Takenori Tanno

HiEa Technical Staff HiTHE

FIER A Kento Abe AH

Hile Technical Staff HifrEe

F8 Kenji Ota
Technical Staff BiEE

BIE Z=PH YasuakiMaeda HAZA

BiEae Technical Staff Rila

RE B lori Morita
KitEae Technical Staff

Fundamental Technology Center

INEF FIEE Rikima Ono

Technical Staff

W4 E= Hiroyuki Yagyu

Technical Staff

& fRIE Michimasa Musya

Technical Staff

{£Z= Kana Tsukimoto

Technical Staff
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B NCT 51 A8
Fig.1 NC milling machine

(2 X#REITEE
Fig.2 X-ray diffractometer

Pioneering studies in research areas from basic sciences to
applied communication technologies have been performed
at this institute. Technical staffs have traditionally contributed
to these efforts through the use of their well-established skills,
experience, and knowledge. To accelerate such contributions
in the future, a fundamental technology center encompassing
all technical staffs and an assistant professor was established
in 2007. This center provides technical skills of machining,
physical and chemical measurements, 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
Process Division provides technical consultation and process
support for the fabrication of semiconductor and nanostruc-
tured devices in collaboration with the cooperation section of
the Laboratory for Nanoelectronics and Spintronics. The divi-
sion offers advanced micro- and nanofabrication technologies,
including electron beam lithography, photomask processing,
and ion-beam processing. Electron beam lithography (see
Fig. 3) is positioned as a core technology for nanoscale device
fabrication and has demonstrated sub-10 nm patterning capa-
bility. These technologies support the fabrication of fine struc-
tures for research in fields such as spintronics, nanophotonics,
and quantum devices. The division also supports the shared
use of fabrication equipment and commissioned processing
services, and provides technical support for the operation
of cleanroom facilities and beam-based processing technol-
ogies. Finally, the information technology 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 management of intellectual property-re-
lated information.

X3 BFREEEE
Fig.3 Electron Beam Lithography System
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Safety and Health Management Office
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REFEHEEBR (Web FtE)
Safety and health seminars (Webinar)

The Safety and Health Management Office is an organization
of the RIEC that aims to ensure the safety and health environ-
ment of faculty members, students, and staff who cooperate
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.

BEARRLZHEESR (Web FfE)
High-pressure gas safety seminars (Webinar)
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Research Activities
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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,

BEREEHARMERS >V RI U L (2026 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 FY2026)

EF 22

FRETE

IEEE 56th International Symposium on Multiple-Valued Logic (SMVL2026) May. 19-21, 2026

3rd Workshop on the Chicago-Tohoku Quantum Alliance

June. 29-30, 2026

International Workshop on Emerging ICT

Oct. 30, 2026

RIEC International Workshop on Spintronics

Nov. 12-13, 2026

The 32th ACM Symposium on Virtual Reality Software and Technology (VRST2026) Nov. 16-18, 2026

The 15th RIEC International Symposium on Brain Functions and Brain Computer Feb. 19-20, 2027

12th CIES Technology Forum

Mar. 23-24, 2027
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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 has been available since 2007.

BRGEETFT
R ES IR Annual Report 2024
%318 20245m) T ——

Annual Report 2024
Research Institute of Electrical Communication
‘Tohoku University
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Educational Activities
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T—02 3y TTORRRS
Presentation scene at a workshop

RIEC is keeping close contact with the School of Engineering,
Graduate School of Information Sciences, and Graduate School
of Biomedical Engineering. All faculty members of RIEC hold
positions in these schools and have courses for graduate and
undergraduate students. Students also have chances to join the
research groups in RIEC. In 2025, 47 undergraduate students, 142
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
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International Activities
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International Academic Exchange Programs

RERFMTRGE

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 programs

with foreign colleges or institutes are in operation.

E# W E & EMEFA B E% W E & EREES B

Country Institution Date of Signing Country Institution Date of Signing
7AVA | AVTHIVZTRE (108) 1990.3.15 Ry HAV=RASUTIVY TRKE 2012.2.1
US.A. University of California Germany | The University of Kaiserslautern
FANIT | ¥ FZ—KF 1993.1.8 KAy ANRRT-TUNIWITKRERA Y 2012.2.6
Australia | The University of Sydney Germany | Johannes Gutenberg University of Mainz

TAYH | =T 1—KZF 1997.9.23 24 FUORYVYY FIRAFENTUR | 201211.26
USA. Purdue University Thailand King Mongkut's University of Technology Thonburi

