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Research Institute of Electrical Communication
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Prof. Takahiro Hanyu

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

versities.

The COVID-19 pandemic has spread throughout the world
since the end of 2019, mutating several times. The spread
of infection is still continuing worldwide, and global efforts
are being made to resolve it. In addition to our efforts in the
COVID-19 crisis as members of the human race, RIEC would
also like to fulfill its responsibility as a research institute in the
field of ICT, recognizing the impact of repeated exposure in in-
formation spreading particularly during the pandemic or other
difficult social conditions, as well as the importance of future
technologies for the world through Web conferencing, tele-
learning, remote medicine and counseling, and other distant
communications via the internet. These are the direct and indi-

rect 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 improve the research environment
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and activities. Under these circumstances, RIEC will first try to
solve problems to realize a sophisticated ICT society, and sec-
ondly investigate basic problems, 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 con-
tinue contributing to the building of a future ICT society.

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

ple’s lives.

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

the integration of the arts and sciences.

RIEC is organized into four research divisions, two laborato-
ries, and one center. The three research facilities have different
scopes in terms of research period: the divisions focus on long-
term projects, the laboratories on medium-term projects, and
the center on short-term projects. The Information Devices
Division carries out research into materials and devices for
communication technology. The Broadband Engineering Di-
vision examines the development of new technologies for the
transmission and storage of vast quantities of data. The Human
Information Systems Division conducts research into intelligent
information processing. The Systems and Software Division is
developing advanced systems and software for a new ICT soci-

ety.

There are two research laboratories. The Laboratory for
Nanoelectronics and Spintronics is carrying out fundamental
research into high-performance semiconductor devices and

advanced nano-spin science, and the Laboratory for Brainware
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Systems is working towards its long-term goal of seamless fu-
sion between the real and virtual worlds at the human-comput-
er interface. The Research Center for 21st Century Information
Technology (IT21 Center) promotes short-term collaboration
with industrial and academic partners in fields developed in the
research divisions. In addition to these organizations, RIEC has
established two new laboratories in the Division for the Estab-
lishment of Frontier Sciences to open new fields in our institute
in future. One is the multimodal cognitive system established in
collaboration with the Graduate School of Letters in 2018 and
the other is the Spintronics/CMOS-hybrid brain-inspired inte-
grated system established in collaboration with the Graduate

School of Engineering in 2019.

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, prioritizing collaborations with
industry, international development, and younger researchers.
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.
Currently, we are promoting the 4th medium-term plan from
FY2022. In FY2021, we conducted more than 100 joint research
projects with a total of over 1,000 participants.

Since 2014 we have been promoting the government-fund-
ed Brainware LS| Project, which aims to create new paradigm
brain-inspired LSls with human-like judgment. This program is
creating advanced information-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 Designat-
ed National University title in 2017, spintronics research, which
has been led by RIEC members, was recognized as one of the
four top-level research fields of Tohoku University. The Center
for Spintronics Integrated Systems, which executed the FIRST
and ImPACT programs, has been reorganized and renamed
the Center for Science and Innovation in Spintronics for further
development through cooperation among three centers: the
Center for Spintronics Research Network for collaboration with
Japanese universities, the Graduate Program on Spintronics
for educating global leaders in spintronics, and the Center for
Innovative Integrated Electronic Systems for enhancement of
global competitiveness in the field of next-generation integrat-

ed electronics systems. Second, in October 2011, in response
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to the Great East Japan Earthquake, Tohoku University resolved
to set up the Research Organization of Electrical Communica-
tion under the leadership of RIEC. As one of the eight major
projects underway at Tohoku University's Institute for Disaster
Reconstruction and Regeneration Research, research and de-
velopment for the creation of disaster-tolerant ICT is being
carried out through collaboration between industry, academia,
and government. Third, in 2016 we established the Advanced
Institute of Yotta Informatics, where interdisciplinary research
groups conduct projects for handling the “quality” of informa-
tion to meet challenges beyond big data involving researchers
from both arts and sciences fields. The institute has been sup-
ported by the government since FY2018. Fourth, in FY2019, the
JST-OPERA program proposed by our members, “Creation of
electric power and information and communication converged
network infrastructure technologies based on overall optimiza-
tion of autonomous decentralized cooperative DC microgrids,”
started in collaboration with the university. Furthermore, in
FY2021, RIEC conducted six JST-CREST projects, four JST-Saki-
gake projects, a NEDO project, and a NICT project. We have
also started to plan reconstruction of the RIEC 2nd Building in
FY2021, incorporating novel concepts such as open innovation

spaces.

In 2020, we created a future vision of RIEC, considering
research fields to enrich people’s lives through information
communication technologies by accommodating diversity and
overcoming barriers of time and space. We will work hard to
realize this vision and would very much appreciate your contin-

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

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

Organizational Policies for Reinforcing Functions

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

® \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 university objectives of “Achieving
World-Class Status and Leaping Ahead” and “Leading the Post-earthquake
Restoration and Regeneration.” 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, disaster-resistant ICT (Information and Communications Tech-
nology) research for earthquake disaster reconstruction, and partnerships

with private industry.

2. Capacity-building for diverse research activities

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

funding for new research positions.
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3. Training researchers and engineers through state-of-the-art research

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

. Promotion of activities as a joint usage/research center

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

. Internationalization and promotion of international joint research

We introduced a new program that sends a young researcher abroad
each year. We promote international research by strengthening our sys-
tem for visiting foreign scholars, as well as through the RIEC international
symposium. Based on the goal of promoting world-class international joint
research, we introduced “international collaboration” as one of the five
classifications of our cooperative research projects.

. Promoting research activities related to Leading the Post-earthquake Resto-

ration and Regeneration

We are contributing to creating new industries and promoting the regen-
eration of Japan through partnerships with private industry. As distinguished
citizens with expert knowledge, we actively participate in governmental
and industry actions related to future planning, and we also contribute to
the creative reconstruction of local communities. As a primary contributing
organization, we support the Research Organization of Electrical Communi-
cations, which aims at establishing disaster-tolerant ICT.

. Promoting academia-industry collaboration

We propose goal-oriented academia—industry collaboration, based on
our research results, and promote the establishment of joint-research pro-
grams.

BLUBEHIZEFT = RIEC 2022/2023| 7
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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.
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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
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 Mate-
rials) on the Katahira Campus, formerly in the Sakurakoji district of Sendai. The
end of March 1963 saw the completion of a new building (currently S Block No.
1 Building) that was double the size of its predecessor on the Katahira Campus
formerly in the Minami Rokken-cho district, marking the beginning of a move
from the Sakurakoji district to the Minami Rokken-cho district. When the School
of Engineering transferred to Aobayama in 1966, the former Department of Elec-
tronic 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
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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
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-
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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 de-
signed by the Council for Science and Technology Policy, Cabinet Office, Govern-
ment of Japan. In 2011, Research Organization of Electrical Communication was
established to carry out research on disaster-resistant information communication
network as one of the eight programs Tohoku University launched under the In-
stitute for Disaster Reconstruction and Regeneration Research in response to the
heightened social needs after the East Japan Great Earthquake. In 2013, Center
for Innovative Integrated Electronic Systems was established to construct a center
of excellence of academic-industrial alliance. In 2014, the Brainware LSI Project,
which aims to realize novel-concept LSls that are capable of making human-like
judgment, was adopted by the government. In 2016, “Yotta Informatics Research
Center” was established. This is based on a project for handling the “quality” of
information to meet the challenges of “beyond big data” involving researchers
from arts and sciences fields.

The research works on Spintronics, RIEC members are leading, was recognized
as one of the four top level research fields of Tohoku University as the Designed
National University in 2017. RIEC members have great contribution for estab-
lishment and operation of the Center for Science and Innovation in Spintronics,
Graduate Program on Spintronics, and Center for Spintronics Research Network.
In 2022, Center for Spintronics Research Network was consolidated with Center
for Science and Innovation in Spintronics.

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 13,513m’ was finished in November of 2014, and an opening cere-
mony for the building was held on June 23, 2015, together with the cerebration
of 80th anniversary. In addition, the reconstruction of Building #2 is scheduled to
be completed in 2025. Building on the proud record of achievement of our dis-
tinguished predecessors and colleagues, we are entering a new era in which we
hope to make further leaps forward amid the rapid development of information
and communication technologies and the rising tide of globalization. Towards the
era of New Normal, we are advancing new research on rich and seamless human
communication in cyber and real space. Moreover, responding to the demands
of the times we will also work on the reformation of our research organization to
enable rapid and practical applications of information and communication tech-

nology.
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Process Division
[EHRELAMTED

Information Technology Division

Fundamental Technology Center

B=HE Administration Office
AR R

General Affairs Section
- mEE
Library
— BRI R

Cooperative Research Section

—REER

Accounting Section

—RER

Purchasing Section
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Tk B %

Faculty & Staff
BHAESF1HIRT/as of May 1, 2022
B Professors 20
AR Associate Professors 19
B Assistant Professors 20
FATARE Research Fellows 4
RHEHUR Specially Appointed Professors 2
+ Specially Appointed Assistant
B Professors 4
EHBE Administrative Staff 15
Hita Technical Staff 12
= Total 96
e R ANE (4 H 3 4EEE)
Researchers (FY2021)
NEANZEE Foreign Researchers BEHIR Visiting Professors 0
BE AR Visiting Associate Professors 0
RESEHAMEE Cooperative Researchers of Private Company etc 10
HAFMIRESISRIZEE  JSPS Research Fellowship for Young Scientists 7
BHAFMIRESNE AR JSPS Postdoctoral Fellowship for Overseas
A= Researchers 2
HhiHRESNE
%figg% HEA Invitation Fellowship for Research in Japan 0
ZEERE Contract Researchers 1
ZEEHES Contract Trainees 1
Bt Total 21
PR
Students
SH4FES5B1HIRIE as of May 1, 2022
. TEEEIFIIER E TSR N _
AT, AT 7T LY [S=V—-9 —ymidzul ANE
Sij;lgof gwﬁrﬁiﬁﬁ Graduate School of Graduate School of EE;U%TE?FT"F)? _|‘_:' qul
9 9| Information Science |Biomedical Engineering ota

FERAFLE 56(1)
Undergraduate Students %6(1)
B RIEARAE
Master Course Students %(4) 46(9) 2 146 (13)
BRI
Doctor Course Students 1310} [ 5 28(15)
BRZSFREERAZS
Institute Research Students 4(2) 4(2)

&t 167 (15

Total (15 56 (14) 7 4(2) 234 (31)

# () HEANTHE Foreigner
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Wit - &
Land and Buildings

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

2 AR ERE 14,993m’
FEREETR 42,257m’
Building: Total building area  14,993m’
Total floor area 42 257m?
SH4F4B1HIRTE/ as of April 1, 2022
2 BRC BTHEE MEETR
Name of Buildings Structure Year of Completion Floor Area
EN #HER >0 ) — bith EoPE. 1R 2
Main Building Reinforced Concrete, 6 stories, 1Tbasement 2014 13,513m
1248 B> 5 U — AR S i S 291m?
Building No.1 Reinforced Concrete, 4 stories Building-S : 1962, 1963 !
N 13
Building-N : 1959, 1960
2588 PHEO> 7 ) — b ARER 2
Building No.2 Reinforced Concrete, 4 stories 1962, 1963 7,058m
+/ - A EERER & Sk 2
) ) . ) 2004 7,315m
Laboratory for Nanoelectronics and Spintronics Steel-frame, 5 stories
a ~ T7FRZT = SHEE TS ] — N
JLA>vox7 E}*;@Eﬁ%ﬁ@uﬂ f%sbj Vo) — bERRE 1967, 1968, 1972 597m?
Laboratory for Brainware Systems Reinforced Concrete, 1 story
B;Ema> o) — b (—EELE) 28R 2
Reinforced Concrete (partly steel-frame), 2 stories 786 1,693m
=17
HETER 1996 598m’
Steel-frame, 1 story
=oh @ onH
BEHARE A 1999 148m’
Light-weight steel-frame, 2 stories
21 IER B ENEEE T 2 — HEAO> 7 1) — b 3MER 2
; ) 1930 1,343m
Research Center for 21st Century Reinforced Concrete, 3 stories
Information Technology
=1y
SBTER 2002 435m?
Steel-frame, 1 story
¥l - > 5 — >  U— 2R 1081 ST
Evaluation and Analysis Center Reinforced Concrete, 2 stories
X M S, A ) — _uRER ek E) I
NIEIR o f%y;:l/ﬁ) b ( ulﬁiif?&ﬁ) 15@ ,
. Reinforced Concrete (partly light-weight 1972 74m
Helium Sub-Center
steel-frame), 1 story
. Reinforced Concrete (partly light-weight 1965, 1966, 1978 488m’
Machine Shop
steel-frame), 1 story
Z D 2
Others 48/m
Bt :
Total 42,257m
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TR
Budget

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

3,500
3,000 — —
7
2,500 — — -+ —
172
1,708 1,558 2
2,000 — — — — — — —
1,218
1,088 5
1,500 — — — — — — —
1,000 — ] ] ] | 1 —
1,463
1,415 1,347 1,309 1,368 1,316
500 — 1 — — — — —
0 \ \ \
FY2016 FY2017 FY2018 FY2019 FY2020 FY2021
EEEINE NEES MEREHRES
Operation Grants External Funds Expenses for Facilities Improvement etc.
FHEEAER W Budget Summary B3 . FF/thousand yen
c 5 I’E.‘ FY2016 FY2017 FY2018 FY2019 FY2020 FY2021
ategories
EE%’;&M@ A& Personnel Expenses 808,066 835,904 790,118 742,128 801,695 744,591
Operation Grants |y 0 \on-Personnel Expenses 606,599 |  626,824| 556937| 566533| 567,249| 571,737

BEERME 5t

Operation Grants Total 1414,665| 1,462,728| 1,347,055| 1,308,661 1,368944| 1,316,328

HEREmie
e o reconrch 526718|  549,034|  231,643| 363325 293404| 282,400
ZELhRE
NERES Funds for Commissioned Research 1,140,386 963,585 753,391 186053 669454 87345
External F
xemalFunds 2gye  Donations 36,190|  40,541|  54344| 42436 27,200 57422

(B18) RHEEE  Indirect Expenses 244,413|  220,733|  134,311|  155852| 172,874 234,487
HNERES 5T

External Funds Total

1,703,294 | 1,553,160 | 1,039,378 891,814 990,058 | 1,213,278

KEEIHZEE Expenses for Reconstruction 0 0 0 1,936 172,477 6,732
BELEEIRE  Expenses for Relocation 0 0 0 0 0 0
TEEREfHE  Expenses for Facilities Improvement 0 0 0 0 0 0
Expenses for Eﬁ%ﬁlﬁﬁov?&wem etc. Total 0 0 0 1,936 172477 6,732

a &t

Total 3,117,959 | 3,015,888 | 2,386,433 | 2,202,411| 2,531,479 | 2,536,338
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IRELZ AR W External Fund
ARHETAMR 5 External Funds 847 © F5M/ million yen

1,200
1,140
1,000 1 o ™ T SoToosooooosooooooeeoo
873
800 1 1 3¢ R T AN
669
600 1 1 5 [ (i IR S R
549
527
486
400 (~F T - ' oIl D B .
232 293 282
200 FOE T - F B T P -
36 41 54 42 27 57
0 \ \ \ \ \
FY2016 FY2017 FY2018 FY2019 FY2020 FY2021
HERREmES Rt E Fhie
Grants-in-Aid for Scientific Research Funds for Commissioned Research Donations
NEBELMWER W External Funds BAi7 : FF3/thousand yen
£ I
) FY2016 FY2017 FY2018 FY2019 FY2020 FY2021
Categories
REMEEFHES

Grants-in-Aid for Scientific Research 526,718 549,034 231,643 363,325 293,404 282,400

SEARE

Funds for Commissioned Research 1,140,386 963,585 753,391 486,053 669,454 873,456

Bl

- 36,190 40,541 54,344 42,436 27,200 57,422
Donations
A =
E'Il'otaul 1,703,294 | 1,553,160 | 1,039,378 891,814 990,058 | 1,213,278
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HETOY TV MAZE

Nation-wide Cooperative Research Projects

7Y 7 MREOBE LB

AUEFTIE. BHRBEDFICHITS COE (Center
of Excellence) & L T. TDOMEE LY AL HRIC
NEAL. FIEARE IZ 2 -7 4 —HDESICHRET
BIzHICEBFA - £EZES & L TRRADHIZE
BEEHF OV T MHEREZETL TN S, AR
FROZERDME £, BE2REOHBEFATIEE L.
AEFIHE & DHRERELZFIIRELTVWSEETA
IR D B, AHIZEFRD [HEZ7OY 17 MHIZE
L. BERBEOIFICHITIEM - VAT LICEAT
HEBOMEEZERNDBENHREDR DS &
|- O—FTsx— ML, 7OV MRS L
TEHELTWEDTH B,

HE7OY 0 MERIE. FTRNOIZEE DI
HEEHTLEEIN. TOICFOBBNEBMNEERT
RIESND T EDNFETCTH D, TNE T AT
DHBE7OI TV MAEDORES KURMEIL. ER
NDE - N - FAIIAZE. H - NIIHAEEELRD. B
R - ESOHERUAREENRE LT A
Hic KU iThbN T\,

70y =7 MIREEHA

HE 7OV 7 MARDEZE DI, HETO
VIV MNRREZERROHEBTOY 17 FREEE
2 HETAY TV FEEZERINREIN TV S,
HETOV I MRAREZERIE. HRET7AY TV &
MRICET 2ERLEEEZEHLT HHITHN 3 4.
FN2HBEFEN 5 BOEF 10 BOEEICKVIER
TNTCW3, HE7OY 7 FRAREEROE®
ld AR TEITENTWVSHEANBTDR-ZE
RLBENS. FARNDERZIL RS, HEFADE
WTH2 TANEEENZ 1221275 —Y 3V 2FRR
TOMENBFERMOFE L ICHDIRER] DREIC
FROIRGHBTOY 7 MRAREBEBNICHET 2
CEIEHB, INET. REMRDODAE. FIROE
ENEANDOLR. EEOSMICET 2RF IOV
THEMETOCECHY . HICEEDOBMICEALT
F ”F - REREZRAE L TRBAZNEZT 2T
TCWVD, BH. HETOY 7 MAEOFIRITEE
LEBZEIEICTS o, NBEEZESOHIHERT
OV 17 MEZEZERDREBEEINTL S,

K. HEZ7AY 17 MARDABELGEREEZRNS
el ARRAEEDHEICLVEBIN TV
HEATOY 17 FRBEERDNREEIN T2,

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.

