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Research Institute of Electrical Communication

(RIEC)

Prof. Takahiro Hanyu

Director
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It is the mission of RIEC (Research Institute of Electrical Com-
munication) to realize a new paradigm of communications that
enriches people’s lives. Communication plays various important
roles in human society. Information communication technology
(ICT) has been drastically changing the way we deal with infor-
mation, overriding our biological limitations and expanding the
world of communication from among people to among things
as well as between people and things. RIEC is determined to
work for future society with further advanced ICT, contributing
to the welfare, safety, and security of human beings by open-
ing up a new era of academically rooted innovation befitting
universities. Especially, the COVID-19 pandemic spreading
throughout the world from the end of 2019 has also been strik-
ingly recognized the importance of future technologies for the
world through Web conferencing, telelearning, remote med-
icine and counseling, and other distant communications via
the internet. These are the direct and indirect issues that RIEC
should address.

It is also important to recognize that we are in a situation
where we should make a variety of efforts Japanese universities
have never made before to secure the resources needed to
improve the research environment and activities. Under these
circumstances, RIEC will first try to solve problems to realize a
sophisticated ICT society, and secondly investigate basic prob-
lems, which can be applied to ICTs in the future. RIEC has been
trying to solve many problems in the research fields of ICTs, and
it is RIEC's responsibility to continue contributing to the build-
ing of a future ICT society.
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As described below, RIEC has been responding and will con-
tinue to respond to present-day needs, open up new worlds
of communication for the future, work together with industry
to create core technologies leading to the development of
new industries, and through these efforts, offer a world-class
educational environment. In addition to providing innovative
solutions to problems through the application of ICT, we will
continue to work hard to open up a new era of academically
rooted innovation befitting a university and to contribute to the
welfare, safety, and security of human beings and society by
realizing a new paradigm of communications that enriches peo-

ple’s lives.

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

the integration of the arts and sciences.

As of April 2023, RIEC is organized into three research divi-
sions, two laboratories, and two centers. These have different
scopes in terms of research period: the research divisions focus
on long-term projects, the laboratories on medium-term proj-
ects, and the centers on short-term projects including practical
applications through industry-academia collaboration. In 2021,
RIEC established a future vision, looking at 30 years from now,
for the research divisions with three pillars of research areas for
the realization of rich human-oriented communication: tran-
scendent computational capability, information infrastructures
as natural as breathing, and creation of super-intelligent sys-
tems based on human understanding. In line with these three
pillars, we have reorganized and strengthened the existing four
research divisions into three research divisions: Computing Sys-
tem Platforms Division, Information Communication Platforms
Division, and Human and Bio Information Systems Division. The
two laboratories are the Laboratory for Nanoelectronics and
Spintronics, which is carrying out comprehensive and intensive
research into nano-technology-based materials (spintronics,
etc.) and device technologies, and the Laboratory for Brainware
Systems, which aims to build intelligent integrated systems
that break down technological barriers in current information
processing capacity, such as power consumption and comput-
ing power barriers. The two centers are the Research Center

for 21st Century Information Technology (IT21 Center), which
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promotes short-term research projects collaborating with inside
and outside researchers, and the Interdisciplinary ICT Research
Center, a new research center established in April 2023 sup-
ported by special funding received from FY2023 from the gov-
ernment with the aim of exploring and developing the essence

of rich human-oriented communication.

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

In FY2024 as well, we have adopted almost 130 joint research
projects, including projects prioritizing collaborations with
industry, international expansion, and young researchers, and

further progress is expected in these areas.

Since 2014, with special funding from the government (for
six years), we have been promoting the Brainware LSI Project,
which aims to create new paradigm brain-inspired LSls with
human-like judgment. This program is creating advanced infor-
mation-processing LSls, such as those of artificial intelligence,
which can be used to apply artificial intelligence to real-world
situations. Within the university, we are also expanding R&D
projects centered around RIEC. First, when Tohoku University
received confirmation of its Designated National University title
in 2017, spintronics research, which has been led by RIEC mem-
bers, was recognized as one of the four top-level research fields
of Tohoku University. The Center for Spintronics Integrated
Systems, which executed the national programs, FIRST (Funding
Program for World-Leading Innovative R&D on Science and
Technology) and ImPACT (Impulsing Paradigm Change through
Disruptive Technologies Program), has been reorganized and
renamed the Center for Science and Innovation in Spintronics
for further development through cooperation among three
centers: the Center for Spintronics Research Network for col-
laboration with Japanese universities, the Graduate Program
on Spintronics for educating global leaders in spintronics, and
the Center for Innovative Integrated Electronic Systems for en-
hancement of global competitiveness in the field of next-gen-

eration integrated electronics systems. Second, in October
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2011, in response to the Great East Japan Earthquake, Tohoku
University resolved to set up the Research Organization of
Electrical Communication under the leadership of RIEC. As one
of the eight major projects underway at Tohoku University’s In-
stitute for Disaster Reconstruction and Regeneration Research,
research and development for the creation of disaster-tolerant
ICT is being carried out through collaboration between indus-
try, academia, and government. Third, in 2016 we established
the Advanced Institute of Yotta Informatics, where interdisciplin-
ary research groups conduct projects for handling the "quality”
of information to meet challenges beyond big data involving
researchers from both arts and sciences fields. Its activities were
supported as a research center by the government from FY2018
to FY2023. The research activities of the center has been re-
newed as the establishment of a new research center, called
“Research Center for Comprehensive Intelligence Informatics,”
from FY2024. We have also continued our pioneering efforts
in the field of information and communication by conducting
five JST-CREST projects, including two large projects newly
adopted in FY2023 (an Al hardware-related NEDO project and
Beyond 5G-related NICT project), three JST-Sakigake projects,
two NEDO projects, four MIC projects, and two NICT projects.
Furthermore, the RIEC 2nd Building reconstruction project was
adopted in FY2021 and construction is currently progressing
toward its scheduled completion in FY2025. In this building,
we plan to strongly promote the strengthening of industry-ac-
ademia collaboration by creating spaces with novel concepts,

such as open innovation spaces.

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

support and encouragement.

ESUBEHIZEFT = RIEC 2024/2025| 5



MiZEFrOEY 3 >~

Institute Vision

EY3VICHT28BE L COERERTHDTY,

BXOEEMEIE. RPN v 3 VORBICHEIFEARFAOEY 3 v ARELE L, TDEY 3 i, BibAFEDI7O—/ b
D=

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

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

Organizational Policies for Reinforcing Functions

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

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

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

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

Strategic Focus and Major Policies

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

2. Capacity-building for diverse research activities

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

ESUEEMIZEFT = RIEC 2024 /2025
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3. Training researchers and engineers through state-of-the-art research

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

. Promotion of activities as a joint usage/research center

As a joint usage/research center, we promote nationwide cooperative re-
search 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 di-
verse 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 for-
eign scholars, as well as through the RIEC international symposium. Based
on the goal of promoting world-class international joint research, we pro-
mote “international collaboration” in our cooperative research projects.

. Promoting academia—industry collaboration

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

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

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

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

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

Cradle and growth

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

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

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

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

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

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

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

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

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

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

ESUBEMIZEFT = RIEC 2024/2025( 9



nELblc, BRZMA /B E T [OR =R MR
lcflhoT. 3BHL B IEBREE - BRAERERE
BORBEINE LT

CORE TEHEMMENDBERBERMORRE
ESHH Y, BRICERDBEROLD LB Y K LT
BRI R TARARFADARENRE ZRICT fedl,
TRl 13 FITKHERFAOER - BEY - BREROFE IR
EENE Lfc, BRELT TALAEDEENDH
BEIAZIIZT—Yavid. ABESHGEHEOR
MAUEBEDHDOEETHY, I=2=25—> 3~
ICE T 2RFRMERENICRESE DI ETHD
EDHGES TR NEHRDOBUAICERT 5.1 &
ZBlf. BERERUSRBEREGICEISINET
DORERREEEZE L. ABESHEIZI2 25—
23 v ERRT HHMENRERINOFE L SR ZH
RIHHPWE L TCORAZRcTEZEELEL
foo . HARBEOZELITHA SN 2002 F (F
14 F) 4 BITiE. EFEEICKDHBRBIEESR
DREZBERLE3HREELSES B +—H
RIBRBEMRER LY 2—) NERHERE L TR
BEng L

2009 F (P21 F) ITIXKRFDOREMER - €
VE—DHIEIRRECEDY, INETOLEHA
FAMEAHD RIS NEBERE - HEAEHRHEE
L3 2010 F (FpL 22 ) 4 BICIEHBRA - £
FAEISBEROFEE LE L, OHRITIE.
MBI CRIAREII I =7 1 DRVELE
DL EICHAMRERAT ST EHAROBONTVE
T RHERAH 1994 FED 2 EHEFBHAFEINDE
BOBRICEELLDDIE. KKERNDSHEREZ
SHTHATOY 17 MNRREHET 5 HFEHFFRE
MRFREGDIETHY. TN URFIEDTE
EREMITERY LIELDTHYEY, INLDX
BHERD 5N T ANBRZERTIE 2010 F i THREFIA -
HEAZEH S (CEEEEN. 2013 FOMSIEBNI
T ZHPRFHEKR U 2015 FOKFECIE. &E 7>
7 OfMliE S A SNE LT,

4 JREE —MHR o COE & LT—

RAREXERDBERBEFMRICH WV TARMZRRN
DER - BEARET B SATEZNICSE
HLOVHARAKHAREINTWVEY, FaL16 FED
WATIE. FIDED 4 296 & 5EHE (6 E2E
T EREEHEMAE L 2 —) - B (10
FRE, f/ - AEVEEBHR. JLAVozT7R
ERpEek) - RE Q0 E£2E ) SHIREBFY) DD
HERICHESEBEEBEALE Lz, FRI16E3A
ICIREFOREERAT [/ « AEVBEIZER]
R LE L,

Fag 21 FEICIERIIHMTRRSZIETOT 7 L%
T Bcdic [ETR)VF—- R FOZI X
EBELVRATLHR L2 —] & T 23 FEIC
&, RIARZXEEEFEMTHETEDSN TV
%8701 0 bDO—D2& LT KEITBWEHRE
Exy N7 =T DEED-HOMERREHET 2
[EBXUBEMIEEE Z RO RO E &> THRIL
LE Lfco TSICFM 25 FED, EEDHEHIE
EERICEMBT DEME L TRILE TERERT

three divisions.

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

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

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

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

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

Leap forward: As a world center of excellence

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

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

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

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

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

T LA > 7 HZERRE MR Laboratory for Brainware Systems

iR - FE VAT LHIRRE —IRAK {E— S Sakamoto

Recognition and Learning Systems

— IR EE VY Horio

VAT LHRE
Soft Computing Integrated System

LR VLS| 2 A7 LR E PE B3k T Hanyu
New Paradigm VLSI System BH B M. Natsui

FJR BBk N Onizawa

LAV —T 4 VITHERE —hAE ZFX A Ishiguro

Real-World Computing

21 i IE B St > 2 —

Research Center for 21* Century Information Technology

EEF BT
Industry-Academia-Government-Collaboration Research and Development Division
|—'7/_]"\7 LAICT . — KM FA N Suematsu

TSy T4 —LTOIy b

Wireless ICT Platform Project

FEEHERFITER

Interdisciplinary Collaboration Research Division

BEEFIFRED

Exploratory Research Division
TEHEICLS
HEZIERY AT LORE —3RAE {E— S Sakamoto
Development of the education support system with estimation
of attention states

HEHAEERT S .
R O— > FE AR — A EX Y.Kitamura

Drone Utilization Technologies to Realize a Symbiotic Society
AXR— hIHERRT S
TA VLR loT BBEEIMNOMERFRE — K FA N Suematsu

Wireless loT Technology for Smart Factories

YAN=&UT)VICT ZEREMAEL 2 —

Interdisciplinary ICT Research Center for Cyber and Rear Spaces

FABOZ 2z YA RERRIIL—T —8 & C Teng

Human Communication Science Research Group

—AI BRIV —T
Al Research Group EBI B GHasegawa
oy N — O BB I — &M 122 THirooka
Network Platform Research Group KK FR N.Suematsu
—tFa )T BRI IL— — KR E3 N.Homma

Security Platform Research Group
-%R:51:7—937&Wm%7w—7‘T:KH B3 YKitamura

XR Communication Technology Reserch group A {E— S.Sakamoto
SRR I — 7

Applied Research Group
—EFEHAICERE

Industry-University-Government Co-Creation Planning Office

PR B> 2 —

Fundamental Technology Center

TAEER

Machine Shop Division
STEER

Evaluation Division
PARRPS:

Process Division
IBERFLANTER

Information Technology Division

General Affairs Section
L REE
Librar
R BN
Cooperative Research Section

ESEC

Accounting Section
RERf

Purchasing Section
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Faculty & Staff £H1658 1 BIRAE /as of May 1, 2024
6] Professors 19
AR Associate Professors 19
EE2 Assistant Professors 11
R R Specially Appointed Professors 3
S Specially Appointed Associate 0
Professors
BN Specially Appointed Assistant 5
Professors
BT S Specially Appointed Research 6
Fellows
FTARE Research Fellows 7
EBHE Administrative Staff 14
i E Technical Staff 12
= Total 96
e R 52 A gL (45 A5 4R HE)
Researchers (FY2023)
NEAAEE Foreign Researchers BEHI Visiting Professors 1
= ST Visiting Associate Professors 6
EEEFHFEHARE Cooperative Researchers of Private Company etc 15
BAFMIRERFRIFZEE JSPS Research Fellowship for Young Scientists 8
HAZE iR B E AL JSPS Postdoctoral Fellowship for Overseas p
=1 Researchers
BAZERESNEA _— . 4
DA E Invitation Fellowship for Research in Japan 1
SRS Contract Researchers 2
ZEtHHES Contract Trainees 1
=1 Total 36
PR
Students
DH6ES5H1HIRIE as of May 1, 2024
. . == I AT 7 TR G T = RFZCR — _ _
THE - THHRE | s DR ELEEE TREENRT | B
. . Graduate School of Graduate School of
School of Engineering . ! . B . ) RIEC Total
Information Science  |Biomedical Engineering
[—ikva
FEBAFLE
Undergraduate Students =) 54(2)
B LaTHAERZ
Master Course Students 83(2) 40(8) 4 127 (10)
B LRHAERZE
Doctor Course Students 27 914 “ 3401
MRICPREZEE
Institute Research Students 5(3) 5(3)
a5t
Total 159 (11) 48 (12) 8 5(3) 220 (26)

¥ () NEANTHE Foreigner

14 | BRBEHIZERT = RIEC 20242025
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Land and Buildings

B ALETEEXATFIT BN1E1SH FRetiXEuA
Site: 2-1-1 Katahira, Aoba-ku, Sendai, 980-8577, JAPAN

2 KRR 12,247m’
AEIEETR 35,199m’
Building: Total building area  12,247m’
Total floor area 35,199m?
2 #RTL BTFE SEETE
Name of Buildings Structure Year of Completion Floor Area
AREE BEH >V ) — hith RS HUTH1PE 2
Main Building Reinforced Concrete, 6 stories, 1basement 2014 13,513m
1948 P> ) — bk S % I
Building No.1 Reinforced Concrete, 4 stories Building-S : 1962, 1963 '
N &
Building-N : 1959, 1960
+/ - A RERIEES 7=l 2
. . . ' 2004 7,315m
Laboratory for Nanoelectronics and Spintronics Steel-frame, 5 stories
; N ST itn = She S 1) — NIE
JLA>oxT Eﬂ#%%ﬁ'@nx ﬂsﬂ:l Vo U—hEEE 1967, 1968, 1972 507m?
Laboratory for Brainware Systems Reinforced Concrete, 1 story
> ~ 1) — . V=Y E
BHIVH U (—ERE) e o 9’
Reinforced Concrete (partly steel-frame), 2 stories
&5
BETES 1996 598m’
Steel-frame, 1 story
25 sv =Pl >
Light-weight steel-frame, 2 stories 1999 148m
21 A BB ERERFE T 2 — #HEa> o 1) — b 3pEE 2
: . 1930 1,343m
Research Center for 21st Century Reinforced Concrete, 3 stories
Information Technology
25
nETES 2002 435m?
Steel-frame, 1 story
¥ - > 5 — By — b 2R 1081 ST
Evaluation and Analysis Center Reinforced Concrete, 2 stories
N ¥ > 1) — — E8E) 1
e Lot BB oU— b (—HEBHKE) TER 2
: Reinforced Concrete (partly light-weight 1972 74m
Helium Sub-Center
steel-frame), 1 story
Mﬂ%lie ﬁﬁ?jj \//7 U - '\ (_gggéﬁ%> :FEE
—7 Reinforced Concrete (partly light-weight 1965, 1966, 1978 488m’
Machine Shop
steel-frame), 1 story
Z Dl 2
Others 487m
it :
Total 35,199m

ESUBEMIZSFT = RIEC 2024/2025 | 15
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Budget

BRUBEMEFRICHSIT 2 FEDHT W Budget Shift

B : BHF/ million yen

4,500
4,000
346
3,500 —
3,000 —
138
7
2,500 — — — —
172 2,073
2
2,000 — ] — ] — 1 1,487 —
1,039 1,208
892 990
1,500 — —— —— ——— —— —— —
1,000 [— — — — — — —
1,347 1,309 1,369 1,316 1254 1399
500 — — — — — — —
0 \ \ \
FY2018 FY2019 FY2020 FY2021 FY2022 FY2023
EEHER A NEES PERR R e
Operation Grants External Funds Expenses for Facilities Improvement etc.
FHZERNER W Budget Summary B © FFI/thousand yen
C = IE? FY2018 FY2019 FY2020 FY2021 FY2022 FY2023
ategories
EEBTAL A& Personnel Expenses 790,118 742,128 801,695 744,591 699,851 771,183
O tion Grant:
PEration rants | ynuee  Non-Personnel Expenses 556,937 |  566,533| 567,249| 571,737| 553851| 628,159
N e B 2 [ =
EEETNE B 1,347,055 1,308661| 1,368944| 1,316328| 1,253702| 1,399,342
Operation Grants Total
HEAERHEE
Grantsin-Aid for Scientific Research 231,643 363,325 293,404 282,400 276,146 346,119
SR E
NEpEe Funds for Commissioned Research 753,391 486,053 669,454 873,456 | 1,178,325 1,689,946
E | F
xtenal Funds | oot Donations 54,344 42,436 27,200 57,422 29,604 36,742
(F518) MEEE  Indirect Expenses 134,311 155,852 172,874 234,487 315,346 455,413
SHERED 5t 1039,378|  891,814| 990,058| 1,213278| 1484,075| 2,072,807
External Funds Total
KETEIBEE  Expenses for Reconstruction 0 1,936 172,477 6,732 20,472 32,956
BIREHEXE  Expenses for Relocation 0 0 0 0 0 0
HEREERE  Expenses for Facilities Improvement 0 0 0 0 117,997 313,203
. MR EERES 5t 0 1936 | 172,477 6732| 138469| 346,159
xpenses for Facilities Improvement etc. Total
A =
l?l'otanlJr 2,386,433 | 2,202,411 2,531,479 | 2,536,338 | 2,876,246| 3,818,308
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External Funds

B : BHF/ million yen
1,800
1,690
1,600
1,400
1,200
1,178
1,000
873
800 753
669
600
486
400
363
232 293 282 276 346
200 |77
54 42 27 57 30 37
0 | | |
FY2018 FY2019 FY2020 FY2021 FY2022 FY2023
‘ HNEMREHNS REIRE B e
Grants-in-Aid for Scientific Research Funds for Commissioned Research Donations
NEBEELMER M External Funds Bii7 : FF3/thousand yen
£ 1B
C ) FY2018 FY2019 FY2020 FY2021 FY2022 FY2023
ategories
BEHREmRSE
Grants-in-Aid for Scientific Research 231,643 363,325 293,404 282,400 276,146 346,119
=TI oT
SRR . 753,391 486,053 669,454 873,456 1,178,325| 1,689,946
Funds for Commissioned Research
?W% 54,344 42,436 27,200 57,422 29,604 36,742
onations
o =
I%Il'otaul 1,039,378 891,814 990,058 | 1,213,278 | 1,484,075| 2,072,807
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Nation-wide Cooperative Research Projects

70T s MfFEOME LB

AL BRBAFEDEFICHITSH COE (Center
of Excellence) & LT, ZDOHRE K VAL HRIC
NEL, FIEMAEREIZ 12T 1 —HETSICRET
BlcHICHERFA - EEAFERMS S L TRADHZE
ELHE 7OV MARAEZETLTWVWS, R
FROZREDME £, B 2REOHBFNB TIEE L.
AEFAHE L DHBEMEEFRELTWVWDETA
ICEEH BB, AIZEFRO HE 7OV 17 Mg
Elx. BREBEDFICHITBEM - VAT LICET
BHEEDOHEEERNNDBNIEHEEDHRIDE &
IChE - O—7ox— ML, 7OV IV MAEEL
TEELTWCEDTH B,

HEZ7OY 7 MRRIE. FIRADORIZEE DT
HEEHTEEIN, TS5ICFOBEENEEMERT
EBINDTEPFETH S, TNET. KHEF
DOEBETOYV IV MIERORES LURMIE. ERN
NAOE - Q- FITKF B - QIUIAEEERD. B
B¥E - AESOHERUMBREETRE LT
Hic KV ITHbNTWa,

70y =7 MIREERR

HETOI TV FARDEEDHIC. HETO
V1V MRREERRUOHERTOY 17 b REES
= HAETOYV T MEEZERPNREIN TN D,
HETOY 7 MRAREZEERIEE. HAT7OY T b
HRICRET 2 EERFREERT HIOHITFAN 3 4.
PN 2B EFN 5 BOEF 10 BDEEICKUBR
TNTWa, HE7O0V Y FAREZEEBRDED
3. AR CEITENTVDHERBDRFHZE
RLGHS. FAIRADRERZL RS, HRFADE
WCTH2 TANBESELNEIZI21 25—V 3V ERR
TOMENBZERMOFE L ISHEOME] DREIC
TRIREHETOY 17 SRAREZEBNICHET 2
TEITHB, INET. RERERDODAR. FROE
. NENDLHR. EEOBMICET Z2RF DN
THERETO2CECHY . HITREDSMITELT
. RF - RRZRAE L TEBNENIGZTD T
ECWVD, GH. HETOY 7 FAEROFIRICER
LBEEZ ST O cdd. NBEEZSOHHRT
AY 17 MEEZERDPREEIN TS,

e HET7AY 7 NAROMABEGEEREEZR S
el FRRFAEEDOHBICLVEBEINTLS
HETOYV 1Y FRBEERDREETN TV S,

A
N
J

|

RIEC Nation-wide Cooperative Research Projects Outline

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

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

Related Council and Committees

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

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

EEHHOKE
Outline of the Operation Policy

#E7AY s MRRICET 3
EERE

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

R OIEE/RERE
Rating of applications/Adoption decision

FHES/ HEHIRE 7
Budget allocation/Daily routine business

18 | EXUBEHIZEAT =« RIEC 2024 /2025
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SMe6 FEOHETOY 7 FHAEIE. FARADL
SRBEEN. BHEDER. 1294 (A:75 ¢, B:38 #
St SERRI3H. TI24) HEHRENT, HH.
X5 A IF& L2 DIFERBEIC DV TRREFRDMES -
REGEEEFERBLTIT> AV I N THY. 75 H
D5 69 HEHNERL W DIRE. K% B ILIEHERED
MEREROTOI 17 T 38HEDS 5B 34 4H
NEBK Y DREDED TH 5, Flew REIDOMEE
DNBMLTVWAHZEIE. KD AD S X2 BAH 1T
HTHB, K9 AL TIE, ERRLRZEHEER,
EFMIRENRE, —REFEFEHEETLD 3 DO
RE2AT. KOBICHLTIE. TNSITMAERHE
B HEER AR TN B,

Fle. KOS IKEBEEEICED(HR OV T
I MRETH Y. X9 S BRI ERRAE LT IS HEE
EEWNE L TOBNMNER S EBAEERET 26D T
HB, BREEHDBFORFICISEBVN THIERA#E
IARNEBEICOWVT, AIEFARAFOERY DD,
HBEE - MENROPF TCEIERNDARZH B S
DFZLER & HE L THHET B,

BH. INETHRRE - 5350, FTOBFORES
KUBFHMEOBRDHEE L CEBETNTERIE
IARESBEMEFTIEMES] . SH4EE
SUFRDREBTHREAE2EHNE LI TRSD
T &LT HEAZOY 27 MZED—&RE LTERY
woOTEE LT, IEARRDEBRIEMALTED R
T, ZRNDHAEEICLDHERREES TCOHE -
HmaElC. EEMEB - HEASLEDESHEZ S5
ICHEEET B,

S5 FERE

W EEREE 130 45 (A78 4k, Bi38#E. Si14. SEERT 4
XHT 124
PAREL 13194 (AI540 4. Bi493 4, S:224, SERR
19%. XOT :2454)
XD A EXDBICHT B 6 DDE A TOIREE DGR
IEUTOE) Tho (BEEXED),

w ERHEEZEHEER | 38 4

w BAEFAIMIR TR A | 45 1

n EFHRENRE 64

w SRinBIRFZRHEED | 56

nARRTAY Ty MRER 64

m EFHEFZEHEER © 10 4

B ZOM T

70y = 7 MIEDRSE - FHIOWT

HETOV 7 MARIE. BF1BICBEEEDY
BY 17 bOREZ{TV. EEERTRRENR
BlE. AARFONEHEL EHICRFIBETT
OYIV bERBITHELLTWVS, £eo HA
7OV 1Y MRRORREXRDHE LT BF2A
I THETOY 7 MEHEERS ) ZEL. BW
NDZEOPREIC L HERGHF/MTHON LS,

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

RIEC Nation-wide Cooperative Research Projects in FY2024

Applications for the FY2024 RIEC Nation-wide Cooperative Research Project
Program were received from inside and outside the Institute, and 129 projects
(A:75,B:38,S: 1, S-international :3, T :12) were approved. Type A projects have
access to the Institute’s facilities and equipment, and 69 out of 75 proposals
came from external applicants. Type B are short-term, study group-type proj-
ects, and 34 out of 38 proposals came from external applicants. Furthermore, 5
research project in Type A and 11 research projects in Type B have participating
researchers from the private sector.