YUARE | Y AR—VEIIRE 2000.9.16 Ry TLZ Y THAF 2013.10.31
Singapore | National University of Singapore Germany | Chemnitz University of Technology
=] EiraEAE 2000.11.18 AFVR | AZN=27 4 - ALyY - OV RV 20131121
Taiwan National Taiwan University UK. University College London, UCL

AA AA ZEBIHAZO—T X 2000.11.20 F=ANIUT | AIVRIV Y KE 2014.11.7
Swiss Swiss Federal Institute of Technology in Lausanne Australia | The University of Melbourne
CES RERFEAE (KAIST) 2001.4.24 Ry L=V RTIVIKE 2017.3.16
Korea Korea Advanced Institute of Science and Technology(KAIST) Germany | University of Regensburg
& EIirfERS 2003.11.14 Ry FIVT > TIVGRE 2017.7.13
Taiwan National Chung Cheng University Germany | Carl von Ossietzky University of Oldenburg
=X EII A 2005.8.9 THAUH | TARAKRE 2017.7.21
Taiwan National Cheng Kung University U.S.A. Rice University
= EN7FERRZOE A 2005.12.15 ISR | BL—XKRE 2018.2.26
Taiwan National Yang Ming Chiao Tung University France University of Lorraine

K1 FLRATYTIHAZE 2006.6.26 ARAY | IRV HKRE 2018.5.20
Germany | The Technische Universitat Dresden Spain University of Salamanca

Vabakd VA —R2—)V—KE 2006.10.30 FE BERE 2019.3.16
Canada University of Waterloo China The University of Hong Kong

TAUH | AVTHIVZTREF D ZIN—NTR | 2007.11.2 VAR | F UV IRAR 2019.8.23
US.A. University of California, Santa Barbara Singapore | Nanyang Technological University

TAVA | AV THIVZTREN=T L—IK 2008.9.1 o>7 B0 bRFIVT IV ERIRKF 2019.11.22
US.A. University of California, Barkeley Russia St. Petersburg Electrotechnical University

abat s TRIRE 2009.6.26 TIVA | N BT LKRE 2020.7.20
Canada University of Ottawa France Paris-Saclay University

Ry NIV U IRKFE 2009.8.26 R=ZYF| D)V vTRZF 2021.3.4
Germany | Berlin Institute of Technology Poland University of Warsaw
=¥ EIBEARS 2009.12.2 R=ZYR| R=ZV R MRETHTZ— 2021.7.23
Taiwan National Tsing Hua University Poland Polish Academy of Sciences

AAR AAREBIMAZTF 21— v ER 2010.7.21 sl REIVKRF 2024.6.4
Swiss Swiss Federal Institute of Technology in Zurich Canada McGill University

ke TaAVAVINAZE 2010.8.3 TAUR | SR RBURE 2025.11.4
Germany | Technische Universitat Minchen US.A. Northeastern University
a3 EIBUaARE 2011.4.22
Taiwan National Chengchi University

&
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Department Level Agreements

E% W e ® BEMEEAR E# B E R BEMEERR
Country Institution Date of Signing Country Institution Date of Signing
R=2VF| R=5> RRET7HT I —WEBFMER 1976.8.3 TR NNUIRKFET L DL/ 2017.10.25
Poland Institute of Physics, Polish Academy of France Télécom Paris, Institut Polytechnique

Sciences de Paris
. = ST BB RS 2018.7.31
vy | T Fe— 2001.1.22 = =
RO | TAIATE NTHIE - SOy b
Germany | IHP GmbH-Leibniz Institute for High Taiwan Center for Artificial Intelligence and

Performance Microelectronics / Leibniz-
Institut fir innovative Mikroelektronik

University

Advanced Robotics, National Taiwan

HE | chERSRE R 2007.4.12
China Institute of Semiconductors, Chinese

Academy of Sciences
TAUA | T EH—AKFE 2009.12.9

VAV LAY ~ T =TT
USA. WINLAB (Wireless Information Network

Laboratory), Rutgers University

AT B EAPWEZRZ LTOLHEEY v —F v

International Journals in which our faculty members serve on the editorial board

1 APEX

2 Auditory Perception & Cognition

3 Bioengineering

4 e-Journal of Surface Science and Nanotechnology

5 Frontiers in Neuroscience

6 Frontiers in Physics

7 Frontiers in Psychology

8 ICT Express

9 |IEEE Transactions on Circuits and Systems for Video
Technology (TCSVT)

10 IEEE Transactions on Magnetics

11 |IEICE Transactions on Communications

12

19

20

|IEICE Transactions on Electronics

Japanese Journal of Applied Physics

Journal of Cryptographic Engineering

Journal of Physics D: Applied Physics

Magnetochemistry

Pattern Recognition

Science and Technology of Advanced Materials

Scientific Reports

Spin
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International Conferences in which our faculty members served on organizing committee