T & EERES
% 5 : EERHOKXE
Director Advisory Council Outline of the Operation Policy

HRA7OY ) FAREER 5

Cooperative Research Projects Committee

Cooperative Projects Steering Committee

#E7OY Y MEZZEES

Cooperative Projects Selection Committee

#E7OY s FREEER

— s —

#EAT7OY s MARICET S
EERE

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

Type A

Type B

Type S

BEEOIE/RERE
Rating of applications/Adoption decision

Type T

FHES/BEOEE
Budget allocation/Daily routine business
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7Y =7 Mg

DHAFEORERTOY 27 bHREIE. PIRADL
SREBEN. BEOER. 1174 (A71 # B132 4
SR SER A T2 AMERRE N, B,
X7 AlFE L DHREREIC DV TARMERFDIHEE -
RerEaFEALTIT> 7Oy b THY L 714
DOE 62 HENNEBLY DIRE. X9 B IFFRHARMED
MRRKFEADOTOT 7 ST 326055 27 4D
NELLYDREDLDTH B, Flcw REIDHREE
HEMLTVBHEIE. Ko A 14 KDBAH 15
HTHD, EDAIFLTE KBETOY Y MR
A, BEFARENRE. BFNMREEL. Kk
HUBRZRHEEERY, ERHE B RIEERD 5 DOMES
A7 R BICH L TIE. cNSITMAEFHBH
SRHEERLZERIT TN 2,

oo K9S FHEREEEICE DAY
7 N TH Y. X9 S ERIEEBRAEREH T HEE
ZEHE L OBNMEM E KRR ZRET 25D T
HB, FRBENFOFICHREZBEVN THRZHE
ITAREREICOWVTC, FRAEFAHROETY DD
185 - WENROPAFTCELEARNNDKRFE R EHAS
DHFEREB E HE L THEET 2

BHE. INETTHREX - 5H. FIOFOHREBS
FUBHFHARDBEHDBE L CEEENTER IR
IARFEBEMEALFAER] 2. SN4FE
FNFEROFEBMEEZ I HENE L KD
TI LT #EZTOY 27 PAEO—RE LTERY
‘oL, TEMARDEREMEA LIS X
T, ZFRNDIAREIC L SMRRPHER TORE -
EmaE C. HEFA - HEARLROEESZ 5
ITHEET 20

A3 FEREA

mEEREE 16 (AT79M B35 ST R SERE T 4)

W ERR 1,001 % (A:497 &.B:463 4. 5:23 4. S EHEE:
18 42)

XD A EXDBITHT B 6 DDRA TORIREEDRRIE
LFOEY Thd (BEEESD),

u EEHERITHER | 344

= RS AUbAZT S IR | 46 fF

nEFHRENRE 7 4

u SCIRATRRITHEERY | 58

BARTOY T MEERA 44

W ERHERRZTHEER | 8 4

B ZOM 0%

7Y = 7 MIEDRSE - FZhZoWT

HEZOV 7 MAEIE. BFE1AICREEDY
A 17 bOREETV. BEEZR THRIRENR
Bl AEFONEHE L LLICRFEIRAETT
Y7 hZEERTEEELTNDS, oo HA
7OV TV MRARORRERDBZLE LT BF2A
Ic THETAY 17 MR ERZ ) ZHEL. BN
NDZHORREICLHERGHRDMTHODNTL S,

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

RIEC Nation-wide Cooperative Research Projects in FY 2022

Applications for the FY2022 RIEC Nation-wide Cooperative Research Project
Program were received from inside and outside the Institute, and 117 projects
(A:71,B:32, S:1, S-international: 1, T:12) were approved. Type A projects have
access to the Institute’s facilities and equipment, and 62 out of 71 proposals
came from external applicants. Type B are short-term, study group-type proj-
ects, and 27 out of 32 proposals came from external applicants. Furthermore,
one research project in Type A and 15 research projects in Type B have partici-
pating researchers from the private sector.

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

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

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

Details of the RIEC Nation-wide Cooperative Research Project Program
in FY2021

= No. of approved projects: 116 (A:79, B:35, S: 1, S-International : 1)

® No. of researchers: 1,001 (A:497, B:463, S:23, S-International : 18)

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

® International Cooperative Research Project: 34

m Exploratory Research Project:46

= Young Researcher’s Project: 7

= Advanced Research Project:58

= Large Research Project:4

¥ Industry-University Cooperative Research Project:8

" Other:0

Public Invitation to RIEC Nation-wide Cooperative
Research Project

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

http://www.riec.tohoku.ac.jp/en/nation-wide/koubo/
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SMAFEBAER 7O 7 MAEHFIR—E  Title of Nation-wide Cooperative Research Projects in FY 2022

[X4% A/Type A)

u Development of graphene based devices for terahertz applications

AT R R BOREERROBITE ETIUE
Analyses and mathematical modeling of the function of artificial neuronal
circuit

B TR BB TF T\ ADRH
Development of optoelectronic devices based on two-dimensional materials

= Spin transport and magnetism in 2D van der Waals ferro and
antiferromagnets

BTV REEAR ESERET N\ AT O XICET S5
New Group - IV Semiconductor Materials and Highly-Integrated Device
Process

B high-k/Ge #i&(C B 2 FREVIEMSIED 7' 04 K75 DFER
Investigation of physical structure model of high-k/Ge interface affected
by fabrication processes

R ST T HEET N X
Single-crystal graphene functional device

B 3K miEEGR > > >V El  BIEEESEGRAF S AT
Ultra-low-latency video coding for 8K high-resolution image sensing

DAL X Massive Connect loT DHFZE
Development of Wireless Massive Connect loT

B 100GHZz HHT 7 A/ MEEX A LY b T « D42 RF IXZEMDIAR
A study on over 100GHz-band /optical fiber feed direct digital RF
transceiver

3D SUVEEFIB LIS VRT > T F ORFEICET B3
Study on development of millimeter wave antenna using 3D printer

 Modeling the Japanese-Taiwanese racial effect in facial expression
recognition

BE/DEVFDIDDEHET INA REY 21— ILRE S ZDISH
Development of device modules that embed sensors onto objects and
its application

BEIRIVT LA Y DEREBER
Understanding and reconstruction of minimal brain

BEHND 3 TR E ERIER O T RAMREEICEE T 2%
The shape variation of human pinna and its effect on the acoustical
transfer function.

B 0T 75y b T 4 — LDORKICET 2%
Research on the development of a new generation loT platform

m Exploring and Understanding Touch Interaction using a Slidable-Sheet
on Smart Devices

® Investigating cultural issues for the design of touch-based interactive
D-FLIP photo management system

B ABORENEIERT 2RERTIVFE—HIV T — 2 ELEEE
Multimodal Data Flow Processing Platform for Enhancing Human
Abilities

¥ Cultural background and auditory selective attention

B RRIARM S R T LOEAERIIBAZE S ERADER
Constructive research on nonlinear complex systems and development
of their theories

B SR ETEEAMEDORERICEE T S
Determinants of multisensory auditory space perception

BFHGANAT ALY FOZT AT/ RAOBESHREEICBE T B3
Radiation effect study on spintronics devices for space applications

BSi-GeBAT DY b T — L ENDREHEDRHEREBIEDREIR
Development of Multi-Functional Integrated Circuit on Si/Ge Hybrid
Platform

BIERME RIS B B AE Y A A 2 ADFIEICE T B3
Control of spin dynamics in non-magnetic materials

BT TS AREREEER LI/ N7 - EET I\ ADEIR
Creation of Bio-Medical Devices Utilizing Non-Equilibrium Plasma-
Producing Reactive Species

N BREMRS AT UADQISBICETERIE S RO D A) VB E R
|CBE9 B
Heusler magnetic Weyl semimetal :Toward a voltage-controlled non-
volatile magnetic memory

BEBFT/N\A ADBEHISEICET 25 - AR
R&D on radiation response of quantum devices

NREFEBETT/\A XD
Development of Quantum Device based on Atomically Thin Layered
Materials

NBILHEEEDOD THz A >V F v TT LA T > T F LT B3
Research of on-chip THz array antenna for ultra-wideband communication

= RTD DIFFFMZE BV emBRAF X BIE & T DIGHA
High frequency chaos circuits using resonant tunneling diodes and
their applications

B RN S UIRARE T L A7 > T F DR
Millimeter-wave large-scale array antenna for wireless terminal
application

B 5G - 10T DIEBDIRIVF—/N—NZ b &EAZF—T T ASHBICET 2
bgE
Study on energy harvesting and meta-surface applied for 5G/loT

B AR BT EEERE T/ M REAWEEBLELY DY —LL AT /1
Az bT—7 T 2R
Study of delay-sensitive and seamless access networks using widely
frequency selectable optoelectronics integrated devices

ERERERCBEINERA VEZ—T T A REBV ol 7NAAB L
UBRY b OERMIE - IR
Mixed Reality for loT and Robotics: Opportunities and Challenges for
Immersive Human-Robot Interaction

BANREDA VRT3V ERET HEEMOIEEGEREHET « X
TLA
Reconfigurable Head-Mounted Displays Enabling Real-world Interactions

" EREAFR ORI HICE T SR
An investigation on spatio-temporal characteristics of auditory selective
attention

BN/ —=Z)bF 2 —RIRZHDELEBHIRICE T %
Study on sound space perception under limited binaural cue condition

BEEA LF /S AEAV A —OF—T A v I VAT A
Neuromorphic Systems using Thin-Film Memcapacitors

W loTF2 T+ DO
loT security technologies

B SENN—EFAARI—TV Y TSy b7+ — LOMIERE
Development of Advanced Harmonized Agent Platform

BTFINARX AV THIT 47 ADRIALE Beyond 5G 7/ \A ANDISH
Creation of device informatics and application to Beyond 5G devices

uORER - EER - T2 RFEORMBICL B ETRMDOME
Quantum research based on integration of experimental, theoretical
and data science

uOREEREIC BT B IFEARE SRR DREY
Investigation of contactless power transmission in a long distance

nZERHEOSMEE  BHELEAE
Embodiment of space perception: anisotropy and individual difference

N SEEETRHMEASDOFMmE TRIVF—BEET /A ANDISH
Application of high-performance soft magnetic alloys to advanced
devices

B REREIEHRO S DOBEIHE/ N\ T Uy MREMER
Effects of body vibration generated from audio-visual signal on perceived
reality in multimodal contents

nYCEER A BV ENRAROBE S NLTEENEERICE T S5
Research on the formation of a gravity observation network using optical
communication technologies and the monitoring of volcanic activities

BRASTEN— R T 7 ETYy I AV E =T 4 VINDIGA
Hardware Technology for Brain Computing and its Application to Edge
Computing

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

= Creation, manipulation, and electrical control of chiral spin textures in
non-collinear antiferromagnetic heterostructures

" AR AR LT S BRI ERICBEHERE DRI
Development of electrochemiluminescence microscopy for
visualization of active biointerfaces

B S5 MRISHIS NMR 248 31 )V DREF
Development of intraluminal NMR receive coil for high field MRI

= Japan-Russia International collaborative research on boosting a
performance of a large-area THz photoconductive emitter

B SH-CVWD & BB/ Py DY U A MeRISHIEICET 2H5%
Study on Silicidation Reaction of Metal Nanodots with SiH,

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

B/ Fry TEBREBICLZ2E—O04 FEF Ny FOBRIEEFHE
Electron transport through single colloidal quantum dot coupled to
nanogap metal electrodes

B RHRER A IMEARBRDO DO D T — 2 \—X & ZDEHFE
Database and its machine learning for development of next generation
electromagnetic noise suppressors

B BEEFREDORODBIEE S/ T4V —I|BT BH%
Study of Superconducting Nanowire for Single Photon Detection

B IEMSUBEEE B T A Y T 2 O YA A ROBRRIGE
High Frequency Response of Submicron-Sized Magnetic Materials with
Asymmetric Magnetic Vortex Structure

B BRRESCERNOTRAAA MISEMBORK ALY FOZ VAR
FREFOIFR
Fabrication of spintronic devices based on antiperovskite-type metallic films
with light elements

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

BRA N SGEHMBICHETEAMVYEY FBAESHNRTH L UEED
FF
Development of diamond RF high power devices and circuits for post-
5G base station Interpersonal coordination of motor, cognitive and
neurophysiological processes in joint activities
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N EZRBERE AV CBECROGIEICE Y B
Manipulation of sense of self using multisensory information
® Exploring and designing interactions for VR headsets using smartphone
interfaces
A RTRIEOE(E FEM I R (TR T S5
Propagation directivity of wireless body area network
BA YDA VRROEBIBERE - TTIVHEREDOEE
Online-based visual psychophysics and shared modeling environment
BXR AT a B L@ HyFlex IR3RIBIEEROD 2 & DRI
An Exploratory Study to Build an Environment for Collaborative HyFlex
Classes “Utilizing XR Technology”
NEERROIBHEICET S5
Estimation of attention states during learning
NEERIENMOERBERCHICB T 238
Study on application of facial expression analysis to remote medical
care

[X43 B/Type B]

BObE—LY R AV OKREIBIE - 5OV AT LICEET B
Coherent Communication and Measurement Systems Incorporating
Lightwave and Microwave

RGO L AV LRATHA > EZDIGHA
Layerless Design of Future Wireless Communications and Its
Applications

uBeyond-5G DEIRICMEIT feB AR DR
Research on Wireless Technologies for the Beyond-5G System

BADITENERR - fRATICE DK EERE -2 71—

Spatial User Interface by Understanding Human’s Physical and Spatial
Behaviors

BEBT—ABEICEBA - Rty VI ER
Human/Social Sensing Infrastructure by Heterogeneous Data Fusion

BEBICK D AT ADOTEHIEFEDBEMLICHIS TR
Development for automation of crows’ behavior control method using vocal
communication

B AEY LS| & Z DBER T ER A ERSE
International Research Collaboration of Brainware LSl and Its Emerging
Technologies

E3RTEEANDOBECEFHE L SRERS
Self-motion perception and multisensory integration in 3D space

SRR TR & 7/ MRICE DK IRE D FREEREZ VN ED
FERERHR - BIEFEDORFE
Measurement and control of the functions of lipid bilayer membrane
and membrane proteins based on microfabrication technology and
nanomaterials

BREY - #E - ZRFHL S TEIRAEYIEDRE
Development of new physical phenomena at interfaces brought on by
electron spins, orbitals and multipoles

lgﬁgifi’li{%@{?/Mlﬁtﬂifé’l&ﬁﬂi@fc&bd)ﬁﬁﬁﬁccl:%fﬁ\iifd)
A method for modeling of intellectual productivity and computational
intervention for productivity enhancement

FRSBEERESRE T/ \ A RADRIBLE INA F T INA ANDHER
Functionalization of oxide surfaces and its application to biosensor
devices

BRI BZEBZ 12— 0414 F IV XEZTNICE DY AT LEEAD
=4
High-dimensional and spatiotemporal neurodynamics and its system
applications

BHEA R ERAEY AT ARRICAIF IERIBRE T DRE
Theory and implementation for control-less wireless power supply
systems

0772 =10 BROBIGET — 7 AN—XICET 5%

A Study on Adaptive Workspaces in the After-Corona Era

ECHBEOMRFENDBERICEY 2%

A study of the Application of Evolutionary Computation to Machine
Learning
NHRTEIOMAEFFERBICOIT L S OME - EE) - 5351 - BEIFHED

&

Study of perceptual, motor, cognitive, and emotional human characteristics
towards the understanding of the neural mechanisms of social
behavior

N7 7727 (aphantasia) (CBEY 2081 A — D BRI DRSS
Mental imagery processing in people with aphantasia

BEHGAIRER I EF 2 X X7 LT @S e RAERIITEE
Empirical Research on dic Ubiquitous Computing Systems

RGP OMBREESIEIC K SN RIBREE S X T LOTEHOHS T
INA ZDBAF
Research on magnetic devices for advanced information system by
controlling multiscale structure of magnetic material

NEURICEIT BT AE Y 21420 ADRIFEE 7/31 X I5A
Emergence of novel spin dynamics in solids and its device applications

NEBEHFNTHE T O XICE DT/ MERIE BT/ N1 XISH
Nanomaterial synthesis by using novel gas-phase processes and its
applications to high-performance devices

B ETYEOHE LRSS K UZ DT /1 XISH
Control and exploartion of functions of quantum materials towards
device applications

= Zkgﬁﬁﬁﬁﬁﬁiﬂ)gﬁ%%ﬁié D7 > T+ - BHEFRBRTEMTD
[BiEa
Studies on Antenna Technologies and Electromagnetic Analysis
Methods for Developing Core of The Next Generation Wireless Systems
An Inter-personal Dimension of MA : Behavior, Physiology, and
Engineering

B INDLDEMERZZEZS
Designing the Next Normal of Academic Conferences

B BREICSTEF TV FERADRE
Theory of object recognition in vision and audition

RN RERIBI K ETE Y 7« DERFINICET 2HER
Workgroup on fundamental technologies and issues of surface
unmanned vehicles for sustainable society

n ZEEERIVTF AT 4 THERKICES T B HZE
Studies on Generative Technology for Enriched Multimedia

BAR— b TaBZZAB Ty YAV Ea—T 4 T EEEMN. 8LUZ
N&EFERTAHAR— VAT I
Research of the fundamental technologies of edge computing and
edge-assisted smart systems for smart city

B XA UOK - L— SAR DIGHHR
Application study on microwave and laser SAR

B ERRY TDROHDT ST AT VARt ey — 3>
R2TIT—R
Graph Content Visualization Techniques and Navigation Interfaces for
Indoor Maps

[X43S/Type S]

=TI O e — L NIRRT ORISR S Z DA
Establishment for innovative coherent wave technology and its
applications

[X45 S EBR/Type SI]
n AFERIE & Al
Human sciences with Al technologies

[X4% T/TypeT]

B {x 3% T % B 38 & /Electromagnetic-Wave Transmission Technologies
Workshop
Society 50 | AV fc B - Y& IR ARE £ 7 /Electromagnetic- and light-
wave transmission technologies toward Society 5.0

n HETHHIZRS /Technical committee for acoustic engineering

g BFFE -BEEBIUOINFE-LIVYRTALICET 2ER LA

ICBI Y B HZEH K /Research presentation on basic and application of

acoustics, speech, hearing and multimodal systems

®IL TS X< 7+ —3 Ls /Tohoku Plasma Forum

T TS ATBEROER &5/ /Fundamentals and applications of

non-equilibrium plasma phenomena

mOvEa1—42Y A4 I XIS /Special Interest Group on Computer

Science

EERTERBFEZ RO LT 2 BERBFEOERE S IGA /Foundation and

Application of Information Science around Theoretical Computer

Science

2 AT LHIfEBZR S / Technical committee for system control

> A7 LR & IS ICBE T A B3R 3 /Research presentation on

theory and applications of system control

1B/ A b O = AFZEL /Information Biotronics Seminar

INAF F /Ty b=y ACEDIRERNAF T3 1 ZBIE

/Next generation biodevices based on bio-nanoelectronics

n A=Y ZAHFES / Spinics Research Society
B M+ LB R & B S 55 B / Development of Magnetic Materials and
Their Magnetic Applications

B Za—/\SHA LAY E1—T 1 JHES /New Paradigm Computing
Research Group
TR loT HARFESFBER D> Ea—7 « > I EMDRR /Research
and development of new paradigm computing technologies for the
next generation loT society

nEBEREILY MOz AHZES /Technical committee for ultrasonic
electronics
EEROER L ISAICEIT 27T /Research presentation on basics
and applications of ultrasound

B J LA 7 TEHIZES /Brainware Research Project
EMICEEBL S 2HMNBEROEY X7 LDERERE B L T /Toward
Life-like Intelligent Information Processing System

m AR - ST EHIZES /Biocybernetics and Bioinformatics
EMESDRENT - 7' >% / Analysis and modelling of biological signals

mt ./ AV ITEHES/Study Group on Nanoelectronics and
Spintronics
F/ILYFAZIR - AEY FAZI AEN-Z & LI RERIERE
{5 & #8 /Next-generation information and communication technology
based on nanoelectronics and spintronics

&
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EREFIHHARE Solid State Electronics
AEYVPAZHA - CMOS B&
RREHEY AT LRES B (EHHIR)

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

Information
Devices Division

EEFIETS
R 5 (W AEHR)

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

O/ARVAEREY bOZY R - CMOS R E
BAELEETES R T L

OF /AR VB FOZY X - CMOS B4 &
PUBUERTES X T I

OMBIERE AT L+ 7—F TV F v %R

OxEY FOZY R - CMOS BET/ N\ ADFFE
BRI & B HATTSE

® Von-Neumann spintronics/CMOS hybrid brain
-inspired VLSls

® Non-Von Neumann spintronics/CMOS hybrid
brain-inspired VLSls

® Brain-inspired integrated system architecture

e Spintronics/CMOS hybrid device characteriza-
tion and design technology

OZRFTBEBFRT I\ A RADEHEREEREIL

OUZ7 1> - TINA ADEBFEERALHR

OFXRZ Y REMXERNECL ST/ TINA
AYIEDERE

e Multifunctional integration of 2D electron de-
vices

e Academia-industrial alliance study for graphene
devices application

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




HEF/ TINA AR W Dielectric Nano-Devices

EES /WA 27 Ls
CEZL TS = %)

Nanoscale Dielectric Measurement Systems
(Assoc. Prof. Yamasue)

EEMETY
FRAH (FALHID)

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

ORFH#Ri =R T DI EERRIFRTFAEX
BEERRT > 3 A b DRE%

O%HEE - BN T O— JTBHD Y X T LD
FAZE ERIERBFAH - 7/ ZFHENDISH

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

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

IMEREREERETRAZEE W Materials Functionality Design

nitraesRst
MRDEF (BHHER)

Materials Functionality Design
(Prof. Shirai)