There are five types of research in Type A : International Cooperative Re-
search 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 Organi-
zations. The Institute will take the lead in priority research areas in information
technology, collaborating with domestic and overseas research organizations,
including university-affiliated institutes, that are complementary and can cre-
ate synergy.

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

Details of the RIEC Nation-wide Cooperative Research Project Program
in FY2023

5 No. of approved projects : 130 (A:78, B : 38, S: 1, S-International :1,T:12)

B No. of researchers :1,319 (A :540, B :493, S : 22, S-International :19,T:245)

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

¥ |nternational Cooperative Research Project :38

u Exploratory Research Project :45

B Young Researcher’s Project :6

H Advanced Research Project :56

" Large Research Project :6

B Industry-University Cooperative Research Project :10

5 Other :1

Public Invitation to RIEC Nation-wide Cooperative
Research Project

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

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

ESUBSHIZEFT = RIEC 2024/2025 | 19



DHMOFEEBAER 7O =7 MAEFIR—E  Title of Nation-wide Cooperative Research Projects in FY2024

[X4% A/Type Al

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

HSHA-CVD LK BEEBS/ Ny DY U S MERIGHIEICEI T 238
Study on Silicidation Reaction of Metal Nanodots with SiH4

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

MBI SRS E R T Y 727 O Y A AWHEEOEARISE
High Frequency Response of Submicron-Sized Magnetic Materials with
Asymmetric Magnetic Vortex Structure

NBTREGCHERNOTANA MIEBMBOBREAEY FOZ VXX
FARTFOFR
Development of efficient magnetization-switching devices using
transition metal compounds

] T§7% b 5G EHIBICEIT A M VY EY FEREEENETE LURED
B
Development of Diamond High-Frequency High-Power Devices and
Circuits for Post-5G Base Stations

nZRBIERE BV ECROGIEICEEY M5
Manipulation of sense of self using multisensory information

m Exploring and designing interactions for VR headsets using smartphone
interfaces

NENFREDOHDOBEES /T4 v —I BT ST
Study of Superconducting Nanowire for Single Photon Detection

B AAREELEE R IE A RIS I ICBE 9 B RS
Wireless Propagation Channel for Body Area

B XR i AR LIt @EY HyFlex IR3IRIBIEERO 2 O ORI
An Exploratory Study to Build an Environment for Collaborative HyFlex
Classes "Utilizing XR Technology"

TV REEE S/ TLY FOZ Y RTHT BE - T O AEBRE
FAFICEIT BHA%%
Development of Fundamental Technology of Materials and Processes
for New Group-IV Semiconductor Nanoelectronics

B SH% MRIWISAFER NMR 245 21 )L ODREF
Development of intraluminal NMR probe for high magnetic field MRI

YR MR F R E AV ORERREIEHRIICE T 2 BT
Fundamental Survey on Measurement of Intraoral Bite Force Using
Inverse Magnetostrictive and Magneto-Optical Effects

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

mhigh-k/Ge #i&(C 51 5 FREMEBIED 7 0 R EMTF DA
Investigation of physical structure model of high-k/Ge interface affected
by process temperatures

N RTRERWE TS XEZ VY - F S/ TINA R B
Study on plasmonic nanodevices integrated with two-dimensional
materials

BB 100GHZ B4 A L b T« D2 |LEZEMEIT DRI
Survey of over100GHz direct digital transceiver technology

I URTINA RSB SRR DORBHRETCE T B3
Study on optimization design of milli-meter wave devices and
transmission lines

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

1 Collaborative evaluation of non-verbal communication solution

u B EENE AR T HBH VR/AR T — 0 AR—RICET B3
Research on dynamic VR/AR workspaces for inducing physical
movements

= Auditory influences on saccadic suppression

nEARE Ry b T — 0 BB E T BRIERLEDOE MR
Constructive analysis of brain computing based on multicellular
networks

BIEGIARM Y R T LIERDKZER Y A7 AN\DER EISA
Expansion of nonlinear complex systems theory to spatiotemporal
systems and its applications

B SRR MR S S DR & M OFHE
Characterization of Microstructure and Properties of High Performance
Soft Magnetic Iron Alloys

BRIVFEIINAA DAV E =T 1 VT DHIER
New development of multicellular neurobiocomputing

NEMEIZ Y b BRICKBRBREICET 57 — 2 REFME
Motion Unit: A data-driven study on bodily emotion expressions

NAR— MRZEZABECERET—EX TS Y b7+ —LICET B
Research on Autopoietic Service Platform Supporting Smart Society

R BERVT Y51 U XEDREICE Y 2%
Research on online text analysis using machine learning

REFEE BV caEaER T Y > U B iR
Deep learning based object detection for ultra high resolution image
sensing

0T LFD T IVBSA SRR A TR — Ry T DRAE
Fabrication of magnetic garnet ultrafine particles for flexible magneto-
optical films

HABFRENT O 27 REBRMOREE
Research of photonics/electronics-heterogeneous integration
technolo

NEREFEE &RA L DRI
Discovering a relationship between auditory attention and auditory
immersion

IAJ;E%E’&ELCJZ%%%’%\%’:}IX%W*%E Cledfgs8aza=r—>3>
D5
Enhancing Non-Verbal Communication through Facial Expression and
Gestures using Generative Al

= Emotion processing in real and cyber world

B EEDEHEBAOZTRIEEHEHE > X T LDEE
Development of automated sound environment recognition system with
decentralized autonomous organization type structure

RHTHEER T EEARET T/ \ 1 XD
Development of novel semiconductor quantum devices with atomically
thin layered materials

REFT/INAAD, BEHRMHEIC DV TOZE
Study on resistance of quantum devices to radioactive radiations

BAEYRZ&F v I\ RERTINA X EBERESRER/\A YV Z1—
O AT I
Integrated Devices using Memristor and Capacitor and Spike
Neurosystem using Transient-type Signal Transfer

mEBE—F /T NS UV EEICHIT BHELREEDOFHE S ISA
Physics and applications of single nanocrystal transistors

BT EE RV R T/ TN RITHVT B BRURERE
Electronic transport properties of quantum nano-devices based on two-
dimensional materials

MBS DY/ BERTIVR IO LA SMASE S/ Uy 7 =Rtk
B7 /N1 ADRER
Realization of monolithic three-dimensional stacked devices composed of
single-crystalline silicon/polycrystalline germanium tin

NS TFBRE THVIMEENTZ b S5 Y D X2 DERR
Realzaition of the transistor miniaturized down to monomolecule scale

EREITY Y AT 4 VI N— RO I T DY AT LIGHA
System Applications of Neuromorphic Edge Computing Hardware

N ERAFEREREIR A BV KR —EERICBIF 57— L L X5 -
IRV ARy NT—7ICEET A%

Research on seamless optical and wireless access networks between
underwater and land using broadband optical integrated circuits

1 Cross-Reality Collaboration with Digital Twins

REBRTHTIT LA DEFEDEICK BIHANEE S UIRARET L
AT 2T FDERFEEIRICEE S 25
Element number reduction of embedded millimeter-wave large-scale
array antennas by utilizing a combination of mixed element number
subarrays

u 419 —xv b bSev o ERE LCBEA IS T SEERE LY
e
Delay-Bounding Congestion Control Algorithm under Internet Traffic

BERFBICLD/N\— ROz T7eF 2T 1 DI
Research on hardware security using machine learning

REIRR Y R T —2ICEBVT B Al EITICED < SgEEGIEICRE I 2R
A Study on Congestion Control Based on Artificial Intelligence Technology
for Wireless Network

EEMEA— 2y PEREE AW AE Y IRETAE S AT LFEF
Development of measurement system for spin-wave detection using
magnetic garnet waveguide

WERRTELUOARIT U T IVIC K BEE oT iKFER T 1 v L AIEEH
KOZDKAF, BRT AV L RIEGENDISA
Simultaneous Wireless Power Transfer to Multiple loT Devices Using
Director Elements and Metamaterials, with Applications in Underwater
and Maritime Environments

BRI A AW Gt 2 —< > - ARy b oAV RS 3y
Augmented Reality for Human-Robot Interaction

BT 7 AINFR Y T = & BN R B OEME AT ICRE T HHZR
Research on remote sensing technology for crustal deformation using
optical fiber networks

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

mEstablishing Databases of Verbal and Nonverbal Features of Human
Emotions

RE—YavR Y IF v EAVHEEII A5~ 3V OMER L B
EHEEEAICDNT
Motion tracking study on nonverbal communication: a case of emotion
and body synchrony

ERISARL—Y 3 v EBET BIODBRETINE—EAI— T L
JLEYRORY b
Adaptive Avatar and Smart Telepresence Robot to enhance Remote
Collaboration

N SHE OB SEEFO S HR R DR
Age-related changes in peripersonal space during self-motion

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

RARBEDEDT ) AEEEE DO IEN GBI EIS T
Toward comprehensive understanding of Alice in Wonderland syndrome

NIEEE TS AR EEM AR ZIER Lo/ \ A F 7)1 DRI
Creation of Bio-Devices Utilizing Short-Lived Reactive Species Synthesized
by Non-Equilibrium Plasmas

WEBERMERNC K 2BHEET /A REY 2 —)VDREHEEZDISE
Development of Printed Conductive Materials for Next-Gen Interactive
Devices and Applications

B VR Bt & R OB L 5. BESEERA A 1 Z X LD TERIER
How do we recognize our body as overweight? Combining VR technique
and psychophysiological fMRI experiments

BKERICHITS TERM/NAT X ZHKY 2820887 0 DR
Research on synthesis method of emergency evacuation speech for
overcome "normality bias"

NREREE | S AFE AV CRENERICET 5 0B EF IR
Psychophysical study on visual consciousness using sensory entrainment
technique

lﬁ%?—h&%@%ﬁ@t%@iwhv—ﬁ-l—yzyhgﬁﬁﬁw
i
Development of network and agent technologies to realize a super smart
society

20 | EXUBIEMZEAT - RIEC 2024 /2025



nEEEMmERIR O Z R BEETRIICES T B 5T
Study on Automatic Multipoint Measurement of Head-related Transfer
Function
m EEBHI N9 2 BRE R R DR Ze R I D AZER
An investigation on spatio-temporal characteristics of auditory selective
attention in depth
l)\tfxf‘k@uﬂﬂ% Big LTefhK - B R T LICEE T 5058
Study of disaster prevention and reduction system for harmony between
people and the environment
“;?gg?ﬁTEﬂ%}xﬁ A IGEB R D DD ICT BHinER
Study on the use of ICT technology to improve the efficiency of work to
search for missing persons and evacuation guidance during disasters
I6Gﬁ%E/ by b7 =21 2RERT —F 77 F v DI RO RS
¥
Next Generation Architecture for 6G Mobile Networks
N ERELDEIBRIEKPIFERENRE Y X 7 LOREY
High Efficiency and Low Loss Contactless Power Transmission System in
Seawater
B REERICHIT DR DRFIEDRET
Investigation of the characteristics of audiovisual attention

[X% B/Type B]

REHNTUE T O RICL BT/ MRAIR S BMERET /N1 XSH
Nanomaterial production by using novel gas-phase process and its
application to high-performance devices

nEFYBEOHIEE RS KUZ DT/ \1 XISH
Control and exploartion of functions of quantum materials towards device
applications

BINDSDEMEREER D
Designing the Next Normal of Academic Conferences

EREICSITEATI Y FERADRE
Theory of object recognition in vision and audition

NIEERHRZRIBT ZK EEE Y T OBREAMICET BH13%
Workgroup on fundamental technologies and issues of surface unmanned
vehicles for sustainable society

NEHRER VT AT 4 THERIICES T B
Studies on Generative Technology for Enriched Multimedia

BYXA Y OK -« L— SAR DG
Application study on microwave and laser SAR

u An Inter-personal Dimension of MA: Behavior, Physiology, and Engineering

B FUEIY A AT EERORES Ry kU — 5 DRE
Design of Borderless Wireless Networks for Digital Twin Society

m Massive Connect loT BFXDIEEBERE S AT L &E/\— R D T 7 DGRt
Integrated Design of Wireless Communication System and Hardware in
the Massive Connect loT Era

l;}t LY b A0 DGR EEaEE -

7‘L
Highly Functional Coherent Communication and Measurement Systems
Integrating Lightwave and Microwave

m6G ICEIFTEZ VIR - 72NV IREIM DRI E Z DISA
Millimeter-wave and Terahertz Wave Technologies and Applications for
6G System

u 1T ADBENDFEFEDRE
Study of methods for guiding a flock of crows

w PSRN TR & 7/ MR RE E R LTcfE 2 >\ BRRERTRID
Te&DRBRIRE 7/ LR DIEER & HifE
Development and control of artificial cell membrane systems for
measuring membrane protein functions based on semiconductor
microfabrication technology and nanomaterial functions

RO IC B 2EEEE FBICET MBS
Theoretical study of memory and learning in neural networks

BA - HEOE VT EN AR 5B DOZE
Research on fundamental technologies related to human and social
sensing and intervention

BAR— b I A VICKBERER TV F 2 IEMERANET TS —
> 3 v OkEt
Study on applications using head-gaze tracking technique with a
smartphone

m RS LS| A [E1RK « 2 R T L ERR R
International Research Collaboration of Brainware-LSI-Oriented Emerging
Circuits/Systems

WEEEHEREOFERRICK SER - 5TEY AT LDIEE
Development of experimental and computational systems via novel
orbital magnetism

n ERE R RN I B IR F RIEROBAEICRE I 2 IR
Empirical Study on the Applicability of Nonlinear Dynamical Theory to
Various Optimization Problems

= Quantum Circuits Accelerator based on Stochastic Computing

BADE— FFEICBIT B
Research on mode on light

m User Experience in Spatial Computing: Developing New Models of Fatigue
for Interaction Design

NEEAVATL—Y 3V ORBHELRENFEAICET 22E6DEM
Conduct meetings on quality estimation and stabilization methods for
satellite constellations

nEHOR TF NI 25 LW EEORh
Exploration of New Research Area on Electromagnetic Wave Engineering

m6GBERIICEIF ey b T —F 2 TH bl
Networking Technology for 6G Communication

NHRHBMIGENmE > AT LICHIT5ES - BIEREmE
Sinultaneous transmission of power and data by load-independent
magnetic resonance power transfer systems

PRI R T LSBT %

uSTERIC L D HNEEROFHE S T OR EFEDRE
Evaluation and improvement of intellectual productivity by computer
=0 Eﬁ}lg:’rf:/ IVOEBLELTOE FOHE - &) - 5850 - 1BENFIE
D
Understanding perceptual, motor, cognitive and emotional properties of
humans as the basis of communication
[ ] @%?\ v b=V EBRICE D ZEENEDEEBNEITEICET 5
e
An analysis framework based on the complex network theory for cross-
language text analysis
BAEFERAVE 2 —T 1 VI
EHRERE
Development and Societal Implementation of Life Science Infrastructure
Based on Ubiquitous Computing Technology
nREFBICHITAHRIBFEICEIT DM
Research on representation learning in deep learning
HE1—RY - T—IAR=R - AVRZ7> 3 VDHEH
New Developments in Human-Workspace Interaction
n ZREREBRL L TOEESNRE
Self-motion perception as a multi-sensory integration process
 RAERMICE D /R 1 —OFERNE
High-dimensional neural-network information processing based on
geometric algebra
B AREBEPGA LI 1L —¥ 3 VERIBEOBER
An emulation environment for a nonvolatile FPGA
B EEEFAF 1 —T)b Yy NI ETIVERGRE LIES VA L
T4 LA MCEBALERRF AL FPGA R
Approximate Search Method by Random Forest for Binarized
Convolutional Neural Network Models and Its FPGA Implementation
ERENIVE1—T 7LD RLICET B3
Research on Stochastic Computing Algorithms

[X43S/TypeS]

mEimE O e — L MR OISR
Establishment for innovative coherent wave technology and its
applications

[X% S ER/Type SI]

m ANBERRICEDC AT E ZDN— R 2 7RI
Al & Communication Technology Based on Human-Centered Science and
Its Hardware Implementation

VR OREER EICKSRALEBIZI 1 27— 3 VOWE
Improving Immersive Telecommunication by Increasing Comfort in Virtual
Reality

BXRICKBIEEIZ 2/~ 3V D%E
Support Nonverbal Communication with XR

[X4% T/TypeT]

m X TFHIZES / Electromagnetic-Wave Transmission Technologies Workshop
Society 5.0 (C M1 Te 8K + ¢ AR X £ 1i7 /Electromagnetic- and light-
wave transm|55|on technologies toward Society 5.0

n FETFHIER /Technical committee for acoustic engineering

=255 E?LEE}:J:O?}IJ?J& LI AT NCBET 2EBEE ISAICEE Y

éﬁﬂn%E/Research presentation on basic and application of acoustics,

speech, hearing and multimodal systems

24k 75 A7 4 —Z s /Tohoku Plasma Forum

BT T AR OEREL S /Fundamentals and applications of non-

equilibrium plasma phenomena

O 1 —2HY A T2 AHZES /Spedcial Interest Group on Computer Science

Bzt ERRFEZHRO LT 2ER™FDOERE &G /Foundation and

Application of Information Science around Theoretical Computer Science

> A7 IsilfEBRZR S /Technical committee for system control

2 AT LR ISR I T SRR H K /Research presentation on

theory and applications of system control

&R/ A A b O = ZHIZES /Information Biotronics Seminar

INAF «F /T bAZY RITED RER A F 77/ N1 RBIR /Next

generation biodevices based on bio-nanoelectronics

A ZHiZEE / Spinics Research Society

B AR BEF & BL SIS A / Development of Magnetic Materials and Their

Magnetic Applications

o= N\SEALAVE =T A VIR
Research Group
KR 0T HEEESHFRO 1 —7 1 >~ JHEM DB / Research
and development of new paradigm computing technologies for the next
generation loT society

nHEFEREILY SO AMER
electronics
BEKOER S SAICET B3R /Research presentation on basics
and applications of ultrasound

T LA > 7 TEHIZRS /Brainware Research Project
TR LD 2HIMIEIRNIES X 7 LDEZE%E B8 L T /Toward Life-
like Intelligent Information Processing System

u o/ - AEVTERZES /Study Group on Nanoelectronics and Spintronics
FT/ILY MAZOR - AEY bOZY ZAENR-R & LIt RIEREEE
# /Next-generation information and communication technology based
on nanoelectronics and spintronics

B> bOZo X - CMOS AdBIEIEEFRZRS / Spintronics and CMOS Brain-
inspired Circuit Research Group
BIRNF—BERE—1—AEILT v 7 - TOR Y HBRROHD ALY b
OZJREA VAT AV E 1—T 1 VJEMDFRE / Bridging Spintronics
and Computing-in-memory Technologies for the Development of Energy-
efficient Neuromorphic Processors

CEBIA 714 T AEBODEIL

£ /New Paradigm Computing

/Technical committee for ultrasonic

BRUBEHZERT = RIEC 2024/2025



Computing System Platforms Division

BESF/TINAARER Dielectric Nano-Devices

BB/ WAL AT Ls
HESE (kAR

Nanoscale Dielectric Measurement Systems
(Assoc. Prof. Yamasue)

ORFOMREZ BT 2IFBAERTIHRI A BE
SR RT3 A B DRE%

OZHeE - BRIDMR T O— TEMD Y AT LD
FHEERERBFIHE « 7)1 AFHENDIGA

¢ 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

BEMAEF T EHHZEE M Solid State Electronics —

BB FHETS
HISEE (REERID)

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

OZRITBEFRT /A ADLIEREERIL

OFZ7 x> 71\A ADEEZEHERAILHAZR

OFARZY FBEMXSANECE DT/ TINA
AYEOERE

OBERFREHFI OBRNEEEREFRY — b THz
S UIXRZDREIE

o Multifunctional integration of 2D electron de-
vices

o Academia-industrial alliance study for graphene
devices application

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

e Realization of the ultimately-shrunk transistor
down to a monomolecular level

REMIE TS
BRI H (PRI

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

OBFEFRTO—TT7—2A M L—I DR
ORFEA - EBAMBELOT/NAZDF/
A7 — ) VEHBFEDRFE

¢ Development of ferroelectric probe data stor-
age

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




ISR BsEE
ik tsessst
MEDE (BHHAR)

Materials Functionality Design
(Prof. Shirai)

Materials Functionality Design

PR 1%
W3e 5 (PTEpAER)

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

OB—REHABEBRFRICEDHLLRL
> HEREM I DERRET

OREY FAZV ARFICH T 2 BRUREHIE
DIERERARAT

OM# - BFHEEZRIA T HEFN I 2L —
a3 VFEORFE

¢ 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 AHER

On®ENE
OXE. KR LEMDER(LLBIRE
OB—REBEERRFEDMHE

® Matter at high densities

® Metallization and superconductivity of hydro-
gen and hydrides

e Development of first-principles structure
search methods

Spintronics
AEVIREETY
MRDEHF (RRER)

Functional Spintronics
(Prof. Fukami)

T/ AEVERETINM R
MRDEHF (EHAEHR)

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

OREY b OZI AME - RFICHITZET -
A EZFOISAICEE T 25T
OBFRAE Y &EBWEBMEOFIEICRS T 25T
OF / BEHEARP OB PREED L A F = 7 AT
SRy ieAs

OFMeE - EET LAY POZIZXAEY
RTOBRE
OBHMEAEFOAT) - REEBERK. 7
BB IRINEIS RIS BHZE

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

e Control of magnetization utilizing electron spin

¢ Dynamics of magnetic domains and domain
walls in nanoscale magnets

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

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

OBEAEVB8FE Y ~MEBT B

OF / RT—IVEEEAE Y T INA RICET 3
i

OREY bOZY RFELHN AV E1—T 1~
BT B3

OF / A7 — IVBEEED BB & Z DRI
HBEENATVISAICEY B3

*Solid-state spin qubit

eNanoscale and high-frequency spin device

eSpintronics-based probabilistic computing

eElectrical control of nanoscale magnet and its
ultralow power applications




f/%ﬁ?ﬂ{z-?x?hﬂ%i

T/ ER/TINA
HESS (17.1':54525{1’5)