1 ACSIN-16

2 ALC'26

3 ANFC 2025

4 Annual Conference on Magnetism and Magnetic Materials

2025

5 Annual Conference on Magnetism and Magnetic Materials
2026

6 EM-NANO2025

7 |EEE HPSR 2025

8 IEEE ICCCN 2025

9 IEEE International Conference on Device Technologies for

Diversified Application 2025

10 IEEE International Symposium on Multiple-Valued Logic 2026

11 International Conference on The Theory and Application of
Cryptology and Information Security (ASIACRYPT) 2026

12 International Magnetics Conference 2026

13 KJF-ICOMEP2025

14 Magnetics and Optics Research International Symposium
(MORIS) 2026

15 OptoElectronics and Communications Conference (OECC)
2025

16 Soft Magnetic Materials Conference (SMM) 2025

17 TMRC 2025

18 TMRC 2026

19 UbiComp 2026
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Publicity Activities
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https.//www.riectohoku.acjp/koukai/

B AREBORRT
A scene on the day of RIEC Open Day

RIEC News

BRUBEMEMOLERESD—IRE L TZ1—A L% — [RIEC
News) ZHATLTE .

IRIEC News] &, EBXUBEMZFAILI/SAF 2R LAFIEN
DT BRUBEMZEADBADRZERMOFEENDEIIC DL
T BARORTOIERNDBLEEZENT 5D TH 5, 20114
3BICAFIL. 5. ABITOY T MORRIHEERTTE DEIERE
FHdr BIRDOEFEANY M EBNT S EY VX PAREPEL
V2 —DREN. ARSI R. BLRG ED@fE L Y JRAIRIRE
BWERTOT S LPEFEEAR Y F 777> R70OT 5 L%
EDBREBN L TE, 2013F38(1E. ZDOIEBRLETFIEN
feo Fia. TNETHEITLUREC NewsDETFHRZ. FFEURLICTAR
ML CER

https//www.riectohoku.acjp/riecnews/

RIEC NewsldF2019F7BFTDE265%EH 5T TNETDLD
BHEHOBEOFETEANZ—BK T L L. 2020F48 &Y. SHOMH
EHRPANRY MERE KV ECEITRICBREITING, HILLE
EHTER R T A0, WebZEshe LIl G oz TODRIEC
Newswebld, TE2URLICT AR L TET=,

https//www.riectohoku.acjp/riecpr/
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B RIEC Open Day

RIEC holds an open day (RIEC Open Day) to present research and
educational activities to the public, university staff, students and
alumni as well as representatives from the industry. The RIEC Open
Day takes place on weekend in early October once every two years.
All the research laboratories, 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. We also plan several open experiments and craft
classes that parents and children can participate in; these experi-
ence-based events are quite popular and sometimes have people
waiting in line.

Although the RIEC Open Day used to be an annual event, it has
been held biennially as a joint one-day event with other research
institutes on Katahira campus since FY2023. The last RIEC Open
Day was held in October 2025, and more than 1200 people visited
it. We will have the next RIEC Open Day in October 2027.

The following website is also prepared as virtual RIEC Open Day,
where easy-to-understand introductions to our research activities
are always available:

https://www.riec.tohoku.ac.jp/koukai/

NFIRER - TIFEZ R LGBMNE

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, 2026)

ik ()8R

Director, Professor

A W famoE

Kazushi Ishiyama

BRZEARFT

STE Y AT NEAERIRERPT

Research Divisions

Computing System Platforms Division

B ERSEFTFHRE

Solid State Electronics

R Professor (f B X 1) (Shigeo Sato)

B B ® Professor* = OB B R Tetsuo Endoh

ESE - ) Professor* H & ® A Eiji Higurashi
BB ® Professor* m B B 5B Toshiaki Kato
TR Associate Professor m B B — Hirokazu Fukidome
HEE (GR) Associate Professor* @ B 72 Takeru Okada
EHIR (R Associate Professor* A fish Kai Takeuchi

B FE /71 RAARE Dielectric Nano-Devices
O Professor (B # E xX) (Masafumi Shirai)
w o (3% Professor* h E B Tetsuya Kodama
BB ® Professor* =5 = = Shin Yoshizawa
R Associate Professor bR MO Kohei Yamasue
S Associate Professor T ook B B Yoshiomi Hiranaga
| R AT E Materials Functionality Design
B B Professor BH # E X Masafumi Shirai