OB—REHAREEMAFRICEDHLLAY
R R DEERRG

OREY FAZ IV RARFICHEIT 2BRURETHE
ISR

OREY FAZ I AMBITET 57/ BER
TOCADFE# Za1L— a3y

OKl - RFHEEERF T 22N I 2L —
¥ A VFEDRFHE

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

¢ Theoretical analysis of transport properties in
spintronics devices

e Computational simulation of nanostructure
growth process in spintronics materials

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

OFERTO—TT—2 A b L—Y DRAFE
ORFEE - EBRMBB LT /NAADF/
A — VA EDRFE

e Development of ferroelectric probe data stor-
age

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

PR
7 5 (FTERAEHER)

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

On®RENE
OKZE. KREEMOERIL LBEE
OB—FEBERRFEDRHE

* Matter at high densities

¢ Metallization and superconductivity of hydro-
gen and hydrides

e Development of first-principles structure
search methods




EBF 7/ AMFEE B Quantum Devices
BFTINM1R
AZE 5 EF (RIERIR)

Quantum Devices
(Assoc. Prof. Otsuka)

AEY bOZY AHZEE W Spintronics

T/AEVHETINAR
MRS E (FREAE)

Nano Spin Materials and Devices
(Prof. Fukami)

OBfRT / BEhDEFHIEREREEGR S /18
ETINA RDHZE

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

OMEL TINA ARZ LT —2REFEORE
ISR 2RMENMEL T/ ABREBRITO
R

e Electronic properties of nanostructures and
nanodevices

e Quantum devices utilizing nanostructures

e Informatics approaches in material and device
science

F/ERBTNAR - TOCAHER

T/ERTINMR
e B (RREER)

Nano-Integration Devices
(Prof. Sato)

Nano-Integration Devices and Processing

OREY +FOZY ZAMP - RFICHITHET -
eV S ZDISEICE Y 23

BF ALY BRI DOFIEICEE T 2138
OF / BiMEARROBXPHEED 2 1+ 3 7 (T
B89 BHIZE

SiEE - EEBBHAE Y FOZIXAAE
RTDRHEE
O BHMEAREFDAT - HELEBREIK.
BERIE RIS RBICRI Y BT

e 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

EFANTORERERILTOER
DT (IR AR

Group IV Quantum Heterointegration
(Assoc. Prof. Sakuraba)

T/ ERHRITHRY AT L
RS E (LA AEHER)

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

OBBETEN— Y T 77I<BEY 5%
OBFMEEN—FY T 77IcEY BH%
OBESRBIERNIES X 7 LB 2R

® Brain computing hardware

e Intelligent quantum hardware

e Brainmorphic visual information processing
system

OBEEIVBEFERICE2F D vILEDD
DIEREEMRIENET S A< VD TAt R
HY HHR

OV FHEGRBEEEFNT OWEDSEMEL
TRLXICEY B

OV HBEHBEEFANTOF/ T/ XDEUEL
SR LICEE T DR

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

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

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

ORI TRE % U RS R BB DO eeT
[illTE S et e
OmiEffax v b7 —J DHEBETIVICET S
Bz
OmfEfifax v b7 —7 LOBEROEICET S

R

e Bioengineering technologies for manipulating
neuronal network functions

e Computational modeling of neuronal networks

e Information processing in biological neuronal
networks
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Solid State Electronics

Staff

(B X))  (Shigeo Sato) = BER  Tetsuo Endoh
E2resd Professor % (3k) Professor*

PrEg  fE— Hirokazu Fukidome == Z5%  MaYitao
FEHES Associate Professor B Assistant Professor
feRR XE  Fuminori Sasaki

Hife Research Support Staff

¥ HIEE)

Research Activities

A=) rJlck o TaRb s SERLERRICEIRT 55177
JOYV—ICEBDOIFSNTERILY bOZ T R, SIiOWHER
FRE. MMM T 7O XOEM - 2X Ms9/NUT7ICBEE L
TW3, e, KEBNEBIAI— MEEOEBA >V T5EK3
Internet of Things (loT)l&. ZELHKEL T —PBET /N1 X
DB LTED, TDIcs. SIADOMEZE R\ eatEET /N1 X
DM EFREIFHRNGZRETH D, HABRETIE. IEAT/ A
AR (5717 BemEERGE) RRVEFRET/NA
ZADZFEICED L, FRH S T/NA AL TOHENEHZERAEL
ToTW5,

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.

¢ BB TFMIETETRSS | MBS

J25710%E L ET ZDiracBFRRUGaNGE ED T E
HARIME BWeT INA XDt Z. e oL T 27 /5
RIEATZBRE L CERICRAN. 727 0RO ETNnE
BOWTER LT /A ADESFMEDBEFREZRSHIC LTS,
ELICEREAMZRW Y 27 T V18 - BEFIIESIEEDR
RIFTST7 1 VOIEGIGEZRCDDTHY . T/ MIcLS
27 T OIS . EEEEHRIOINL TS, &
SITIE. R L 7/ RO DF v v T2 1B&H 545
> REEHMXR N ERR L. 35T/ 7\ ADT /A AiB%
FHEL TS,

1. 7271y RERFOZRTBOERE

Fig1. Graphene: A two-dimensional network of carbon atoms

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

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

2. BEREZTOCX - FHME—BEBL SiXREO SIME (L)
Fig2. A UHV-compatible process/analyses system and the STM
image of a éow surface (inset).
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Dielectric Nano-Devices

Staff
Ik #HFE  Kohei Yamasue

B Associate Professor HEEGS

Associate Professor

¥k EE  YoshiomiHiranaga

¥ HIEEE

Research Activities

FES/TINAZAREOEN - BiZlE. +/77./ 09— &ERFELEE
FHROFEACET ZMEORBENZ L. BLU. ZORRES
MEEXHRBEF T /A RDOBEENCRT 2 EThD, @HBEE. EFE
&, EEGEMEG EBEME—REHE - BREKRUZNSZ BV cEkER
BT INA AREBBERFOMEET> TS,

BEMICIE. BERT/NAAPHTI/INA A, Fe-RAMFHICZHEN. IFE
ZTOREREHNDEFE LV RFEREER DEEDO RN, RLEEROR
FINER ML BEN DEDREE CEAI T 2 EB IR A ERBEME
(SNDM) %#BI# L TWL\ %, SNDM |E38ABADIERE D EDHERR PR
FHMAAFIBELNICITA A HERIDEBTH Y. BHCEAELEINTWLS,
PIREED. WETIEEBBET 1 7/ A =2 &> TH Y. FEEITHL
TERTFOReTER L TV, ABHEE G Z ($RFBARGCROBEE
BICAWNE (ERRETH > BeBE R BRI AN RIBAIAEICE
558 ABHBIGEFEMHOTEICE CE5T . SEAEHRENR
AEND, REECSNDM &7/ RAA VI VIZ 7 )G AT LAEBW
BREBART—2A M L—IICHVT. RERTIFAAVFEHEY 475
Ev bOTF—2AML—IICERBLTVS (K1),

Ffe. SNDM IEBEBENEGHEBEHTNA RO K=/ a7 7101
MR — S BEREIMED S/ R — Vel EICE KERE %
BT S (M2, TDESIT. SNDM IFBFEBIKICIRS $H AR EHE
ENERELDODOHS (K3).

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

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

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

@ FES /WY 2T L
HRAS | LAk

FROBEREEICAAIRBRMRBFHE - 7/ AOARFEREICERT
27/ - RFART—IVIEDERA T S b T x — LRI BHZRICEY
HATWD, FICHBREPAEICECSDBICBEOLMUEZRFRAT —
IV CRIERTREG EB IR A BEREME RT3 X b LRENS
TO—TEMEERERELCW\ND, Tl REMEE ZEEE - REO#E S
O—T7EMAHN Y AT LCREEEZ LERIC, 22— 3 ryPT—
LT TO—F EREEL. FIRE 2 Rk - TN AR T4 BN
Y RF vy THEBEME - TINA A2 BEEBEEFMA « 7/ ZFHEAN
DISRZREY 2MEZRERLTL2,

HEMETSF
NSV 173

BENT | FAAKIE
AMEDF CIERFEARTO—T T —2 A N L—YDEAZ B LI
WEHELTHY . SEREADIER - FHED SECEREE > X T LDIEEEIC
EHE T, BLVAEEEZT O TV, o, EEMIHGTHAEXREW
FHEE L CEICGERFER - EEAMROFEICET MR EERNIC
T2TWVW%, TEROEN N AA VBRICEE ST, BNEOBREEHE
BSMNCT 2FHMEFEOREZBL T BZOTORKEICET HMRZE
LT3,

1. BNDEBREE Y b T—2ICKDRIBERT
24 (4 Thit/inch?)

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

power MOSFET

- 0 +
oC,/oV
2. SiC/\T— MOSFET @D K —/X> b
A7 74 )LDt
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.

N

EEEEZ

3. BRETFERERIIRTFABERRT > 3 4
FUITED SIC £V ST 2V DRFHRAEERR

Fig.3  Atomic resolution imaging of graphene on SiC by ultrahigh
vacuum noncontact scanning nonlinear dielectric potentiometry
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H#f 1EX Masafumi Shirai fIEs #1Z2H0  Kazutaka Abe F3 g

BIE Professor AR Associate Professor g

T A Masahito Tsujikawa HE OMY  Hikari Shinya >
BhE Assistant Professor Bh# Assistant Professor
Tufan Roy  Tufan Roy FHLE JNE—BR Jun-ichiro Inoue

FHEENH Specially Appointed Assistant Professor 8 Research Fellow

¥ HEEE

Research Activities

WADBERT /A A, KEDBFREILE - {mF - 58RI 2
DITHFERPHIEARG ERAGHROFBENTVND, FHRE
DOHRERERIEUTDESY TH S, (1) RIERBEHRT /A ZADE
BEBDMEDT /BEICEVTHIRT 2B FYIRRRZ ERN
ICHRBAT 22 &0 (2) 7 /N1 AMREDA LITDED S 3T L UMAE
ZHITHMEP T/ BEEERRFTT AL, Q) AR
L—> 3 iz Bt LBt - HREDRETF A& HEL
IBHTE,

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.

@ IIERBERETIR DT | BHEER

BFOBILBEREAL Y DEHREZHICFIB L LU e
TINAADORBEERLIEALEY FOZ7 AAERO—ERE LT,
BAEVRBRPZNEBWN T /N REEICBIT B REY
KEEREEDERETZELHMERT —<ELTWVWDS, &b
BE—REBFABEMMFEEZEFEDEHI N > RIVESE
AR ORRP ROV AINEFEEICER L e AEBRMEDE
FRIARICIER LT D,

RRETEEZE I HFERAEY FOZ VAN ERRT 512
. F-REBHBE L ETIVFHEEZEEEIRRIEFERDNE
KT EERTTHEHIT T — FBEICK DREMEFEEDEL
CHEMERIEEZRE Lfc, Efce N—T XA ZIUMRPIEY
FruTUAEEEE VO EMGBEFREZ RT MR L
T. BREREICHS T E/MZTMT 5cdDE—REFE
FEDRREICHRA TN,

@ RN DE | FIERAEZIR

BRERE CIREN RN Z. B—RENFECLIROT
W5, BIEDMZENRIE. BFRFERFRICED( SEERY
DR TEHATNTVS, KRLaMOEELBAR. £l B
—REABEICLIBERRFEZOREICEIIHA TN D, KA
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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.

To realize semiconductor spintronics materials with novel
functionalities, we propose new methods for controlling the
magnetic properties and demonstrate materials design of
ferromagnetic semiconductors (FMSs), on the basis of the
first-principles calculations and model simulations. We also
develop first-principles approaches to estimate the transport
properties at finite temperature for half-metallic materials and
spin-gapless semiconductors.

= 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: 2/ —ZIVARIC K UL E N fssBiE 8K (In, Fe) Sb @
REAR (£) LEHE (A)

Fig.2: The "Dairiseki” phase (left) and the “"Konbu” phase (right) as a
consequence of spinodal nano-decomposition in (In,Fe)Sb FMS
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Quantum Devices

Staff

KZE FBE Tomohiro Otsuka
B Associate Professor
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Research Activities

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

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

W EFT /N1 ARRDE | KR

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

o)
RF readout ﬁ

FEEEF Y N O—T

Semiconductor quantum dot probe

= Quantum Devices (Assoc. Prof. Otsuka)

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

als and devices utilizing nanostructures.
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Charge state control in a multiple quantum dot device
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Spintronics

Staff
KRB A% Shunsuke Fukami @3 B ShunKanai
HI% Professor BhE Assistant Professor

NE #2F Noriko Obara A+HRBZ  Chujilgarashi
ieas = Research Fellow HATEE

Research Support Staff

IR %KX Yuta Yamane Justin Llandro  Justin Llandro
B (3 Assistant Professor* Bh#

Assistant Professor

S XE  Fumitake Shibata
HAEE Research Support Staff

¥ HIEEE)

Research Activities

EUAFDERP R BMEOIREA HIE L TEHICHBT 5
EEBHEL. HILLWREY FOZU XME - BEORFEYZC
THREINSAEVYEOERRE,. MOREY bOZ 7 ARFISH
ISR BHIZEATT > CW\5, e, mEBERERE. Il (E.
HERBM, BF) BRLELGEADOLBEERE LT, SR - &
HEBNAEY FOZVARTFORIMICET A EEH T
%, BAMICIE. BHHIRS > RIVEERF ORI & ISR,
ERPERE BV BRI R, XNy 2 VIR E
HEBWEFRALY OZT AMBORFE., RIEHAL>Y ~OZ
7 AR T O THEA - ST A SICBET 2R A T
W3,

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

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

T/ E&A/TINMR - TOLARRE

Nano-Integration Devices and Processing

Staff

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

Specially Appointed Assistant Professor

L ROEWE D)

Research Activities

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

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

R [F « X EFERR R S
For further details, please refer to the “Laboratory for Nanoelec-
tronics and Spintronics” section.
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AEBCEETRS
HEECBEMES
(FEER##R)

Ultrahigh-Speed Optical Communication
(Prof. Hirooka)

Ultrahigh-Speed Optical Communication

FRHE 2 7 LRSS E
(BH#HIR)

Lightwave Control System
(Assoc. Prof. Kasai)

OfER - BMERAGES LUESNIBICET
5

OFIZ)Iabe—L > MECBEEHENAILT
A~ bR—)L\DERH

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

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

ICHEFAFHER
ST+ =R
S5 (\IRER)

Highly Functional Photonics
(Prof. Yasaka)

Applied Quantum Optics

O RAES Mz 7Y 20— >
N CBENDILAICEY B8

OBRHZERL —T EZDHFHTRNDS
FRICEY 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

Broadband Engineering Division

(=X e gl e ad
(HFHAHR)

High accuracy optical measurement
(Assoc. Prof. Yoshida)

OHMESITRBHFEES T/ \A A BZRFE D
5

OB SR

OB SR DR
OFTREE S HICEIARERDBIZ

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

e Highly functional semiconductor light sources

¢ Highly functional semiconductor optical modu-
lators

¢ Novel functional semiconductor photonic inte-
grated circuits

OFREZEL—T EBIBEHANDIGA
DHE

OB/ IWRAE— FRBL —T & BIREIRE -
FER A D DUREEANDIG A DS

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




92 b L—IY 27 LRRE
BRA =Y AVE1-T1V5YATL
MRS T (BPHER)

Information Storage - Computing Systems
(Prof. Tanaka)

Information Storage Systems

ST A L R BRI E
iR 1 ¥ L 2@ ERiT
RS EF RIREER)

Advanced Wireless Information Technology
(Prof. Suematsu)

O6GALHERT AV L ABER Fv xR
fER DI

OZ VR U7 2V BRERBIEE D
OFA LY ~7T«242)1 RFESHIRERE DI

O#XEHEZAWVN Oy —>Y3>-¥3—Fh
Ay =V BIEDHE

ONERBIEY AT L/ T 1\A ADAFE

¢ Broadband wireless on-chip transceivers for 6G

¢ Millimeter-wave/submillimeter-wave IC's

e Direct digital RF signal processing

e L ocation and short message communication
system via QZSS

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

Advanced Wireless Information Technology

kKB aEar—3y
295 (GreavesEHIZ)

Recording Theory Computation
(Assoc. Prof. Greaves)

OBWAN L=V RT LT —F7 U F vICE
I BME

ORMEARBE/N—FT A XV RS54 TICBET
B

OR ML=y &aAvEa—T 1 V7 DEE(IC
K547 )T TV RICEET B

¢ Information Storage System Architecture

e Advanced High Capacity Hard Disk Drives

e Close Integration of Storage and Computing
for Intelligent Systems

OBRAML—ITNAZADA 7 OHX>
Talb—v3v

ORMABESREN— T4 R7 RS54 JICE
ERRYE

OBSAML—VICBVLWABANY RET A RTD
B3

OF DR A R L—IF /N1 R

e Micromagnetic simulations of information
storage devices

e High areal density hard disk drives

¢ Heads and disks for magnetic storage

e Other magnetic storage devices




HB70— F/\Y FMES0EAZEE W Ultra-Broadband Signal Processing

B70-FRNYRTNAR + YATL
MRS (BidEIR)

Ultra-Broadband Devices and Systems
(Prof. Otsuji)

B70— RNy FFI\1 2=
R (RREAEHER)

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

OUZ 77Ny L—HY—0DaIH
OZRTRFEBRENT OFESORIB L ZDHR
BT SNVYHEFT/IA AISA

OVZ7x0T4ov I TS REVDYEES
DT N\ VY HEREIS R

OBAXY — MIRORBICATEENIRIVF—
LIERBEEDR Y b~ BERE MDA

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

EFIBRIFHEE B Quantum-Optical Information Technology

EFABERYATL
R (RAl#R)

Quantum-Optical Information Systems
(Prof. Edamatsu)

OFFEZRVLEBFLONNFORE - B
FEDRFE BT BREENDIGH

OXT7 74\ JERE FEGFSFEEZ A
WeBFREREBET /1 ADFHE

ONFERVBIRE F5HAL BFRERIER
TDRFE L5

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

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

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

OVZ 7 W HEEANT OIEERD
RATZREVICETDIMBEHLOZDT S
NIVYEIER - HTINA ANDISA

OV Z 7z VBT BT NV YEIEERIEICE
TEHRAELLOZFDT IANIVY L—DISH

OHMBFHET v T7aAVI\—Z2DHIZE

e 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

e Photonics-Electronics Convergence Carrier
Converters

EFABERTNAR
RS EF (EHEHR)

Quantum-Optical Information Devices
(Assoc. Prof. Kaneda)

OBFNR. 7'— FTINA RABEEDEBEFIERNLT
JNA ZDFEF
OFMEFZISH LIS ORE

e Development of quantum-optical devices in-
cluding quantum-light emitters and quantum
gates

® Development of new technologies utilizing
quantum states of light




HEECEEMRE

Ultrahigh-Speed Optical Communication

Staff

&M {BZ Toshihiko Hirooka
Bi% Professor

Keisuke Kasai
Associate Professorsor

B BN
HEUR

W HHZEES

Research Activities

FOBEY AT LI SR mEER. ESNERMORRICK
AN, TOBERERYE - LFEEEZFERL. ICT A2 72 0HhK
WEBRRME LTRBEZRITHRITRBEL TV S, 5% BE
HICHEAR LT 21EHREZ. WO TEEINTHLEICTHLEEIC
DECRATBERME LTDESED A/ N—2 3 VHRD
S5NTW5, AAREIF. O — LY AZBRE TER L.
BERBELOMEEZLAIELT 5. BEE - BABECTEF2
TEDOLYU IV NEHEAGRERN. 8X0TNSERSD
TRVWIXIF—HETREL D 5EHEEY X T LOEHRZE B
LTS,

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

ViES

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

O KEEIE R T LTS | BT RS

KRR DE CIEFCAAEEERIL— TP EABBRE Vo EEER
SCRAARHIEE T & CNERW T V22— LY b EENIE
ERMOMERFICIR YA TND, lee BRI1SUMEICS
1T I EIREE (L L —T & T DB TS TRANDISAIC
B MR EED TS,

BEECBERBROKT

Experiment on ultrahigh-speed optical transmission

= Ultrahigh-Speed Optical Communication
(Prof. Hirooka)

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

= Lightwave Control System
(Assoc. Prof. Kasai)

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

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

Staff

J\Ix ¥ Hiroshi Yasaka FH EBEA  Masato Yoshida
E2resd Professor HEHES Associate Professor
#HE {S% Nobuhide Yokota

Bh#L Assistant Professor

W HHZEES

Research Activities

FOBIE S AT LIRS e FREENTIBIN T B TcdDIET 1\ A A
B, RUFHHEAKBERBEERY NV -V VAT LZRRT B
DDEFNGHEENT /A AP L—THRORREERE LT
MRZEDTND . RARETIH. HOETHETLY FEZI X
BFEIC LB BRBIE - BEETAR. T /M ADER
HENFEZDREMEANDGALZLE, HLLEILY ~fOZVR
DHEORIZIEIHD>TWVS .