Nano-Integration Devices
(Prof. Sato)

Nano-Integration Devices and Systems

EFANTORERERILTOER
MRS E (REEHR)

Group IV Quantum Heterointegration
(Assoc. Prof. Sakuraba)

T/ ERHRITHRY AT L
RS (LA AEHIR)

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

OB E/N— RO T 7ICEET 2%
O2FHBE/N—FU T 7ICEET 2T
OxTvyarvEa—7« VI 3%

® Brain computing hardware
¢ Intelligent quantum hardware
® Edge computing

EF7T/\1 AEE B Quantum Devices
EFTINTR
R E (KEFHERR)

Quantum Devices
(Assoc. Prof. Otsuka)

OEfEF /&R OEFYIERER B, /18
ETI\A ADHZE

OBxT / #i&Z BV e8F 7/ \ 1 ADHR

OMBEL 7N\A ARF LT —2REFEORME
IC K BREAMEL T/ ABFREBRIO
e

e Electronic properties of nanostructures and
nanodevices

e Quantum devices utilizing nanostructures

¢ Informatics approaches in material and device
science

OBEE N BRHEERILCZFY v IVUREDTD
DEBIGENRIEMEA TS X< VD YAt X
B9 BHi%E

ON BE¥EFsEEET\T OEEDEERL
7O+t XICEAT BHZE

O N B EHREFATOS ./ T/IN1A ADEUEL
SIRELICRE T BHTZE

® 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

_—

EFHMAEY FOZIRATINA AARE ——

M Innovative Spintronic Device

BEHRHAEY POZIATINM A
HRSE (FHh—< &R

Innovative Spintronic Device
(Prof. Akerman)

O TRE Z AU B SRR DO EeH
EicEad 2%
OmiZlifaxy N7 —7 DHEBETIVICET S
o

O v ~7—7 LOBERLEICET S
B3

e Bioengineering technologies for manipulating
neuronal network functions

e Computational modeling of neuronal networks

e Information processing in biological neuronal
networks

AV Ea—7« VT IERERMRE

B Computing Information Theory
aAvEa—71 2 J1EHRER
MESE (REHHE)

Computing Information Theory
(Prof. Nakano)

OBARAE Y FOZ U ARFDERBILHIL
BAFZUR

OREY bOZY AREFOHEEI 1 —
Iy

OV IVT7 VHE BT RN/ > -
T/ DESR - B RER

OF /A7 —)b b ROV AV EEDEBEME
RTISA

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

o 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

ORZBMB LUK — b b OEIER
O707Z LERE LU T 0TS LIRAE
OFEIRZRERICL BEREEROERL
OfEB FREICBGFTEDEHEH PIRR O
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




il VLSl & X 7 LHAZE= M New Paradigm VLS| System

HEEZVLSIZ 2 7 s
MEDE (PEHRE)

New Paradigm VLSI System (Prof. Hanyu)

HELRVLSIT 1>
MRS EH (EHEHR)

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

HL2VLSIavEa—7427
MRS E CRRERR)

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

OFREBEREQI v IA VAR T —FTUF v
EZDBIREBEAVLSI 7O Y HISBICET %
fiea

OFNARETIWR=ZFF2IVE1—T 1
VO T—FTUF vICET BHIRE

OZBEBEHRFRIR - IERARFIEICE D EME
BE - Bh=ESoC/NoCI<BE T ZHIZL

ORERWERICED (BEEEEILSICET 2

B

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

¢ 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 VLS| design technology based on
stochastic logic

OPVTIESDET ) —=VLSIE/7—F7 U F+
|CRE Y BHZE

OFMEREBEE L SEEVLSIEg/ 77—+ 77
F v |[CEIT BT

Ot 71V d ) X & F DVLSIEREHR TS A
ICR8 9 BHIZE

OFBERVLSIY R 7 LDFEHEAICRS T BH1ZE

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

o Self-adaptive system for resilient VLSI

® Optimization algorithm and its application to
VLS| design methodology

¢ EDA/CAD algorithms for new paradigm VLSI
systems

ORWERICED(EIRIVF—/\—FUzT
773 R8T Bz

OCMOSA VIN\—=F 4 Z)baPw JICEDH
WESSTEEBRINICRE T 2H158

ORXMART 1w 7 BBICED  HELERILIE
N— R 17|89 BT

ORPRFMEICEDCBEBEEEH/N\—F
VT 7 BT B

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

V7 U I TERHARE

B Software Construction

VAN EYY: 177
HERE (BHFHIR)

Software Construction
(Prof. Unno)

O70Y S LIS LU T T 5 LA
ORI SIVIERBLEVAT s
Ozl - &Bft

OB#EEH

eProgram verification and program synthesis
eProgramming languages and type systems
eConstraint solving and optimization
eAutomated theorem proving
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Solid State Electronics

Staff

({E#%& X))  (Shigeo Sato) = HER  Tetsuo Endoh
E26553 Professor #iw (FF) Professor*

e tE— Hirokazu Fukidome ELAXZE  Fuminori Sasaki
B Associate Professor L= Research Support Staff

¥ HEEE

Research Activities

Rr—)rFlcE>TaRit & mERb 2 BRICRIBY 55177
JOV—ICER DO SNTERILY bOZ o R, SiopHEs
FRA. BRI 7Ot RO - AR M/ 7ICEmL
TW3, e, EKBNEBAR— MEROEBA VTS EKED
Internet of Things (loDl&. ZEZFE LT —PEET /N1 X
DB LIZD, TDIes. SIADMEZE B\ eatEET /N1 X
DO FEFREIFHANGEFE TH D, YHRETIE. IERT/\
AR (TS5 7> BIMHEEHGE) ZRWNETRE T/
ZADNZEBICEDL MRDST/INA AL TOHENEHIZERAES
ToTW%,

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

v BEREFIMETEMEDE | RBARR
I 71 0EIECEHET BDiracEF RNV GaNZ ED—ITE
HRZMHZE BN T /IN\A ADYEE. BEHPLET BF /5t
BIE M A BRE L CEEMICEAN. 727 1V EDFMRE TNE
BOTER L7 N\A ADESREOBEBRERS I LTV S,
EICEREmAMAE R\ Y 27 i - EFYEHIETEDR
KZT 7 VDIEICEER<EDTHY . F/MIILES
ToT7 T UMEORIEE . EFREEMTRICIALTNS, &
SITlE. R & 7NA ZEFEOBIDF v v THREBH DA XS

> NEMXRAHERIRL. 3155/ 7/\1 XD 7T\ A YiE%m
%ELTV% T, R/E. BT XL TRIVMEEhz3E
BD LSV AZORIHICERY A, SHAOTHZE NSV I X2
HRIFT B,

2D materials FET Uncover the relation between electronic properties and function

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

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

Electronic Nanodewces gnevanad ;!anc
Crystal growth  properties &clrcults ray;spectrosoopy

“ n 0fs 100fs 10001s g J

. A A Work-record .

Waferscale

GaN-HEMT (DC) 9.3%10"2 cm2 l D <pus ®ms~s
9.0x10"2 cm2 injection P hoppmg
“Source. 63 )
£ L] Plesecs B
""""""""" n-GaN surface

=

A Distribution of trapped & A Spatiotemporal dynamics

1. AROEHEE

Fig1. Schematics of our researches
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BB/ TINA ARRE

Dielectric Nano-Devices

Staff

(BH [EX) (Masafumi Shirai) =k #FE  Kohei Yamasue
iz Professor EHID Associate Professor
¥k EE  YoshiomiHiranaga

B Associate Professor

L ROEETED)

Research Activities

FBES/TINNAZAERZROEN - BIZIE. S/ 77/ 0V —%FMELT-E
FMEOFBANCET 2AEROREZRSL T . BLU. TORRES
HEEXEREFT 7/ ADBEENCHT 2L ThHb, BABKR. BFHE
R, EEAME: EF B —EHE - FIR RO TN S 2B fcaigass
BT \A APRRRFOMEEIT > TS,

BERMICIE. BT /I\A ZARHET/INA A, FeRAMZE|CZ AT N, I4F
ZORENDEE LV IEABREER OEEDONIRD . A GEROR
FTEAENSRD DB DR THRATE 2 B LIS A ERBEMES
(SNDM) #BEF LT %, SNDM (F38FA BADIEE D mD FHERR PiE&RE
SHEAMEBESINICITA A ERVOEBETH Y. BICERBEEIN TS,
DIEEED . IRECITRFEART 1 T/ A—2%ZY>TH Y. FEEKICHWL
CIERETFOREEEIER L TS, ABEMEEA G Z I$8ABACIROBELR
BICHWLNUR, KRR TH > BaBE R IERIFEA DRI
558, ABHSISEFEMEOFAICE EE5T . SBATCHEENR
AEND, REECSNDM F/ RAA VIV IZT VTV AT LB E
BWHEBRT —2AML—IICHBENT RERCTT1FAAVFEEI 475
Ev bDT—ZRML—TICEAMLTVDS (K1),

Ffe. SNDM IEFBEBILDEG AR T NA ZAD F—/)\> 07 741
> T RMEIE— B REM DS/ A — ViR El b KEBRRE %
KBTS (M2, TDEDIT. SNDM IFBRFBEIRICR S 5 o Atk s
INEEKEBLDODHS (K3),

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

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

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

@ FES /MRS 2T L
HEAE | LS

FROBREEICRIRGERERBFEL « 7/ AOHARFHEREICERT
57/ BFRAT—IVIEDEHRIT S b T 5 — LERIH T BH5RICHY
HATWS, FICERECREICE C29BICELMEZRF AT —
IV CRIERTRE G EB IR R BEREME RT3 A M) EFENS
TO—TEMSERELTWND, T5lc. REMSizE SHE - BT
A—T7BEHON T AT LICRBEEZLEFIC, Y2aL—y3rPT—
ZEFUT TO—F ERMEEE. FIRE 2 7ok - 7/XA AT A RN
Y RF vy THEEEME - 7T\ A2 BCERBEFMHE - 7/ AFHEAN
DISR%ZRIEY 5MRZRERL TV 2,

AEIE T
BENS | TS

FHRARDB CIERFBRTO—T T -2 X b L—YDERA(LZEBE LIH
REHEHELTHY . LA DMER - SHED SEEREED A7 LOBRIC
EHE T BEVHRFEREEZT O VS, £fe. ERIHGHABREMY
S L CEICaA R - EREMBONMEICET 2R EERMIC
T2TV %, MERDEH R XA VREICEE ST, BNEOBRIELESHE
oM T BIMEFEADREZB L C. YZNBFORRICET HMRERE
HLTWVS,
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aCy/aV
1. BDBREE Y b7 —2IC K BRIGMECER

) (4 Tbit/inch?) 774V
Fig.1 Ultra-high density actual information storage using
ferroelectric nano-domain manipulation (4 Tbit/inch’) power MOSFET

2. SiIC/\T— MOSFET @ F—/\> 700

Fig.2 Dopant profile measurement of SiC

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

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

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

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

% e
£388

EEEESE

3. BREEFERETRIFRTFAERRT V3 X
FUITED SIC £ ST 1Y DRFHMRAERE

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 [GEEIN
26 Professor HEHET

I A Masahito Tsujikawa Tufan Roy
BhE Assistant Professor Bh# (CSIS)

Kazutaka Abe

Associate Professor

Tufan Roy
Assistant Professor (CSIS)

W HAZEEE

Research Activities

BRDBRT )\ RTE, KREDBEREZWNE - (mF - BRI S
SDITHEERDPHE AR ERRABMRDFIBENT NS, FHRE
DOHREEREUTDESY TH S, (1) RIERERT /A ZADE
BEBDMEPT /BEICBVTHITYT 28 FIERS ZEHRE
ICERBRT BT &0 (2) T/\A AIEBED A LIC DD 587 LU HRE
BT HMEPT /BEEERKFT T AL Q)RR
L—> 3 A Bt LT EERR S - R DRET A% HEL
ERCTaas

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.

@ PIEHRESRETIRE DT | BH 3R

BFDEILBEREAL Y DEREZHICFIR L LU
TINAZADRFEBIE LAY bOZI AATRDO—IRE LT,
BAEVRBMRAPZENERBWN T /N ABEICSIFHAEY
KEERICEDOERBETZ X HMRT —<ELTWVD, &b
BE—REBAELBMFBZEHEDETHI N RIVEEE
AR ORERL M RADHIVEFBEICER L e BRI DE
RIARICIERE LTV 2,

W R D E | FIERAEZIR

SRERE CRNFRTYMNZ. F—RENFAICIIEROT
W5, sEDMZENRIE. BEFEFEEERICE D (SEBEY
DEBRTERAINTWVD, KRLaMOSESBEL. £l B
—FIESEICL S BERRFEDBRICORVBEA TS, KA
DYEZERD LT COWBERRFEIBO TENTHD I LD
FRENTE Y. BEICRS . FIMHERGT2BRNDIGAEL DI
EEZ TV,
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Fig.1: The correlation between the Curie temperatures of quaternary

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

= Materials Functionality Design (Prof. Shirai)

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

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

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

2 BE—REFRICKLY BV RERIBIERZET 2 LTINS
CoCrMnSI/MgO B DSBS & B SIBIEDIERK
Fig.2: Schematics of crystal and magnetic structures of the Co-

CrMnSi/MgO junction that is predicted to possess high inter-
facial magnetic stiffness by first-principles calculations
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Spintronics
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EE B Shunsuke Fukami St Ep

E26] Professor BT

Katarzyna Gas Katarzyna Gas Jiahao Han
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Research Fellow

Nuno Cacoilo
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K. Vihanga De Zoysa
RERRE

K. Vihanga De Zoysa
Specially Appointed
Research Fellow

Shun Kanai

Associate Professor
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Yuta Yamane
Assistant Professor*

Aakanksha Sud Aakanksha Sud
B (%)

Jiahao Han

Assistant Professor Assistant Professor*

Aurelien Lagarrigue Ju-Young Yoon Ju-Young Yoon

Specially Appointed HEMRE Specially Appointed
Research Fellow Research Fellow
Nuno Cacoilo INE BT Noriko Obara
JSPS Research Fellowship e Research Fellow

for Young Scientists

@ HRIEE)

Research Activities

ERRDER P AL BMEDIREZ S L TFERICRIBT 52
EEBEMEL. FLLWAEY FOZ Y XMH - BEORFEPZ T
?%EQ*M%X EVEDER, RUOAEY FOZY AERFIGH

ICBA9 BT ZEIT O C WD, Ko, RIEERBEIE. iR (Hlﬁ*”
HxmN. 2F) BRLEGZENDLAZEE LT, SMaE
HEBESZANAEY FOZY X%?@%‘J@LCE@@“%E}%%%E&)TL\

o BRI MEHELT b > 2 VRS RFORE SR IEIEAR
BB R E AUV CERR RN, R/ Sy 2 VTR E
ZRWCHRAL Y FOZ 7 AMBORFE, &AmAL> Oz
7 AERTFORMINTEA - FFEFHER MR £ BT 52172
TWa,

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.

R 7 - EER R S
For further details, please refer to the “Laboratory for Nanoelec-
tronics and Spintronics” section.

T/ERBTINAR VATLARE

Nano-Integration Devices and Systems

Staff

{hRE XM Shigeo Sato BEE Bk Masao Sakuraba A ZEBH  Hideaki Yamamoto
E2€6d Professor HEHIR Associate Professor HEHIR Associate Professor
A B Satoshi Moriya Al b Masaya Ishikawa

RN Specially Appointed Assistant Professor [7ieia= Research Fellow

W HIREE)

Research Activities

FRARECIIMESTEPEFARE LD/ AR VEGRICER
L. %#’Lb@/\— R T 7 BB OVWTHRZT > TV %,
TINAR, TAER B HBHWNET VT XLPHRERIFG

SRGAREZETL. TNSDRAlIC LY & i LOETERE
TR HKEL T B,

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

I T « X E>FEG R 5

For further details, please refer to the “Laboratory for Nanoelec-
tronics and Spintronics” section.
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Quantum Devices

Staff
KIZE BBE Tomohiro Otsuka
AT Associate Professor

¥ HRTEE)

Research Activities

TS A= BIVAT —IVDRINGER S/ #8E CIEEFMRED S
BEBIRRHNE LS, AARETIEFATHITER, HIELZE
B/ TBEICHITBYERE. BEUT/\1 ASHEDMEZ ESD
TWa, ChCKVEFILYZ bOZIRA®PF /I bOZY
AExBL T, FHLWVERNE, BERNICERYT 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.

O EFT/\A ARERDE | REERR

EfFS / BETROBABEFREDEBINGIEE 2 REA. HIHE
fire B LT BT/ Bl BT 58 LONIEEIRR DO ARERZ &
HTWB, EeEES /BEICHBIT2EFHEEERT 5 &I
KU FLLMEL T/ ADAE. BRETO> TV 5,

RF readout ﬁ/T

FEGEF Ry F7O—-7

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.

-840
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e
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9
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ZEET Ny FRTFICHIS B EENRAEHE

Charge state control in a multiple quantum dot device
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Staff

Bengt Johan Akerman Bengt Johan Akerman

£ Professor HEHIE (CSIS)
THE B3E Takaaki Dohi Akash Kumar
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Research Activities

AEY FAZIZARFIEBWVT, BFREVZEN LI L EER
OHEERZRAS ML, MOV E1—4%2 AV IV UG
EOFFREIVE1— RSB 2T L2 BIELILHREZED
TW3, AEVER—)L3IR%Z T Lic DC AN T 2 Wb DFHR
EZNUTHD RFESDET. RF ANICH T 2R DHIEE 2N
IS DCESDENERAYT 5 ALY R—IL /REF DO
BEb-EEEEE EICIYBA TS, I—TRUKRF(RTT—
7 >/) D Applied Spintronics Laboratory & BEICEE L T2,
https://www.gu.se/en/about/find-staff/johanakerman

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

Staff
8 £/ Keisuke Nakano EH iz Kezuyuki Asada
i Professor B Assistant Professor

M AREAER  Kentaro Kikuchi

B Assistant Professor

W HAZEEE

Research Activities

RHARZEDZEBNGZBIRIGAB ETEROBDOR Y 2865
ETHB, NEDFTERICHRZIT>HELELTTOY S LER
WY BHEDDDHH. ANBEABRDBEICIIRBI DD, A
BICEDERER TIERTHEL TV HBERICEEND D 2T
LEV. STERICEDE R CIIRAHEIZNTH Y ARICEE
DD 2 TCLE D, TI T ABICEDEERL SETEKICE
bRl EE AR, SHERICEhE LR ABDOERIC
B TVBH AT SHZEICI A TV B,

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.

w1 Eai—7~« ‘/’Z"I‘ﬁ&fiéﬁ
D EF | R

ARHTIE. TATS LPHBEEHSR LIEEIC DV TEZD
MRz L TV B AAEEERENRICHRZEDH TN D, B
FECIE. RS VAT 21— & KBNS AREED S ARBEND
T 2EBmERE LRBE RS LIcKY . BENETO
IS LEBHRLIEY. TOTIIDBGHEOEBEERIELLY
T HRHEH DRIFICE I ATV S, Kfe. EEERAXEREK
ENBEERICE O CAIFADIE LEERET 5V AT LZAV
HROLESH TS,

Kfe. 7O IV EHERRBOARLTO VD, LD
RNEBERMDENTISCTTRT S LO—ERAEDHEHMRT S
DI L. TESOFETIE SOV S LORENGEKRE S TR
FLIHRZTV. TNZHENCORT S LlcL . WR
EBBTOTIIVIEEOREZRSNCT 5, BAEMITIE
KRG - BRIFMERER - RIENERGS - BRRAEkRRS E
HHY. TATZ I EROERNRECINRON S 55
OFEAiTEHEEETOT S LREEG EIKGAT %,
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Fig.1 Performance Improvement by Program Transformation

= Computing Information Theory (Prof. Nakano)

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

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

conflict?

44T 4474414471 Formalization
b (WAITING) —nrr P (FIRSTTOSS)
FOu~t Fr+1)u~t
"7H(CATCHTOSS) "4H(N0Toss)
0F(m+1)u~t n+1F0:~t
nbt mbe n#m (TOSSABLE)
Proof ntlFQn+ 1)t
Theorem toss_441_valid : | toss_441 :
Proof. . OFGaD i
3FQ48 4 0048 3048 ¢
assert(0 }‘tOSS_441)_; cofix; uHMf SEE) xt(lm) \Hmi SEULD F:
assert(l )‘tOSS_441); CO'FiX_; 1 (4.4|)ZHM? (X)) 2 W;)HI.M) 0F@an
assert(2 [-toss_441); cofix; Ao

rewrite eq_unfold_toss; simpl; repeat constructor; auto.
Oed.

2 EEFREERICLS Vv I YT DEE ORI
Fig.2 Formalization of Mathematical Juggling in Coq
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Research Activities

BABEYERETERR (Very Large Scale Integration; VLSI) &
AT L&, BAR— A (Society5.0) A% X HEFIHIRD [
Bl & LTHEET 2—H. ZOMBRRIGELTWVS, FHEE
Tl&. FER) DVLSIV AT LT —F 77 F v x5 Z DEE
KR|EARICKY . EREMORAEZITH L. ABOBERE ©EE
THRBEBRRIEFRBTHCLAANET D, BHENITIE
SR BERRICOBILES S TRAGR AT U /N Rigk R
THEOVYIA VARSI —F 77 F v AEY FOZV R
FixEDHHEEE - ZHEE - RERT N\ARAEFBALET/INARE
TILNR—=ZFBERVLSI T —F 77 F v 5 E T v JAIBIT & EREVLSI
TOv v ORBAHE PVTIRSDET U —=VLSIRIE, 7 —F77
Fv. BFERBECESERVSIERG/ 7 —F 77 F v. WEEE
ICED BB 7LD XL EZFOVISIERETRATSA. #E70t
AWML DBREZTELN L DD, K DBERG NIV TLEEEE
{ERER T BVLSID T DG, BREED—ECHDHA
HRAT 4w 7 BERER LA IXIVF—N\—Fo 7 7)bdURX
LY, HEROFEEM CIERBHRE WA A EERIBT 51>
N=7 4 7)Y v 7 EZDISA. ICET2MREITOTLNS,

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

FEMIL 7 L1720 1 FH R S
For tfurther details, please refer to the “Laboratory for Brainware
Systems” section.
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Software Construction
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Research Activities

BRAZICHBVNT. ALIZAENICARY— 74RO VE1—%
EREFRPESRICHNTSY .. EEREFRINGVGE - &/t - &
B IX/IF -0 ofcdeBBE v Ea— 2K UFIEEINT
W53, LIeh>T. OvE1—2%8hd SOI oL THBY T
DI T DEEEEHERL. EEEA LT SR LI HERDRE
EFPBIHBEDHEFICE D TEERFEL T O TV D, AAFRET
&, ERHREY 07 S LEREVOERERICE DV BE
38 - BEY T MY VB OMEETT O TN,

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.