B R Professor* H & M < Kazuyuki Tanaka
E ) Professor* KX B B 2 Masayuki Ohzeki
B OE G Professor* BE M & X Atsufumi Hirohata
B OE G Professor* w8 M A Kazunori Takahashi
AR Associate Professor L= eI Kazutaka Abe

By Assistant Professor bl IR BN Masahito Tsujikawa
B XY hOZ7AHRE Spintronics
B " Professor xR B B Shunsuke Fukami
B8 G® Professor* T BR K Yasuo Ando

B B ® Professor* g 2 K Takehito Simatsu
HOR (G Professor* ® O 1R Shin Saito

BB ® Professor* M OH E = Shoji Ikeda

BB ® Professor* X F® B E Mikihiko Ogane
BB ® Professor* A HE B Masakiyo Tsunoda
B Associate Professor £ H B2 Shun Kanai

R GR) Associate Professor* N g oz Tomoyuki Ogawa
R (R Associate Professor* iR Yuta Yamane

Bh Assistant Professor De Zoysa Karunathilaka Vihanga De Zoysa Karunathilaka Vihanga
B #H Assistant Professor* Sud Aakanksha Sud Aakanksha

By # 3B Assistant Professor* Kang Mingu Kang Mingu

BHEBNE Specially Appointed Assistant Professor %, # = & Yukihiro Marui
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B Specially Appointed Assistant Professor  Fernandes Cacoilo Nuno Filipe Fernandes Cacoilo Nuno Filipe

TS Specially Appointed Research Fellow SRR B Ryo Kawarazaki

IR E Specially Appointed Research Fellow F E B i Shunya Chiba

B SUERETINAR - VR T LRRE Nano-Integration Devices and Systems
H &K Professor r B ORI Shigeo Sato

B R G Professor* B L8 % Masanori Hariyama

BB (R Professor* 2 H B A Rihito Kuroda

R Associate Professor B E B X Masao Sakuraba

B (GR) Associate Professor* Waidyasooriya Hasitha Muthumala Waidyasooriya Hasitha Muthumala
B Assistant Professor F 7 faiy Satoshi Moriya

B =771 AHARE Quantum Devices
TEHR Associate Professor K K B E Tomohiro Otsuka

B EFHAEY NOZIXT/INA ABRE

Innovative Spintronic Device

O Professor Bengt Johan Akerman Bengt Johan Akerman
R GR) Associate Professor* Awad Ahmad Awad Ahmad
By # Assistant Professor + BB 5 % Takaaki Dohi
B a7+ VU ERERARE Computing Information Theory
B ® Professor hE E N Keisuke Nakano
B OE G Professor* A B E—EB Shinichiro Omachi
HEER (3R) Associate Professor® B OH E X Masao Sakai
HEEEE (3 Associate Professor* W2 F 7 Shuji Isobe
R GR) Associate Professor* = = Tomo Miyazaki
By # Assistant Professor % B Moz Kazuyuki Asada
By % Assistant Professor B oM EKRER Kentaro Kikuchi
B LR VLS & X7 LHRE New Paradigm VLS| System
E O] Professor B & & 5h Takahiro Hanyu
B R Professor* F K F X Takafumi Aoki
TR Associate Professor 2 O H o#; Masanori Natsui
HEHIR Associate Professor R B B Naoya Onizawa
R GR) Associate Professor* ®#H o R — Koichi Ito
F+/ 74 I SOZY ARRE Nano-photoelectronics
E G E ) Professor* a B’ R Takahiro Ishinabe
B VT NYITIERARE Software Construction
B B Professor B B L& Hiroshi Unno
£/ C ) Professor* E3EA £ Ayumi Shinohara
B R G Professor* T # =R Eijiro Sumii
R (R Associate Professor* w B — # Kazutaka Matsuda
R GR) Associate Professor* = fh = Ryo Yoshinaka
By # Assistant Professor Eberhart Clovis Eberhart Clovis
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RS Specially Appointed Research Fellow Bz # B2 Kenji Saotome

B E7F/IL7OZIRHARE Quantum Nanoelectronics
OB (R Professor* E M & X Atsufumi Hirohata

B HEVRTLEBRRNHRE (88) Computing System Platform Technology (Visitor Section)
BEHE Visiting Professor E # 50 = Hiroyuki Nagasawa

ZEHF Visiting Professor ¥ B B & Kunihiro Inomata

FEMEHER Visiting Associate Professor x N B &F Naoka Nagamura

IERIB (S B AR ZSERT Information Communication Platforms Division
B BedLaEmRs Ultrahigh-speed Optical Communication
2 O] Professor E | B 2 Toshihiko Hirooka