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 SHEET + b =T AMEDE | N\IREEE

HOER | — DAY TSR E RN — R & LTc B EE S T
INA R, RUFEBEF BN ERBIRR DM ERE 1T > TN 5, FED
BE. . A, REZBRICERSCEDTESFEERNLT
INA X - HEFRECRARIRT 5T & T, BARE - BREHCE
Exy hI—0DRBABIELTWVS, . FIREBICEDCH
BARSHEEE T I\ A ADBIHZBIE L. T/ 1 ZALNIUH S HIER
BEXY N T—U VAT LEEHLTWCZEEABIRLTWA,

O SREEETAMRDE | SHEARER

1.55pum S EEBZE L — T DRFE LT OBBENFHANDIE
MR EED T NS, EHICEBR/ VAL —T ORFEICE Y A
T\\k/\%)o

N

AR coat
(10%)

HR coat
(80%)

ICLM section
(220 pm)

DFB section
(375 pm)

BAZTHLGRL—Y

Schematic structure of hybrid modulation semiconductor laser

= Highly Functional Photonics (Prof. Yasaka)

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

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

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

20

— Viy =11[V]
15 — Viy = 10[V]
10 — Viy =091[V]

Norm. response [dB]
[}

0 20 40 60 80
Mod. frequency [GHZ]
BEFEKRL—FOIMESEERE CAE®

Measured small signal frequency response of hybrid modulation laser
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Advanced Wireless Information Technology

Staff

KR BB Noriharu Suematsu &™ BE~Z  Tomoyuki Furuichi

E2resd Professor Bh#L Assistant Professor

Jean Temga Jean Temga

Ra Research Fellow

¥ HZEES Research Activities

EREREEDTAVLRBED. BICEELA—IVDIRERIF  Wireless communication systems, such as cellular phones, have

TiE, INETHERTCLLRBETCEGD O/ V2 —% v b
LEOBE®K. BEEEREDT —2ESGIAY T VYOREICEH
FBRADBERUARDNERRENELSELTVD, T VL EED
FHE LTE TOdEMAZ BRICKBES EDTE HD.
FY T —=VDEEERLTICECTHLHERAST &b\éﬁbh
BB TDe&ITIE e BB RVEFR - BFERBLIT TR,
EDBFATH, BEFTH, XKEFTLHITEL2BREREED
RHSN TV, —FH. BIHEKS ? 2EMEZ TV ol
T—R85HkY LCH‘\‘M%) HEBNERD TG TUIE ST,
INETULEICERITHN L THENET T A v L BERITHK
HENTL S,

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

W el A v L AOBERA
MRDE | RAEIR

AREDHCIIHER - BERZHELEEERBRXY bT—7
DERBEABIRLT. BEEHIDEINEEDDEWEHT A VLR
EERAT (Advanced Wireless IT) (CBEY BHIZE % 5 S ALIE R -
TINA R« REEMHOBER - X v bT—UEMICESE T,
—B LT - EEET > TV 5,

EBMIBRIE - 7/N1 R - REFMOMERE L TE. UaY
CMOS Hffi# B\ eBERAK®E RF /N —7 > 7« vt 1
B FPEEDR - BE BN YT FEY 1 —IVDE
BRETO>TW5, ZL T, N5 YAV RF 7N AL T
TFEIVA—INEEDTA YL EEERICHERZEIEROE T
. T4 IVZ)IVEIREMERBWCHES DT I 2IVT VAT Y
R RF 7+ 0O JEROMZE - BEREZT> TV 5,

ZEHE - 2y b OREMOMEE LTI BEE - hEk s
ICLBEERBEIEICHEEZRRY NT—0 7 VA KAREE TS
IERDOLE - SEENAIWTO— RN RTOAVLRT U+
2 (MBWA; mobile broadband wireless access) DHIZEA1T> T
W3, Ffes ZT7A4R - RET A VR IVEREZY T —U#
BAEE TAHL D%, BEE - 8RTVA VLA LAN T 1YL
A PAN (personal area network) DBfZE&ETT> TN 5,

Satellite

Network £ J

ﬁ q High-Speed Optical Network
Y \4," Internet
= Cellular and MBWA
\ \V/ Base Station
. T

afety vehicle) with DWS

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

= Advanced Wireless Information Technology
(Prof. Suematsu)

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

As the studies on signal processing, RF/Mixed signal device
and antenna technologies, we are developing RF/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)

Mult Tx Mixer

Ant

Rx Mixer

Multi-band RFImmWave CMOS |c
Beam-forming

Beam

domal
Forming
E' E‘ Channel Estimation
Signal Processin

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

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

W HHZEES

Research Activities

KARDEF CIIABEIFERZRELRDIBERA b L—IHfI<E
TBHHEEITOTNS, loT P AIZEMELZE Y 77— 2 1EHRE
FRORERTILADNMENTEY . RERDBERBES AT LOS
Eitichliy @R - KR8k - /> 7 IV 1 AMEFFEA T
BRAN L=V RT LOBRNLEN TS, ANFTlE.
TEMTCHAHBBERIA S L—I DEDTH. AITFICT
FKPThEERRGERZ BV SEHAR. 7/ 1AL X170
RIXTA v I 22— 3 v a@EoeBEMEE T INA XD
ETIVCDRHRIC K D EFRBE S HREOm EZBIEL T2, 1
B ~OEBELNE S/ A —2OAUT WS TIERDOEREEE
BRANL—Y (7Y FAML—Y) & TNEAVSER
AENHEABEA L -V YR T LORRZERICLTNS, E
ICTF—RA ML=,V Ea—T a7 RIEHEEER2/ A
MRORBET —2DBFZTOHLVERANL—Y - OV
Ea—7 427V AT LT MR ZETE2TWN S,

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

The amount of data generated in the form of multimedia, loT
and Al information increases dramatically every year. Next
generation advanced ICT and information storage systems
with high performance, high capacity and intelligence are
required. In this group, we are conducting research into high
density information storage based on perpendicular magnetic
recording and maPnetic devices invented in this laboratory.
Magnetic materials and devices are modelled using micro-
magnetic simulations. QOur aim is fast, low power consump-
tion, high caﬁacity 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 advanced information storage and com-
Euting systems to handle Peta byte class mass data analytics

y closely unifying both data storage and processing.

W IERANL—Y - OVE1—FT A4 VIVRT
MZEDE | BHEE

FHENEF ClE T— 25 - RETDEVWDIA ML —IDE
ROBEEN—=RIC, BRME KBEMW. (V7)1 AME
FRBATHTIZBERA S L —I AT LOBEICES, I8 -
TINA ZABMDS 2 AT LN VIS OTe 58T AR ZET 55T
WBo YRAT LLNIVDEBZEBRFICANGHL S, Bz n
HELBERBRANL—VEBEDME - T/NA R« AEURK
iz —BERETELHLWVERA N L—I VAT LDA VT )
I 1V AMEDHARETE DTV B,

¥ aSgESRO 1T 3
HZEDEF | Greaves AEZIZ

BREESRICER INABMEMBOESEE T IV Blcdic. <1
JOBXY I 1 L— 3 HMERENS, iz T 7 /b7
BIeDITEERDELZ DEMR T ZE T 5 ENTES, I,
BREXET/ILOSDAY REFRATHZBWNT, B2l —
DIAVEFTOITENTEDS, N\ REBEDERHE, ETIVEE
LTRBtT BT ENTES,

MOESTNA REETIVET BT ENTES, —fHlld. RBH
MHREEEB CHAIMR T VA LT 7 AAE) (MRAM) T
BB, WO A7AOBKXYZaL— 3 >OFERITRY,
COHEEHNEWVBATE NEY 2 E LT BIES /T A7 —,
QRTAE VT AR, BEEC VA TRIVEF—T7 VX MEEES
FEENBFEND,
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Fig.1 Nano-scale analysis of perpendicular magnetic recording

= Information Storage + Computing Systems
(Prof. Tanaka)

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

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

= Recording Theory Computation
(Assoc. Prof. Greaves)

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

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

EEDE Y

(R & IR SR
2 RAVOWXTZaL—23v0f)
Fig.2 Examples of micromagnetic simulations
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Ultra-Broadband Signal Processing

Staff
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@ HRIEE)

Research Activities

AAERHF ClE. WEKERBOEBEBEE THAHIUE - 77N
VWi (BT 2R SOEMERE. BT 270l KB
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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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= Ultra-Broadband Devices and Systems
(Prof. Otsuji)

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

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

For creation of millimeter-wave/terahertz devices based on new mate-
rials and/or new operation principles, we are theoretically and exper-
imentally investigating physics in the devices such as electron-trans-
port phenomena and optoelectronic properties. Furthermore, we are
conducting research and development of the devices for their applica-
tions to future ultra-fast wireless communications and photonics-elec-
tronics convergence networks.

UTC-PDmesa

UTC-PD

HEMT

FKERKAN: 5 dBm, 1125 GHz
RF-LOAJ: 15 dBm, 90 GHz

Optical data signal &

optical subcarrier signal 1-MHz span
€ ' ]
0 ~ UTC-PD_L#B
3 EIEHEMT
‘@ -90¢ p—
< 100} FEREIHEMT
€ -110
w -120F . 1 s

Frequency

BREIARYS ST 1Y SV VREL—H—FF (DFB-
DG-GFET) DEFEMIREE, FISHRHK& Q ERITRER.
B—E— F7INLY L—F—RIROBAIBER
current-injection graphene transistor laser (DFB-DG-
GFET). SEM images, measured ambipolar property,
simulated modal gain and Q factor, and world-first
measured single-mode THz lasing spectra.

ZERINETFS— NS T TSy I TS RE
VRS UIRRICK Y ERRRE 4 EULBEBET SE
KINSIT LB T IV BEEE DIBIEIC AN
Dual-grating-gate graphene Dirac plasmon transis-
tor, demonstrating coherent terahertz light amplifi-
cation with a four-times higher giant gain than the
quantum limit

UTC-PD LEREE HEMT B FREE = U RF DRI,
BTEMETE, S+ 7 HADORERSR
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
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Research Activities
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Current information and communication technology utilizes
macroscopic and classical physical quantities, such as volt-
age or frequency of electric fields. The classical technology
will reach the limit of information density and speed in the
near future. The quantum-mechanical counterpart, “quantum
information processing and communication technology”, in
which information is carried by microscopic and quantum-me-
chanical quantities, is expected to overcome the difficulty. Our
goal is to develop quantum information devices utilizing quan-
tum interaction between electrons and photons in semicon-
ductor nanostructures, to obtain further understanding of their
physics, and to apply them to practical quantum information
technologies.

O EFLRERVAT L

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

¥ ETFHERT/INMA
DS | @BAEZER

HEFER - AE2EFETAFMEBIRDH. 2EFHFEPLIEGFINFE

EEME L CAIREEHONFPEFEONERSEFHT /A A

HREEZT> W3,

L]
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Unpolarized

Single-photon (e ¥V
emission 52

1. ZAVEY FROARFIRME (N D) ZRVERELE—FHRE.

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

= Quantum-Optical Information Systems
(Prof. Edamatsu)

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

= Quantum-Optical Information Devices
(Assoc. Prof. Kaneda)

Development of quantum and nonlinear optical devices to-
ward large-scale quantum information and measurement ap-
plications.

Photon in Nonlinear crystal

pul‘—I——»

Photon pa|r Noﬂllnearcryshl

Dlﬂerem > ;ﬁ- l:: : .l
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._I_/:“LMHH_;_"* C———

Honzontal ® Vertical
pdanzahon polarization

2. EREOBFEONNFRESEDEEN,

Fig.2 An illustration of the scheme for producing frequency-entangled photons. A
nonlinear crystal has two different poling periods so that produced photon
pairs with orthogonally polarized photon pairs can be frequency entangled.
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Electromagnetic Bioinformation Engineering
(Prof. Ishiyama)

Electromagnetic Bioinformation Engineering

OMSFRL>Y Y Y IV AT I
OB EREH ARSI
ORA VO[TV F1T—4
OHSH AR ERERKES

¢ Sensing system utilized magnetics

¢ High-frequency electromagnetic measuring
system

® Micro magnetic actuator

* New medical equipment using magnetic

MNIE TS AT A

L

Human Information Systems Division

RERIAVE1—FT 1 VTHRE

(S BHIR
FISEAE (R

Electromagnetic Bioinformation Materials
(Assoc. Prof. Goto)

OF /A7 OHKIEE MR
Ot>Yo Y IBTINA R - BEEHSAR
OLARCABSNEMH - T/N1 X

e Nano- and micro-magnetooptical materials

¢ High-frequency magnetic materials & devices
for sensing

* Magnetooptical materials & devices for
bio-applications

Real-World Computing
RFIAVE1—-FT1 Y
MEDF (GREER)

Real-World Computing
(Prof. Ishiguro)

OBABEHBREY 7 bORy O
OEfTREX. RiT. H17. ETICHITSBE
bar: 1 Gallil
OZEZFHIRZ2EVORBRED HEMNAEE
EORT A7 ANDISH

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

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

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

RtRYBETI VT
753 B (hNamAESER)

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

OxBEY A7 LOBEDHGIEICEE T 2%
OBNDOEBAHZXLOBALEORY b
DIGAEICEY BH%

e Study on autonomous decentralized control of
traffic systems

e Study on swarm formation mechanism and its
application to swarm robotic systems
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Visual Cognition and Systems
(Prof. Shioiri)

Visual Cognition and Systems

s S
RS (M)

Attention and Learning Systems
(Assoc. Prof. Tseng)

ORRREE DRI IE SRR DRIE
OBRBGEENFIE & RENEEMBEDOET UL
O 3 RITeBHDMER. TH. BRERFIEDOHZR

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

* Modeling control system of eye movements
and visual attention

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

FIREEMY AT LHER ' Advanced Acoustic Information Systems

SENRE Y 27 Ly
FiSE S8 (IRAH)

Advanced Acoustic Information Systems
(Prof. Sakamoto)

ORERUEARENRIBRLIBERZDHE

O3RTEEBBROBIEML YV Y TV AT s
DB

OBERBEBERUEBICEDCEBBERI AT L
DIFEE

e Mechanism of multisensory information pro-
cessing including hearing

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

e Auditory information systems based on multi-
sensory information processing

ORBEGEBDA D ZXLEETIVL
OZREHRLFE

e \/isual attention mechanisms and models
® Multi-sensory perception and learning

SREBRAGEN AT LARE

Multimodal Cognitive System
SRERBMRSRM AT L
RS CRH#AER)

Multimodal Cognitive System Group
(Prof. Sakai)

OKE - REZHOLETHZRERRREGT A
T LRI 2%
OZRBIERASDEZEISHICEY %

e Research for understanding about the system
underlying multimodal sensory integration
and cognition

¢ Applying the psychological and neuroscientif-
ic knowledge about multimodal sensory and
cognitive system to industries
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AY8595747AV T YRE
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Interactive Content Design
(Prof. Kitamura)

Information Content

1=V TII4/3593Y
MR (SISHERER)

Human-Content Interaction
(Assoc. Prof. Takashima)

O1 RS0 71 7xarT 2 YDelE{t
BIROEZAICELD7IVI) XLEFALT.
TETELOAVTVVEERRISCTEN
1T ZLTA VRS9 T4 TICRRT DHL
WEFEZRREL. EHFELOHERAMEE S L
THRARIZISREED TV B,

O3RE—YavwrovigbA4va2s0 3y
ANDMHWFAEZED/ B D REFRE DEM S
BEIGE, MHETIEE L, >IEEBEAET
BEETRHLWVIXNTE—Y 3T AR
ANDOHEBEMZETIREL TV 5,

OFEFEBEREETALEFLLERBEIZ 1
r— 3 VO
BEOMAII 14/ —Y 3V CEELRE
ZIBoTWS IFEEEBE®R) £, BT (
Bl CTBBE &R L T) XL T,
EBMEHIWETEHBZIZ1Zr— a3
DTEDRELZRIIT BHDHESH TS,

%y

Interactive Content Visualization with Emerg-
ing Algorithms

We study new visualization techniques based on
emergent computation to flexibly display a large
amount of data and create novel applications
with academic and industrial collaborators.

3D Motion Sensing and Interaction

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

Telecommunication utilizing Nonverbal Infor-
mation

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

T/ N AREDFTINA AHARE

Oy - WRHREE I -1V 271 —X
ADFEHCHIG L CEEOER YT 1 &
FNICEB T 5T ENTEDHIHHN - B
ISR A V2T T =R AT LD
et - BUE - FHAICRE T 2R A ESD TV 5,

ON=FxIVIT)FTa0EA2R2TT—R
IN=F )L T )T 4 RTHRREEH RS
SNTHY. ZOHRTEH. FLld. ZEBEA >
TJoOMERR. OO—E— 3 VM. &
Sl & VIRRMGIEENCE LIc#fclany
FITU N TFARTLASEZBRELTWVS,

OANDBEEWICED A V2T 0> 3 Uil
ADBERDOBEORFAZER L. K4k
TV L TR BB TREGA V2T
Y aAVFAEEFCRMFOMNREAER LA
HSZRREFR L T3,

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

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

We explore optimal content manipulation tech-
niques based on human'’s physical and cognitive
characteristics for various screen types (e.g., mo-
bile, room-scale screen, and virtual environment).

Nano-Bio Hybrid Molecular Devices
T/ N ARERFTINAR
MRS EF (FEHHER)

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

OANTHIREREICE D 7\ RDBEEEIGAIT
B89 2Hi%E

OF / BEERDBERENAF 2 HISBICET
HHf5E

OEEMHEMiaE BUO e A THRERBICET
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O%EHFN T - HRERBOETY VJICET S
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OB VI RZEBWETZLFTILTIN
A RICET BHE

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

e Fabrication of nanostructures and their bio-
sensor applications

e Construction of artificial neuronal networks
based on cultured neurons

¢ Modelling of biosystems and neuronal circuits

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

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

W EHEHIBFRARDE | AILEE
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THLHI. TNORBEEIRL VS, Feo ERICBENTZ
T2FEE LT BMREMNEFE ST I\ REZDIHDIREE
RET2CWDE, BFEET/N\AARRDHIC, BFEF/ - =
AV AT —VOBRE KOFAEZED B L TW

BEREOTHEY
High-sensitive strain sensor

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

= Electromagnetic Bioinformation Engineering
(Prof. Ishiyama)

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

= Electromagnetic Bioinformation Materials
(Assoc. Prof. Goto)

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

Spin-controlled laser

AEVHEL—Y—DTO a7

A prototype of spin-controlled laser
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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.

@ EIHEBR 2T L
FEANT | AR

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

157¢ch DAFERAE—AY AT LEBWET Y EY 2y 7 ABEEMEEHEE Y AT A
Accurate sound space communications system based on higher order Ambison-
ics by using 157ch loudspeaker array

= Advanced Acoustic Information Systems
(Prof. Sakamoto)

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

Elevation [deg.]

MEARDBBRERE, BEBAMIAICKE > TRAMICELL TV S,
Head-related transfer functions as a function of elevation.Poles and zeros change
systematically with the rise of elevation.
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Visual Cognition and Systems
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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.