¥ V7T MU T TERMERSE | BEHR
TOFClE. SASNTOTS LT OEE T T &
FHICERICRE T ATeODORMTH ST 0T T LREED. 1%
DoTNAE®ET TO0 S LEERT BIcdDOFEM THd 70T
S LERMOMZE - BRAEEDS TV, BAEMITIE, BEE 700
T IV EE OCaml ITHERE - B — VARG T ST &lck -
T. BEE a0 S LOBREBET S EBEL
fe RCaml . ZAREIEEE - S EEZ IREBHIF P A EmER
ELTREBELTRSTENTES YV )VINTEHS PCSat + MuVal,
MuCyc DR - BBHEZETT> T\ 5,

Fle. TNSDY—IVOERE AT 005 LERPORER., §
KR - RBLOER. FERHREE ZTOEREERRICTOVTEH
THETDCWND, FICREDY 7~ T 7IE AT - W5 - 9L
HEEERERFE R E T ILADMKEFE. BS70F0)LOBE70
I5 L BIRT IV ZLITHT BT 2 LEORENEFRE
TR FTEITEMELTVS, D). BIFEOERIT
TIEHAL L ENIZ VBRSO T B DERBRICH N7
WCTW5,
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1 BARLTAREEY —)b MuVal DMRESTHE
Fig.1 Performance Evaluation of the Developed Verification Tool MuVal

= 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.

l:y:()/\'r:() T(z,y—l,r—a:) ':y#o
P(z,y,r) P(z,y,r) ]

Ey=0Aa=r [Q(wyy—lﬂH-w,T) |=y750]
Q(x,y,a,r) Q(xa Y, a, r)

D(P(x,y — 1,5, —x)) < D(P(x,y,5)) AP(x,y — 1,5, — x)
AQry—La+xs)=(s;—x)+(a+x)=s,
XTI CAeply induction hypothesis )
Y y#0A(s1—x)+(a+z) =82+ 51 +a=sy
iy Plo,y — 1,8 —2),Q(z,y — l,a+,82),y #0F s1+a = sy
v; P(%,y,81), Q(@, Y, a,82), P(z,y — 1,81 — ),y #0F s1+a = sy
0;P(z’ Y 81),Q(a:, y,a, 52) Fsi+a=s2

a(y) =

2 BAR L BEEEETY —/L MuCyc IC K HEEHRIRER
Fig.2 Proof Search with the Developed Automated Theorem Prover MuCyc
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Ultrahigh-Speed Optical Communication
(Prof. Hirooka)

Ultrahigh-Speed Optical Communication

FORHEY 2T LIRS
(BFERR)

Lightwave Control System
(Assoc. Prof. Kasai)

OfER « BMERAEED S OESILIEICEET
238

OFI#2)ae—L > MPBEEHENAILT
O bR—ILN\DRER

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

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

ONRAAER IR EZDT o2/ e—L Y
N CBEANDISHICEY S5

OFREZEL—T EZDHRFHHRNDIG
RBICEY 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

i 2 |

LEER 320 Pt i

Information Communication Platforms Division
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Highly Functional Photonics
(Prof. Yasaka)
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High accuracy optical measurement
(Assoc. Prof. Yoshida)
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Emerging semiconductor light source
(Assoc. Prof. Yokota)
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e Ultra-high speed control of semiconductor
photonic devices by signal light injection

¢ Highly functional semiconductor light sources

¢ Highly functional semiconductor optical modu-
lators

¢ Novel functional semiconductor photonic inte-
grated circuits
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e Frequency stabilized lasers and their applica-
tion to high accuracy optical measurements

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

Oz - SHRIRFREF SR L — O
OREVHIEHEE L — T O

e Emerging semiconductor lasers for communi-
cation and sensing
® Spin-controlled semiconductor lasers
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Advanced Wireless Information Technology
(Prof. Suematsu)
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® Broadband wireless on-chip transceivers for 6G

o Millimeter-wave/submillimeter-wave IC's

e Direct digital RF signal processing

¢ Location and short message communication
system via QZSS

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

BHRAFL—IYYRT LHEE B Information Storage Systems
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Recording Theory Computation
(Assoc. Prof. Greaves)
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e Micromagnetic simulations of information
storage devices

¢ High areal density hard disk drives

¢ Heads and disks for magnetic storage

e Other magnetic storage devices
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Ultra-Broadband Devices and Systems
(Prof. Otsuji)

Ultra-Broadband Signal Processing
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D B (i E3%)

Ultra-broadband Device Physics
(Assoc. Prof. Satou)
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Ultra-broadband Quantum Electronics
(Assoc. Prof. Lin)
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e Creation of Graphene Terahertz Lasers

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

¢ Physics of Graphene Dirac Plasmons and its
Terahertz Functional Applications

e Creation of EIC (Energy-Information-Commu-
nication) Converged Resilient Network Infra-
structure towards Super-Smart Society
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® 2D Plasmons in Graphene and Compound-Semi-
conductor Heterostructures and Their Applica-
tions to Terahertz Sources and Detectors

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

® Photonics-Electronics Convergence Carrier
Converters

B Network Architecture
2y bI—HT—%75F %
HRDE (RE)IHIR)

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

eDesign and control mechanisms of virtualized
network/system

eNext-generation mobile network architecture

ePerformance evaluation techniques for ad-
vanced information network

OLEMFBEERPCZITTEREONTO - BT
EICEET AMES LUZDT ZNIVYISA
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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.

REGERMALF 17 BRY AT LHAEE
B Environmentally Conscious Secure Information
System
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Environmentally Conscious Secure Information-
System (Prof. Homma)
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® High performance/lightweight security com-
puting

¢ Hardware security for embedded systems

® Security systems conscious of usage environ-
ment and applications

e Electromagnetic information security
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Ultrahigh-Speed Optical Communication

Staff
Bl 12Z Toshihiko Hirooka B BN Keisuke Kasai
i Professor B Associate Professorsor

@ HRIEE)

Research Activities
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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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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 um
and its application to high precision optical interferometric mea-
surement systems.

2048 QAM O —L > pHES () BLKT 1977 71/ \OMEEE (H)
2048 QAM coherent optical signal (left) and cross section of 19-core fiber (right)
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Applied Quantum Optics
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We are investigating novel, highly functional semiconductor
photonic devices and laser light sources, which is indispens-
able to realize new generation optical information communi-
cation network systems. Furthermore, our research interests
cover ultrafast photonic devices including laser sources, op-
to-electronic semiconductor devices and their applications to
optical computing and signal processing areas.

W ST + b2 AMRDE |\ IREIE
FEER L — P PFERNERBEN— R & LIS T
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Electrode
Grating @ /\
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(10%) (80%)
> > :
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(65 pm)

BREZRFEHL—T
Schematic structure of hybrid modulation semiconductor laser

= Highly Functional Photonics (Prof. Yasaka)

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

= High accuracy optical measurement

(Assoc. Prof. Yoshida)
We are engaged in the development of frequency stabilized la-
ser operated at 1.55 pm and its application to high accuracy op-

tical measurements. Furthermore, we are developing ultra-short
pulse lasers.

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

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

Staff

FRK2 #FA  Noriharu Suematsu ;AR FKE  Yasunori Suzuki
£ Professor EEHE Visiting Professor
5™ Bz Tomoyuki Furuichi
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Research Activities
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Wireless communication systems, such as cellular phones, have
offered mobile voice/mail services to us. Nowadays, they be-
gin to offer mobile internet services which handle high capac-
ity photo/motion data. In order to enjoy freedom from wired
lines, small size, light weight, long battery life terminals have
been required. For the next generation wireless systems which
include terrestrial / satellite communications, dependable con-
nectivity and green wireless information technologies (IT) will
be the key issues.

v 5'6 A v L B ERT
ZZREF | RINBUI

2&5?;@57@?'(\ IMER - BEREHRE LIEEEBRRY NT7—7
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A e
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ce safety vehicle) with DWS

Fig1l AEF 2L« 70— R\ MEBESG R Y b7 —7 DL,
Fig.1 Evolutional network for ubiquitousness and broadband

= Advanced Wireless Information Technology
(Prof. Suematsu)

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

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

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

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

Radio wave (UHF/microwave/mm-wave)

Multi Tx Mixer

Ant

Beam Rx Mixer

- v P comai

Beam

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

Fig2 [T 1V L ABER 1 F v TEZERDIRR
Fig.2 One-chip modem LSl for broadband wireless communication
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Our main interest lies in high-density information storage
technology.

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

VaEEERI E1—FT—Y3a v
ZE 95 | Greaves #EHIZ

BRI ER SN DB OBESHE T T IV Bicsdlic, <1
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Fig.1 Nano-scale analysis of perpendicular magnetic recording

= Recording Theory Computation
(Assoc. Prof. Greaves)

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

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

T 74 Y —. BIROBELEE)

REED Y I & i TR A SR

2 RAVOWXYZaL—2 3 >0f
Fig.2 Examples of micromagnetic simulations

EXUBEHIZEFT = RIEC 2024/2025 | 41

B SIS B bt At

=0
E
Q
2
[¢]
3
Q)
o
3
5
c
3.
8
=
(¢}
S
3
o)
o)
9
3
w
9
<.
[
(e}
3




i
%
]
15
5
A
i
7
i
P

UOISINI(] SULIOAE] UONEDIUNUILLIOT) UORRULIO|

#70—FN\YFMESNEBMRRE

Ultra-Broadband Signal Processing
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Terahertz (sub-millimeter) coherent electromagnetic waves are
expected to explore the potential application fields of future
information and communications technologies. We are de-
veloping novel, ultra-broadband integrated signal-processing
devices/systems operating in the millimeter and terahertz fre-
quency regime.
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BRAART STV SV IREL—F—3KTF (DFB-
DG-GFET) DEFEMIEEE. FIFHRHM& Q BREITER.
B—E—F7 IV L= —RIRDFRAKER
current-injection graphene transistor laser (DFB-DG-
GFET). SEM images, measured ambipolar property,
simulated modal gain and Q factor, and world-first
measured single-mode THz lasing spectra.

quantum limit
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sl

ZERINETS NS T TSy TS RE
VRS VIRRICK Y ERRRE 4 BULBHET B
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Dual-grating-gate graphene Dirac plasmon transis-
tor, demonstrating coherent terahertz light amplifi-
cation with a four-times higher giant gain than the

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

We are developing novel, integrated electron devices and circuit
systems operating in the millimeter-wave and terahertz regions.
I11-V- and graphene-based active plasmonic heterostructures for
creating new types of terahertz lasers and ultrafast transistors are
major concerns. By making full use of these world-leading device/
circuit technologies, we are exploring future ultra-broadband
wireless communication systems as well as spectroscopic/imag-
ing systems for safety and security.

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

For creation of millimeter-wave/terahertz devices based on new
materials and/or new operation principles, we are theoretically
and experimentally investigating physics in the devices such as
electron-transport phenomena and optoelectronic properties.
Furthermore, we are 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.
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UTC-PD LEFERE HEMT A B FRIE = F TR TF ORI,
BFEMEEE. S+ THAORERR
Schematic view, SEM image, and measured mixing

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

Staff
(BHF IEX) (Masafumi Shirai) Soyoung Baek Soyoung Baek
6] Professor Bh#L Assistant Professor

@ HRIEE)

Research Activities

REOERLE - BERIMIE. ES5ZBEPEREE EDOHH
TR OBYEEITHISE® TRABNEZTOTLBEH, L
Tk, BROBEELEERILICRRNEGIN S C EHEFHENT
Wo, L, BLXDBFPHFEEDIVABBICIEREZ
REFSY. BFNFORBZERCHEI ST LICL 2T ERD
RFEZIT WD RE 2 2B FIERBERMOERALHE <
BEFENTWE, AAREG. EFELUONFERAVEFER
BETNAADERALEBEL. KEROBFERBEOHRES
HNEMBEATOFFEICTEBAYITHEL L TL B,

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

V¥ EFHBERV AT A

e % | Soyoung Baek Bh%L
BEFEHEONEEDHOEFHERGE L fcEFIBREEHEM. Firt
B FEREFEETAVCEFBERERET /1 X, BREF
A - HIER M ORRBEREZT > T\ 5,

v
Unpolarized <.k.1
Single-photon ¢ ky

emission

1. BAVEY RRORFHIRME N R0 ZRVCERECE—CFHRE,

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

= Quantum-Optical Information Systems
(Assistant Prof. Soyoung Baek)

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

Photon in
alaser
puls@ —I——>

Nonlinear crystal

Photon palr Nonlmearcrystal

leferen! >] f(— !::> .
poling \
._I_ Color entanglement

Honzontal ® Vertical

2. EREBOEFE ONNFREREDEIRE,

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

Staff
Al Bl GoHasegawa
£ Professor

@ HRIEE)

Research Activities

BEHRAY b =T Y AT LRBICHEDBAETEEL. ALD
HEEEPHEZZXEIT DEHIC HLLTA TR AP
REEHPT ETCERRREAZESIDLOE LTHIFEINTL S,
FHRZETIE. TOERBICHEIFTERDLSIGHICESHRRICE
UG,

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 NT—9T—FF0F %
RNF | RIS

A VB =%y MEAOBADI-YHHBTHZERZBERR Y
FO—0THY. SPALDEEITRHT CENTERNA Y
T THHN BEIXIF—DEA E/ D1V 2—2v b
(Internet of Things: 1oT) NDOXIIG. EEMGZ R Y b T — 7 EEE
FESHOBERBITVND, INSOMEERRL. LVUE
ELBERE2ARET 2ODEEHE. SEE. aTRkOEL
BRRY b= 0T —F T F v OREIIZBIEL. RELEERY
bT =2 2 R T LERET - Sl TNV RY bT—
VT —FTUF v, v bTU— MA@ ME EICET A0
TEIT D,

Nl
g ng

Cloud

Cameras Terminals i -ojass network

=P Camera streams

= Network Architecture
(Prof. Hasegawa)

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

t/l/\/@loop for congestlo@

- <—H Receiver
packets

Server resources and functions

Server resource
(CPU memory
Duwut

W + - + [cata ( mepiate |
( Meoiate | — (serv] + (serv] + +

Biochemical reaction equations

AT

Tuple space

BERY M= T —FT 0 FvHAEDE
Research topics on Information Network Architecture
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Environmentally Conscious Secure Information System

| I A

Staff
AR X Naofumi Homma
] Professor

ZwyY T1)—X Tasso Elise Léa Marléene
FHERARR Specially Appointed Research Fellow

[

@ HEES

Research Activities

T/ DAEZ—%v b (ntemet of Things) ITERETNBIHEA
ERBEERE. FraMBEZAEL. BHGHREL5T T
EPHRENTWVWD, —AT. T2 LEH LW ICT OFBFREIC
BFdLFa1UTaH BFEEMOBEMTERICEVEREINS
LIFBRSEV, T—RFFNCL DT T — 3 > OEMELY
TIBOEZHIEEFROFE L WV o fc. BESNDFEBRISN
BN EENEL, ARE TR, FROY—2AP77 /0
HHENRLDLTHBATE, ZORELZRLICEZTEDIERE
FBEBROBEZBEIELT. EROBEREF1 T+ VAT LD
B T ORERMERRKL TV S,

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

W REFANBELF 27 BHR AT L
MZRNE | AEEE

KA TIE. XY bT—IRV T DI 7DEF 1) T 1 DR
DIHESY. WA DOEHEEREER (L PIHARGELEDT/N
AAN=RTT7) DNV SRet EEEZERT 2w+
TIEREEY AT LOBRREMZRFEL T2, Fio. HAHY
AT LDEF 21T 43RV AT LB NRE P ARICKE
CEEENSTED L. BRABREPICAICEITSY AT LDY
F U T RET - BT SMERITORBE AT L TIT o TV S,
E5IT, LEEDHERHAREDL OB ONHRDBEANGHARFEIC
T 2L LBl BERENMVRNEER TOERZE L (RE
{EZHEL TV D,

High-performancellight-weight
cryptographic computing

I =

xrmf: Coll 4-Turn.Coil i
Tamper-resistant/
Trojan-free
crypto LSIs

Infra-

Security systems conscious of usage

environment and applications

Vehicle structure Retail

* Environmentally Conscious Secure Information System
(Prof. Homma)

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

Hardware security for
embedded systems

/ s 3

Side-channel attacks &
countermeasures

Avionics

NIST
C-CRYPTREC

Cryptography Research and Evaluation Committees

Standardization work

RIBFAA L+ 2 77188 A7 LIFROHE
Overview of environmentally conscious secure information system research
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ERBRIEHRMZEE = Electromagnetic Bioinformation Engineering

EHRERIER
MRS (AILEER)

Electromagnetic Bioinformation Engineering
(Prof. Ishiyama)

EEERAE
W5e o B (R AEEER)

Electromagnetic Bioinformation Materials
(Assoc. Prof. Goto)

OWSHRL>Y > > IV AT I
OB B REH AR
ORA VO[T 7 F1T—4
OB S AR ERERMR

® Sensing system utilized magnetics

¢ High-frequency electromagnetic measuring
system

® Micro magnetic actuator

* New medical equipment using magnetic

OF /A7 QK R
Ot >V TRTINA R - SRS
OLEMCABRINFME - 7/ X

® Nano- and micro-magnetooptical materials

¢ High-frequency magnetic materials & devices
for sensing

* Magnetooptical materials & devices for
bio-applications

Nl < GRS AT A

Zenbl"]

Human and Bio Information Systems Division

FIHBERY AT LHAEE

M Advanced Acoustic Information Systems
BR - @aRRERWY AT L
MADE CREHER)

Auditory and Multisensory Information Systems
(Prof. Sakamoto)

OBRERUESREARIFRUBEEDHE

O3REEBEROBBRE Y YV TV AT s
DB

OBEREBRUEBICEDS FEBERV AT A
DB

e Mechanism of multisensory information pro-
cessing including hearing

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

¢ Auditory information systems based on multi-
sensory information processing
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Real-World Computing
RRIAVE1—T1VYT
MADE (AEHER)

Real-World Computing
(Prof. Ishiguro)

OBKEHBREY 7 bOR Y~

OEfTRX. RiT. 170 ETICHIT28E
YR

OZEZF IR BV OFRRRED HFHIEEE
EORT 1 7 ANDISHA

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

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

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

BRERERVATLHARE

Visual Cognition and Systems
E -
MR EF (BEHE (R)

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

OFMAIZ2=F—Y a3 VBT BIFER

DR
OBHEBTFBDAAZALEETIVE
OZREMRLFE

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

CE

T/ NAFREFFTINAARARE ——
Nano-Bio Hybrid Molecular Devices

T/ NTRERFTINAR

MR (FHHER)

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

OATHIRRRICE D < 7/ XD L ISAIC
EEREIE

OF /BEFRDBRE/NNAF L HISAICEYT
DR
OEEmEMlbaz AL AT HERIEEICEY
DR

O%EEDF - BMELIRMEOET U JICBT S
e

OZRTTNAFMEHEDSCBF - 147N
A ADRIAICESY DA%

OBHI S VI R2ERBW T LFTILT N
A RICBE9 2%

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

e Fabrication of nanostructures and their bio-
sensor applications

e Construction of artificial neuronal networks
based on cultured neurons

* Modelling of biosystems and neuronal circuits

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

¢ Development of flexible devices using organic
transistors




AVRZ9T4TAVTVIYHRRRE
AV3259T747aA0T0Y
iz B (b #ER)

Interactive Content Design
(Prof. Kitamura)

O VRS0 T 47OV T > YDRIE
BIRDEZ FICEZ7)IVT ) ALEFMBLT.
TETEAROAVTVVEERRICELCTEN
IS ZLTCA VRS0 TaTIcRRT BHL
WFEZREL. EHEEOHERMEEZ L
THERARIEISREED TN S,

O3RTE—YaverovibA 2593
A DD WFAEZE/ NN D REFRE D85 75
EEG S, MRTIEE LD > EEBEHAE
LT EHLWVIITE—Y 3 YRR
ADHEAZE TREL T3,

OFEEEREFFTALLFLLOEREIZ2Z
=<3 OIS
BEOMAIZI 14— 3 v CEELRE
HE->TWS [FEEEBBHR) &, @I W&
BIS CTHEEBE2IEEE L T) XL T,
2BMENTETEHNZIZ 22— 3>
DNTELZREARFAT HHDED TS,

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

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

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

Interactive Content Design

V7 hAVE1—T A Y IERY AT LHARE
Soft Computing Integrated System

Y7MAVE1-T4 Y TERVATL
MEDEH ERHER)

Soft Computing Integrated System
(Prof. Horio)

OTLAVENTav oAV E1—T 1T
IN—=RDox7F

OREY 7 0O/ VLSIEIER DRIFICEE T 2 3%
SHAEMAEY AT LDBEEEFDISHEIC
B9 I

OEFBIEDORI\AE BIET WMEVLSIZ AT LD
BEFEICRET %S

® Brainmorphic computing hardware

¢ Brain-inspired neuromorphic analog VLSI cir-
cuits

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

® Brain-inspired VLS| system with consciousness

1-=RYT=YAN=24V35723Y
MR E (R EHER)

Human-Workspace Interaction
(Assoc. Prof. Fujita)

OT =9 AR—ZADHEEL - 1> 250 7471
ADETEEEEEHZMY EEBB LUZ
DERBREICOVE1—25HFE L. ZED
R LAT DN EBISHICEREEERT &
TANDEEEZRT BV 2T0 71 7Hil
BLOL—HA 2T T —ADEE - 5HF -
FHEICRE T AR ZED TN D,

ON=F v IV T TFAICHBTBRIVFE—H
WA RS>
MEBZEOBKNS BH T, N—F v /VZEH
WNICBT 2517, BEREIE TOMOEEE
FRABEE B VERIBRTRET 5728,
ANOHERFEZ S EALOOE—> 3
TR ADSITICHE S BISHEARE T —
RNy VIR EME A - BEL TV,

O - =Tz RAVEZ7 3>
ANDBEDF~ICEARGIRSDBEVNEER LT,
BRARIEOAVTVICHT 5K Y B8 TIRER
A VRT3 FEDRKET - 5 - FHAIC
B9 MR AEEDH TS,

e 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.

e Spatial/Surface Interaction Techniques
We explore optimal content manipulation tech-
niques considering human body characteristics
and natural behavior.
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Electromagnetic Bioinformation Engineering

Staff
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Research Activities

FEREOBWIAZ 27—y avaRIL. SHROEDBERY X
TLELTDIRTS EZBIET HIcdicld. ERDODRET 2E35%
BWOZABHT LA T, £HRDET HHRLBIKELZLEDTIE
HELUTURA. TNOEHRENITIREY 2 L ODMERARELHE
Thb, TDHICEHMRETIFRE. ERDET 2 EREZIT
RZ 2 Y TRIE S UICERICBENS ZIT ORIMCET S
MREHEL TV D, INSDEIMBAREZELCT. EHEDRE
BAZ 27—y aUEMOELZBEL. [FRBELUICER
BHDEFICEML TP <,

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

¥ EAREHRIERMEDE | AILEE

AARDEF CHRE N, BOTRVWREOHSAROIHt>
TlEe ARFIFE - HABAN TR - BASASMERIENEA - IR EIEEER
S5 EL OEMBAHEIC LY TBROOTHT —DIcHNT1H
BREOREZERL. ThZAVREtT> UL L TORED
EHTWD, oo ERITBENTZITOHBD, T4 VLAY
VFI1IT—R X2l —2—ORE=EHEL. TD—EIE5T
SIBHAHEIA T OEANDEZR S NT AV L ARV T
FRP. RHPAATERENSH T IVERNREZ HIEERNTE
S BHDFEE LTEREARIED SN TN S,

VO EAREHMRARDE | RRBRERIR

EEROBEREMDERL VT TINA RUE EDTEBEGES T
&, BFDROVICAE Y FEE> BN BRETHHEEZDS
N3, LHl. AEVRERZ BN B TELNERIFSRIREIN
TH5T. INDORBEEIELTVDS, Tl ERKRIBEHITAE
TOFFEE LT BRENAEB T INA R EFDIHDFEED
HKEFTO> WD, BFELGT/N\ARABEROfeHIC. BFEF/ - =
IOV RT—IVOBEH KUHMEEEY H LTV,

HEREOTHE Y
High-sensitive strain sensor

FERIBHAHEHNN T O/ NELD A ¥ L AR T
DTONEAT
A prototype of wireless artificial heart assist blood
pump

= Electromagnetic Bioinformation Engineering
(Prof. Ishiyama)

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

= Electromagnetic Bioinformation Materials
(Assoc. Prof. Goto)

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

Spin-controlled laser

AEVHEL—Y—nTO 21T

A prototype of spin-controlled laser
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Advanced Acoustic Information Systems

Staff

"R 1E— £  SaiSun
£

Assistant Professor*

Shuichi Sakamoto %
B ()

Professor

v HAREE

" Research Activities

FIRFBRY AT LARER. BERRORIVFE-ZIVARERE
HRILEBIZICE T 2R L. TOHMRZRV(RELGEEE
BYAT LPREGEREZRFT 27cHOME. EBITET T
LEBOEREG ST 1 VR IVESLEBOMIRICEY #HA TL
%o INOSDIAKIE, BEE - BREZRIT TR BR-BE:
BFLFE EOIKIIHRAIE - BREREIFDETEELEDE
o EF - ABY - OBFEREOMONTFLOEREE T SHEE
ICE D 2 F BN MRERSME 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 RE-BEREBHR AT L
MRDE | IRAHE

FREEEEAEY, BDEDROBEMMNEL S, BEER. &
VEBOBEBRAEE L CHET BRE T COABOMEIER
BB DIRIRN A BV TRIIT 5 & L biT, 20
HIRAEER LTe, B3 RREEBL Y Y Y I YRT LRI
FE—SVBHIEY AT LEOTEERY AT LOWE - BE
IR VIA T B,

157ch DBFARRAE—HY AT LERWET Y EY Z v 7 ABSHEEEEEBEY AT 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.