R (G Professor* /NI ol | Yuji Matsuura

IR Associate Professor 5 " B N Keisuke Kasai

B [CHAEFHERRE Applied Quantum Optics
B R GE Professor* i & K F Kyoko Kitamura

B R 3 Professor* 7 H BE A Masato Yoshida

B R T AV L BERIMMEE Advanced Wireless Information Technology
E Professor x W OE A Noriharu Suematsu

R (G Professor* 54 58 Qiang Chen

B EEEE Specially Appointed Professor B KX B 7 Satoshi Tsukamoto

HHE (3R Associate Professor® S5 B £ Keisuke Konno

HEER (GR) Associate Professor* £ B 5h B Hiroyasu Sato

By # Assistant Professor ERTR: 4 Tomoyuki Furuichi

FiTzEE Research Fellow m % =] Tamotsu Nishino

FhTAEE Research Fellow R &K = Noboru lzuka

B BERA M-IV XT LHARE Information Storage Systems
E- ] Professor (A E ) (Naofumi Homma)

B R Professor* A Bt Xiao Zhou

B R Professor* # B’ F Takehiro Ito

£/ E ) Professor* hoN OB E Takaki Nakamura

SIS Associate Professor Simon John Greaves Simon John Greaves

HHIR (3R) Associate Professor* H & #H B Yuma Tamura

B B70— NN\Y FBEERRE Ultra-Broadband Communication Platforms
E Professor 1 B A Akira Satou

HOR (G Professor* i I T N 1 Hiroki Nishiyama

THEHE Associate Professor YN E- Tsung Tse Lin

B # () Assistant Professor* B A Tang Chao

B AEFIFRBEIFHER Quantum Optical Information and Communication Engineering
ES O] Professor w B E = Nobuyuki Matsuda
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B r® Professor* & B X B Fumihiro Kaneda

B Xy bET—0T7—FT0F vHRE Network Architecture
O Professor EA ] Go Hasegawa

BB ® Professor* 72 AR Kentaro Inui

woE G Professor* G N s Jun Suzuki

B r® Professor* KoK B PR Takaaki Mizuki

B B &® Professor* % H 2% Taku Noda

G E: ) Professor* Ik O B # Keisuke Sakaguchi

R GR) Associate Professor* % B = B Hideaki Goto

EHE (FR) Associate Professor* i I Reina Akama

B RERATRCF 1 7ER AT LHARE Environmentally Conscious Secure Information System
B B Professor A OO X Naofumi Homma

B # Assistant Professor [E-S 1% Akira Ito

HEMEE Specially Appointed Research Fellow  Tasso Elise Lea Marlene Tasso Elise Lea Marlene

B BREEERRNMEE (F8)

Information and Communication Platform Technology (Visitor Section)

BEHE Visiting Professor w A K BT Yasunori Suzuki
BEHR Visiting Professor 2 8 F & Morio Toyoshima
BEMEHT Visiting Associate Professor + % = Rei Ueno
PN Human and Bio Information Systems Division
B AREWERARE Electromagnetic Bioinformation Engineering
B =R Professor A W MoE Kazushi Ishiyama
H O Professor 5 B BT Yukiko Takahashi
B R & Professor* 2 H i) Makoto Tsuda
£ QA E ) Professor* PERD = B =T Takashi Watanabe
OB (R Professor* =a I S < Kenji Nakamura
E G E ) Professor* # t & Shin Yabukami
ES QA Professor* = B e Yasushi Endo
IR Associate Professor ® OB X — Taichi Goto
HEHEE (5 Associate Professor® ZKEH R sh Akihiro Kuwahata
HERE (GR) Associate Professor* £ I % Yoh Nagasaki
R (3 Associate Professor* = B E3) Sho Muroga
B OB (3 Lecturer* HARAOKE)HEE Hanae Aoki (Kijima)
B RHRERIRY AT LHRE Advanced Acoustic Information Systems
B B Professor R KX E — Shuichi Sakamoto
IR (5R) Associate Professor® BE B (23 Takashi Nose
By # R Assistant Professor* Sun Sai Sun Sai
B RBREER AT LHRE Visual Information Systems
B = Professor # | F M Kowa Koida
= Professor (8 m &) (Chia-Huei Tseng)
OB (R Professor* NS BN Norihiro Sugita
RS Specially Appointed Research Fellow & JI| #E b Tatsuya Oikawa
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B BRIV —T 0V IHRE Real-World Computing
H R Professor " B E Xk Akio Ishiguro