¥ S XREIFRY AT LAEDE | EAHE
HEDOZEBHMBEAFOIC, IIEREOEERICHIT 2R BN
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* Visual Cognition and Systems (Prof. Shioiri)

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

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

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

030 ABMRIIIERLCAITS by 72UV OEREABVNREEBUIDFBICAIFSNZRNLT v
ARV SN TWS, ZHUSKH LT FORY 5 EORIBICH T BERNROGELHSNTLSBH, by
TRV VEBRR LT v TABLEDOBEBEARETH ofe, HLlE, FHARAGVERGETHLFOMENR
RNBZEET 2ERNRNELC S EZASHIC Lz, TNIEFORDNDIRFED. REDK b L
T IMEBIELBFETIEE . VWh2EERBEERICE2FOMBOBRIRRICHES 2T ETH
BT LETOY, Efe. REFAORTMIBEZEEL by 7H 0V EBNMFEDBRAICEIT SN T T
END. BENICAT2EREFBIDADZXLDEBETHZ T EHDD B,

Attention Less
(Z score)
°
2

Flash Lag effect

More

Right handers

In our psychophysical experiment, an observer watched visual stimuli through a half mirror. To isolate
hand location information through proprioception from vision, we made the hand invisible to the ob-
server. This left the proprioceptive signals only for an observer to know one’s hand location. To isolate
the hand proximity effect from top-down attention, the location of the target stimulus, where top-
down attention directed to, was fixed at a fixed location during each experimental block. To exclude
effect from hand action to respond, we did not use reaction time experiment but instead the flash
lag effect (FLE). The FLE is a phenomenon that occurs when a flash aligned with a moving object is
perceived to lag behind that object, and attention reduces the amount of the FLE. We measured
and compared the FLE when a stimulus was at the hand location and when it was at the other side of
the display. Smaller FLE was expected with a hand nearby because attention is known to reduce FLE.

EhEEbDOAZT 2=y avid, —HICHTED, ROBE, BEREICLZREELETTI,
AHE T BEMEESICEZ I 12— 3 VICDOWTRETYT B7edic. EEL YT —
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o BT ol b . . 4 Interpersonal communication can be carried out in various forms such as side-by-side walking
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Information Content
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Research Activities
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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.
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= Interactive Content Design
(Prof. Kitamura)

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

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

W Y
M;}m;,é" U ‘}

Virtual

-

T

UOISIAI] SWiS1SAS UONeWIOJU| UBWINH

#
>
Z
-
N
o
%
s
=




>

s

UOISIAI] SWS1SAS UONBWIOJU| UBWNH

w
%
A
=
AN
i
=x
25
!

ROV EI—TFTsVITHREE

Real-World Computing
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Research Activities
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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.

FRUE T7 L1 >0 1 PR R) S
For further details, please refer to the “Laboratory for Brainware
Systems” section.
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Nano-Bio Hybrid Molecular Devices

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

FME 7 - IEEGR) S
For further details, please refer to the “Laboratory for Nanoelec-
tronics and Spintronics” section.
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Multimodal Cognitive System Group
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HI% (GR) Professor* BhE Assistant Professor
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Research Activities
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The purpose of the Multimodal Cognitive System group is to
develop the achievement of RIEC in the research about human
information systems, and to improve roles of RIEC in the research
fields of electrical communication. This group aims to study the
basic mechanisms underlying multimodal cognitive systems, in-
cluding vision, audition, tactile sensation, gustation and olfaction,
together with the related groups such as the Advanced Acous-
tic Information Systems and the Visual Cognition and Systems
groups. This group also collaborates with the Yotta Informatics
Center to study the quality, property, and value of the multimod-
al cognitive information. The group welcomes researchers and
engineers in industrial societies, not only professors in academic
societies. Also the achievements of this group will not only be
published in the academic societies, such as psychology, neu-
roscience, sensory studies etc., but be applied to develop new
products.

FFMIE [ EE A BRI A BEE [EHRAE E et A > X T A
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For further details, please refer to the “Division for the Establish-
ment of Frontier Sciences Multimodal cognitive system " section.
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Systems & Software Division

AVE1—T« V7 HRRERMARE
B Computing Information Theory
AV Ea1—T71 2 JRRER
WHF 7 B (PEHIR)

Computing Information Theory
(Prof. Nakano)

OARZMB LUARF — b b OEBER
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® 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

AZa=Z45—varvxy bI—UVHER

B Communication Network Systems
BHRRY bT—0T7—FTIF ¥
MRDE (RE)1HER)

Information Network Architecture
(Prof. Hasegawa)

O=fE - 2t - erAERRY hTU—7
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e Highly reliable, high performance, and highly
available information network

e Design and control mechanisms of virtualized
network/system

¢ Next-generation mobile network architecture

e Performance evaluation techniques for ad-
vanced information network
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B Environmentally Conscious Secure Information
System
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Environmentally Conscious Secure Information
System (Prof. Homma)

V7 FAVELI—T A Y TERY AT LRRE
B Soft Computing Integrated System
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Soft Computing Integrated System
(Prof. Horio)
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e High performance/lightweight security com-
puting

e Hardware security for embedded systems

e Security systems conscious of usage environ-
ment and applications

e Electromagnetic information security

LR VLS 2 X7 LEAZEZE M New Paradigm VLS| System

BLZVLSIS 2 7 s
MRS E (PEHER)

New Paradigm VLSI System (Prof. Hanyu)
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¢ Brainmorphic computing hardware

e Brain-inspired neuromorphic analog VLSI cir-
cuits

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

e Brain-inspired VLS| system with consciousness

HELZVLSIT 1>
HRDE (BHAEHIR)

New Paradigm VLSI Design (Assoc. Prof. Natsui)

wRL2VLSIaYEa—T4V 7
MR EF GRRAEHR)

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

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

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

e Asynchronous-control/multiple-valued data
representation-based circuit for a high-perfor-
mance Network-on-Chip

¢ Low-power VLSI design technology based on
stochastic logic

OPVTIE5DETZ U —VLSIE/7—F 77 F+
|CE8Y BH%E
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F v BT HH5E
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e PVT-variation-aware VLS| architecture and its
applications

e Self-adaptive system for resilient VLSI

* Optimization algorithm and its application to
VLSI design methodology

e EDA/CAD algorithms for new paradigm VLSI
systems

OFERIRBICEDCEIRILF—N—FDzx
773 RICEEY %R
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e Energy-efficient hardware algorithm based on
probabilistic computing

* New-paradigm computing technique based
on CMOS invertible logic

¢ Brainware information-processing hardware
based on stochastic computing

e Ultra-low power hardware based on asynchro-
nous circuits
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Computing Information Theory
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Research Activities
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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.
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= 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-

s, W\

2% UNLXT L. TB550FECETAT S LDOFENEERERZL TR mantical properties of programs, while the formal language
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I EU of programming languages, as well as to program verification by
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Communication Network Systems
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Information network system is now ubiquitously spread in the
world to support everyday life and social activities of people,
and it becomes a key factor to create new life styles as well
as information society. This laboratory aims at research and
development of advanced information network systems from
theory to implementation.
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= |Information 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.

= Camera streams

packets Receiver

Server resources and functions

Server resource
(CPU memory

storage, OUtDut

(s + (s ]+ (coma) = [osome
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Biochemical reaction equations

Tuple space
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Research topics on Information Network Architecture
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Environmentally Conscious Secure Information System
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E2resd Professor Bh#E Assistant Professor
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Research Activities
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The emerging information and communication infrastructures
such as Internet of Things are expected to generate a new
value and bring us a more fruitful society. On the other hand,
they bring a new type of security risks that we have never met
and solved before. The new risks include the nullification of ap-
plications by data forgery and the falsification of critical control
information in factories. These risks are not always addressed
by conventional technologies and their naive extensions. We
are studying future information security systems from theories
to implementation technologies for constructing information
and communication infrastructures in a safe and secure manner.
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= 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.
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Overview of environmentally conscious secure information system research
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Soft Computing Integrated System
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Our brain is a highly-structured but very complex network of a
vast number of biological neurons. The brain is established on
a completely different information processing principle from
that of current digital computers, realizing its high cognitive
performance through a physicochemical system. As a result,
the brain can quickly and efficiently solve real-world problems,
which the digital computers are bad at or cannot solve. In-
spired by such information processing paradigm of the brain,
in particular, focusing on information processing through
physical dynamical process, we aim at a novel brainmorphic
computing hardware system,

FRE T7 L1 >0 1 P RER) S
For further details, please refer to the “Laboratory for Brainware
Systems” section.
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New Paradigm VLSI System
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MDD BEETEL L DD, D OBEEE FICHVLTEBE5ES
YEZZM T BVLSID T DEREHHlT. HERIWEFD—ETHDR
HAT 1w 7 EEERFRLIEAIIVF—N—Foz77)bdUX
Lo, RO ERM CIERBOIRE LS BETEERRT 51 >
N=T47)WaPv v EZOEA. ICBET5MEET> TN,

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 VLS| design methodology, electronic design automation
(EDA) algorithms for Nonvolatile logic-in-memory VLSI, energy-effi-
cient hardware algorithms based on stochastic computing and de-
veloing invertible-logic algorithm and hardware, which can realize
bidirectional computing for solving several critical issues, such as
machine learning.

FRE [7 L1 >0 1 P RER) S
For further details, please refer to the “Laboratory for Brainware
Systems” section.
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Laboratory for Nanoelectronics and Spintronics

AEY FAZY RS - HIZEE W Spintronics

T/AEVHETINAR
MRS E (FRREAE)

Nano Spin Materials and Devices
(Prof. Fukami)

OREY bAZY ZAMK - RFICBITSHE
AEVMELZDISAHICEY 5%
BF ALY ZBWTHMLORIEICE Y 5HR

OF / BEHEARROBX PHEED 2 1 F = 7 AT
B9 B

O=tee - EEEBNALY POZIXXEY
RTFORFE

OBHMARFOAEY - mIBEMBIE.
BERIERNIEISAICE Y 2158

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

¢ Control of magnetization utilizing electron spin

e Dynamics of magnetic domains and domain
walls in nanoscale magnets

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

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




F/ N FRERFTINA ARARE
B Nano-Bio Hybrid Molecular Devices
T/  NMARERFTINAR
MRS EF (FHEER)

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

OANTHBREICE D T\A ZADBFE S IGAIC
ESpaY iy

OF /HEEEDEELNA A HISBICEYT
S5
OFEWEMEEBUO AT @RRIREICET
BHE

O%EBEDF - #REIREADET ) >V JICBET 3
B3

OZRTNAFHRUCEDLLCBEF - /147N
A ADAIRGICEET BH1ZE

OB VI RZERBWETZLFTILTIN
A XICEET BH%E

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

e Fabrication of nanostructures and their bio-
sensor applications

e Construction of artificial neuronal networks
based on cultured neurons

e 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/ERTINAR - TOL XA - HIZE=E W Nano-Integration Devices and Processing

FT/EB/TINAR
R (EREEIR)

Nano-Integration Devices (Prof. Sato)

EFANTOMEERERILTOER
R (REAEHIR)

Group IV Quantum Heterointegration
(Assoc. Prof. Sakuraba)

T/ SRMRERRY AT L
R (LA AEHIR)

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

OBEETEN— D T 7I<B9 B3
O8FHIge/\— KU = 7I<B9 2%
OREURBIBRNIES X7 LICEY 2%

e Brain computing hardware

¢ Intelligent quantum hardware

e Brainmorphic visual information processing
system

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

OVEHEFaEEEFN\T OBEDBERL
TO+4 XY B

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

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

Large-scale integration process of group IV
semiconductor quantum heterostructures
Fabrication of high-performance nanodevices
utilizing group IV semiconductor quantum het-

erostructures

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

Omiffax v b7 — 7 OHEBETIVICEAT S
wize

Ol v 7 —7 LOBERUEICET S

i

e Bioengineering technologies for manipulating
neuronal network functions

e Computational modeling of neuronal networks

e Information processing in biological neuronal
networks
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Staff

BE =ZE Yoshihiko Horio
mRE #R)

Director, Professor

3888 Cooperation Section

HE A lori Morita INEF SIJE  Rikima Ono
BT A=) Technical Official HitEe Technical Official
H#& f®E Michimasa Musya

E Technical Official

Laboratory for Nanoelectronics and Spintronics

lanoelectronies and Spintr
e

" N
itute of Electrical C

[/ « A RERHER] (& AAZRAMBIZEMHEER & L CFR
16F481HICKESNZ. TOEMIE. BHREEEEZAST
JILZ b OZOR - REY MOV ABBEMARET ST &
ICHB, INERIBT B, T T7OV S LICHITBHZEEH
HEIED O DEREEE | L > TEisEnfc S/ - AEVHBE
MTRE ZDEERBERN T AAZEH KUK & FEEE
RICHBERZES - BRADZMESF LT/ T/ 09—
[ICEDWREFOER « REVEEE T 2EBME T/ 1 A
MOMERFEEESD., T5IC2E - HROBIEENTFOMEE
DEAEEELHERTOY 10 MRRAHET 5,

BE. 7/ - RAEVBERETIL. T/ - AE R
MEET 27 /EB/TNA R - 7ALR AEV  OZV R F
SN FTREDTFTNA RADZEBRMAEE LT DERMEE
ELEBREBLY2—TAY o MR REER. ROBT
O— RN\ REBMIBHER. V7 avEa—F7 4 v IERY
AT LHRE. 8F7 /1 ZAMREHNEE L THERZEDHTL
%, INSDEAT. LEEREMEAEL. S/ Iy bOZ
R REV MOZVRTBFBEROL2—FTIT 0L >
A (COE) &GAHTEXBEELTVS,

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 Processing,
Spintronics, and Nano-Bio Hybrid Molecular Devices; 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 Processing

Group IV
Semiconductors

THz electronic device
technology

Ultra-Broadband | Charge
Signal Processing

=

Brain LS| Based on
Analog Neuro-Dynamics

2
PiasmonInstability
At

Dimensional ity
Control

Nanostructures

Biomolecules
Organic Molecules

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

Functional control of electron spins
Spintronics

Magnetic Metals
New-Functional Matters

e

Functional devices
ontrol utilizing quantum effects

Quantum Devices

="/ Voo

Industry-academic-government
collaboration

Soft Computing

Integrated System

| Nano-Bio Hybrid Molecular Devices |

“'};z

Project Office of the

Center for Innovative

Integrated Electronic
Systems
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COE of International Research Collaboration

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

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 University of York COE of International Ha;vard
(UK) Research Collaboration University
(USA)
CNRS (France) ke
University
University of (USA)
Salamanca
(Spain) University of
California
USA
The University of { )
Kaiserslautern -
(Germany) Chinese
Academy of
Sciences
Johannes
Gutenberg (China)
University Mainz
{Genneny) Singapore
i Spintronics
Unelvegenrsity o Consortium
TGemsaTyr? (Singapore)
oo 1HP&Berlin  The Technical| | Poiish UFSERas Moscow  Bauman Moscow
University of Institute of University Academy of &GP RAS State State Technical
Munich Technology Dresden Sciences (Russia) University University
(Germany) (Germany)  (Germany) (Poland) (Russia) (Russia)

T/« ACVRBMER CRELIERY Y RI U L

RIEC SYMPOSIUM ON SPINTRONICS

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

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

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

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

INTERNATIONAL WORKSHOP ON
NANOSTRUCTURES & NANOELECTRONICS

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

1th :March 1-2, 2021 12th :March 14-15, 2022

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

2nd:February 21-22, 2014
4t h:February 23-24, 2016
6th:February 1-2, 2018

8th:February 13-15, 2020
10th: February 18-19, 2022

1s t:November 15-16, 2012
3rd:February 18-19, 2015
5th:February 27-28, 2017

7 th:February 22-23, 2019
9t h:December 5, 2020

7th International Workshop on Nanostructures & Nanoelectronics

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

Spintronics

Staff

FE (B Shunsuke Fukami &3 &  Shun Kanai

Bi% Professor B Assistant Professor
Justin Llandro Justin Llandro LR #5AK Yuta Yamane
Bh# Assistant Professor Bh# () Assistant Professor*
Jiahao Han Jiahao Han INE #2F  Noriko Obara
ERa Research Fellow o= Research Fellow
A+EEZ  Chujilgarashi L X, Fumitake Shibata
BiEa Research Support Staff s =] Research Support Staff

@ RS

Research Activities

BEAFROEFLAL Y BLORREEFIE L TEHNICRIBT 5T
EEBHNEL. HILLWAEY FOZY AMHE - BEDRRYZC
TRFEINDHAEVEOERR, RUOAEY SOZ7 ARTFIOA
ICBEY I AEIT o> T\ D, Eic. MEEREER. ¥l (EL
BRHN., BF) BRUELEADOISAEEE L. Btk - &
HEBEBENALCY FOZIARFTORIRICET 2K AES TV
o BEMITIE, MRS b 2 VIESEF ORI &SRR,
ERCERT AV BRI, X/ Ny 2 TERE
HERAWFRAEY FOZ7 AMBORE., REAEHAL Y MO
7 ARF O THEAM - IR G S ICET 2MERETo
TW3,

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.

@/ AEVHETINA R
HERE | FEHE

SR - EEBENAEY FOZV XA T - HEERBLERDORE
ReBiEL. BRICK ST/ BIERTF OB CHIER RO,
Z DTS OB DORFEICEY A TWD, A Az
7 A DR EIRIIRC ARG EFH LW T r—2 3 > ORJRIC
LIV BEATND, AEY - PREBEIERZRIA LBt/
ETDIHOMEIRF. MEET & OWMBSBSEORN - B
MEORR. MEMHES b > X VESRTFORFE. +/ A7—)b
BMRTFORME A A F 20 ADEBR. FEREMS AT U RFR
firDm_ . ATHREIRAERERIE A L Y RFORFECHTENE
BRROER, G EICIRYBEA TN S,

/> 27 RGEHME MnySn TERAIE N e A ZIVAE VIBiEDER ElER
Chiral-spin rotation observed in non-collinear antiferromagnetic Mn;Sn

= Nano-Spin Materials and Devices
(Prof. Fukami)

To realize high-performance and ultralow-power integrated circuits
with spintronics, we are working to establish technologies for con-
trolling 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 stat-
ic and dynamic properties of nano-scale magnets and magnetic tex-
tures such as domain walls and skyrmions, development of ultra-small
magnetic tunnel junction devices, enhancement of nonvolatile spin-
tronics memory technologies, and development of analog/probabilis-
tic spintronics devices for artificial neural networks.

104 nm

400 600 800

time (ns)

0 200

HREEZ LY kO ZELEFLCY b

The world-fastest spintronics pseudo quantum bit
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Nano-Bio Hybrid Molecular Devices

Staff

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

@ HRIEE)

Research Activities

A LTI IR ENA AT U T L. B & DREEIC
KU, BRIBROEEAREICT 25/ AT —)b. DFRT—ILD
BRRIZTINA ADBFEZBIET ., FEAMMMIREMZE o
=20 EQEBREICHBT 2 AT« AIVINAFI LY b
OZ7 R, BEARICE DKV YEEAT>BEHILY Oz
TR ZF LT, EEMEEE > THIREEREIEY B KOL
CHBEBBLESETEINAATLY NOZT ADHEEESDT
Wb, TNSDT/\A XIFERBEV AT LEEERIBEETH Y.
BEA2OOOFRME L TRIRT S ELZBIELTVS,

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

O/ IMFTREDFTINA A
MENE | FEFHE

NAFRFOROBEGHKEE S/ T7 /O —ERMETHL
K& FLVBFT /A ADORHEZETS. BEANICIE. ATH
ICHERIRIBE Z R L. HREMLENEEDEMEAT -2
VIEELTORAZBELTWS, ey TOXSGEEMRMNT
iz BRSO L. EETomidiaz RENERF & LTtiHD
ETIY AT LORIAE BIETHRLED TS, Tl Bi:
NA AR W IHTREEZ B T 27 /1 ADERY, £0H)
TRREABDFTHIZ 8 L T TERDOFEHRMR DI HKIE LBV, #
REBETFT/\M ADAEEZBEL TS,

v side effect side effect
positive negative
BT NAZRI—=T v SNERUEERE Y
Fig.1 High-throughput sensor for drug side effects

side effect
positive

2 AEECERERV RIS O BB

Fig.2 Reconstruction of neuronal circuits using living cells

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

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

ID
s D ,
P3H G
ﬂ TE VDS
p p ___
Sio L

VGS

Vgg= —20V

-10
Vos/V
3 EBEWRII—MEZRVCERBERDNE NS VIR L

Fig.3 Organic field-effect transistor using conductive polymers
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FT/&R/TINMR - TOLARRE

Nano-Integration Devices and Processing

Staff

ke R Shigeo Sato #BE Ik Masao Sakuraba
BI% Professor HHIR Associate Professor
LA ZEBR  Hideaki Yamamoto A #  Satoshi Moriya
JERIS Associate Professor BHEBNE

Specially Appointed Assistant Professor

@ HRIEE)

Research Activities

AHRE T BEPE T ER EDIE/ A< VEERICER
L. TNED/N\— R 2 7EBFIMCOWTHREIT> T4,
TINA R, TOER, B, H20NET7 /LT X LPEERSEE

ZEMEREZT L. ZNSDMEICKY 2 LOVGEER
MDBIRICHER 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 T/ ERET A AREDE | iR

MAHBEZ S Al DL — @*iA?E%LU&ﬂH'(\ N—F
VT T DOEMNECPEEEEMDERTREL A OTVD, T
NSZERIREET HME T /INA APFA LS H50NEZNED5

BHEND Al VAT LORFEZBL CHMEFEN—FY 2 7E&
BEINOBREBIET .