Elevation [deg]

2
Frequency [Hz] x10°

MEBROBEMERY. BEERIMIABICK > TRAMICEEL TS,
Head-related transfer functions as a function of elevation.Poles and zeros change
systematically with the rise of elevation.
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Visual Cognition and Systems
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Staff
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6] Professor HEHR () Associate Professor*
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Research Activities

FARZETIE. FICRERDBEDHEL SMEREZERR L. 15
SNIEANRICEDCABIE. BRIFE ENDIGANERZ B
HELTWD, ANEORERMEZE NS cHDLBYIRFHNRER%
DT, BSEERIE POV 1 —2 Y 3 VT S O—F &l
BHEDHTLET. REICLDZEEME. IAERH. TRICK D
REBOET IVBE, REERSHBICET SHRZ LTV 5,

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

VIR - FEMRNT | BHEHER

FHARDE ClE DIEEYPIER, HRAEET, SHEHROD 3 D07 7A—
FEHBLT, AR, TR FE LV ABDSAEEDERRZ
B89, FcHbRRT ZER—B LR E. ABDREY AT
LIFEDEDITHERLTWEDOHOEERE L. NS DIERICEDE,
TeBbOABERDEZR LY 5HDICHANERZRRT 5.

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

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

- >

EEMRICEFAL AT by TEY Y OEREBLVEREEBUDRBICEITSNER LT YT
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by TEYEBEERGBEICEH. d—IVIB \DEBNRNIHSHT EXBEOSNM L, Tle BORET
RICEVARENCERDLD ) D FOEST—/UIBE by TV VERMBCIRECELZD L
DOMEDNREDANZILICE BT EDDD ofe, FOEBOD I—/LABICIE. BRNCAEATS by
A VEREFHIOETRANZZXLHMEL .

4
ZES
15
£
o
A
Z
s
B
72
£
]

I
(=]
3
Q
>S5
Q
2
fol
joo}
g
3
%h
2
o]
S
7
@
=
12
9
<0
@,
o}
>

o

Distance from top-down attention location

Attentional effect

m
Location of
top-down attention

&

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

Attentional effdct

Distance from hand movement goal

EhéebDIZaZTr—avid. —RBITHE T EP FDEE. BERBICKZRRBLTITD,.
AR TIE BENGESICLSII 125~ 3 VICDOW TR T Bledlc. MEREL T —I
K ZEEDSR L OEMES KOBHFBNF L DY e RBRERE L.

i

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

Staff

BE =EX  Akiolshiguro 18R . Akira Fukuhara
BI% Professor BhE Assistant Professor
ZHIEKRBE  Kotaro Yasui AR KFE  Shura Suzuki
Bh# (3% Assistant Professor* B Assistant Professor

W HAZEEE

Research Activities

PRIV —T 4 VIMRETIE. BARPHRY AT LIC
B BHBRRORBEA N~ A Lz BEDEHIE DBESD SERE
L. ATORETHRNERET S EEZBNE LTHEETTOT
L/\%)O

"EEOEIE - BRUERAD - YT - BT R OER (B
B) PMEEFRT 5 ELICE>T AL DERDEHMMEL SIFIE
BOTEBRVIFERBAIEEE ) ZRIR 2LV D. 1=
AFNUEHDOME] ZEE TV K S EHIEH R,

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.

FHRE T L1 >0 1 THEEERR) S5
For further details, please refer to the “Laboratory for Brainware
Systems ” section.

T/ NMAREDFTINA ARRE

Nano-Bio Hybrid Molecular Devices

Staff

¥ ES  Ayumi Hirano-lwata B8R RS+ Daisuke Tadaki
Ereid Professor Bh#L Assistant Professor
g FREE Maki Komiya AR E Kaoru Hiramoto
BN Specially Appointed Assistant Professor B (3%) Assistant Professor*

W HIRTEE)

Research Activities

R L TR ENA AT U T )b, Bl E DR A
£V, BRISROEBERREICT 55/ A7 —)b. DFRT—ILD
BRATRTINA ZDRFEEBIRY., FEAMEMN TRMARY Ao
=20l EQEERRICHBI BAT A HIVNAFILY +
OZ7R, BHEMEICEDC U YBERET>BETIL Y O
g A, F LT, EEMEEES CHRRIEAEEY Eif. oL
CIHEBELESETANAAILY FOZY ADMEREESD T
W5, INSDT /A AISIBERBIEV AT LESEERIRETH Y.
BEAAOOHDOFRIME LTERTZTEEBEL TV S,

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.

L TF - X E R S5
For further details, please refer to the “Laboratory for Nanoelec-
tronics and Spintronics” section.
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Interactive Content Design

VHRRE

Staff

bR =X Yoshifumi Kitamura B Mz  Kazuyuki Fujita

£ Professor BT Associate Professor

MER F  Kaori kematsu BAR 3= Yumi Hamamoto

BhE Assistant Professor B#E (3 Assistant Professor*

| 7] WZe ;58 Research Activities

loT DEREMEE DT, MEEFLEFDEY DRIBPEMEMEZE
B - MEBILLDDH D, TORNIE. REPAIERETEL Z#’L
FTHBALD D E VEATWED DEHRICERSK SR
INSZSEEMEREANEDRFEBHEEEZ S EITBRE
DREEBO2TWB, BhfebliE. 7I2IMEENTWVWEHDR
I3 CHE BOEYDHSPZH0DEIAVT VY ERA. N
S5ZEFERTAHIET. ANRDERE fFE 3325 —Y 3>
ELURBCELGELEDICTBAVESU0 T 4T AT YD
HRZED TS,

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.

WA RS T4 7T Y
D E | A%

IN=F %LU T V)T &RDHE LT, HRAEIRTIVT VI
WMEEE—2 3V b vF VIR T LDBEED, ERTAEE
WAV T Y ENENITIRS D 1—H 1 27 1 — ZET
HEOWADIZI 125 —2 3 v CEELREZRELTWVWAIES
BIFEREERII 12— 3 Y THRENITIEAFA Y RS
TR WA TN B,

W1 RVT—JAR=R( VRS 3
RDE | BRI

IN=FVIVEEZT A VAIVEBENEDA VRT3 0 wE
BRI BHEEEIC. TNERE LADEBZZIET S5 EZEm A
VAT IT—RAEHELTWVWS, Fic. ADZEBHEDRECEK
MEANCENEZEE 1A V2T T —ANA 2T 3
FEFICERWICRYEATOETD,

= 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.

I
& B
5;5 Iuﬁ T CrR
IE::*.%'!%?!:EI ;
PRl ™
Ellamllml!nlilﬁ
as llnuln.lswil

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

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

e
ie S
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Soft Computing Integrated System

Staff
B8R =Z Yoshihiko Horio B #<F Takemori Orima
Bz Professor EHEBHE

Specially Appointed Assistant Professor

@ HRIEE)

Research Activities

Fa DR, FERITEMTIEIH DN —TEDEEEF -T2 LWL
DAL SMB Ry M T—IHSBRINTWS, TDOKRIE
BWEYEE - LFRICK 2BERBROLEIL. BEDTVZIVETE
HEIFL{ EEHREBTITONTE Y. BlE. 7I2IVatEEL
AEFLITHHEAICH LT, BRHODMENICEZZHT EH
TE%, TOLOGEHDFEFRIICE Y &G, FHT, FEHRE
BEREICLD MBAAFIHILTOERTLBIBROE] (<
EZBL. NETEBEENTHY BEH S, RERDFRAZRBIREIC
SRICTUTESR. FHLWIT LAV EN T vV E1—T 7
VON= R T OREEBERTY,

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

FEMIL 7 L1 >0 T IR S5
For further details, please refer to the “Laboratory for Brainware
Systems ” section.
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Laboratory for Nanoelectronics and Spintronics

T VNN

Hu
1) 4

AEY bOZY RAHAZEES - HIZEE W Spintronics

AEVBEETS T/ AEVEEETINM R
MADEH (FRAI) MRADE (BHEHIR)

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

OREY FOZVAMKE - ZRFICBIF2EF -
AEVEELE ZDISRBICEY 2R
BFACYZBVHMEORIEICEE Y 5%

OF / BMEARR DX DBEED H A F = 7 UL
EEREI R
SR - EEBEEHALEY FOZ VXX EY
RFDRF

O2RBHBMFRFOA T - RIBERONK.
BERIBIRNIEBE RIS S

OBMERE>8FEw MCET 2R3

OF /RT—=IVBRKRAE Y T I\A ZXITET %
frieay

OREY bOZ 7 AEEHFNIVE21—T 1~
J\CEY BHZE

OF/ A — VEEHEAERDE SIS & Z DFBIK
HEENATVUISHICET 503

® Solid-state spin qubit

® Nanoscale and high-frequency spin device

 Spintronics-based probabilistic computing

e Electrical control of nanoscale magnet and its
ultralow power applications

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

¢ Control of magnetization utilizing electron spin

¢ Dynamics of magnetic domains and domain
walls in nanoscale magnets

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

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




T/ NATAREDFTINA AARE

B Nano-Bio Hybrid Molecular Devices
T/ NMARERFTINAR
MEDE (FHHE)

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

BFHWAEY FOZI RTINS AR ——

M Innovative Spintronic Device

BHRMAEY FOZIRATINA R
MRIEH (FHh—<HE)

Innovative Spintronic Device
(Prof. Akerman)

OANTHRREICE D T/\1 ADBEFE EIGBIC
B9 2%

OF / BERDEEENA A2 YIGRICEY
SR
OFFEHRMEE BUO e A THREKRAICRET
%%

O%MFEDF - HELRE@DET) Y JICEBT %
fieay

OZRFTN\AARICEDCEF - 1+ 7 N\
A ADRIRKICEI T HHIZE

OB# NSV IRZERWN T LFTILTN
A AT BT

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

e Fabrication of nanostructures and their bio-
sensor applications

e Construction of artificial neuronal networks
based on cultured neurons

® Modelling of biosystems and neuronal circuits

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

¢ Development of flexible devices using organic
transistors

F/ERBTNAR « YR T LHAZER - HIZEE W Nano-Integration Devices and Systems

T/EB/TNAR
D EF (EREER)

Nano-Integration Devices (Prof. Sato)

OBARAE Y FOZ Y ARFODERFIEHIL
BAFZUR

OREY b OZ 7 ARBFOHEEI 21—
Iy

OV IVT vHHEBEMEE RN < T/ > -
T+ /> DESE - BB FREER

OF/ A7 —)b bROY B VS EEDREAEM
RTISHE

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

o 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

EFNTOBERERILTOLR
MRS E REEHER)

Group IV Quantum Heterointegration
(Assoc. Prof. Sakuraba)

T/ SRHRERVAT L
MRS E (LIFEHER)

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

ORBUETE/N— KD T 77|CB8 Y 5%
OEFHEL/N\— KD T 7ICBY B
OxvyarvkEa—7«»JIcET 2%
® Brain computing hardware

e Intelligent quantum hardware
® Edge computing

=

OBEEN BEXEBRIEC2FY v IVREDH
DEIBEERIENBH TS XIVDTEE R
Y B

OVIE¥EhaEEEF T OBEDEERL
A+ RICET BT

OWVERHEFRBEFATOF / T/INA ADHIEL
BIRELICRE T BHZE

¢ 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

O TEREZ AU ISR R B D EeH]
EICEET B3R
OrEimiaxy b7 — 7 OEIEETIVICET 3
i
OFEfmiax v k7 —7 EOIERIIBICEST S

{5y

e Bioengineering technologies for manipulating
neuronal network functions

e Computational modeling of neuronal networks

e Information processing in biological neuronal
networks




e
7/ RE U RBRIHER

Staff

JBE =Z Yoshihiko Horio
EERE (FuR) Director, Professor

H@EEB Cooperation Section

HE A8 lori Morita /N EE  Rikima Ono
HEiEE Technical Official e Technical Official
H#& f&E Michimasa Musya

Es0n0=] Technical Official

Laboratory for Nanoelectronics and Spintronics

L ROEETE D)

Research Activities

[/ « AERERBER ] (£, KHSEAIMBIAZERER & L CFR
16FE481HICKREINZ. TOENIE. BREEEZZADTS
JILZMOZOR - AEY POZO ZABBRIEAIET ST &
LB, INHERIBG B, [ T7OT S LICHTBHZEH
HHEEDT=HDIRBEEE | ICE>TERINIS/ - REVERE
HiZEtR & Z DEBREE BT AZEFTHS KUARF & BEGE
RICHBDAFER - BREDESHAESFEHICH /T /AT —
[CEDWEBFOER « AV AEMET 2B 7/ 31 A5
MOMEREFEEED, TOICEE - HROBLBEEDFOMETE
DEHAEEE LEHRETOY 17 MRS EHET S,

BE. F/ - AEVBERERETIE. [/ - AE T RERMBER ]
PHEET 2, /EBT/INA A AT L A NOZV R F
S INAAREDFTINA A EFHRAEC Y FOZ I ZXT/NA A
DEEBFEMAEL T ZHEEMEES. BREERL2—70
Ty MR, BRILER. RUBTO— F/\Y NMESNENR
B VI NIV a—Ta VTEBY AT LHER. F7/\1(
AHRENEEE L THRAED TV D, TNESDEART. itk
wEMEAEL, F/ILY FOZIR - A FAZ T RICH
FBHADE Y 2—FTIT 7L VA (COE) &B2TE%EB
ZELTWA,

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

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

Nanoelectronics and Spintronics for Information Technology
Laboratory for Nanoelectronics and Spintronics

High functional and high performance
Si-based semiconductor devices

Nano-Integration
Devices and Systems

Group IV
Semiconductors

THz electronic device
technology

Ultra-Broadband | Charge
Signal Processing

T

Brain LS| Based on
Analog Neuro-Dynamics

THz
mew

Plasmon Instability

Dimensional ity N el el
Control

Nanostructures

Biomolecules
Organic Molecules

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

S 4

Compound Semiconductor @ >
Oy
N2

%
QRO
O

e

Innovative
Spintronic Device

ontrol

Functional devices
utilizing quantum effects

Quantum Devices

Soft Computing

‘ Nano-Bio Hybrid Molecular Devices |

Industry-academic-government
collaboration

Integrated System

- Project Office of the Center
i for Innovative Integrated
Electronic Systems
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COE of International Research Collaboration

F/ I FAZ7 AERHEBHRRILRAINER (FI7EE~
ADFERRIHEHARREE LTRR) ZEELE LT 211K
HoNZBELGERBEELZRRT 2. [/ EBILRTDE
RERRMI . TRAEVHERIMOMI & FEBENDIBREL o [DF
T/ BEICKDBERIDEORBEGA] O3FZRITEX. ©/T
LY FAZVRBERTNARE TNERWIERY AT LD
REWET DL EBIT. INSZERIFT 2 HDOEBRIERMZEE
fEBREL. 7/ ITL 7 FAZI ANFOMRICE S 2COEDHE
UZBEL TV,

We aim at establishing a COE in three research areas, “Na-
no-integration technologies and their evolution”, “Spin-con-
trol physics and technologies and their applications”, and
“Realization and application of information processing using

molecular nanostructures”.

The Universily of York COE of International HiﬂVaI'.ﬂ
UK Research Collaboration University
(UK) (USA)
CNRS (France) Purdue
University
University of (USA)
Salamanca
(Spain) University of
California
2 (USA)
The University of
Kaiserslautern =
(Germany) Chinese
| Academy of
Sciences
Johannes
Gutenberg (China)
University Mainz
(Germany) Singapore
7 | Spintronics
g“i"e‘ssgyu"f Consortium
egensburg (Singapore)
(Germany)

- IHP & Berlin  The Technical Polish Moscow Bauman Moscow
Unseriey  Instiuteof  University | | Academyof [ | "y ESERS  stte state Technical
Munich Technology Dresden Sciences (Russia) University University

(Germany) (Germany) (Germany) (Poland) Ul (Russia) (Russia)

T/« ACVREBER CRELIERY VRY U L

RIEC SYMPOSIUM ON SPINTRONICS

1s t:February 8-9, 2005 2nd:February 15-16, 2006
3rd:October 31-November 1, 2007 4t h:October 9-10, 2008

5th: October 22-23, 2009 6th:February 5-6, 2010

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

9th :May 31-June 2, 2012 10th:January 15-16, 2013

11th : January 31-February 1, 2013 12th:June 25-27, 2014

13th : November 18-20, 2015 14th :November 17-19, 2016

15th : December 13-14, 2017 16th :January 9-10, 2019

17th : December 3-6, 2019 18th : November 18, 2021

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

INTERNATIONAL WORKSHOP ON
NANOSTRUCTURES & NANOELECTRONICS

1st :November 21-22, 2007 2nd :March 11-12, 2010
3rd :March 21-22, 2012 4th :March 7-8, 2013
5th :March 5-7, 2014 6th :March 2-4, 2015
7th :March 1-3, 2016 8th :March 6-7, 2017
9th :March 1-2, 2018 10th *March 6-7, 2019
11th :March 1-2, 2021 12th *March 14-15, 2022
13th :March 7-8, 2023 14th :March 5-6, 2024

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

1st: October 22-23, 2009

International Symposium held in LNS, RIEC

RIEC INTERNATIONAL SYMPOSIUM ON
BRAIN FUNCTIONS AND BRAIN COMPUTER

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

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

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

Staff

HE (R Shunsuke Fukami SH Ef

BI% Professor IR

I =N Yuta Yamane Katarzyna Gas

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

Jiahao Han Jiahao Han Aakanksha Sud

Bh# (AIMR) Assistant Professor* B (k)

I =iE Yukihiro Marui Aurelien Lagarrigue
HEMEE Specially Appointed LSRR =]

Research Fellow

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

FHEARE Specially Appointed BAZREAS
Research Fellow SHEAFRIFAZER

Shun Kanai

Associate Professor

Katarzyna Gas &
Assistant Professor* E23

Aakanksha Sud /

Assistant Professor*

Aurelien Lagarrigue

Ju-Young Yoon Ju-Young Yoon

Specially Appointed IR E Specially Appointed
Research Fellow Research Fellow
Nuno Cacoilo INR 2T Noriko Obara
JSPS Research Fellowship iea=] Research Fellow

for Young Scientists

@ HRIEE)

Research Activities

EFEROBEPAC Y BLOREZHEHL TENIHIAT 2T EZEH
ELHLLREY FAZI MY - BEDREPET I TRREINS R
VOB, ROAEY MAZI ARFIGHBICEYT 2HRZToTL2,
Efe. REEAEE. AR (WA, BRRHN. 87F) BFRUETZEAD
ISRZEIEE L. miteE - EHBENALY FAZ I ARFORIRICEY
DIRREED TN B, BAENICIE, BHMES b > RIVEESRFORE L
FEERE, BRCERZ AUV CRHE R, /vy 2> TER
EZAVIHRALY FOZ Y AMHORSE., RAMALY NOZI AR
FOWMMIN TR - FFIEFHIERIS £ 2R ZT 2T %,

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

@ AETHETY
WENT | REKE

SR - EEBBEHALCY FOZIAA T - REBEREIROER%Z B
L. BRICKL DT/ BMERFORLEIERMOBED. ZORHOMRE
MOBFICWUEATNS, XA FOZ Y XAOFEERIEROESA
BEHLWT T r— 3 VORRICERVEATNS, AE Y - #5818
BERZEHB LTCHbOFIE & Z DT DMEIRR. HE R & OIS
HEDEK - S EE ORI, MRS N XIVEEEFORRE. -
J AT — VEERF ORI Z A+ 2 0 ADEE, REHEMBMSA T EF
0B L. ATHZEREMEHT AL Y RFOREOHTEERD
RIB. BEICRYVEATWVS,

@ 7T/ AEVERET INM R
MRDE | AR

AEY FAZI AZBAWER LD T N\ ADRREBREL. 7/ X
T=IVCDFEACEVIRROBPAEZ DT /N1 ASHICRYEA TN S, &
FDAEVEFEY FOOE—L Y XADOEIBOMEB L T DEZhEHIEH, X
EY ATV AOEBETINA SR, ALY OBREEEFIE LB
EREBIHACHIEICE I RBA T B,

Chiral-spin structure

B \BFORREERICEZMIA LT/ > 21 Z77 [5RHEM Mn3Sn SERROETE TEM £

Cross-sectional TEM image of noncollinear-antiferromagnetic Mn3Sn film where
unconventional physics of magnetic octupole dynamics is revealed

= Functional Spintronics
(Prof. Fukami)

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

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

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

@ (@

B B B e

GND

WERZMHCENAEY FOZ Y ARERN D > E 1 — R ORI X7 A
Demonstration system of manufacture-friendly spintronics
probabilistic computer
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Nano-Bio Hybrid Molecular Devices

Staff

EH FS  AyumiHirano-lwata BR KN
g Professor B

/NG FRE Maki Komiya K B
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Assistant Professor*
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Research Activities
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BERHEROHOFRME L TRFETZILEZBELTNS,

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.

@/ INMFREDFT/INA R
MRNE | FEHE

NAFRTFORDOBEGKEES /77 /O LRETHL
& FLWBEFT /A ADOBEZET >, BFENICIE. AIH
ICHBRREIEEZ R L. REMLaNEEDamEAT ) —Z
VIEELTORAZEBIELTVS, Flee TOXSGERINT
e ARSI IGA L. EE oz RENERF & LMo
ETIVV AT LORIFZE BIETHRLED TS, EHIT. Bi:
INA AR E AVTIETREEZE S 27 /)1 ADERY. £0F)
TRHEABOEHIZE L T, TERDFEEMBIDIKET LEL HT
REBF7T /A ADRIEEBEEL TV 5,
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Fig.1 High-throughput sensor for drug side effects
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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.
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Fig.3 Organic field-effect transistor using conductive polymers
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Nano-Integration Devices and Systems

Assistant Professor
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Research Activities

AMRECTIEREETEPETHELGEDIE/ A VEGEICER
L. ThoD/\— F7 2 7BEBREMICOVWTHRET> T\ 5,
TINAZ, TALA, B HBWVET7 LT X LPEER S
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MDRIBICHE T B,

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

O/ ERET N AREDE | R

AR Z 26 AIRITO LY —BOHREEICAIT T /N\—F
VI T DEMECPEEEBMDERGRELZ 2TV S, T
NoZERIREE T BB T /INA APEA LK H50IEZNS5H5
BHEND Al VAT LORFEZBL CHMEFEN-FU T 7&
BEINOBRE BI5Y .

VEF\TOBESERL7OtEX
MEDE | BEARER

75> X?%%t)iﬂﬁf’ EBE L CTSEREIC S BT OEET
BZFIREIC L. FBFYMZREKRT 2. Fllc. EF\70#H
&% Si ’;'E%ﬁ@ﬂ% CHRE T 2T HOEBEMERE Bi5d.

O T/ ERHREER AT LA
MEDEF | ILiAEHR

FEMHHIINT - FEMEEEE - BB ET ) VU ERa L. WE
RIVBOWRERZ R LT Y TIRITT 5T DH LLRERR
ZBRT D, INUTKY . FEROERERIIELEDA. BT
DALY 27 LAEE L TWASBIRNELT —F7 7 F v DB
EDFRCET o, EYRENG T TO—F DRl E BiE Y.