By # Assistant Professor & R ot Akira Fukuhara

By # Assistant Professor ]ORN K B Shura Suzuki

B # 3R Assistant Professor* 7 H EKRE Kotaro Yasui

W /N ATAREDTFT /A AERE Nano-Bio Hybrid Molecular Devices
O] Professor T H E 5 Ayumi Hirano

QN E: ) Professor* HF E E X Tatsuo Yoshinobu

ES QI C ) Professor* X T B B Kengo Kinoshita

QN E: ) Professor* £ F B W Toshiro Kaneko

OB (R Professor* P B Makoto Kanzaki

OB (R Professor* K HK 2 Takeshi Obayashi

MR (3R Associate Professor® i o= Hafumi Nishi

MR (3R Associate Professor® feeKR B K Shota Sasaki

B # Assistant Professor Bz W4 8L B Hironori Kageyama

By # (%) Assistant Professor* FOA = Kaoru Hiramoto

IR Specially Appointed Assistant Professor /N & F % Maki Komiya

B (AU TATAVTVIRRE Interactive Content Design
B Professor it & & X Yoshifumi Kitamura

B R G Professor* ook & Nei Kato

H R (G Professor* g 8 B X Takuo Suganuma

B R G Professor* N ox - Yuichi Kawamoto

MBI Associate Professor == I 14 Kazuyuki Fujita

HEIE (3R Associate Professor* Bl =R = Toru Abe

R (F) Associate Professor* Koketsu Rodrigues Tiago Koketsu Rodrigues Tiago

By # Assistant Professor = s Rin Tani

By # (3 Assistant Professor® B A B o= Yumi Hamamoto

B WIEHRER - VX T LHARE Brainmorphic Computing Systems
2 Professor A& B Hideaki Yamamoto

B HKERVATLHARE (F8) Bio Information Systems (Visitor Section)
BEHE Visiting Professor H ok X8 Mitsuteru Inoue

BEMEHE Visiting Associate Professor H X &= A Keisuke Imoto

MEB+/ - AERERHE Laboratory for Nanoelectronics and Spintronics

WERE () g Director, Professor [ A Shigeo Sato
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B HER

Cooperation Section

FEitErg & Technical Staff* B # M8 lori Morita

REMErBE G0 Technical Staff* N F S E Rikima Ono

FEMErEE (G Technical Staff* B & @ E Michimasa Musha

FiTzEE Research Fellow | A BKRER Yotaro Nishimura

B A2 AU RFRE Spintronics
E O] Professor x® R B & Shunsuke Fukami

QN E: ) Professor* Z B R X Yasuo Ando

B B & Professor* g # R = Takehito Simatsu

£/ C ) Professor* = B feR Shin Saito

ESOE - ) Professor* M B E = Shoiji lkeda

£/ C ) Professor* K F 8 E Mikihiko Ogane

ESOE - ) Professor* A B E B Masakiyo Tsunoda

HEHIR Associate Professor & FF 4 Shun Kanai

R GR) Associate Professor* N g oz Tomoyuki Ogawa

HEHIE (GR) Associate Professor® b R X Yuta Yamane

By # Assistant Professor De Zoysa Karunathilaka Vihanga  De Zoysa Karunathilaka Vihanga
By # 3 Assistant Professor® Sud Aakanksha Sud Aakanksha

B #H Assistant Professor* Kang Mingu Kang Mingu

FHEBNE Specially Appointed Assistant Professor %, # & & Yukihiro Marui

RFHEBIE Specially Appointed Assistant Professor  Fernandes Cacoilo NunoFilipe  Fernandes Cacoilo Nuno Filipe
B S/ NAAREDT T/ A ARE Nano-Bio Hybrid Molecular Devices
E Professor Ty E S Ayumi Hirano

ESE - ) Professor* FE E X Tatsuo Yoshinobu

£/ C ) Professor* X T B B Kengo Kinoshita

ESE - ) Professor* & 7 B Toshiro Kaneko

G E: ) Professor* ol B Makoto Kanzaki

ESE - ) Professor* X M B Takeshi Obayashi

HEHIE (G Associate Professor® ] o= Hafumi Nishi

R GR) Associate Professor* kiR B XK Shota Sasaki

By # Assistant Professor B2 1L 5L BR Hironori Kageyama

B # Assistant Professor* R =4 Kaoru Hiramoto

IR Specially Appointed Assistant Professor /N & Bk & Maki Komiya

B SUERETNAR - VAT LRE Nano-Integration Devices and Systems
E O] Professor e B X I Shigeo Sato

BB G Professor* E L& # Masanori Hariyama

EE - ) Professor* 2 H B A Rihito Kuroda

R Associate Professor B E B X Masao Sakuraba

R GR)