¥ EFN\TOBEERERILTALX
DS | BREEARIR

T2 AIFRRIGE £ 25 E L CSEEEIC S 5N\ T DS
oz rlgElc L. MTRBFYMERRT 2. BEIc. EFA\TOMH
&% Si EREORRICHEE T ST DEBERMERZBET,

O 7/ EREEREBRY AT L
RS | AR

FEARHMEMNT - mEAREE - BEBET ) VO ERE L. BB
RABOMRERE RN b LTy TSRS T DH L L REBRR
ERRT D, NIckY . BEEROERBRIIEEAA. JHIT
DA 27 LABE L TWSBIMELT —+7 7 F v DEER
EDRITHVT o, EMRENGET TO—FORINEBEY

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.
==  Aonoo

ATATATATA

Biological Neuronal Networks

Brain Computer

BUAUETE M DRIRICEINS T

Towards the Realization Brain Computer

= Nano-Integration Devices (Prof. Sato)

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

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

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

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

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

BRRERE AT L
MRS E EAHER)

Visual Cognition and Systems
(Prof. Shioiri)

Laboratory for Brainware Systems

SENRE Y 27 Ls
B SE (IRAH)

Advanced Acoustic Information Systems
(Prof. Sakamoto)

OREBHTR DR BRI & 2R ORIE
ORBESHH £ RRAEEHBOET UL
O3RTTRHADIE. FH SREERIEOHE

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

* Modeling control system of eye movements
and visual attention

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

ORERUESRENRIBRLIBEREDHE
O3xBEEMBROBHEMtL > > Y TV AT I
=4

OBRERBBERIEICE D BERERI AT L
DI

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

BUBULSIS R T L\BRZRED
V7 hAVEL—T AV TERY AT LRRE

YIrAVE1-T4VTERVATL
37 5 JRREIR)

Soft Computing Integrated System (Prof. Horio)

OTJLAYENTayv AV Ea—T427
N—RoxT)

OB 7 O/ VLSIEIRRDBEFICEE T BH13E
SEREMEE Y R T LOBEEZDISAIT
B89 2Hi%E

OFHBREORRAZBIETMEVLSIZ AT LD
FFRICET B3R

® Brainmorphic computing hardware

e Brain-inspired neuromorphic analog VLSI cir-
cuits

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

e Brain-inspired VLS| system with consciousness

Brainware LS| Systems
Soft Computing Integrated System

SETR DR
N HENFUSATN

[~

1) 4

kb




B LSI 2 R 7 WSS
LR VLS| ¥ X7 LR E

FBLZVLSIZ R 7 s
MEDF (PEHER)

New Paradigm VLSI System (Prof. Hanyu)

Brainware LS| Systems
New Paradigm VLSI System

FLEVLSITH 1>
MRS T (EHEBR)

New Paradigm VLSI Design (Assoc. Prof. Natsui)

wEVLSIaYEa—710J
RS (RIREBER)

New Paradigm VLSI Computing
(Assoc.Prof. Onizawa)

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

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

OZEEREKIE - FRHARFEICE D Bk
NoCICESd BHiZE

OmXRMERICED CGBEEESZALSICET S

[iE

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

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

e Asynchronous-control/multiple-valued data
representation-based circuit for a high-perfor-
mance Network-on-Chip

e Low-power VLSI design technology based on
stochastic logic

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

OB 7)) X L& ZFDVLSIFREHRTISA
|CREY BH1ZE

OFBERVLSIY R 7 LDRETHAICEE T 2 Hi%E

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

e Self-adaptive system for resilient VLSI

e Optimization algorithm and its application to
VLSI design methodology

e EDA/CAD algorithms for new paradigm VLSI
systems

BEDEGIE A T LHZRER
RERIAVE1—T 1 VTHEE

RO E1—-FT1s VY
AR (A EHR)

Real-World Computing (Prof. Ishiguro)

ORIRBICEDCELIRIVF—N—FDzx
773 XIS BHIZE

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

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

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

e Energy-efficient hardware algorithm based on
probabilistic computing

* New-paradigm computing technique based
on CMOS invertible logic

¢ Brainware information-processing hardware
based on stochastic computing

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

Autonomous Decentralized Control Systems
Real-World Computing

RHRBEBETI VT
BRI EF (MNAmAESER)

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

OBAREHREY 7 FORy kO
OFERBEISHESERVLSIE®R/7—F77
F v BT B3R

OZEZFHIRDEVORRFRIEBEO I Z AR
EORT 4T ANDISA

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

e Optimization algorithm and its application to
VLSI design methodology

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

OBV A7 LOBEDHHINICEE T 2558
OBNDOFEBA N ZXLORBLEEORY b
DISBICEY D%

e Study on autonomous decentralized control of
traffic systems

e Study on swarm formation mechanism and its
application to swarm robotic systems
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MERE (ER) Director, Professor

Laboratory for Brainware Systems
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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
and Multi-Modal Computing

=

Stimulus location
* Higher-Order Multimodal Perception
and Information Generation

Physical and Adaptive Hardware Environment

*Brain-Like Computing

(Brain Architecture)

Amplitude

= Real-World Dynamical
Intelligence

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

Hardware Environment with Massively Parallel Brain LSI

- \ —
S .
. Y ,;r...,
=282 |\, o~
it === Wy
rough 1 / s y

\ )

= Chaotic neural network integrated circuit
(Soft Computing Integrated System)

* Learning Based on Probabilistic Computation
(New Paradigm VLSI System)
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Recognition and Learning Systems

Staff
EA % Satoshi Shioiri A {E&— Shuichi Sakamoto
E2resd Professor BIR Professor

v HZEE

Research Activities

FHENEF ClE. ARDSANENZHRL G IERE ANBHHELN
BRI TS - ¥ET BB EBEoMLTETIMEL. BB
LSIG E iR Z i8R 2/ \— RO T 7 ICRET 5 L= B
LTHIRZESH TS,

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

¥ ERREB/RY AT L
MRDE | AR

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

W ERBIBRRY AT L
MRDE | AR

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

it - FERTLADEEGRMTT

Image feature  Face expression

extraction extraction
(Resnet50) (OpenFace)
Image features Action Unit

(2048 dim) features (155 dim)

4

Prediction of the judgments: like or not

= Visual Cognition and Systems
(Prof. Shioiri)

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

= Advanced Acoustic 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 lavel
I Within participant
I Acress participant

Onlyimage  Only facial Both
features features

Landscape pictures

FOC AUC SCORE

Onlyimage  Only facial Both
features features

ADEERIED SERDEIFICBIT BT TR T LEER, SAYEREARICETZRRE. WIThER—HBREDT—42%
FBTHELVEENTES T LN S, BANCHREI ARG ZTETREICED IBRERODLZE Y AT LIFIBTE S,
Estimation of preference judgments using facial expression. Since the accuracy is higher when the system is trained and
tested within subjects, this technique can be used to support selection of image data for each person by customization.
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Soft Computing Integrated System

Staff

¥EE =Z Yoshihiko Horio
Bi% Professor

v HZEE

Research Activities

B DRI, FERBITEMTIEID DD —EDEELF 2B LWL
DEZMENSMB XY FT—IDSBREINTWVND, TOKRIR
R - LFRICK2BELRBROEL. BEDTV2IVETE
HWEELBLGHREBTIONTE Y. B, 7V 2IVETEED
FMEFLTHMAICH LT, RO DMENICEZ ZHT EH
TE3, TOXOEMMOFERIICE > b EEB. BT, H8KE
BEREICLS ML FIAHILTOERICLDERLIE] (T
HZEHL. NETEBEEBNTHY EH S, RERDIKRLEME
ICEEICHLTES, TLAVENT vV Ea—Ta7
N—=RI T 7DREEBIET,

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

WV I hIVELI—TFT AV TERV AT I
MZERE | SRR

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

NN-U

Cyclic 3D-LSI Using
Through Silicon Via (TSV)

= Soft Computing Integrated System (Prof. Horio)

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

TSV}

v
| e ws

NN-L

Lower Memory Layer (M-)

K1 (k) Y17 ) wIRAFRZa—F)bxy b T—7 UPN—EEOER, (F) TVICELS D FEEREEERE, (B) 21— 0OYF v TEIFTREEEHFATIF VT,
Fig.1 (Left) Cyclic chaotic neural network reservoir circuit structure. (Middle) 3D stacked IC implementation with TSV. (Right) Neuron chip and weight memory chip.
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New Paradigm VLSI System

Staff

P& &ih  Takahiro Hanyu BH JE#H  Masanori Natsui
E2res Professor BT Associate Professor
R BBk Naoya Onizawa Tk 52 Akira Tamakoshi
HEHES Associate Professor 7= Research Fellow

v HZEE

Research Activities

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

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

W FBLRVLSIS X 7 Ls
MEDE 2

KIFZEDEF Cld. ERDIER LI @@v%bu%iﬁh%ﬁ<
IN=FRT 77 —FT7U0FvDHEZTO> VS, HIZIL. &
B REA BB LIRICHEBIL S B T AGR AT /N FigERIT
THEAIVVIAVARIVSIT—FTIF v, AEMOZU R
RFIEEDIEEE - SHEE - NERTN\A RZEZBLIT/NA
AEBTIN=ZFRVISI 7 —F 70 F vz, Ty IABETS
MHREVLSI T O v B DRI EICET MR Z 1T L5,

. %ﬁ*E%MVLSI?\"f’f >
\E‘ | BHAEHRIE

$E}T°‘D/\ . A b‘O%—{%?E&VLSI@%fELCFEUHT:E%%%
‘I’D—(b\%o /\TZFE’] &, PVTIESDET 1 —VLSIERE, 77—

7T v BFRREICESERVLSIER, T —FT 0 F v, H"’
AHBICEDCRBLT VD) XL EZDOVLISIERSHEMGA. &
BREOD Y A4V AT VLSRRG L, 8iE 7 0 X HiH
{LDREZED L DD, D DOBEERHFTICEWVN L RERENF
EER T BVLSIDTcHDERFHAMICE T HMERZEITO TS,

W HRRVSIOYEa—FT 4T
ENE | IRAEHRR

AREDHF TIE. ROAEHRWEE & IE—FEE T HEENE
BICED(HEROA V1 —T 0 VI EIINICET BT AT
TW3, BEMICIE, BRWEED—BTHEIAMDAT Y
VEBEEFERLIEEIXIVF—N—FRo 77/ XLP.
EROABEREM CIEFRRHONREE N RFTELZRIET 51>
N=T47)baIv o EZDSAICET 2HEETT> TV,

Nonvolatile memory (SOT-MRAM) chip for IoT edge devices

M. Nat, 4. Tumakosh,H. Honj, . Watanabe, . Nasune, C. Zhan, : Tadgae, H.Tnous, M. Nov, . Yosbiduba, Y. Noguch, M. Vosuhis, ¥ M, . Shen, . Fuai, W S,
. heda, . Ohno, . Endoh, T Hau, IEEE JSSC. 2020

Design framework for invertible logic that realizes bidirectional computing

. Onizawa, et al,, IEEE TCAD, Apr. 2021 and M. Kato, et al., JAL, June 2021

= New Paradigm VLSI System
(Prof. Hanyu)

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

= New Paradigm VLSI Design
(Assoc. Prof. Natsui)

We are studying a new VLS| 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
VLS| architecture, self-adaptive system for resilient VLSI, brain-
like optimization algorithm and its application to VLSI 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 tthat is clearly differ-
ent from conventional deterministic computing. We are imple-
menting energy-efficient hardware algorithms based on sto-
chastic computing and develoing invertible-logic algorithm and
hardware, which can realize bidirectional computing for solving
several critical issues, such as machine learning.
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CMOS invertible logic for probabilistic bidirectional computing
N. Onizawa and T. Hanyw, IEEE MNANO, Feb. 2022.

Sparse matrix ntation: partitioned and transposed

ELLPACK (PTELL neral e CIL hardwa

- Partitioned EIL _—
[ ““w_w_ A—l:i‘\ Nudl::'::;wdan 4

Jids = | Ty oy | N

. AES e |1 &
Architecture | Numiber of spins | Application N
supporied

o—.

9) Fully-parallel 75 (fixed) Factorization Two orders of magnitude
ok ok | Niemoyoused | w10 12988 | Genenpupoe 12SOF than CPU
H: of CMOS logic with sparse Hamiltonian

N. Onizawa, et al., IEEE OJCAS, Dec. 2021.
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Real-World Computing

Staff

HE ZFX  Akiolshiguro i RISE  Takeshi Kano
E2res Professor HEHES Associate Professor
@R ) Akira Fukuhara FHEAER Kotaro Yasui
B Assistant Professor B (3 Assistant Professor*

v HZEE

Research Activities

REFAVE1—T 4 VIHRETIE. BARPHRV AT LIC
B BHREORRAH Z X L& BEDEEIE OBESD SER
L. AIMORRNERETHEZBNE LTHEETOT
W5,

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

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

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

vEHREI 1 —FT Y
DS | AERHIE

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

= 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.

LENCRBECEZE T 2A\ERORY b DBEDEHIE
Fig.1 Autonomous decentralized control of a snake-like robot
that exhibits highly adaptive properties.

v EHFRBEET) T
HRIEnEF | NimAEZR

REHFEIRET ) Y IHRDBF ClE. TBRLEEFEDEN G
EDBHRICE T HEFEID A 7 Z X LOERE K UZ DFIfE
FEORREICMIUBA TN D, TNEDRIE. B2 DERDF
BICIRESERY 5 C & ¢ KENICFEREEMEEHHIRY 2.
KARDEF Cld. HRBRY > > FIVGHBET IV EWRT ST
ETC EHEHOEAREEZRY TOREEE LT FBiCHEo
fol RBFEZREIT D LZBEL TV S,

2. 8D LG PH R BHRBIEEEM L
PUEIOR Y b

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

B 3. S D—EB DI AV B L CHEE AT AR & £
b bFRORY b

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

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

Our research group aims to understand mechanisms under-
lying collective behavior in multi-body systems such as traffic
flow and flocking of animals and to develop control schemes
for such systems. In multi-body systems, non-trivial collective
behaviors emerge from local interaction among individuals.
We seek for the core principle underlying collective behaviors
by constructing a simple mathematical model, and then de-
velop “reasonable” control schemes on this basis.
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2 1 Research Center for 21 Century Information Technology

Wi

AR

EFEMIFARES B Industry-Academia-Government-Collaboration Research and Development Division —

74¥LRICT
7S5y h74—=L7AVIF

Wireless ICT Platform Project

OFA4RVATIV TT7DfeHOTO— KN\
REIEERE - v b T — 7

OB/ A RBEBICH T BEFEERD HDE
ISAT 4 T T 72 A

e Broadband wireless communication technolo-
gies for Dependable Air

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

FEGEHERZSER B Interdisciplinary Collaboration Research Division

1BERDE & MfEICED<
ZRHEBFEMD
ME7ooxs b

Research project of human value estimation of
multimodal information based on informatics
paradigm to manage both quality

BHFEIZTER M Exploratory Research Division

A rAZI R - CMOS REE
RBIERY AT LD
ME7nozy b

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

ARHEICLS
HEZRVATLDORR

Development of the education support system
with estimation of attention states

ARX—+IIFE%ERIRT S
TA4¥L X loT BEFHTD
FAZSRAH

Wireless loT Technology for Smart Factories

HEHRERTRTS
FO— > #ERE R OME

Drone Utilization Technologies to Realize a
Symbiotic Society
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Noriharu Suematsu
Director, Professor

Industry-Academia-Government-Collaboration
Research and Development Division

EFEEREE

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

R FA Noriharu Suematsu
K& - H® G) Project Leader, Professor*
FIREIEZEER  Interdisciplinary Collaboration Research Division
BA @ Satoshi Shioiri PE &ih Takahiro Hanyu
KL -8 3 Project Leader, Professor* R*E - HiT () Project Leader, Professor*
BHEFRZEER  Exploratory Research Division
BA B Satoshi Shioiri IR EX Yoshifumi Kitamura I FA Noriharu Suematsu
RE -8 (3 Project Leader, Professor* KER-HE 3 Project Leader, Professor* KR -2 (B Project Leader, Professor*

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

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

1m0 era—
Fig.1:1T-21 Center
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Industry-Academia-Government-Collaboration Research
and Development Division  Wireless ICT Platform Project

Staff
Fa FA < &8 BH =
R& - HE R R IER BEHF

Takashi Shiba
Specially Appointed Professor

Noriharu Suematsu
Project Reader, Professor*

Suguru Kameda
Visiting Professor

AR RE AR il UL
EEHE BRI BRI

Yasunori Suzuki Takashi Maehata

Visiting Professor

Mizuki Motoyoshi

Visiting Associate Professor

Visiting Associate Professor

dA—H&EXRy NT—VITERT 570 L XGRS LTDEN
AIVT AV L ZBERME. 771NN KDBRE/ Y 7 R—
Ry bD—=o Ll ICT H20ORBE 2 5 EREBRM
ThB, HROBEREED!) —42 v THIES bHEOBERERE
Hiffld., BAREELZZ2ERENE L TETEIERT I2L0ED
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Fig.1 5GHz & 324Mbit/s £E4R LAN 57K
Fig.1 5 GHz-Band 324 Mbit/s Wireless LAN terminal

Fig.3 MBWA SEFEEER (EMtEHE105)
Fig.3 MBWA field test (Base sta-
Fig.2 Ultra-small-size 3D SiP milli- tion)
meter wave wireless termi-
nal for uncompressed HDTV

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

Mobile wireless communication technology is one of the signif-
icant communication technologies that support the ICT society,
connected with the high-speed backbone network using optical
fiber. Evolution of the mobile wireless communication technolo-
gy in Japan is indispensable to keep the leadership in this tech-
nology area in the world.

With the partnership of Japanese major mobile wireless man-
ufacturers and Japanese Type | carrier, the mobile wireless
technology group of the IT-21 center has been proposing the
concept of “Dependable 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 ter-
minal, (2) ultra-small size 3D system-in-package (SiP) millimeter
wave wireless terminal for uncompressed high definition tele-
vision (HDTV) transmission have been successfully developed,
and (3) seamless handover technology for wide area broadband
mobile wireless access (MBWA) and seamless system handover
technology between MBWA and wireless LAN have been suc-
cessfully 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.