Brain Computer Inspired by Neuronal Networks

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

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

process.
EBEARE

= mooon

Biological Neuronal Networks

Brain Computer

BUEUETEMDEIRICEIS T

Towards the Realization Brain Computer

* Nano-Integration Devices (Prof. Sato)

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

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

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

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

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

Staff
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B Professor AEUE (CSIS)
THE B3R Takaaki Dohi Akash Kumar
Bh# Assistant Professor B# (CSIS)

Ahmad A. Awad

Associate Professor (CSIS)

Akash Kumar
Assistant Professor (CSIS)
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Research Activities

AEY PAZVARFITBWT, BFAEYZEN LB L EER
OHEERZRESMNCL, MO E1—4%2 419V IV UG
EOHRBIVEL1—RICAT 5 EZBELICAREZED
TWa, AEVR—IVHREN LTz DC ANITHT SR DFIR
ETNICHD REES DM, RFADICHT HH(LOHIBE Zh
ICHES DCEBSDHEAENAT 2AE Y KR—IVF /IREIF OB
el Ee bt E EICRW ATV S, 3 —TRUKRFE(RTT—
7>/) D Applied Spintronics Laboratory & BB E#E L TN,
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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MEDEF CRFHER)

Auditory and Multisensory Information Systems
(Prof. Sakamoto)

OBHERUEEREARIERILIDEZOMS

O3nxEEBEROBERE Y VIV AT A
DIER

OBRERFBERVBICEDEEBERV AT L
DFEE

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

VAZRVLEYEN
e Dt Jiti %

Laboratory for Brainware Systems

BUBILSI> R T LERAZRS Brainware LS| Systems
VI7hAVE1—TAVTERVATLMRE Soft Computing Integrated System

YIhAVE1-TA VTERBEVATL
MR (ERHER)

Soft Computing Integrated System (Prof. Horio)

OTLAVENTav oAV E1—T AT
N—Rox7

O3 7+ 07 VLSIEIRRORAFICEE T 5H%%
EMRENESTE Y X T LOBE L ZDISAIC
B9 BHi%E

ORFBIRDRIFEBIE I UEVLSIY X T LD
FAFICEEY BHI%E

¢ Brainmorphic computing hardware

® Brain-inspired neuromorphic analog VLSI cir-
cuits

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

® Brain-inspired VLS| system with consciousness




B LS| < R 7 L\B5R S
LR VLS| & A7 LR ZE

FBLZVLSIS R 7 L
MESE (PEHE)

New Paradigm VLS| System (Prof. Hanyu)

Brainware LS| Systems
New Paradigm VLS| System

HELRVLSIT Y1 >~
MRDEF (EHEHR)

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

FBLZVLSIOY Ea—T1 VT
a5 (RIREHR)

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

OFREBREEQAIVIA VAR T—FT0F v &
ZDBEBAVLSI IOty YISHEICE T %L
OFNARETIWR—=ZFH2 IV E1—T+«
VO T—F T F vICEEY BHIRE
OZEBHREXR - FEEMHAHEICEDICH
BE - B=ESoC/NoCITBE T 2%
OFERNERICED (BEEEEALSICET 2

e

* 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

¢ Low-power VLS| design technology based on
stochastic logic

OPVTIES5DETZ U —=VLSIE/ 7 —F 70 F+
ICRE T B

OFERIBEBE L SEEVLISIEg/ 7 —F 77
F v |CEIT BT

Ot 71V d ) X & F DVLSIEREHR: TS A
ICR8 9 BHZE

OFBERVLSIY R 7 LDFEHEAICRI T BH1%E

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

o Self-adaptive system for resilient VLSI

¢ Optimization algorithm and its application to
VLSI design methodology

e EDA/CAD algorithms for new paradigm VLSI
systems

BES SIS 2 7 LHZEER
RERAVE1—T 4 Y THARE

RV E1—-FToVT
MEDE (AEHR)

Real-World Computing (Prof. Ishiguro)

OBABBEEY 7 FORy kO

OFFREELH SEEVLSIEN/ 77—+ 77
F v CE8T B3

OZ=EZFHIRZEVORBEREREOHFHRR
EORT « 7 ANDISHA

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

® Optimization algorithm and its application to
VLSI design methodology

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

ORWERICEDCEIRIVF—/\—FU T
773 XLICEEY BHIZE

OCMOSA VIN—=F 4 Z)baTw JICEDH
WESSTEEBRINICEE T 2158

ORXMART 1w 7 BEICED  HEERILIE
N— R 17|89 BT

ORPAFMEMICEDCBEBEEEH/N\—F
7T AR

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

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

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

Seamless Fusion of Real World

Physical and Adaptive Hardware Environment

and Multi-Modal Computin,

*Brain-Like Computing

(Brain Architecture)
e

i) * Mental state prediction from facial feature

Intelligence

(Real-World Computing) (Recognition and Learning Systems)

Hardware Environment with Massively Parallel Brain LST

o ind (b)

1 WM ‘WMM

* Analysis and Implementation of Spatiotemporal NNs  * Fast Solving Larger Combinatorial Opt. Problem

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

RARDEF ClE. HFRDSANENSHRLEIERE ANBOREL
BLUMA TR - FET 28R EZBESMNLTETIMEL, BB
LS EriRiifa Z i8R 9 2/\— RO IV ICRET S L Z B
L CTHIRZEDH TN D,

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.

@ B - HAREERY AT s
WRAT | AR

REESENEL. BOEHFOSEHMER L. BREBR. &
UEHOREBRNMES L TFET HRE N COABOMEIER
NIBEIRZ DI EFEZRAVTHRAT L L8I1T. TD
HMREZEAL. BEMB3AREERELY Y Y IV AT LRIV
FE-LIBEXE Y AT LEOFEERY AT LOER - 5E
{EICH ATV S,

Zl - FPEATADETEHMTYT .

Image feature

Face expression

extraction extraction
(Resnet50) (OpenFace)
Image features Action Unit
(2048 dim) features (155 dim)

&

Prediction of the judgments: like or not

= 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.

a Lunchbox pictures

== Chance level
I Within participant
I Across participant

Only image Only facial Both
features features

B Landscape pictures

== Chance level
I Within participant
N Across participant

Only image Only facial Both
features features

ADEEXRIED SERDIEIFICE T ¥ TR AT LEBR, SAYEREARICETERRME. WThER—HBREDT—42%
HATHELVHENTESTENS, BAICHREZIAXTETETREICEDIEMEROZIEY AT LAICFIBTES,
Estimation of preference judgments using facial expression. Since the accuracy is higher when the system is trained and
tested within subjects, this technique can be used to support selection of image data for each person by customization.
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Soft Computing Integrated System
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Research Activities

RA2OMIE. ERITEM CIEH 2D —EDBEER DB LMY
DEEMRENSKE R Y FT =D SBRENTWNS, TOKRR
RGHE - (LZRICLS2ERBRLEIL. REDOT IR
HEIF2EBHREBETTONTE Y. MiE. 7V 2IVEERED
TMEFLIT MBI LT @R DMENICERAZRT I EH
TED, CDXOGEROFERIAICE Y b ZF KT, FEHE
MEBFICLS PR+ 2 A TOEXICL2IEHRILIE] I
ZEL NETEEEENTHY BN S, RIMADERAGRE
ICERIHNTES, TLA VBN Ty oAV EI—T A VY
N—=FDT7DEREFEZEIET.

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

WY IhrNIVEI—FTaVTERV AT L
HHZENEF | RIS

MDIBRNIBHRNICFE AT, BEEETHRN., T TO/NR M
BRNBEBTHD [TLA VBN T v AVE1I—2] DE
HEBIELTHEZED TS, T, MHOZHOEEMIRDE
MEXy b I—0THBIEITER L. MENESRITEMS 1
FIUORCED TOCRICKBERNIE &, 707 EHER
BEZE LIATEY AT LELTRET S, ZDH. BRTH
FAEER P RIREEM R DOEROIRRERM D, BIEEEEN
TEMEY BIEEHAZ 21— /bx v D — 7 EFERIBRERFAM.
BFNNAR, BICAEY FOZIRATNARICELDZa—aOVP
DFTREERMEE, MO 1 —2D/N\— R T 7RED
fcODEBRMOBEHEET O TS, TNEFEEIC. kDT
2IVEATEMEERG S, BUSME AV E1— 27 —F 70 F v
EZDISBICDOVWTEMELZED TS, £le. 41+ vIT
REEDBRHNAZ T BEMZ Y F 7=k, BEVYEHERE
DEHENAEKED V1 —2DRBEEELTVS,

Neuron

Input Signal

u(t)

Ampiitude [A.U]

Channel Number

0o(t) and o, (©) V]

3

338883

05

0

= Soft Computing Integrated System (Prof. Horio)

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

T

Input word | o

7[)_"._' \ 0g(t
Iiletwo rk a

Amplitude [AU]

Channel Number

(t)

o,(t)
s v
o 200 400 600 800 1000 1200 1400
Time Step

0o(t) and o, (t) [V]

a0 100 1200

ol B
0 200 400 600 80
Time Step

(L) 3RTAFRZ1—=F)bRy hT—=7 LS, (ET) HEEESHERICBV Ry hY—7EE. (B) RHERER.

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

BAREFEAETRERIE (Very Large Scale Integration; VLSI) <
AT LIEGBAR— bts (Society5.0) A HEFIER0D (58
) &L CHEET 2—A. TOYIERFIGEL TS, R
ZE T r%ﬁ’fﬁ%ﬁij DVSI Y RT LT —F T F v 55CICZD
@%%fﬁﬁ_ﬁ KU EREMORAZITHE L. ABOHEME
LEET HHBEEEBRNEZRITT S EAENET 5,

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 HTBLRVLSIY R 7 LR D EF

ARRDEF TIE WEROER EICIFEVHFHLWLEZ HICED]
N=ROTT7T7—=F 70 F v DRAEZETOTVD, BIZIE &
B BERRIC OB EE TRARG AT U/N\Y Mgz R
T2AVYIA VARSI —F TV F v ALY FAZIR
BTG EDHIREE - ZHEE - FEBRT N\A REFRLLT /N
RAETIR=ZFMERVLSI 7 —F 77 Fvixd. Ty VARATS
MHREVLSIT Oty Y DORFHEICET 2K ETO> LN 5,

© FHRVLSITF 1 VRS | B
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TOF v, BEREENASERVLISIER, T —F T F v Hu
REE(ICE D &EL 7/ XA EZDOVLSIEREHEMISA. R~
BRMEOD W 74 > X EVLSIERSHRME L §QL7°DJG7\1%&%E
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HIEM T AHVLSIDHDERETHRMTICEE T 2 AT > TN %,

\E‘ | SRR

AAERDBF TlE. WRORERIVER & IE— 1R % B T HERIE
BICEDKHHMI OV a1 —T 0 VI EMICET 2HEETS
TW5, BEFRRICIE. BENEEO—BETCHEIANDAT 1V
EEAFERLIBIXINE—N\—FRoz 7703 LD,
RRDABEEMTIERBARE TN ABFTEERIRT 517
N=F 4 7)Yy EZOISRICET AHMEZ1T7> T\ 5,

Conv__ Prop.

= New Paradigm VLS| System (Prof. Hanyu)

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

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

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

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

We are studying probabilistic computing that is clearly different
from conventional deterministic computing. We are implement-
ing energy-efficient hardware algorithms based on stochastic
computing and developing invertible-logic algorithm and
hardware, which can realize bidirectional computing for solving
several critical issues, such as machine learning.
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Error-Tolerant Nonvolatile Register for Energy-Aware Intermittent Computing
K. Sakai, et. al, IEEE MWSCAS, 2023.
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N. Onizenwa, et al, IEEE TNNLS (to appear)
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6-times memory efficient FPGA implementation with 2-times faster annealing
D. Shin, et al., IEEE JETCAS, Mar. 2023.

68 | EXUBIEMZTAT = RIEC 2024 /2025




RR IV E1—-TAVTHRRE

Real-World Computing

Staff

BE =X Akiolshiguro Py Jt  Akira Fukuhara
26 Professor Bh¥ Assistant Professor
THERBE  Kotaro Yasui #$/AK KEE  Shura Suzuki
B (%) Assistant Professor* B Assistant Professor

W HAZEEE

Research Activities

REFRIDE1—T 4 VIMRETIE. BARPHRV AT LIC
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AFNEHDIE ] Z2F STV LS EHIEAE,

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.

wEHREIO VI -T2
MENE | AEHR

RHRAVE 1 —FT 4 VIAERDBF TlE. EPDO K ST LEPH
D ORVICREFRRIBICHES AR [EEEEL LIV RT A
DFETFEDEFE " B LIEMBZESD TS, ORT 14T AR
BIER. R, EF LV o S E S E A REE A
RICFERLELS, BERMTIHRLTHELERVL., EHD K
S TLREE ) ® TLfefeh ) HTlnsas ) [25%F &)
EETDHMATIY Y AT LOAIREBIET,

= 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.

18O LEPH7ESEREBIEE &M L@ ORy b 2. EYREHIEICE D < B DESE 3. ZIRGHD - IERIRIR/ N2 — > B RIRARE G LA T
Fig.1 Quadruped robot mimicking animal’s flexible body struc- 7T BORY b
ture Fig.2 Reconstruction of extinct animal’s Fig.3 Centipede-like robot that can generate versatile
locomotor patterns based on bio-in- ody-limb coordination patterns.

spired control mechanism
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Research Center for 21* Century Information Technology

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

FRGEHEZSER W Interdisciplinary Collaboration Research Division

BISFRZEER M Exploratory Research Division
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Development of the education support system Drone Utilization Technologies to Realize
with estimation of attention states a Symbiotic Society

AR—FIiB%ERIFTS
TA4¥L X loT BEFHTD
At

Wireless loT Technology for Smart Factories




21 IR EMERRE L 2 —
(IT-21 2> %—)

Staff
E /NI V=) Noriharu Suematsu
trE—k &) Director, Professor
EEFEMZE3ER  Industry-Academia-Government-Collaboration
Research and Development Division
EN NI v Noriharu Suematsu

Rk -8R GO

Project Leader, Professor*

FEEEHZE

Interdisciplinary Collaboration Research Division
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Project Leader, Professor*
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Yoshifumi Kitamura
Project Leader, Professor*

Research Center for 21st Century
Information Technology (IT-21 Center)
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Noriharu Suematsu
Project Leader, Professor®

BXUBEMIEO CNE TICER L CERIBRBERM (T) I
B 2RELY. EFEEAGICKY. SEROBEEE U TERL
BKifrE LTCRMEE D EZBNET D KEDRBT S bfi%
07 ELTRERUVEXEROEMZRE L. A2 RDBZT7 T
T—2avEREEL. BRNEBNEREERARNZTREES
LTk W HFREORMBRZBET ., SERHZBLICED S
N2EACEIMBERICK VEOSNTHR - MBI, B
ICEERNBHT S, 7OV 17 FOMEEICIE, EERDSDOR
rEZZ < RIFAN. KEDRET S5l - Seina iz it
FRIVSICTHRERYT 5 £ C. EFRIMEDHE - HRARINE
DEHELYZ—L L TOREZRT,

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.

1 T2l 22—
Fig.1:1T-21 Center
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Research Fellow

A—HEX Y N I—UICERT 277 L AREREME LTOENAILTA
YU BEREME. T 7ANCEDBER/NNY I R— 2y NT—0 &
EBIC ICT HEDIRME S 2 B IEHREBEM CTH 2, HARDEEERED
=22y TEES bDHAEOBENEERNIE. BAEEEZA2REI1E
LTETEITRETHHNEND S,

T-21 22—« BFINAIVRBFTIE. HEBLLR. EBRBEEEM#A—H—
PE—BBEBEELOETBE IOV T MK, REBEESE -
ABEBEZMEMIIL. D DOXBELERFICBVTERE LICBERKRDIR
WEBREE T BT A XA T ) - TT7ORREHEAEIT O TET,

INETIT, (1) 324Mbit/s 5GHz HEAR LAN IRRDBFE. 2) /\1EY 3
VIEEMRREBINE 3D SIP (ERTVARAT L AV )\ =) TUR
EIRIAROBERE ATV, Tfoo Q) LEENNILTZO-RN\Y RIAvL R
T X (MBWA) SRAFRERICK Y. BEIEBEITD —LLX/N\Y R4 —
I R LAN & MBWA EDEFERY T — U — LAY RT LI\
RA—N\ERHTETER. THIT. TNODOM EREGBEANDIE
STEXBEHEVATLLEEOBEBEARNERMET 5T & TERERE
Y NT=TDTANRVAE) 74 BRIBEEBIREET > CE T

TR 29 EENDSIXEFBEMERBREBTA VLRI T2y N 74+—L7
OYzIv bELT. ERlOTEEORHE OV LY b aZiElL. THEA
TOEMFIRBERICE LI ) 7 IV R A LANY S5 LEZ 2 EFHF
TEEEDMEMRE ST TE, SMAEELSIE. 2 HORBEZE
W7oy b Hﬁ%%'%%%%@ﬁ%ﬁ%%%%ﬁ%%(ﬁ@%
HENEL ﬁbf%*“ ICHBIF B 56 BEEMOMERE (5M4~64F
E). Q) BiHFE - ERERILADOOMERFE ERmER 71V LR
BIMmEDOT NG - SELRAICBI T 2RME (D4~ 7 FE)) &
NICT Beyond 5G HZRRassfEe % (BHEMMAL) E&iEE [Beyond
5GFEHRY NT—UBEF QVESHEET Y 2IVE—LT+—= 2% (DBF)

EREV AT LEIfTE LU W SEEEERBEREMOMARE (S04
~B8FE) | D 3IHOEFEE IOV LY MEZFEL. ARBERERETS
TV, DHEDOBEBERITDELZ SREZRD L Lblc, BEERAL
BT K DHRAMK TONY F v —RERIG EMFIRBICOEIRY 5
EEBREICLTWVS,

Fig.1 5GHz 5 324Mbit/s #EAR LAN #53R
Fig.1 5 GHz-Band 324 Mbit/s Wireless LAN terminal

Fig.3 MBWA SE5ESRER (EMF5%4E )
Fig.3 MBWA field test (Base sta-
Fig.2 Ultra-small-size 3D SiP milli- tion)
meter wave wireless termi-
nal for uncompressed HDTV

Fig2 /\A € 3 Y IEERRIRERIVE 3D
SIP = AR

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

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

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

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

'.t&[ﬂlﬂﬁ‘ﬁ ......

[ Universal Clock ]
Dependable Air

Heterogeneous Air Interface)

Semsatn
? S Dopendable
7 e | Ne!wgrk Control
‘physical distribution
b

Moblle'1nterne!

Dependable
A r Inter'ace

1000m [~

100m |~

Wireless LAN X
10m —
S S onEEE Short range -@

S ek (P fisndly) P .
1 1\ &b 1 1 1 1
)

H Ml 100 10k 100k 1M__ 10M __ 100M 16 10G
 sea | v

Fig.4 Dependable Air
Fig.4 Dependable Air

Ella -

EXUEEHIZEFT = RIEC 2024 /2025



#E ,._JE/TELL &5
B T!.\O)%fﬁ

IR ED
XEVA

Exploratory Research Division
Development of the education support
system with estimation of attention states
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FUTAVEEPRBENER L. WEICHEANRALSBEEREE
N3—AT. FILOEMERBICEEFENEE > TS, FHiIcE
MEDE T ARG ZFIA L ILEBEREO BBERHG E DA D8
FoTW5, FB. HEICIETAE. 774 VREPET
FHEM. 2T Ly bEMEER2RGEER. EENFEN. T
nsoBOIODOBEMEIERL ‘F?%ﬁ'éﬁﬂ%% IRRDRELEA D,
FEEOREZHRL. B#. BE. #HRGEITHRD AR
RBEHE L. TOICHBELNZTNZEARRTENL, FERORE
EREP. EMEERICERGERFEZORRELZ L. FERED
RENA LD RIAEND, RAKTIE. IDHRENITERY 55
EBERICHERICBIIZ2HEFBEREORICAIT. FEEDE
RREHTE L TOBEBRY AT LORBEZEET,
FRRBESLTETAEMP2T Ly MEMONARZEE L.
ARUB. RE. IEBHOEEVCERELRLLEZNRET 2,
RERE SO BHE LBOEETRAIFEZFA L TEEROTEIRE
ZleaEstAlL. B (VS FMV—XR) &5, ZOEER
B, BERIFGEHFBMAALIOHET S LZBNEL. F
BERELERETEOBERREETIVET 5, FHEICHOEFR
EEBFICETRAI LT EERER OB AR Z R L. TEREHEEDHD
M%W—?—E EEBRT 5, SRGREORRIFTABRZ RN,
TIVEA LTOEIBHEZBRET DT ED L. BMERE.
laLﬂ:%léc_é:b\M\ET?éU\ =D Al BT & FPGA (Field
Programmable Gate Array) (C&K2/N\— RO I75t8ZFAT
%, FERERA LEEERICE>TLVEBERLTVN T ED S,
FRRICBEVTERE BEEBENOEBRLIRNT 5, BEE
RAAEBRDBAERIE. FEOH x5 T EEELEPARIZ2
Z =2 av—RICBVWTAKEGEMD AT CE 5,

Don’t understand
Curious
Tired

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

3 Improve teaching

How to improve

Frequent change of attention - Repeating
Fixed attention ->Describe more in details
Diverse attention = Break

Measure facial expression,

voice, etc.

gaze, head movement, pose,

1
1 Improve teaching
I methods/matrials

states

Estimate attention

Vicarious
experience

Offline processing

1 ABREHELTDBHRRY AT L §TH 754 Y COERREHTEZ L. TNEFB LIOBERETT S ERIREDORRS T —
2ELVIBERD S5 ERREIC L DREHRERT T 5, D& FBRBOIEHRED ST V51 Y THIST BFEERIIT 5.

Fig.1 Vicarious experience system of students’ attention. First, the attention state of a student is estimated offline, and the
condition of attention is experienced by others. From the time-series data of the attention state and the vicarious ex-
perience, teachers can consider how to improve the lectures. Then, technology will be developed for online systems.
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Exploratory Research Division
Drone Utilization Technologies to Realize a
Symbiotic Society
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Yoshifumi Kitamura
Project Leader, Professor*
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FERICIE. YRAT A FEU T 427782 EY T A \DER
DROBESNBEDICTEO2TETCWNWD, AARTIEHEHEZDE
ReBEL. T -T2V - ADOBREHFPRFEICOE LWETZ

BATRHTET, #EENNO—VENMEBTE2FEREREMN
ERFRT D KD 3 DOFREICEVIES,

(1) BERO—28E A > 250 T« TH
BHOBAMZER (UAV) ©XKERFO—>OBSIEO7 LI X
LERBET %, 7 L TRED UAV & BN T IR 2R S 1520
ENRLLS VIV TSR EERNT B, EHIC. FA—VD
SPIFIFH LR T IV ER VT AEDNERND DBIFEICE
HRO—2ERIFTDIODA VARSI 3 VFELRNT %o

(2) &k EDTRADHEEDDHOITEHIEEA
EFEENELGDROICRELEODAENTATHEH. HET
ERBBERITEDF ST AT ADTEZGIE - FEI 55
EERNT B TDeD. AE—H—DLBETHERICHT
BHZADRGEHDEBRENSHTAILEDTUTUT 4D
BUVRMKMNZEHHTLOHDHRZRFS. € LT #HOF
ARERBEFZAVENZBRL CAHS XDFTEOHRIE - 5
BhaHB,

(3) #A—=TV—RUAV ZZR LIt AMBRL
BEENTERF2IAYT— 30T #HEDALRMHREZ L
UAV (BAFAZH) ZRETCEDA TV —AVI+IIT
(0SS) N—Z M ROa— (OSSUAV) BREBELENDDH D,
Z LT, BEXEASHEEENEHO_—XICES FA—>%&
ESHRELTHERRTEDRLDICES>TETVDS, TDko
DAMBHEMREYS B/ctb. A F 15 LPHEHBT/ v —
IERBETY 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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Wireless loT Technology for Smart Factories
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Beyond 5G % 6G BHLDH LWL T A L R loT #ifiDRI\EH 5 <
R&HSNT NS,

AMETOV U FTlE (@) RBICBRBLTWAITHREEN
TOERRELPO—HIL 56 ZER LICEMN TOERIREDA
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R OMERHEEIT .