Associate Professor*

Waidyasooriya Hasitha Muthumala Waidyasooriya Hasitha Muthumala
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By # Assistant Professor

4

IS

Satoshi Moriya

B EFHRACEY FOZIXAT/NA AHRRE

Innovative Spintronic Device

E Professor
HEHR (R Associate Professor*
By # Assistant Professor

Bengt Johan Akerman

Awad Ahmad
+ B &

EF

Bengt Johan Akerman
Awad Ahmad

Takaaki Dohi

MiB T LA 7 75 ER

Laboratory for Brainware Systems

ERE (B HIR Director, Professor B £ & 5h Takahiro Hanyu

B FRE - FBUAT LHRE Recognition and Learning Systems
4 Professor R K E — Shuichi Sakamoto

B BERER - X T LHRE Brainmorphic Computing Systems
E ] Professor A& # BB Hideaki Yamamoto

B HEER VLS & R 7 LR E New Paradigm VLS| System
E O Professor P £ & 5h Takahiro Hanyu

#H B (3 Professor* F K £ X Takafumi Aoki

R Associate Professor g H M #; Masanori Natsui

IR Associate Professor 8 R B #& Naoya Onizawa

HEHE (GR) Associate Professor* R Bk B — Koichi Ito

B =ERIVE21—T 0 VIHRE Real-World Computing
H R Professor 7 B B %k Akio Ishiguro

Bh Assistant Professor g R ot Akira Fukuhara

By # Assistant Professor B K K B Shura Suzuki

B #H (3R Assistant Professor* Z H OVEKER Kotaro Yasui

B2 1 i IR B SRR > 2 —
tra—K () 3% Director, Professor

ES

Research Center for 21st Century Information Technology

B H X

Naofumi Homma

B EFEHERERER

Industry-Academia-Government-Collaboration Research and Development Division

H K R Professor* * B F A Noriharu Suematsu

#H B (3 Professor* A B H X Naofumi Homma

BEHE Visiting Professor R & B F Satoko Itaya

B E M Visiting Associate Professor B & & Takashi Maehata

B FEEEEIZRED Interdisciplinary Collaboration Research Division
| IEEE=aTete Exploratory Research Division
H K R Professor* it & E % Yoshifumi Kitamura

#H & (3 Professor* x W F A Noriharu Suematsu
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#H & G Professor* A B H X Naofumi Homma

HAN=& U7V ICT ZRREHZEL > 2 — Interdisciplinary ICT Research Center for Cyber and Real Spaces
tra—k B /8 Director, Professor It & & X Yoshifumi Kitamura

B A\BOza2Zs—YavREmRIIL—T Human Communication Science Research Group
E O] Professor = m = Chia-Huei Tseng

E ) Professor* kR H E = Nobuyuki Sakai

EE - ) Professor* 2 B T o= Motoaki Sugiura

E ) Professor* mZ — & Kazumichi Matsumiya

FHEBE Specially Appointed Assistant Professor  Cheng Miao Cheng Miao

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

B R G Professor* X B BB Shinichiro Omachi

BB ® Professor* N b Jun Suzuki

TR S Specially Appointed Research Fellow Schneider Victor Pierre Schneider Victor Pierre

B kv NT—UEBARIIL—T Network Platform Research Group
OB G Professor* EA i Go Hasegawa

BB ® Professor* BEm| e E Toshihiko Hirooka

O Professor* x W OFE A Noriharu Suematsu

E ) Professor* 5 8 B X Takuo Suganuma

B tFaUr B8RRI Security Platform Research Group
BB ® Professor* A B OH X Naofumi Homma

B XROZaZ4/— a3 vEmmRdIL—7 XR Communication Technology Research Group
R (GR) Professor* It & &8 X Yoshifumi Kitamura

B B2 ® Professor* R KX B — Shuichi Sakamoto

EEHE Visiting Professor = N 2 Taku Komura

BHEEhEL Specially Appointed Assistant Professor  Chang Eunhee Chang Eunhee

IEEEhEEED Part-time Lecturer 2 BN = Ryo Suzuki

YRR E Specially Appointed Research Fellow Zhao Guanghan Zhao Guanghan

FhTARE Research Fellow KX fm K B Yuki Onishi

FhTzEE Research Fellow a #F & B Ayaka Ishii

FifzE R Research Fellow Wang Xiyue Wang Xiyue

N ARSI Applied Research Group
ESOE - ) Professor* e w4 Guang Hong

B #® Professor* s )l % ® Toshiya Irokawa

B r® Professor* b A E & Masanori Yamauchi

R (R Associate Professor* B H M Z Kazuyuki Fujita

EHER R Associate Professor* k ¥ F Masako Hayashi

# O (R Lecturer* X B Ok F Eiko Onishi
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Industry-University-Government Co-Creation Planning Office