The mobile wireless technology group started the projects en-
titled “R&D on Technologies to Densely and Efficiently Utilize
Radio Resources of Unlicensed Bands in Dedicated Areas (from
FY2017)" and “R&D on Adaptive Media Access Control for In-
creasing the Capacity of Wireless loT Devices in Factory Sites”
which are supported by the Ministry of Internal Affairs and Com-
munications. In addition, our group would like to contribute to
the local industries in Tohoku area including the establishment of
venture companies based on our developments.
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BRZEMTTERT H1edITid. WEGIBROBTIBAMIT >
AT LDRBETH S, BT BEROBEIBLAIFITIE KB
ATL®F 2L —23avBEORMHFIAEN. —EDEEIC
LBIEAMAIFHEENTLD, LH L. TN SIFERIHM
B CH Y. D O—TTHRMEREZRIRE LILEDTH S,
FERICAS CTIEROE & MEZ BEEIC L B IFRE TS OBHE
HEFAED T ET. BRNEBERDZ A TOMEEICE>TEL
BERFHEICEIG CEDRMDBAAEDNLETH S,
ZNGEEICLDBFROBLMEZE XS LTI, Zhi?‘
FRTHY ., EREZOMBHBEENTELREBR. BE
WITNMA T, BT, RE, Dﬂi%bﬁ%bé’l‘%?ﬁ%%&ogtb\ME
K5 %, WORWDRERENRET HBEREREIZ. 232127 —
YavDBEERD. LUMESHLZLDETEHIENTES, T
TICHBEFEMOEBRDZHITIE. £ b ETRET DHELR
IR CHd, RT7OV Y hTlE BRREEDERE R OICERA
BEZREBRICET 2NEBIBROBEIBUN S AT LD
LICAIT T REBRICEKBEEMREZMAEZREBEROEL
MBI iR ETT D0

ADEVITH Y HEBRPRARIER EREBROBOBEFADHERSR

Psychological experiment on interaction between visual information pro-
cessing with olfactory qualitative and hedonic information processing.

There are predictions of data growth beyond one Yotta byte
(10%) in 2030, Prioritization of data is critical to deal with such
enormous data. Recommendation systems and Curation sys-
tems are used frequently but with fixed criteria. These criteria
are usually determined by a mechanically along a dimension
related certain value estimation. We should realize the system
to create a criterion chosen considering the purpose and type
of information, and the key technology for the purpose is the
one that evaluates quality and value of the information.

To investigate evaluation of a variety of quality and value,
knowledge of the brain processing of different types of infor-
mation is necessary. In addition to vision and audition, which
have been major research fields of data evaluation related to
human perception, haptic, olfactory and gustatory perception
are necessary to investigate in terms of qualities and values.
Controlling more senses improves the quality of information
communication and makes communication more valuable.
To develop the technology for the purpose, investigation of
human sense, including haptics, olfaction and gustation, is
essential. The present project focuses on multimodal percep-
tion related to foods and investigate the quality and value of
multimodal food information.

FREAT Y FOBEBEANORE

[ ]
[ ] L] [c]
a._. ”--

AlexNet

: Ground-truth
. General prediction
HEEME & %WWEJMEEE
(mean absolute error, MAEIE 1 — 6 DFFEIEICX T 2 HEED FI9i82%)
Q1 MAE: 0.288 Q2 MAE : 0.263 Q3 MAE: 0284

Q4 MAE : 0.457 Q5 MAE : 0.479 Q6 MAE: 0.282

Prediction

Ground-truth
FRAFERRH S AT L (LX) ZRALEABOBRABOIEE (TR)
Fine tuning of a trained network (AlexNet) for our lunchbox data (Top).

Correlation between ground-truth (human judgments) and prediction (Bottom).
MAE indicates mean average error.
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Interdisciplinary Collaboration Research Division
Research project of Spintronics/CMOS-hybrid
brain-inspired integrated system
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DEION. UZT7ETIVTCREEMRIILTE . LHL. 21 i
HIZ. BIUREZEE Y Society5.0 DRIFITEIT T [FRE
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IGERDRELZH L VSN BBHNEENTETCWND, D
Amg EZIFC. A—/\—avE21—42 Py —/\LTKIRE

BY TN T7EFHNT VDR ETAN—EBEELZZ Sy D
T— R Al s E QBB EI. SEEEIER. K
EFAPERBHLR TG EDERBILFEMHABREN Tldd B Ht
SREITNHEHTWVWS, LHrL. TD/N—RFT7IEBEFED ./
ARVEAV 2 —T 4 VIEMDELET. ZD LIV T U

TFULAY =TT =TSV EDNBEEERET D &
97/75 —FlE. BEHYDIXIVF—BERHNIERITEL,
TN, BADRHAREEBRLTWVWD T 4 I AHIVEBTIE. Z
DEHHERERDHICEEDT TO—FDBISIERETH 5,
BHROEHNSENDEERE T 4V HIVEBICTRIET B ABD
KO ICBERIERNE - ¥ ar BFICHEL . HDOEEES
NTERITTEBN— R T7IENFAES| L, RBICKECE
B Bl TAEY FOZ 7 X -CMOS B & BB EETE > R 7 1 |
MO0 b BFaWEET B, 2021 FEDELTRREE LT,
KIBEBEGRT — 2D 7 )V E2A LEEERBHRIRTCESRE
FHEIGE K-means HETEFE 7O+t v Y ORBIEHE & FRME L
Bt 7IVEHFAHFZ1—F bRy FT—TICEDWVEARER
YIMAERE T Oy Y DOREBER SN TH D, ARREIL. 2l
X 2 FREXR 1M BEHE M. RO, FEEE2 H#
ITMNA. IREHBELMER DR 2 ha TS,

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

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

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

Splntronlcs/CMOS hybrld Al LSI chip

------------------------
CORE 4
CORE9 CORES
CORE 10 CORE6

CORE™Y | [CORET

........................

Update the
database based
on decision-
making results

Decision making
using the updated

Deep learning using

database on-chip database

Trial and error in
the real world

Real world

FHAERTOATVTY DA A=Y

Image of this research project
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Exploratory Research Division
Development of the education support
system with estimation of attention states
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Programmable Gate Array) IC&B/N\N— RO I 7HBEZFAT
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=Y 3 v—RICBWTKEGERDERFCE S,

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.

How to improve

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

voice, etc.

Measure facial expression,
gaze, head movement, pose,

Improve teaching
methods/matrials

states

Estimate attention

Vicarious
experience

Offline processing

1 IRREHE S T DBRERY AT L §94 754 Y CIRREHEE L TNZFB LIOBHBRET S TRREDRRTT—
2ESUBERD S GERIREIC L DNERERTT B, DR FERBOIRHEEDSF > 1V THIST 2FEZHEIIT 5.

Fig.1 Vicarious experience system of students’ attention. First, the attention state of a student is estimated offline, and the
condition of attention is experienced by others. From the time-series data of the attention state and the vicarious ex-
perience, teachers can consider how to improve the lectures. Then, technology will be
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Exploratory Research Division
Drone Utilization Technologies to Realize a
Symbiotic Society
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(1) BERRO—28E A >R 50 T« TH
BHOBAMZER (UAV) K EFO—>OHIED77)LIU X
LZERET 5, 7 L THEED UAV & BN T IR Ze ] S 1520
ENERLLC VI VT BFEEGRNT B, Eolc. FA—2D
HPIFECBRMA IV ERFLEVFAEDERND DBHEICE
BRO—2%ZRIFTBIdDA V2572 3V FELENT %,

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

(3) =TV —XUAV ZEALIEAMER

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

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

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

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

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

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

BHREOMBESDER. (b) COER o DRERZEAT 2
e DRMREIRS AT Lo EIRH/N\— D T 75 F540

BRI OMERFEZIT D,

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

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

This division conducts exploratory research on establishing the

following two technologies.

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

(b) next generation wireless system, transceiver hardware, signal
processing technologies for next generation smart factory’s

wireless loT communication in 6G era.

Fig2 imREr — 7)1 (LCX) ZAWEAI— M7 77 b —BERY X7 LORKE
Fig.2 Experiment of LCX wireless system for smart factory
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Multimodal Cognitive System
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R FRERFREEFRE ETERT BT TR BRY AT LA
B - BARBEXRG L. EXRANDERT 2.

The purpose of the Multimodal Cognitive System group is to
develop the achievement of RIEC in the research about human
information systems, and to improve roles of RIEC in the research
fields of electrical communication. This group aims to study the
basic mechanisms underlying multimodal cognitive systems, in-
cluding vision, audition, tactile sensation, gustation and olfaction,
together with the related groups such as the Advanced Acous-
tic Information Systems and the Visual Cognition and Systems
groups. This group also collaborates with the Yotta Informatics
Center to study the quality, property, and value of the multimod-
al cognitive information. The group welcomes researchers and
engineers in industrial societies, not only professors in academic
societies. Also the achievements of this group will not only be
published in the academic societies, such as psychology, neu-
roscience, sensory studies etc., but be applied to develop new
products.

v ZREIFHRMEEA Y AT L
MRNE | RHHER

KARDE TIE. BIPHBROLS - WEHERZ E FHED
FOIHIR L. BBHIT AN DV T DINER S K UMBF OERE
NEHMHEZED CEZBNELTWS, ey INSOMEER
mEOREMEICRIITEN BEOHREE - KHifEDST &E—
ICISRAMEEHEIE 2TV D,

FAEDF CHROMITR S REPRE, (LFHRIMET (Fk
PR BEDREREICDOVNTIE, REPHEREICLENTY
AT IV IBHRIEHE D Z BN, —H T REICKSHFE
SEMMRPORNEMERRIC L DHREREIRT L. BADRRIC
DWTOEFENSN, KK HRITISAEINTE oo KARDE
Tl & hONFREAICED HHERE ZREIFERNE DR E1E
A TOLBFPRERICOVTHSNCT ST EEZBELTL
%o PIZIE. INETEHREICK DIBHROBENROFEIRICET
DAL KON EX A DMEBZRS N L. TOMRE
RIEBRNIGEY SR Z R HMRICE A T S,

Ffe. EROLFEICBVT, ek bE. BRYPEAREZET
FHIT AT TEIRL TS, COBEICIIREICL SEmDH
REA. TDEmMD B WVIFEERERIC OV TINE TORERIC
FBHRBICEDCFHDEM. TNETNDORFDOBEREFEICT LT
B 2EARDAFEIFEE, HRLGOET - HRFHERDLH 2.
KRR DE TIEINSD—EDIFERDMNIC DN TEHIRARETRIE
BY2BENRS HEEZBANTT7 7O—F LTW,

B BEEREE
FBEY—IV FER)

Fig.1 Olfactory experiment
apparatus (in Soundproof
Shielded Room, 1st level
of Main Building)

= Multimodal Cognitive System
(Prof. Sakai)

This group aims to understand the psychological and the neurosci-
entific systems underlying the multimodal sensory integration and
cognition. This group also has an important role in applying these
academic knowledges into the industrial fields.

There have not been so many knowledges about the multimodal
sensory integration and cognition, especially gustation, olfaction
and other chemical sense those are research target of this group,
but the industrial fields have been applying these phenomena. For
example, companies sell mineral water added flavor as non-calorie
beverages, which are application of the phenomena named learned
synesthesia of taste and odor. Also some companies have started
developing the foods and beverages with high palatability and low
sodium/sugar for elderly persons and patients, which are application
of the phenomena named odor-induced taste enhancement. This
group had reported the underlying brain mechanisms with cognitive
factors in these phenomena, and suggested to apply these knowl-
edges into real products. This group continues to develop academic
researches underlying the phenomena in our daily lives and those
application forms collaborating with industrial companies.

In parallel with these researches, this group has started studying the
human attention and anticipation systems in multimodal cognition in
collaboration with Visual Cognition and Systems group and with Ad-
vanced Acoustic Information Systems group. Also this group studies
the psychological, biological and neuroscientific mechanisms under-
lying the human attention and anticipation systems in multimodal
cognition collaborating with School of Arts and Letters, School of
Information Sciences, School of Life Sciences, Medical School and
Dental School in Tohoku University.

B2 £B|ENRS ZEof
HIBEHA
Fig.2 Physiological measure-

ments with whole brain
NIRS.
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Spintronics/CMOS Hybrid Brain-Inspired Integrated Systems

r 2

Staff
E=EE BB Tetsuo Endoh 5 Z5#  Yitao Ma
5% (Gk) Professor* Bh¥ (k) Assistant Professor*

W HRIEE)

Research Activities

BRBERRFROAGEEL LIS 1=/ —> 2 VEROBR L
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. MR EROERBSZA S, BWELH, - B - AT BT
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12 BHHB ORI A ARENTOEN L T 5,

Al BHRITSRE 5N 2 15 & BRIEARE LI 8
BT S B BRI R A 17 5 AR B A BB
TBHTET. BROBN SEDEEA T DH)VEBICCRIET
Bo ABID &S ICBEGERIME - 4% BHNICHEL BD
EBHCRITCESD/N\— PO T 7 TEHHEES| L, RRICAS
CEBT BT LEBIET.

ERHEABIE, AT \A ADERE SIEORFUEERT 2
T EIC K ) HBEBEIMEEBAILTE B Al EREEH 7 —
£7 0 F v —ORE - Rt - Bl - FAE—BLCREL. B
D/ A VEATE 2 —F 1 2 Tl IR R DR 1B R
BORERPEUSRIRG & DIIBRE U 7L 2 1 LIcRETEBH L
VAT Y 1 —F 1 DO RIRET B,

The purpose of the Spintronics/CMOS Hybrid Brain-Inspired Integrated
System group is to break ground for a new Al approach across from the
fundamental science of material and information to the devices, circuits, ar-
chitecture and software technology for information generating, storing and
recognition, based on both the concept of RIEC on realization of humani-
ty-rich communication and its past achievements on hardware technology
for information and communication. This group aims to study the basic
technology for high efficient semiconductor integrated circuit combing the
information storage and processing of the Al system together, and to lead
and contribute the innovative development of high efficient and low power
hardware technology for advanced flexible information processing and rec-
ognition like human brain. This group is trying to develop the novel brain-in-
spired computing system realizing the precise and real-time processing for
information value judgment, choice and refusal by consistently evolving the
proposal, design, verification and evaluation of the next-generation Al VLS|
architecture, which is able to maximize the power consumption efficiency
benefiting from the high speed and high endurance of the spin-device.

W AV MOZI X - CMOS Bt eIV ER T AT
N 17
MENF | mEHIR

AHAENFICBNTIE, AEY FOZ7 X - CMOS AT/ \A RICEET 21
. AV FOZ X - (MOS BEBICE D B8 - 7—F T2 F v 585156,
B CMOS E78EBIRE. KU Al OV E1—7 4 VI EHDcHDFEE (i
LEBIERTLITEOT A FOZY X - CMOS REEERERIBBDIHT =
BHERAERL, SEERDBESNIDALEY FOZY R - CMOS Bi& KA,
ER/RVATLOREEBNELTVS K1), ZOf=8Ic, xeEs [/
ARV L BE/ ARV D27—RICHF. TNSOBTOHRENDHE
A, BfOBE. 71— RKN\v I EEENICITO TV,
RRIBRICHRICHIT B AOHBERTORBEE A>T v 2 (107 /N1
NEHZ HBERNERHNERINEDHES5T . EROEEMKLABDE
EHETETD ANBRIIBEE T v Y7\ ATITOREENER L DDH D,
—F. BEOBERATVICED ABEARET 7 TO0—FIL. EEH
e DIXIVF—RNERICEL, 74 VHIVER TOBISEE TH B,
AREDBFIL [/ AVE] 7—<Tld 5E LIRMEREISES K-means
BEEEE Oy IO, A T5A Y EFTTAVERORBER EEREA
IBREERILT B71c8D 316PIN BGA / S 7 — I F v TaFNZN R
LTz, TEROFZAR TSR T >INT >V RABRT — 2T LT, R
B LB E K-means BETEZ B 77—+ 77 F v DRBEB L. RO\ 578
R MHBEEIFCE R, B, M2DRT LI, NERYABLEEG T
Oty POFEHI WL, B2 LI FONN Z2—Z)b%ky M7 =718
HRIFY B EIHmAMFBROIEA1EE L FPGA AT > Tz, MIA T,
FCNN REFHARE HERE 7 04 v 0D 55nm-CMOMS/56nm-MTJ st/E &
TINEERT LS CE e, Z LT BE/ A< VA 75— Tl
BN\ T —EEERATEEA LTz 32K-Synapse/512-Neuron # 8 17/8 L
A7 SNN /2= 88870ty HOFWEE ATV, FEEHFHIC
B BRAMEERIN CE. HESHFHRERT LTz

JARE (FR) AEVFAZ=HR-CMOSHE
IVehicles— @ — — 11 :---:ﬂi‘dﬁﬁﬁ‘/?&i‘.& mn,
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BADTERMEIERE S X7 LOERR
Fig.1 Realization of the high functional and ultra-low-power nonvolatile

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

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

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

Along with advancement of Al technology for next-generation informa-
tion society, not only the supergiant data generation over Yotta (10™) byte
but also the Al information processing on edge devices that appends the
quality of information and supports the human thought become increas-
ingly important. On the other hand, conventional Al implementation ap-
proaches based on volatile memories are very disadvantageous in power
consumption efficiency and not feasible for practical use.

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

@ Power ionimp of
adaptive convolutional computing module
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@ FPGA d adaptive
computing module for object recognition
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Fig.2 Power consumption superiority of the proposed novel adaptive convolutional comput-

ing circuit module is verified with FPGA implementation for nonvolatile FCNN objec
recognition processor with 8bit/16bit/32bit/64bit hybrid fixed-point computation
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Ad-hoc research groups
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Taking advantage of the wide range of research expertise in the institute, ad-hoc research groups are formed outside of the formal

organizational structure to investigate challenging exploratory topics and needs-based, cutting-edge subjects.
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= Group of multimodal attention

Satoshi Shioiri, Group Leader
Shuichi Sakamoto
Nobuyuki Sakai

Kosuke Yamamoto

Attention spreads over a limited range in the visual field as the spotlight
metaphor suggests and similar attention effect is known for auditory and
tactile perception. We investigate spatial spread of unimodal and multimodal
attention using steady state visual/auditory/tactile evoked potential through
electroencephalogram (EEG) measurements in order to model attention
modulation for unimodal and multimodal perception.

® Cyber-Physical Security Research Group

Naofumi Homma, Group Leader

Takuo Suganuma (Cyberscience Center)

Takahiro Hanyu

Noriharu Suematsu

Takafumi Aoki (Graduate School of Information Sciences)
Nei Kato (Graduate School of Information Sciences)
Hiroki Shizuya (Center for Data-driven Science and Artificial Intelligence)
Akinori Ito (Graduate School of Engineering)

Shin-ichiro Omachi (Graduate School of Engineering)
Hiroki Nishiyama (Graduate School of Engineering)

Toru Abe (Cyberscience Center)

Masanori Natsui

Takaaki Mizuki (Cyberscience Center)

For the next-generation information and communication infrastructures
such as loT, M2M, and CPS, we aim to developing information security tech-
nologies to ensure security and reliability at the level of vast and diverse in-
formation sources (i.e., embedded devices such as sensor terminals) in a ver-
tically integrated manner from the viewpoints of software constitutive theory,
system security, hardware security, circuit architecture and next-generation
microprocessor.
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® Brainmorphic Nano-Devices and Circuits
Research Group

Yoshihiko Horio, Group Leader
Shigeo Sato

Shunsuke Fukami

Takahiro Hanyu

Masanori Natsui

Ayumi Hirano

Hideaki Yamamoto

Satoshi Moriya

Brain-inspired hardware systems have been actively developed recently.
However, a big break-through to the true brainmorphic system has not been
reached yet.