Figl U7 VR A LARY 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 imRE# — 7L (LCX) ZAWEAR— T 77 b —BEEY X7 LOKst
Fig.2 Experiment of LCX wireless system for smart factory
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SESRVETE T,
A—PEDODHRZLAA RREERY N T—04 > T 5D

v EFIUTABEHMRIIV-T
AVTA VLR TRELF 751 VRRbESEF 1Y
7 A BB DS

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

m Security Platform Research Group

Research on security technical studies, including online as
well as offline situations
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N XRAZ 25— 3 VEINARIIL—T ® XR Communication Technology Research
W/ MRIREE2—YYIAVCa—aAY2Ssvavyg  Group
e B JESEHReEN T 28083 a7 —va Y Research on rich communication technology utilizing non-

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

N SRR IV—T m Applied Research Group
R IEDENDISFZE Applied research in various fields

N EFEHACEE ® Industry-University-Government Co-
BN & DI S Ao dsc =z Creation Planning Office
ZeBHFED M - HEiE Planning and promotion of R&D from basic research to

social implementation of research results through indus-
try-university-government co-creation
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Ad-hoc research groups

BRUBEMEFIDBILAVZRT > v)bZED L. B « SRRV O H50 = — XIS CleemiS AR S Z17 5. B
DAEREIC & S ONTHRBINITER SNSRI IL—T TH %,

Taking advantage of the wide range of research expertise in the institute, ad-hoc research groups are formed outside of the formal
organizational structure to investigate challenging exploratory topics and needs-based, cutting-edge subjects.

W HAN=T 4 TANVEF LY TS u Cyber-Physical Security Research Group

WETN—7

E AB HX Naofumi Homma, Group Leader
B8 Wk HAN—HBAIVAEr2—) Takuo Suganuma (Cyberscience Center)
PE &ih Takahiro Hanyu
Ry FAR Noriharu Suematsu
BAR EX (FEREFEAERD Takafumi Aoki (Graduate School of Information Sciences)
NNk 2 (|ERAEHER) Nei Kato (Graduate School of Information Sciences)
FiE =R (TFMERD Akinori Ito (Graduate School of Engineering)
KETE—BR (TEMERD Shin-ichiro Omachi (Graduate School of Engineering)
il K (TEHRERD Hiroki Nishiyama (Graduate School of Engineering)
KA BB (BAN—HA TV RE>E-—) Takaaki Mizuki (Cyberscience Center)
BH M Masanori Natsui
g = (FAN—HAIVREE2-) Toru Abe (Cyberscience Center)

loT. M2M. CPS &L oz REARIBIRBEEEED: For the next-generation information and communication infrastructures

&, V7 b TERER. AT LTFI) T suchasloT, M2M, and CPS, we aim to developing information security tech-
N—=Roxz7Fa21)74, BE7—F77F+vH nologies to ensure security and reliability at the level of vast and diverse in-
FOXRER IOy U EFHHE T IHEEICEDE  formation sources (i.e., embedded devices such as sensor terminals) in a ver-
BMENET7 7O—FlckY. BADDZHEEIEHR  tically integrated manner from the viewpoints of software constitutive theory,
HER (L TIHKREEDT/INA A/N—RKTT7)  system security, hardware security, circuit architecture and next-generation
DILNIVH SV AT LD - EBEZHERT S microprocessor.

B+ 1) T FifTOEIZ B89,

4
EJ)]
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sdnalb yoiessal 20y-py/

N BT FNA A - WISV —7 = Brainmorphic Nano-Devices and Circuits
Research Group

K& BEE B2 Yoshihiko Horio, Group Leader

i i Shigeo Sato
R B Shunsuke Fukami
PE &L Takahiro Hanyu
BH M Masanori Natsui
TH ES Ayumi Hirano-lwata
LA  Z=BH Hideaki Yamamoto
FTE& B Satoshi Moriya
e s Takemori Orima

EF. HBN— RO 27 OMBHEA TH S DN Brain-inspired hardware systems have been actively developed recently.

KRIEEOKEITIEEE. KEGTL—27RX)V—IT  However, a big break-through to the true brainmorphic system has not been
IFES>TWEL, TT T MOSHOEBFNIE  reached yet.

ITEDE, FITHICB T 2EMPEBEL AT IR This research group aims at development and implementation of novel
.S/ TINA APHEEE S HEBRIEOYIE  brainmorphic computational hardware that reproduces the bio-physics and
EAAF IO REERLTERT S, HTLOKENE  dynamics in the brain directly through dynamics and physics of nano-devic-
BUWEBT7 —F 70 F v DR EZOEREREIREICKS  es and ultra-low-power integrated circuits based on the latest physiological
REZBET, knowledge.
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REREFEE S X7 L Beyond 5G ITld, HxRw
b= ETIONIVYBEREEBERXY N -0 %
=L RICEGLEABS@ME )V IE—L > b
EERY b T =V DRIBHINBE 5D, AT IL—
TTR T 7AINBE. T IV HEEEE.
N—ERESHEELZHT /NI A - VAT L, BF3
VEA—Ta VI Ry N TV R T LEEFE
THHEEDORGEREICEL ST BG 7/vab—L
v MEER Y = ORBERETY,

® Beyond 5G Network Technology Research Group

Akira Satou, Group Leader

Keisuke Kasai

Nobuyuki Matsuda (Graduate School of Engineering)
Nobuhide Yokota

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



BT X R{L AR
7+ b= AR EHEIAZEHLS

Staff

5H
REHE

BR

AHERAFHRTIE. BEL L O IERESERO IR RIS
A N2 ZANFEREEME LT EIBRIENL DREMMI L4
RIRERICH TRICKF DB I L DREE - EHEIC LY. Fifc
FHEIQITED CEINGEBERMORIL. BLUBELEFIAMDE
BEBELTWVS, EENICE. B2 - ROTALDREICESY T
EDNTEBDY AT T IINEHEDHRRICET S5, EEUT 1. IRV
F— BROBMAFDERERENREE T 2 BB RIMDEIL
ICANF e T — X DEFRE LU HFERZROHEEICE Y A TV 2,
£fe. MEBOHANERZEL. BELIENREZEL. ENHL
DRLER - BENBEZRE CEDAMBRICERT 2,

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

BT x RIEKRZFE [T bZIAREHAIAFHLR ]
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Flexible Information System Center

OBRDOUEE - BRI - 7B - RERUHRX
BRBOBE

Oxv b7 =0 DBERRT - BE - ER

OMEFRDERT Y FT—7 EXOBRY AT
LITEY BRI IE

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

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

® Technical support for information networks and
systems in RIEC

@ b 6 ﬁ\b ) Fiexible Information System Center
WM AT LY 7 —

MREREM > 2—

Fundamental Technology Center

OWMIN T, BEZEHRL AT,
DIcDHDIRAR EHAN DR

OR—=AILZY K T—=7 DIRF

OMEFRDR LIS bz iE

HREE

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

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

e Technical supports for safety and security of
the institute

Fundamental Technology Center

REMETER

Management Office for Safety and Health

OMRFAADLLHEERMAH. FERREL L
DRt BLUOHEDZIE

OReHEBROERDRES L ULREHEE
BT B ERONE

OEMBEDLEERBEYUENDT F/)NAZAPIE
DR

OBESLUREENRE LILRELREHBE DR

OFADMERRPETE BT & DERERE

OreWEZERDFE

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

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

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

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

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

¢ Holding the safety and health committee meeting

Management Office for Safety and Health

AT RMR



YHLHL
BRI ATLEYZ—

Staff

&Il Go Hasegawa

- #HR Professor

XH #FA Kenji Ota fuli BF
BiEE Technical Staff A=
=] fe Mutsumi Shuto F¥ -
BifrtE s Assistant Technical Staff itk s

WEDOAVE1—2ICREENZER AT L. 515> TRO
SNTEWNA TRENGLEDEEDH Z IR T 2L hp 5 TH
WY AT LTH D, A Z2—DEMIE. TNETDIH L]
BHRAEFEZBZ (. ABOEMYPEREICEDE CRWIER
AEBAETO, REGABDBREICHIGETES LS [PHhS5HL
BRMIBOE Z HICEDE. BHFTHOMBEMTESI Z X Z %
fe&ODBEHRE Y bT—0 BROBRI AT LEEE - EFT 5
TEITH B,

Flee BRR Y MU0 BRUOBERY X7 LOREEANDEA
BB/ 7N\vEER L. FMiEROsEZMER . FIB.
B - ER. BELEDODIENT S AT LZFHRET - BRAE
To2TW\W5,

TR —HH=E

Printer Room

Yuko Maruyama
Technical Staff

Hitoshi Shoji

Assistant Technical Staff

Flexible Information System Center

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

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

»
|

RERRNYY

\

B

Server Room
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Staff

ke XM Shigeo Sato
toa—K (#H#%) Director, Professor
g 152  Nobuyuki Sato
Bh¥ Assistant Professor

Hsk R TemotsuSuenaga AL HIF Yuko Maruyama /NEF FIEE Rikima Ono

R Technical Staff BATHE Technical Staff BAS
I8 EMR Maho Abe
S T0i: 1= Technical Staff TS Technical Staff RS
FTER 42 A Kento Abe AKH #FA Kenji Ota
HiTEae Technical Staff S T0i: 4= Technical Staff iR E

ZE R lori Morita

S0 1= ] Technical Staff BEE Technical Staff e

BE  EE Takenori Tanno  #i4 B3I Hiroyuki Yagyu

Fundamental Technology Center

Technical Staff

Technical Staff

HE f@LE Michimasa Musya

Technical Staff

BIE  ZEH YasuakiMaeda A& fFZ Kana Tsukimoto

Technical Staff

BRUBEHEACSL TR BERRBED SISABELRICLN HIBL
WERRERIC BV CRBNGEHRN CNE TITEENTE . EHN
Icid, BRI SH LB ERREE L TINSICEIMLTE
feo FERICAD > T DL S BEBDMIDREND el 2TORIR
B8 & —ROBEH N O LR > 2 —H 2007 F|CERIL
TN LY 2—UTO4EMEZEL T, BTN, BF5
Al MEIIT. BEREBO OO GRIMZREL TV S,
TRBR S S TR 2 224 L TN %, AT IR (X
1) ZRVWTHRZEDERZHC T RERMBORMED I CH S, &
foo BMITIFZTT DEEB PEENDIEELT O (L2, FHEERIE
XIFEHTEE (M2) PEFE—LHNXXRTEDTEBD K S 75T
i - FHAEBORMZT D, ATATERORBLAETH S, &
fe. BRIOHEZERITR > CVD, TOVARIES/ « AL =57
RGBSR EHI L. AEY bAZY AEHGERT )\ RIERITRDE
MRS L CWD, VYIS 7 « Hiireit (K3 BEFHREEE
)T/ - AEVOHEFRIBESB) 74 bR DZFMI. RS
FrE—LINTHTEEE & LIEESSE . 8L07 -
—LOEEERETO TV D, [BHREIMERIL. POSOMERY AT
LR —=EBHLT MBFAAOR Y FT— 7 %2829 5L HicH
BRHIADEHREEEDEEZ1TO> TS, MA T, FAEFACEENT
EHHERMEERICHE L TV RICERE, MVFEICET 518
HROPEEBEITHEL TV S,

B NCT 51 R
Fig.1 NC milling machine

X2 XfFEiffEE
Fig.2 X-ray diffractometer

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

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

(3 BFFHHERE
Fig.3 Electron Beam Lithography System
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Staff

i Shigeo Sato
EE &R Manager, Professor
g 52 Nobuyuki Sato
Bh# Assistant Professor
=T Maho Abe
RS Technical Staff
mE B Hiroyuki Yagyu
RS Technical Staff

ZEBEEREIME CHCBEPIEEDLE L RRZHMIFT
Bl EHENE LIHEBTTH D, MIFEFRICHIT DHMFEEICH L
T Eme BEARA SRR EHMEDNTEY . BRIEEH
STEENDIE LBV, ReBHEEEE CIIFMN TOMRTEHE
ENDOABICITONS L DIC. RIETEZE L THRELERE
®. IBEOReFEEBEDOYR— 2725,

EeFrOfilE. BIERER CHHMRE L UHER. HES %=
TO TV BRHARE. TOXERER CHLERERPNBIES
FUSEHBEBDL 555, IRBLUEEROMELEDEEE
BEITV, BL2OMRES LUOBREDELERITBRIELET
HEHE. EERZERBENTO TV %,

ZeHEBRICBL L. IR, MIRFAOBE. EXEDL OB
MEN2ZeFHELZERNFANDREFHEERERFDOERFPR
LHEICHETZEETEELFELEERL. IRBIUHERIC
BEETD. IRBLUCHEERITBEDRBIC LD > THE
EREL. BARE, BREEDZEHEEBDRBEOMFEEE
T2T&LIKE S,

LZeFEEREIIHRF COMBERON LN DREBEICTTHONS
KOEFL TV S,

RENDE—F

MBS HIL
look
BgIHIL
imagine
ERTHL
think
EIT95HIE

run

Hazard prediction training

ERARLRBR2022

e BELH

Le@HEHFEER (Web BfE)
Safety and health seminar (Webinar)

Management Office for Safety and Health

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

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

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

mEHABBOER
Management of container
FERZDRH, BEE
Return or disposal of container
EENLDEABREERICHRAISRANT S
Borrowed container must be returned within the

time limit
AR s DREEEHEMXECEKRETD
Disposal of unnecessary container
> authorized specialist
BFORIRO/INTIZRIITIREL 0
Don't touch the valve of deteriorate container

SBIRRLRB2022 BEHRDZEREURL

> ELN

BEARREZHELER (Web BE)
High-pressure gas seminar (Webinar)
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Research Activities

HAL R FBLGBIERRERT > ¥ R YT L
Y VRYYLIRBS - B - EFRUBRIZONFICSH

T AREBDBEELERBICOVTLEDHEER DX THE
ITBERARBL, 59EITHCEABNE L TREEINZEDT
BB, TR 8 FEEHSIZCOE (Center of Excellence) #X&
ICKBEBEY VRITLALZBETESLDITEY . ERDEH
TURI YL (BBRI39E~FA, O F 7B Hiia L. @it
EB VR D LELHEEE L,

BEXUREMARMERS Y RITUL (2024 FEBETE)

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 FY2024)

2%

FETE

RIEC International Workshop on Spintronics

Nov. 14-15, 2024

RIEC International Symposium on Enriching Telecommunication and Nonverbal Information

Dec. 2024

The 13th RIEC International Symposium on Brain Functions and Brain Computer

Feb. 21-22, 2025

10th CIES Technology Forum

Mar. 24-25, 2025
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REEDEBAGERDREIFIIND LS ITE DI, KIEDHE
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BNBNED)V— b Z R TIHEBD BRI E TR 2 BT SN,

FIDFEXICERILAF ES AN EA R RIS L‘C%ﬁﬁé‘ﬂ%&’)
1T/ REBICRNHRE L TIRbN A KD 1TE ST,

HHEDTH—B5HlT LIch BRBHIBFEL, SE'EL. BU
TEFRIZRRERRRT KSR o, BH27EED SAMIEADE
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755 LIS E2RIDFEITEH T TN D,

THE RECORD OF ELECTRICAL AND
CCOMMUNICATION ENGINEERING CONVERSAZIONE
TOHOKU UNIVERSITY

"THE RECORD OF ELECTRICAL AND
COMMUNICATION ENGINEERING CONVERSAZIONE
TOHOKU UNIVERSITY

Vol.92  No.1 July 2023 Vol.92  No.2 March 2024

R KRBT RAIT AR FYLkpERAEELR

L S 4G W % T
Fl

2 RIEKRFERQBIEHEARMAEEIRE

KElE. BRBEEMEFRDTROEICEELRMMBMZERE LT
BHELTeC & &2 REE LT, RO BEEDZEIR R Z L
RACHRET B8, FR/ETBICAITIENZEDTH S,

ZTORAIE. ZHFI. MERRMERGE DB S DRERERIRE &
HETOY TV MR, BREEG ESERRRROEHRE
OBy VR Y I BT |G L. TNODEEIRSICEDCE
CEHE & AEBEHED 575> T\ B, EEFRIOFEELY . TODHEE
24 1 A MRTHBAnual ReportHF17 L T3,

B Periodicals Published by the Institute

1 The Record of Electrical and Communication Engineering
Conversazione Tohoku University

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

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

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

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

BRGEETEM
AnnualR 2022

CiEART L s
gzg%(zozzﬁg) 5;:::?:::::’0fﬂsiﬁnlCommlminulm
Annual Report 2022
Research Institute of Electrical Communication
“Tohoku University
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Educational Activities

RIERFBRUBEMEFE. HEBEBOHE S THBEERIC
BLTH, KERIFHARB. BFREFAER S LOELEH
EROBER - FRREBEGHIBREZRO>TEY . #HELE
[ BREBRBEORHBHE L L. KERELUEMFLED
HBICBE LTV S, BEMRDFICE. BEX - BRROKF
FEFEAFEDFE L THEZETT > T2, RIEMEFICHR
L TW B REAISREIRIZ34%. BIEIERIR 1274, FE4EE
13548 CH %,

o, ZEMRE. MRAEFMRE. BAZMIERRZD
FRlfzEE P AEAFMEE. RESOHARESHHER
DFEENTMHOO TV D,

=03y TTORKEASR

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 2024, 54 undergraduate students, 127
master course students, and 34 doctor course students are study-
ing at RIEC.

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

HRELI
Seminar scene at a laboratory
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International Activities

TARFDHEIS. ERNEMEOREZELL V7 — ER
REOEBEEPRYES. H2VEEREY v —FILA\DHXIE
BEE. SZROBFHNF CEHFOTFE EHZOERICEBL TV
%o AARFHBEFLFE. BELE. BRLFELEICHIS DM
DEyB—FT-TU7EL VX (COE) £BEO>TVWERHFLEL.
BAD SR EPBEEDARAERFAODERICSE L T2, e,
BNDRFPIREHE S EZMORBELFO. HHMEVD Dk
ICIBIRACHe. HEEHSME. HEMRGEZHEEL TV D,

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

grams with foreign colleges or institutes are in operation.

PRSI 2

International Academic Exchange Programs

KREBRHRIE

University Level Agreements

E# W E & EREER B E% W E & BEREER B

Country Institution Date of Signing Country Institution Date of Signing
TAUA | AVTHIVZTREGVEN=NFHK | 19903.15 By SAUNVIRKF 201083
US.A. University of California, Santa Barbara Germany | Technische Universitit Miinchen
TAIA | AVTHIVZTRE (108 1990.3.15 1y AP =S 7V TRAFE 2012.2.1
USA University of California Germany | The University of Kaiserslautern
F=ANSUT | ¥ RZ—KF 1993.1.8 1y ANRART-TINIVITREA Y 2012.2.6
Australia | The University of Sydney Germany | Johannes Gutenberg University of Mainz
FAYH | JS—F o —k 1997.9.23 24 FUORVY Y RIRKRFENTUR | 2012.11.26
USA. Purdue University Thailand | King Mongkut's University of Technology Thonburi
VARV | 2 HR—VENKF 2000.9.16 Ry ATy TRk 2013.10.31
Singapore | National University of Singapore Germany | Chemnitz University of Technology
=¥ ENBEAF 2000.11.18 AFVZ | AZN\=2 T4 - ALy Y -OY Y| 20131121
Taiwan National Taiwan University UK. University College London, UCL
AAZ AA ZEBIHAZO—H > XL 2000.11.20 F=ANIUT | AIVRIL Y KE 2014.11.7
Swiss Swiss Federal Institute of Technology, Lausanne Australia | The University of Melbourne
=¥ ErfERS 2003.11.14 Ry L—=7 2V RTIVOKE 2017.3.16
Taiwan National Chung Cheng University Germany | University of Regensburg
AFUX | F—UKFE 2004.6.7 2 FIVT >V TIVIKE 2017.7.13
UK. The University of York Germany | Carl von Ossietzky University of Oldenburg
=L E1IFERRsOEA S 2005.12.15 TAIH | ZAAKRE 2017.7.21
Taiwan National Yang Ming Chiao Tung University USA. Rice University
R FLATZVTITHAFE 2006.6.26 JIVA | BL—XKRE 2018.2.26
Germany | The Technische Universitdt Dresden France University of Lorraine
Vabatd VA —Z—)L—KF 2006.10.30 ARAY | UIRVAKRE 2018.5.20
Canada University of Waterloo Spain University of Salamanca
Vel T RIRF 2009.6.26 FRE BERY 2019.3.16
Canada University of Ottawa China The University of Hong Kong
By NIV Y TRAZ 2009.8.26 YRR | F Y IRARE 2019.8.23
Germany | Berlin Institute of Technology Singapore | Nanyang Technological University
=¥ EIBEARS 2009.12.2 av7 T bRTIVT IV BRIHAE 2019.11.22
Taiwan National Tsing Hua University Russia St. Petersburg Electrotechnical University
TAUA | N=N= RRE 2010.7.22 K=V N R=ZY FRETHTZ— 2021.7.23
USA. Harvard University Poland Polish Academy of Sciences
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Department Level Agreements

E% " E & WEREFEAR B W E & HEMEER R
Country Institution Date of Signing Country Institution Date of Signing
N . _ =~ Eiz/\) &FEREEAT
K= R K— VT HT S — IR 1976.8.3 vz | BN B EE . 2017.10.25
R=2Y K| K=Y FRETHT I —YBEHERmR 77 S TRAS T Lo 05))
Poland Institute of Physics, Polish Academy of France Telecom ParisTech
Sciences (Ecole Nationale Superieure des
o _ o Télécommunications)
N 7AITAFE— 2001.1.22 P EABAS 2018.7.31
Germany | IHP-Innovations for High Performance ATHIEE - FetmaRy b2 —
Microelectronics Taiwan Center for Artificial Intelligence and
TS 2 | EuR SR N 20051024 ﬁgi\\//aerr]sciteyd Robotics, National Taiwan
a I: rZ R — < SEFT == PR
SNRALT SIS LIATH LS OV7 | DY 7 RS h7 S —RBEEEEH| 202092
France 'I’;‘he Int‘erdiscicpl\l/linary‘”(:elslte'r on| BFIEFEFR HE0
anoscience of Marseille, Nationa gyl PPN -
Center of Scientific Research A2 7RET AT I —HaYEEF IR
Russia V.G. Mokerov Institute of Ultra High
fE FRERL A e S AR ZT R 2007.4.12 Frequency Semiconductor Electronics
of the Russian Academy of Sciences,
China Institute of Semiconductors, Chinese and Prokhorov General Physics Institute
Academy of Sciences of the Russian Academy of Sciences
TAVA| T EA-AKRE 2009.12.9

TA ¥ LAY 8T — W%
US.A. WINLAB, Rutgers University

Ov7 | N\ORY - BERYTERIIRASF 2014.6.26
75 K202 R TENRAE b s —
BLUOEEETTY - L—F—TEMEMN
Russia Research and Educational Center
“Photonics and Infrared Technology”
and Institute of Radio Electronics and

Laser Technology, Bauman Moscow
State Technical University (BMSTU)

ABFFEBH»WEZRZ LTOLEEY ¥ —F v

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

1 Nonlinear Theory and Its Applications, [EICE 11 Auditory Perception and Cognition

2 Journal of Magnetism and Magnetic Materials 12 |EICE Electronics Express

3 Journal of Physics D: Applied Physics 13 IEICE Transactions on Electronics

4 Science and Technology of Applied Materials 14 |EICE Transactions on Fundamentals of Electronics, Communications

and Computer Sciences

5 Frontiers in Physics

15 Journal of Cryptographic Engineering
6 Magnetorchemistry

16 Bioinspiration & Biomimetics
7 Spin

17 e-Journal of Surface Science and Nanotechnology
8 Scientific Reports

9 Frontiers in Robotics and Al

10 Frontiers in Psychology
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International Conference programmed by a staff in RIEC

1

~

14th International Workshop on Nanostructures & Nanoelec-
tronics, RIEC, Sendai, Japan, Mar. 5-6, 2024

The 11th International Symposium on Adaptive Motion of
Animals and Machines

The 10th International Symposium on Terahertz-Related
Devices and Technology (TeraTech 2023)

The 14th International Conference on "Recent Progress in
Graphene and 2D materials Research (RPGR 2023)

The 48th International Conference on Infrared, Millimeter, and
Terahertz Waves (IRMMW-THz 2023)

SPIE Photonics West 2023

SPIE Optics+Photoics 2023

8 EU-Japan Graphene Flagship Workshop 2023

9 2023 IEEE 12th Global Conference on Consumer Electronics

10 IEEE International Symposium on Radio-Frequency Integration
Technology (RFIT)

11 Global Symposium on Millimeter-Waves & Terahertz (GSMM)

12 INTERMAG2023

13 TMRC 2023
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Publicity Activities

A 2B
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https//www.riectohoku.acjp/koukai/

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

RIEC News

BRUBEMEOLHREED—IRE L TZ21—X L% — TRIEC
News] ZFHTLTUWV%,

IRIEC News | &, BSUBEMERIII/SAFEZEZRLAFIEN
feE DT, BRUBEMERPIOBARDRFRHMORERBNDEIRIC DL
T\ RFIHOHELORERNDBESZ BN T HLDTH 5, 20114F
BBRICEFIL. B8, ABLTOY 17 MORFRREEM IS EDEEFE
I BIADEBEA XY M EBNT S EY I X HREPEL
2 RZ—DRENN TSR E. BARE EO@IRE LY JREIRIRT
REETOU T LOEREENR Y F I 77 RTOT 5 L
EDRA L) —IEFEREABN LT\ B, 2013F38ICIdE. ZDHEERR
LAEFIENIZ, Ffee TNFETHEITLUZREC NewsDETFHRZ. 52
URLICC R CET,

https//www.riectohoku.acjp/riecnews/
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https//www.riectohoku.acjp/riecpr/

2024EHBIE. WebX—TVEBULEEEIN 5. SNSEHLE Lz
[FEREENDBITZ2FEL TS,

B RIEC Open Day

Every year RIEC holds an open day to present research and edu-
cational activities to the public, university staff, students and alumni
as well as representatives from the industry. The RIEC Open Day is
taken place on weekend in early October. All the research labora-
tories, research centers, and machine shops of RIEC exhibit various
types of demonstrations focused on their research fields.