BFEHE B Specially Appointed Professor* F 73 54 & Hiroki Shoji

B EEEE Specially Appointed Professor #w N B z Noriyuki Yokouchi
T Specially Appointed Professor wH T E Takeyoshi Matsuda
SR Specially Appointed Associate Professor & 3% 1B Satoru Torimitsu

EHEEER

Safety and Health Management Office

‘

) #Hiz

Manager, Professor* X B H X Naofumi Homma
Deputy Manager, Professor* kB X M Shigeo Sato

Common Research Facilities

POENMERV AT Lt Z—

trE—K B R

Director, Professor*

Flexible Information System Center

il Go Hasegawa

Rt 2 — Fundamental Technology Center

- ) B Director, Professor* ke B ORI Shigeo Sato

LTREENEME ER) Technical Staff x K s Tamotsu Suenaga

N TES Machine Shop Division
KiiErEe (VIL—7R) Technical Staff flER 2 A Kento Abe

Rt EAE Technical Staff B B %* B Yasuaki Maeda

it E £ Technical Staff B x #£ = Kana Tsukimoto

i Evaluation Division
KiiErEe (VIL—7R) Technical Staff F g 1’ Takenori Tanno

HiTEMEE Technical Staff o2 B MR Maho Abe

FATErPIREE Technical Staff m & B = Hiroyuki Yagyu

B JOtXE Process Division
eI S Technical Staff H & @ E Michimasa Musha

FiiEgEmg (JIL—7R) Technical Staff x B F 8B lori Morita

HiTEMEE Technical Staff N B E Rikima Ono

B [FEREATER Information Technology Division
HitEMEE Technical Staff X H F A Kenji Ota

EMEMRRE (JIL—7F) Technical Staff B B F Yuko Maruyama

ERR L HEER Office for the Promotion of International Relations
R Specially Appointed Professor B OE B OR Norihiro Kiyoshige
EFEEEHER Cooperative Research and Development
IR Specially Appointed Professor B O = Masami Nakajima

R (3R Specially Appointed Professor* F 8 54 f& Hiroki Shoji

BEBEH (R Specially Appointed Assistant Professor* B K K Daisuke Tadaki
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FHERRZRE Specially Appointed Research Fellow & (1 % Tsutomu Hatakeyama

[RERZE Public Relations Office
RHEAHIR Specially Appointed Associate Professor F+ #E k 3K Miku Chiba

E=p i Administration Office
=HE General Manager 1 B K 17 Masayuki Sato

ERRMEIE Deputy-General Manager B H 8 T Asako Terui

EMBE Associate Expert ®; K ES Itaru Suzuki

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

M ORE Chief of Research Cooperation Section  #i JI| = Ken Tsunakawa

BRIEBRE Chief of Accounting Section N R & Osamu Kobayashi

RERE Chief of Purchasing Section B B o® A Hayato Goto
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ACCESS
(= Hay
Sendai City
- - WETADTED ZER
ERiIL R PP 3] » EEDBE
RIEC Campus Map AEERE V#9205,

1
Laboratory for Nanoeledrcrn‘i(?s'\

and Spintronics \
e e
Laboratory for

Brainware Systems

R\ @\ﬂ
@ - AEVREHRR
.

-
smEcwRmaE |
RIEC Main Building

IT-21 Center

\I‘I’-}t‘//}—isﬁﬁ
Layfor IT-21 Center \\

N\ THIBDSE
ABERETEC/NA T — /L1 EFEYBL Y
ME/NZ701R8 [NAKLEMARETT) « 7045488 Ty
BE=TBEf7) . 7065%# MMasRALTT) IS MR
KIEPIRT) TE, fE570

m TR CHIBDSE
FERE—HEHR (LM THRERR) TE, BI&E
DHAOLY HEANC FEH129,
BB (Lemt kiR TE, 2FOHAD
KU EAN EHHIB8T .

u SECHBDEGE
e L Y EinEY) i, R_ET LORERE
Eif. mECHYBREREAITLF v 2 /NARN,
#9590,

m SIS — MMIDWT
THMRBRBEHELTCOET, REERZEREE
TEL (022) 217-5433NEE LB ALY FEL,

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



Research Institute of Electrical Communication

RIEC ﬁﬂtﬂ% "E?{‘ﬁ{ggﬁ?’aﬁﬁ TOHOKU UNIVERSITY

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