The exhibitions include some historical devices and instruments
developed in RIEC, such as magnetron tubes and steel recorders,
historical milestones of RIEC activities. In addition, we have planned
a number of open experiments and craft classes that parents and
children can participate in, which have been well received. Some of
them draw long lines every year.

In recent years, the event has been canceled or held only online
due to the severe impacts of a large typhoon and COVID-19. From
FY2022, we have restarted holding it onsite, and in FY2023 we held
it as a joint one-day event with other research institutes on Katahira
campus for the first time in 6 years. About 620 people selected by
lottery in advance among about 3000 people enjoyed each open
experiment and craft class so as to form a long line at each booth.

From the next RIEC Open Day, which will be in FY2025, we will
hold it biannually in October as a joint one-day event with other
research institutes on Katahira campus.

In addition, please enjoy virtual RIEC Open Day on the following
Web page:

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

NHRR - TIFEEEZXELGENE

Participants enjoying the open experiment and craft class

B RIEC News

As a part of RIEC's publication service, “RIEC News" is published.

With the 75th anniversary of the establishment of RIEC, RIEC
News introduces cutting-edge’s research and the vision of the fu-
ture from RIEC's contributions to the progression of science and
technology in Japan. RIEC News was first launched in March 2011.
Every issue introduces special topics such as large-scale projects
and Specially-Promoted Research, etc. RIEC News also includes
current information about each laboratory and center, all kinds of
RIEC events, research exchange meetings, laboratories open to the
public (RIEC Open Day), etc. English version was also launched in
March 2014. Further, an electronic version of every issue published
so far can be downloaded by following the link below.

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

With the 26th issue of RIEC News, it has finished multi-monthly
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 new RIEC Newsweb is published by the following link.

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

From 2024, we plan to shift the publicity activity from Web-based

style to SNS-based style.
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BE ($M6&E581H)
Staff (as of May 1, 2024)

FrE B 23z Director, Professor P £ & 5h Takahiro Hanyu

s | Research Divisions

FE Y R T LEAENZRERRT Computing System Platforms Division
B EREFIFHEE Solid State Electronics
HoE Professor (1 BB X 1) (Shigeo Sato)

B B Professor* = T O Tetsuo Endoh

N E ) Professor* H & ® A Eiji Higurashi

MR Associate Professor g E — Hirokazu Fukidome

HHIR (G Associate Professor* m H 72 Takeru Okada

B FES/T/\AAARRE Dielectric Nano-Devices
2V ) Professor (B # E ) (Masafumi Shirai)

B E G Professor* N E FH B Tetsuya Kodama

e CIE ) Professor* = 2 = Shin Yoshizawa

MR Associate Professor Xk # F Kohei Yamasue

MR Associate Professor S == Yoshiomi Hiranaga

B YERERERETIRE Materials Functionality Design
B O’ Professor H H E X Masafumi Shirai

E O IC ) Professor* H R M 2z Kazuyuki Tanaka

B OE G Professor* X B B2 Z Masayuki Ohzeki

B O®E G Professor* B M & X Atsufumi Hirohata

AR Associate Professor &8 #0100 Kazutaka Abe

IR (G Associate Professor* = B M & Kazunori Takahashi

By # Assistant Professor i A Masahito Tsujikawa

B X2 hOZ7AHERE Spintronics
B = Professor x® B B 8| Shunsuke Fukami

E QI E Y Professor* 7 B R Yasuo Ando

B B Professor* E =z R - Takehito Simatsu

B E® Professor* = &R Shin Saito

B E® Professor* MR E = Shoji lkeda

E G E ) Professor* X G OB E Mikihiko Ogane

G E ) Professor* A B E B Masakiyo Tsunoda

TERTS Associate Professor & H g Shun Kanai

S (FE) Associate Professor* N g 2z Tomoyuki Ogawa

By # &) Assistant Professor* (TR -3 N Yuta Yamane

B #H 3 Assistant Professor* Sud Aakanksha Sud Aakanksha

SRR E Specially Appointed Research Fellow F H F iE Yukihiro Marui

RS Specially Appointed Research Fellow Lagarrigue Aurelien Lagarrigue Aurelien

SRR E Specially Appointed Research Fellow Yoon Ju Young Yoon Ju Young

L A= Specially Appointed Research Fellow De Zoysa Karunathilaka Vihanga  De Zoysa Karunathilaka Vihanga
FATRE Research Fellow NR R F Noriko Obara

EXUBSHIZEFT = RIEC 2024/2025 | 95



B FUERTINARX - VAT LHRE

Nano-Integration Devices and Systems

B = Professor OB X Shigeo Sato

B B Professor* R L 2 @ Masanori Hariyama

B B’ Professor* 2 H B A Rihito Kuroda

MR Associate Professor B E B X Masao Sakuraba

MR Associate Professor & = B Hideaki Yamamoto

HEHR (3R Associate Professor® Waidyasooriya Hasitha Muthumala  Waidyasooriya Hasitha Muthumala
B # Assistant Professor s B EF 2 Nobuyuki Sato

FERE Specially Appointed Assistant Professor 5F & & Satoshi Moriya

TS Research Fellow a ll & Masaya Ishikawa

B =771 AARE Quantum Devices
IR Associate Professor X &K B B Tomohiro Otsuka

B SHHALEY bOZT R 7\ AHRZE

Innovative Spintronic Device

B Professor Bengt Johan Akerman Bengt Johan Akerman

B # Assistant Professor + B B % Takaaki Dohi

B O Ea—T7 0 v ERERRE Computing Information Theory
G Professor R E N Keisuke Nakano

B r® Professor* X B =88 Shinichiro Omachi

B GR) Associate Professor* B A OIE X Masao Sakai

B R Associate Professor* BB F 7 Shuji Isobe

R G Associate Professor® = & = Tomo Miyazaki

B # Assistant Professor % B Moz Kazuyuki Asada

By # Assistant Professor B oM EAES Kentaro Kikuchi

B LR VLS R T LHARE New Paradigm VLS| System
E Professor P A& & 5h Takahiro Hanyu

E G E Y Professor* 5 K # X Takafumi Aoki

AR Associate Professor 2 H @ Masanori Natsui

BT Associate Professor B/ OR B B Naoya Onizawa

R G Associate Professor® R B R — Koichi Ito

HiTHZE S Research Fellow 1) 2 Akira Tamakoshi

FiTRE Research Fellow X H kK F Tomohiro Yoneda

B /74 bIL7 OZ0 AHRE Nano-photoelectronics
E )] Professor* B o#H = X Hideo Fujikake

E O E ) Professor* a BB R Takahiro Ishinabe

B V7T NI ITEEARE Software Construction
B ® Professor i O NS Hiroshi Unno

Q) Professor* E3E % Ayumi Shinohara

B B Professor* F H =IEB Eijiro Sumii

HEHER 3 Associate Professor* wH — # Kazutaka Matsuda

R R Associate Professor* G 5= Ryo Yoshinaka
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B SHEIRATLEBEMARE (F8)

Computing System Platform Technology (Visitor Section)

EEHE Visiting Professor
BEHE Visiting Professor

5 fh B %

Yasushi Yuminaka

Hiroshi Matsuoka

TERBEERZSER

Information Communication Platforms Division

B B 0BEMEE

Ultrahigh-speed Optical Communication

E2 ] Professor E [ 7 = Toshihiko Hirooka

G E ) Professor* LNl Yuji Matsuura

MR Associate Professor B8 B N Keisuke Kasai

MR (GR) Associate Professor* W B FE = Nobuyuki Matsuda

B [SHAEFLFHRE Applied Quantum Optics
] Professor AN b3 Hiroshi Yasaka

B OE G Professor* it & #&F F Kyoko Kitamura

HEHT Associate Professor 7 B B2 A Masato Yoshida

JERIS Associate Professor M B E = Nobuhide Yokota

B SGET AV L RABERTHERE Advanced Wireless Information Technology
B O’ Professor X W EFE A Noriharu Suematsu

e CINE ) Professor* 54 38 Qiang Chen

AR Specially Appointed Professor 2 ] Takashi Shiba

SRR Specially Appointed Professor B AKX 1B B Satoshi Tsukamoto

HHIR (R Associate Professor* S B £ % Keisuke Konno

By # Assistant Professor & " B oz Tomoyuki Furuichi

2ty =] Research Fellow 7 = Tamotsu Nishino

B BERA ML=V RT LHRE Information Storage Systems
] Professor (K 8 ®3) (Naofumi Homma)

B EGR Professor* A B Xiao Zhou

E QI E Y Professor* F OB O E Takehiro Ito

IR Associate Professor Simon John Greaves Simon John Greaves

HEHER G Associate Professor* #w K 58 Akira Suzuki

B B70-— RNy NMESERRE Ultra-Broadband Signal Processing
] Professor B i+ & — Taiichi Otsuji

EL O ) Professor* iZ RN N} Hiroki Nishiyama

ESOEIE ) Professor* x K 7 Tetsuya Suemitsu

A Associate Professor £ B B Akira Satou

MRS Associate Professor S = =2 Tsung Tse Lin

B # 3 Assistant Professor® =3 izl Tang Chao

FITEE Research Fellow Ryzhii Victor Ryzhii Victor

B SFCERIFHRE Quantum-Optical Information Technology
wo%E Professor (B # F x) (Masafumi Shirai)

B g &® Professor* ® H X B Fumihiro Kaneda

By # Assistant Professor Soyoung Baek Soyoung Baek
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B Xy NI—=0T7—FT0FvHRE Network Architecture
B = Professor s=l il Go Hasegawa

E QI E Y Professor* = OB 5 & Hiroumi Saito

B R Professor* [ = NEY Kentaro Inui

B rE® Professor* #w K i Jun Suzuki

e CINE ) Professor* KoK HL BA Takaaki Mizuki

R G Associate Professor* % B = B Hideaki Goto

HEHR (3R Associate Professor® Ik O B # Keisuke Sakaguchi

B REFATNECT 1 7ER AT LHERE Environmentally Conscious Secure Information System
By Professor A B H X Naofumi Homma

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

Information and Communication Platform Technology (Visitor

B FRECEEKMMEE (F8) Section)

ZEHR Visiting Professor w K K B Yasunori Suzuki

T Human and Bio Information Systems Division
B EHRERIERARE Electromagnetic Bioinformation Engineering
e Professor A W #OE Kazushi Ishiyama
B R Professor* 2 H L2 Makoto Tsuda
B E® Professor* 8 | & Takashi Watanabe
e CINE ) Professor* ST N = -S— Kenji Nakamura
B g Professor* % k£ 5 Shin Yabukami
B R G® Professor* =R A Yasushi Endo
B Associate Professor B B XK — Taichi Goto
HEHE 3 Associate Professor* FKH % 3h Akihiro Kuwahata
IR (G Associate Professor® £ IH % Yoh Nagasaki
R G Associate Professor* = B Sho Muroga
E O (B Lecturer* FARKRE)HE Hanae Aoki (Kijima)
B RREERY AT LARE Advanced Acoustic Information Systems
E O Professor Rk K B — Shuichi Sakamoto
B g &® Professor* # B = A Akinori Ito
HEHR (3R Associate Professor® BE 2 3 Takashi Nose
HEHER G Associate Professor® o It #E Mototaka Arakawa
B #% (3 Assistant Professor* Sun Sai Sun Sai
B SRRBERY AT LHEE Visual Cognition and Systems
EA ] Professor (g & 1B —) (Shuichi Sakamoto)
E O ) Professor* 2 B B X Norihiro Sugita
HHE () Associate Professor* = m E Chia-Huei Tseng
B RHRIVEC1—FT 1 VIHER Real-World Computing
B Professor a8 B ¥ X Akio Ishiguro
B # Assistant Professor & R s Akira Fukuhara
By # Assistant Professor ] K 5 B Shura Suzuki
B # G Assistant Professor® 2 EKRER Kotaro Yasui
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B S/ NAAREDT T/ A AARE Nano-Bio Hybrid Molecular Devices
] Professor rH BB Ayumi Hirano

e CIE ) Professor* EF F E X Tatsuo Yoshinobu

/O E)) Professor* X T B B Kengo Kinoshita

B B Professor* & 7 B B Toshiro Kaneko

B B Professor* U B Makoto Kanzaki

Gl E ) Professor* K iz Takeshi Obayashi

HEHE 3 Associate Professor® B2 A E® Koichiro Miyamoto

HHE () Associate Professor* ] P = Hafumi Nishi

HHE () Associate Professor* m B & W Toshiaki Kato

B # Assistant Professor B K KX N Daisuke Tadaki

B # (3 Assistant Professor* F KR = Kaoru Hiramoto

BEEBHEL Specially Appointed Assistant Professor /N & K % Maki Komiya

B (VRS TATAVT VYRR Interactive Content Design
B ® Professor I & 8 X Yoshifumi Kitamura

B OE G Professor* o = Nei Kato

B OE G Professor* B A | X Takuo Suganuma

MR Associate Professor m A Mz Kazuyuki Fujita

MR (GR) Associate Professor* 2R = Toru Abe

MR (FR) Associate Professor* I &= i — Yuichi Kawamoto

By #H Assistant Professor NUIEIN = Kaori lkematsu

By # G Assistant Professor* B A B = Yumi Hamamoto

B VOOV T 4V TERY R T LRRE Soft Computing Integrated System
B = Professor "B B B Yoshihiko Horio

IR Specially Appointed Assistant Professor  # [ # =<F Takemori Orima

B SFERV AT LHIER (B8) Bio Information Systems (Visitor Section)
BEHE Visiting Professor H £ X B Mitsuteru Inoue

BB Visiting Associate Professor s N SN = Takuma Okamoto

MBS/ - R/ RERMER Laboratory for Nanoelectronics and Spintronics

R (B #% Director, Professor BB = = Yoshihiko Horio

B HEER Cooperation Section
U= Y Technical Staff* FoS==IE: S lori Morita

Bifi—feEae Go Technical Staff* N T oA E Rikima Ono

Bifi—feEae Go Technical Staff* " oE @& F Michimasa Musha
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B X hbOzZo AHRE Spintronics
B = Professor xR B w Shunsuke Fukami

O ) Professor* 7 B R X Yasuo Ando

e CINE ) Professor* E =2 R - Takehito Simatsu

O ) Professor* =B feR Shin Saito

E O C ) Professor* M B E = Shoji lkeda

O ) Professor* X % 8 B Mikihiko Ogane

e CINE ) Professor* A B E B Masakiyo Tsunoda

BT Associate Professor & H B Shun Kanai

IR () Associate Professor® NN g oz Tomoyuki Ogawa

B % B Assistant Professor® b R K Yuta Yamane

By # G Assistant Professor® Sud Aakanksha Sud Aakanksha

B S/ NAAREDT T/ A AARE Nano-Bio Hybrid Molecular Devices
B = Professor T EHEE S Ayumi Hirano

B E G Professor* HF E E X Tatsuo Yoshinobu

O ) Professor* X T B & Kengo Kinoshita

e CINE ) Professor* & F B Toshiro Kaneko

O ) Professor* o = Makoto Kanzaki

B OE G Professor* K iz Takeshi Obayashi

B GR) Associate Professor* 2 R 5B Koichiro Miyamoto

IR (G Associate Professor® ] o= Hafumi Nishi

HEHER Associate Professor* m g & 5B Toshiaki Kato

B # Assistant Professor B X X N Daisuke Tadaki

B # 3 Assistant Professor* R B Kaoru Hiramoto

EBhE Specially Appointed Assistant Professor /N = FF & Maki Komiya

B SUERTINAR - VRT LHRE Nano-Integration Devices and Systems
B = Professor o Ox Shigeo Sato

B R Professor* E LB #H Masanori Hariyama

B E® Professor* 2 H B A Rihito Kuroda

BT Associate Professor B E B X Masao Sakuraba

AR Associate Professor L& = B Hideaki Yamamoto

R B Associate Professor* Waidyasooriya Hasitha Muthumala  Waidyasooriya Hasitha Muthumala
B # Assistant Professor tk B E 2 Nobuyuki Sato

FHERI Specially Appointed Assistant Professor ~ 5F £ i) Satoshi Moriya

B PN FOZYRT/\A RAHAERE Innovative Spintronic Device
B = Professor Bengt Johan Akerman Bengt Johan Akerman

B # Assistant Professor T+ B 2 % Takaaki Dohi

BT LA >0 7 5RRFMER Laboratory for Brainware Systems

MERE 5D #u% Director, Professor A 2 B X Akio Ishiguro
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B FRE - FEVXT LHARE Recognition and Learning Systems

B O® Professor kR X & — Shuichi Sakamoto

B VNIV ELI—T AV IEEY AT LARE Soft Computing Integrated System
] Professor B E B B Yoshihiko Horio

IR Specially Appointed Assistant Professor % & # <F Takemori Orima

B ABER VLS| 2 AT LARE New Paradigm VLS| System
] Professor P & & 35h Takahiro Hanyu

e CINE ) Professor* 5 K £ X Takafumi Aoki

IR Associate Professor E B ¥ ® Masanori Natsui

MR Associate Professor B/ R B & Naoya Onizawa

MR (FR) Associate Professor* R R — Koichi Ito

B =HRIVE1—T 0 VIHRE Real-World Computing
B Professor " 2 E X Akio Ishiguro

By # Assistant Professor B/ R P Akira Fukuhara

By # Assistant Professor oK Kk B Shura Suzuki

By # G Assistant Professor® = EKRER Kotaro Yasui

21 i EE Sz > 2 —

- BN HE Director, Professor X W E A Noriharu Suematsu

BN EF B Industry-Academia-Government-Collaboration Research and Development Division
B G Professor* * B F A Noriharu Suematsu

ZEHE Visiting Professor w B B F Satoko ltaya

B EEAD Visiting Associate Professor B B & Takashi Maehata

BEMHIR Visiting Associate Professor X B &H & Mizuki Motoyoshi

B FREHEHIRR Interdisciplinary Collaboration Research Division
B Y Exploratory Research Division
BOR G Professor* kR A B — Shuichi Sakamoto

B OE G Professor* it ¥ 8 X Yoshifumi Kitamura

B B Professor* x W E A Noriharu Suematsu
YAN=&UT)VICT ZEmEMZFE > 2 — Interdisciplinary ICT Research Center for Cyber and Real Spaces
- B HE Director, Professor i & 8 X Yoshifumi Kitamura

B A\BOZa2Z45—YarvREmRIIL—7 Human Communication Science Research Group
MRS Associate Professor = m = Chia-Huei Tseng

IR Specially Appointed Assistant Professor Z& f H K Godai Saito

SRS UE Specially Appointed Assistant Professor  Cheng Miao Cheng Miao
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m AR IL—T Al Research Group
B xvhNT—UEBHRIIL—T Network Platform Research Group
B E G Professor* BNl il Go Hasegawa

B E® Professor* E | B E Toshihiko Hirooka

B ® & Professor* X W E A Noriharu Suematsu

B tFaVTaBEEARIIL—T Security Platform Research Group
B OE G Professor* X B H X Naofumi Homma

B XRIOAZ a4/ — 3 EMmMEIIL— XR Communication Technology Research Group
N E ) Professor* It & &8 X Yoshifumi Kitamura

E O C ) Professor* Rk & B — Shuichi Sakamoto

BEHR Visiting Professor = K b 3 Taku Komura

JEEENEEEm Part-time Lecturer % K & Ryo Suzuki

IR a Specially Appointed Research Fellow Zhao Guanghan Zhao Guanghan

FiTRE Research Fellow XK B & & Yuki Onishi

B SAEMERY IV Applied Research Group
B EFEHAICHEZE Industry-University-Government Co-Creation Planning Office
e B Specially Appointed Professor* H* 7 50 & Hiroki Shoji

B EEIR Specially Appointed Professor E H & & Michihiro Shimada

REFEERE Management Office for Safety and Health
E B G 3% Manager, Professor* e B OIX I Shigeo Sato

By # &) Assistant Professor* tk B E 2 Nobuyuki Sato

B SRR Common Research Facilities

PHSOWNMERY AT L2 — Flexible Information System Center
trE—K G B Director, Professor* EAI Tl Go Hasegawa

ARt > 2 — Fundamental Technology Center
ra—K & HR Director, Professor* U Shigeo Sato

HEENEME &ERE) Technical Staff x K 1 Tamotsu Suenaga

H IR Machine Shop Division
Eih—gEa (JIL—7R) Technical Staff BB A Kento Abe

HitT—iEEE Technical Staff B H &= B Yasuaki Maeda

Fi—AREE Technical Staff B &x £ & Kana Tsukimoto

N @R Evaluation Division
BiErMBae (JIL—T7R) Technical Staff F @ fE Takenori Tanno

i) =] Technical Staff o B M Maho Abe

FiT—RREa Technical Staff wmoE B = Hiroyuki Yagyu
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B JOeXE

Process Division

Hi—mEae (JIL—7R) Technical Staff B & @ Michimasa Musha

S =] Technical Staff x B F 8B lori Morita

Bl —hEEE Technical Staff N F o E Rikima Ono

B EEREAER Information Technology Division
RiEmEe (JIV—7R) Technical Staff XK H g A Kenji Ota

FiTErIEE Technical Staff o oBoF Yuko Maruyama

EFRHEE S Office for the Promotion of International Relations
EFEEEHER Cooperative Research and Development
R (GR) Specially Appointed Professor* T B3 5, & Hiroki Shoji

BIEEL Administration Office
ENE General Manager e B B 17 Masayuki Sato

EHEEME Deputy-General Manager E O =2 Manabu Watanabe

=ts)=] Associate Expert #} K ES ltaru Suzuki

HWERE Chief of General Affairs Section T b B Masaki Shimoyama

MEMIRE Chief of Research Cooperation Section il JI| {2 Ken Tsunakawa

RIBRE Chief of Accounting Section O oot Norimitsu Yamaguchi

RE#E Chief of Purchasing Section % B & A Hayato Goto
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TEL (022) 217-5433\EE LBAY TELY,

Access

From Sendai Airport
By taxi: About 60 minutes from Sendai Airport to Ka-
tahira Campus
By Sendai Airport Access Line: About 25 minutes from
Sendai Airport to JR Sendai Station

From JR Sendai Station
On foot: About 20 minutes from JR Sendai Station
By taxi: About 5 minutes from JR Sendai Station
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Research Institute of Electrical Communication
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