This research group aims at development and implementation of novel
brainmorphic computational hardware that reproduces the bio-physics and
dynamics in the brain directly through dynamics and physics of nano-devic-
es and ultra-low-power integrated circuits based on the latest physiological
knowledge.

u AI Clone Research & Development Group

Satoshi Shioiri, Group Leader
Masanori Hariyama (Graduate School of Information Sciences)
Yoshimi Suzukamo (Graduate School of Medicine)

Yasuhiro Hatori

The aim of the group is to realize “Al clone”, which is the model of rec-
ognition and action characteristics of a person, by adopting knowledge of
the cognitive science in an Al technology. Al clone is to enable others to
re-experience the target person’s recognition and action with virtual reality
technologies. Our goal is to develop the new communication technology to
improve mutual understanding among people with differences in a variety of
aspects, using Al clone and AR interface.
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Flexible Information System Center
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¢ Information collection, organization, dispatch,
utilization and research support environment

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

e Technical support for information networks and
systems in RIEC

NDH OV

Flexible Information System Center

B ATAEY ¥ —

MREREM > 2 —

Fundamental Technology Center

OMMI T, BLFEHR. MRINTI. BREE
DfcDIRA IERAT DI

Oa—=AlbzY FT—=7 DRSF

OMERDR LT T Bz iE

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

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

e Technical supports for safety and security of
the institute

Fundamental Technology Center

REHEEER

Management Office for Safety and Health

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

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

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

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

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

* Holding the safety and health committee meeting

Management Office for Safety and Health

BT RS
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Pt VAES

Printer Room

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.

o
:
:

=

Server Room
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Staff

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

KK R Tamotsu Suenaga
KifTHE Technical Staff

F[ER BN Maho Abe Fe7
HiHa Technical Staff HiGa

FL EBF Yuko Maruyama

RitEa Technical Staff HitHEa

(& Takenori Tanno
Technical Staff =]

frER A Kento Abe KH FA Kenji Ota

HifEe Technical Staff e Technical Staff HitE

BT  Z=EA Yasuaki Maeda
0=l Technical Staff

A A lori Morita

b nia=] Technical Staff AT

/NEF FIEE Rikima Ono

W4 E= Hiroyuki Yagyu

Fundamental Technology Center

Technical Staff

Technical Staff

K& f@IE Michimasa Musya

Technical Staff

B8 1EHRE Kana Sekiya

Technical Staff
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1 NCT 5 A R
Fig.1 NC milling machine

B2 X#FEriE
Fig.2 X-ray diffractometer

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

The machine shop division focuses on advanced machining
techniques and supplies the experimental apparatus that are
required by different laboratories by various machine tools
(e.g., see Fig.1). This division also provides machining in-
structions to the students and faculty members who pursue
machining independently. The evaluation division offers var-
jous evaluation and measurement instruments such as X-ray
diffractometer (see Fig.2) and electron probe X-ray micro
analyzer. Glass processing techniques can also be provided.
In addition, this division is responsible for supplying cryogen.
The processing division offers electron beam lithographic
techniques, photolithographic techniques and focused-ion
beam processing techniques in cooperation with the cooper-
ation section of the Laboratory for Nanoelectronics and Spin-
tronics. (Fig.3 Electron Beam Lithography System *Shared use
machine of Laboratory for Nanoelectronics and Spintronics)
This section also manages clean rooms for experiments. Final-
ly, the information technology division operates the in-house
network of the institute and manages commonly used infor-
mation equipment in cooperation with the Flexible Informa-
tion System Center. In addition, this division engages in the
collection and management of intellectual property-related
information.

B3 BFfREEEE
Fig.3 Electron Beam Lithography System
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Hazard prediction training]

SERARERBR2022
o BELH
REFEFEER (Web B
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.

BEHABHNER
Management of container
TERRDBRL, FEE
Return or disposal of container
EENODIEABRREERICHRAITRANT S
Borrowed container must be returned within the

time limit

AR BRORESHEMEE KBRS S

Disposal of unnecessary container
> authorized specialist

BHOWRIROINTIRBRITIRIEL &V
Don't touch the valve of deteriorate container

ERRLRB2022 BEHROZLREURL

o RENN

BEAZREZEER (Web 3f2)
High-pressure gas seminar (Webinar)
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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 FY2022)

RiFEt FETE

2nd Online RIEC International Workshop on Spintronics Adjustment
2022 Spintronics Workshop on LS| Jun.13, 2022
11th International Conference on Reactive Plasmas / 75th Annual Gaseous Electronics Conference Oct.3-7, 2022

3rd Online RIEC International Workshop on Spintronics

To be determined

RIEC International Symposium on Human-Computer Interaction 2022

Jan.-Feb. 2023

The 11th RIEC International Symposium on Brain Functions and Brain Computer To be determined
8th CIES Technology Forum Mar. 2023
The 13th International Workshop on Nanostructures and Nanoelectronics Mar. 6-7, 2023
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REHIBRUBEMRA. AFRIEMRR. FREEMRRS
FUEIFMARDES « BHRAG EICHBIT DRERMROFERD
HBED—2Tdd, Ffe. HEDHRZEZL{MNSESIEHEN
D—2&LELTHY. TOBEDS. &HER. B VRI VLD
RSN DHEREBEHRN. BLHNXPET EZMIHEE LT
W5,

FENBEAERCIREFIEIND L D ICHE 2 eDIF. KIEDHK
DENSEEIRFONN TV RIEAEBER LFROANEHGER
IR L TV S, TOMBRERR CENENLETROT) > b
HBNBNBD)V— b ERE THEBOBERMREICR BN EIN. 2
T DF IR BRARSFERTIRE LCGIIBENS LS
I3 REICARERE LTHRONS LSk o,

HFEDfH—RRIT Lich. BRIBH2BFENSEERL. B0
TERGTEREMRT L DR ofe, BBHI2IFEDL SEHMEFRHE
[LERD S#E L CEMTIATIE L THRT 5 Eicmy (B
M27F7BIC21EE—S (BldidBE) ZRH{TL CLERF2~3[.
75F LRI F 2RI D Bk il T TN 2o

2 RIACKFESEEHEFAARERRS

K. BRUBEMEMHOFROEICEERRMAMIETE LT
WL e 28K E LT MRFMOBFEDZEIRRZIL 1t
RATHRET B2, FR/E/BICATISNZEDTH S,

ZORBF. S, WBRERMERG DB SOMREBRE &\
HEATOY 7 bR, BREEG EIEREMROEHRSE. &
OBt Y RY T L EIFMRREE. BFEERG EEEE
RICBTHHE L. TNODEBREICED < B2FHE & A BT
DSHEOTWE, FRFMIGFEELY . TOHEEBL ATV T A MRT
& AAnnual Report® ik L TN %,

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 seminars organized by members of RIEC, and
the reports and evaluation on the RIEC advisory board members.
English version is also available since 2007.

BWREEHER
HREBES

8275 (20205)
Annual Report 2020

Annual Report 2020

Research Institute of Electrical Communication
Tohoku University
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Educational Activities

RICKFBRUBEMEFIE. HERBEBDHE S THBEETHIC
BLTH, KERIFAER. BREZARRS LOETEH
RRDBR - BRREBEGHHBREZRO>TEY . #HEWEE
R BREBRBEORBHUEL LT KERELUOEMFLED
BBICBEL TV S, EMEDFICE. BEX - BRIOKF R
EEFEAFEDFIR L THEZETT > L2, RIEMEFICHE
LTV R ARFEREITERIARIZE284, AIHiRIZ 1465, FEAFEE
356 TH %,

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

D=0 3y TTORRES
Presentation scene at a workshop

RIEC is keeping close contact with the School of Engineering,
Graduate School of Information Sciences, and Graduate School
of Biomedical Engineering. All faculty members of RIEC hold
positions in these schools and have courses for graduate and
undergraduate students. Students also have chances to join the
research groups in RIEC. In 2022, 56 undergraduate students, 146
master course students, and 28 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.

AREL=
Seminar scene at a laboratory
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International Activities

FAERFROBEIE. EFMNENEOREZELL V) — EHIF
RHOEHEEPRYEE. H2DVIEEREY v —FILA\DRXIR
Wal. ZROESDHF CHADIE EHMEDERICEMLTL
%o AIRRFHEFLE. BELF. BRIFERLICHITHER
DEYB—-FT-TUEL VA (COB) £B2TVWERHFEHEL.
BEEDNARFADEEDICEE L LD, T,
BADKFPAFEHE & EMIRBEZFO. HHHED Dk

BHD SR
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ICIERACHE, AEEEM. HEMRG CaEL TV S,

PN AS UL B A2

International academic exchange programs

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.

RFBFMATRAE
University Level Agreements
E% W E & WEREER B E# W E R WEREEA B
Country Institution Date of Signing Country Institution Date of Signing
TAUA | AVTAIZTREG Y ZN=NTR | 1990.3.15 Ry SAVAVIRKRY 2010.8.3
USA. University of California, Santa Barbara Germany | Technische Universitdt Minchen
TAVA | AVTFIVZTRE (108) 1990.3.15 Ry HAY =R 0TIV IRKEFE 2012.2.1
USA. University of California Germany | The University of Kaiserslautern
F=ANI)T | ¥V RZ—KF 1993.1.8 Ry ANRRT-TINIVITRERA Y 2012.2.6
Australia | The University of Sydney Germany | Johannes Gutenberg University of Mainz
TAUA | R=Ta—kF 1997.9.23 24 FUOEVIY PIRKRE R TUR | 201211.26
US.A. Purdue University Thailand | KingMongkut's University of Technology Thonburi
=P} EraBEAF 2000.11.18 Ry L=y Y TRKE 2013.10.31
Taiwan National Taiwan University Germany | Chemnitz University of Technology
AAR AA ZERTRAZO—TY X 2000.11.20 A=ANSIT | AIVRIVY KE 2014.11.7
Swiss Swiss Federal Institute of Technology, Lausanne Australia | The University of Melbourne
AFUX | I—UKZ 2004.6.7 K1y L=V ATV KE 2017.3.16
UK. The University of York Germany | University of Regensburg
=p) EIIRERRR A 2005.12.15 KA1y FIVT > TIVIRE 2017.7.13
Taiwan National Yang Ming Chiao Tung University Germany | Carl von Ossietzky University of Oldenburg
By FLZAFZ > IRKFE 2006.6.26 ARAY | IR VARE 2018.5.20
Germany | The Technische Universitat Dresden Spain University of Salamanca
R NIV Y TRAE 2009.8.26 o7 B0 bRFIVT IV ERITRKFE 2019.11.22
Germany | Berlin Institute of Technology Russia St. Petersburg Electrotechnical University
=p} EiEEART 2009.12.2 R=SVF| R=5VFRET7HTI— 2021.7.23
Taiwan National Tsing Hua University Poland Polish Academy of Sciences
TAVH | IN—IN—= RRFE 2010.7.22
US.A Harvard University
BREEMRIHE
Department Level Agreements
B W E & HEMEER R B " E & WEREFESR
Country Institution Date of Signing Country Institution Date of Signing
R=5UF| R—5> FRE7H TS —MEssiser | 197683 TSV | EN B EEREEALR 2017.10.25
Poland ISnstitute of Physics, Polish Academy of France Telecom ParisTech
ciences — e pevees
B A ey ST 037 | EA/UEEAT WEFE 2018.68
G IHP-Innovations for High Performance Russia Faculty of Physics, M.V.Lomonosov
ermany Microelectronice 9 Moscow State University
AN T =
75V | BT 2005.10.24 S ey P 2018.7.31
RIEA DS /A TV RER 72— A ATHIRE - FtHOR Y b2 82—
France The Interdisciplinary Center on Taiwan anter f%r Argﬁqal Inte|_||ge?ceAand
Nanoscience of Marseille, National Advanced Robotics, National Taiwan
Center of Scientific Research University _ _
L:F] ‘:F'ﬂ?ﬁ%ﬂfﬁﬁiﬁﬁﬁﬁ 2007.4.12 ] P 7 a :/ 7&?‘7_73 7 E *E%E 7BZ¥§12'§ 2020.9.25
China Institute of Semiconductors, Chinese %?I?@%Fﬁﬂﬂsé:;\i\ . _
Academy of Sciences A T7RZET hT 2 — R EYEEFST
THID | GRAARE - 2009.12 Rl e ianey Somreandoctor Elsconi
TAVLAZRY b ,7.*75.%7‘4):& of the Russian Academ){1 of Sciences,
US.A. WINLAB, Rutgers University and Prokhorov General Physics Institute
oy 7 N - ER DETTRAS 2014.6.26 of the Russian Academy of Sciences
TH N YR - FATEREHE L2 —
BLUOEFEFTS - L—Y—TFH%EM
Russia Research and Educational Center
"Photonics and Infrared Technology”
and Institute of Radio Electronics and
Laser Technology, Bauman Moscow
State Technical University (BMSTU)
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International Journals in which a staff in RIEC participates as an editor

1
2
3
4

|IEEE Transactions on Circuits and Systems |
Journal of Multiple-Valued Logic and Soft Computing
Nonlinear Theory and Its Applications, IEICE

Frontiers in Physics

AT B A AHREZE R 2D & 75l O FEE &k

International Conference programmed by a staff in RIEC

N

12th International Workshop on Nanostructures & Nanoelectronics
(IWNN-12)

|IEEE Inernational Symposium on Circuits and Systems (ISCAS 2021)

3 30th International Workshop on Post-Binary ULSI Systems (ULSIWS 2021)

o

~

16th ACM/IEEE International Symposium on Nanoscale Architectures
(NANOARCH 2021)

2021 |EEE International Symposium on Multiple-Valued Logic (ISMVL 2021)

The 9th Russia-Japan-USA-Europe Symposium on Fundamental & Applied
Problems of Terahertz Devices & Technologies (RJUSE TeraTech-2021)

International Symposium on Future Trends of Terahertz Semiconductor
Technologies 2022 (TST2022)

8 2021 Nonlinear Science Workshop (NLSW2021)

10

Magnetics and optics research International symposium (2018 fEH' 58
FEEZHDHTNDB)

Soft Magnetic Materials (SMM)

ACM International Symposium on Virtual Reality Software and
Technoglogy (VRST 2021)

ACM International Symposium on Interactive Surfaces and Spaces (ISS
2021)

The 46th International Conference on Infrared, Millimeter, and Terahertz
Waves (IRMMW-THz 2021)

5
6
7
8

14

15
16

17

18

19

20

2
22
23

=

24

The Journal of Computer Animation and Virtual Worlds
Frontiers in Psychology
Frontiers in Neuroscience

Auditory Perception & Cognition

The 11th International Conference on Metamaterials, Photonic Crystals
and Plasmonics (META2021)

XXIV International Symposium on Nanophysics and Nanoelectronics

The 6th International Conference on Power and Renewable Energy
(ICPRE 2021)

The International Conference on Micro- and Nanoelectronics 2021
(ICMNE 2021)

The 12th Recent Progress in Graphene and Two-Dimensional Materials
Research Conference (RPGR 2021)

The 5th Graphene Flagship Japan-EU Workshop on Graphene and
Related 2D Materials

SPIE Photonics West 2022 International Symposium, Conference 11975
on Advances in Terahertz Biomedical Imaging and Spectroscopy

XXVI International Symposium on Nanophysics and Nanoelectronics
SPIE Photonics Europe 2022 International Symposium

ACM International Symposium on Virtual Reality Software and
Technoglogy (VRST) Steering Committee Chair

ACM Conference on Human Factors in Computing Systems (CHI 2021)
General Chair
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Publicity Activities
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Visitors having fun during handicraft courses

RIEC News

BROBEMEMOLIRESND—IRE L TZa1—ALE2— [RIEC
News] ZHTLTWL 3, _ _ _

IRIEC News] |&, BRUBEMIEMAIII/5SAFZ50a LAITIE
NcEH DT, BXUBEMARAOBARORZRMDFERENDSI
IEDOVWT BEImOMBELHERNDBRESZHBNTHELEDTH
%, 201ME3/ICAIFI L. B5, ABTOY 1Y - ORFRIHEEN
REDEBEGEE (I BRFOZBANY M ZBNTSHMEY
VA HREPECY Z—DREN. IRZIAR B ARG E
DBEHEE Y RABARSE T OV S LPEFEERET v
FIT77RTOTSLEEDRA L) —FIEREBN LT
W3, 2013F3 IclE, TDRBREAITIENTZ, &z RIEC
NewsDFEITE A — L CHEHS LT H2 T —EAL, INETHT
L7ZRIEC NewsDEFhR%Z. Ta2URLICT AR L CEf,

http://www.riec.tohoku.ac;jp/riecnews/

RIEC News|32019F7BHIITDE265%L>C. CNETDOL
STEEHABEOETIENE—BRKRTEL, 202048 LY &
DRRFRLANY MERE LV ECEETXRICB/EITTNC
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http://www.riec.tohoku.ac.jp/riecpr/

B RIEC Open Day

Every year RIEC holds an open day to present research and
educational activities to the public, university staff, students and
alumni as well as representatives from the industry.

The RIEC Open Day is taken place on Saturday and Sunday in
early October. All the research laboratories, research centers, and
machine shops of RIEC exhibits 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 record-
ers, 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 re-
ceived. Some of them draw long lines every year.

In 2021, the event was held online to prevent the spread of
COVID-19 infection. The web pages of video-based laboratory
exhibitions and open experiments were accessed a lot during the
RIEC Open Day. We sent the craft kit to those who wanted it in
advance and held online craft classes which included making the
light-sensitive electronic music box, battery-less AM radio and so
on. A live broadcast via YouTube was held jointly with another in-
stitute located on the Katahira Campus.

In addition, please enjoy virtual RIEC Open Day on the follow-
ing Web page.

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

o

RIEC

= mF AR -

!
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T2 A CRESNIOBAR
The online RIEC Open day

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, RIEC News offers a notification service by mail
whenever a new issue is released and an electronic version of every
issue published so far can be downloaded by following the link be-
low.

http://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.

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

RIEC Newsweb
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BE &Mm4aEsgin)
Staff (as of May 1, 2022)

FrE (B3 &% Director, Professor I £ B EL

Takahiro Hanyu

BRZEERFT

BT/ 1 AHAZEERPT

Research Divisions

Information Devices Division

B J /74T bOZY AHARE Nano-photoelectronics
E Q) Professor* BoH = X Hideo Fujikake

MR (3R) Associate Professor* a B’ R Takahiro Ishinabe

B ERBFIFHRE Solid State Electronics
] Professor (1 B X i) (Shigeo Sato)

B B ® Professor* = OB T O Tetsuo Endoh

R (3R Professor* H &2 % A& Eiji Higurashi

R Associate Professor B o — Hirokazu Fukidome

R (GR) Associate Professor* i M i Takeru Okada

By # Assistant Professor 5 T E Yitao Ma

B FES /71 RARE Dielectric Nano-Devices
2] Professor (B # IE ) (Masafumi Shirai)

BB &® Professor* N E B B Tetsuya Kodama

OB (R Professor* = 2 = Shin Yoshizawa

B Associate Professor Lox B OF Kohei Yamasue

B Associate Professor F ok B B Yoshiomi Hiranaga

W IR TR E Materials Functionality Design
£ Professor B # E X Masafumi Shirai

B R (GR) Professor* B & M 2z Kazuyuki Tanaka

B R & Professor* T B R Akira Ando

B R Professor* A BE B Z Masayuki Ohzeki

IR Associate Professor 1 = | Kazutaka Abe

B (G Associate Professor* 5 B M & Kazunori Takahashi

By # Assistant Professor o)l #OA Masahito Tsujikawa

By # Assistant Professor ¥ E OHhY Hikari Shinya

EBNE Specially Appointed Assistant Professor  Tufan Roy Tufan Roy

FhTAZER Research Fellow H ok IB—BR Jun-ichiro Inoue

B REYOZYRRE Spintronics
R Professor w® R B 8 Shunsuke Fukami

B R G Professor* W B X i Fumihiro Matsukura

B R & Professor* T B R X Yasuo Ando

QI E: ) Professor* B 3 K Takehito Simatsu

B R Professor* = Bk feR Shin Saito

ES QI E ) Professor* M B E = Shoji lkeda

R (3R Professor* X ¥ OB E Mikihiko Ogane

MR (3R Associate Professor® A HE B Masakiyo Tsunoda

EHE (FR) Associate Professor* A | =4 Tomoyuki Ogawa

By # Assistant Professor & H B Shun Kanai

By # Assistant Professor Justin Llandro Justin Llandro

By # Assistant Professor* (AT =3 I~ Yuta Yamane

FhfTAZE R Research Fellow NR R OF Noriko Obara
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B SU/ERETNARX - TOCARRE Nano-Integration Devices and Processing

O Professor ke B X I Shigeo Sato

G E: ) Professor* B L 2 Masanori Hariyama

B KGR Professor* 2 H E A Rihito Kuroda

TEHR Associate Professor B E B X Masao Sakuraba

THEHR Associate Professor A& = M Hideaki Yamamoto

MR (R Associate Professor® Waidyasooriya Hasitha Muthumala Waidyasooriya Hasitha Muthumala
B # Assistant Professor h B FE 2 Nobuyuki Sato

BN Specially Appointed Assistant Professor 5F & g Satoshi Moriya

B =771 AHRE Quantum Devices
IR Associate Professor K &K B E Tomohiro Otsuka

B BT N\AZARE (BE) Magnetic Devices (Visitor Section)
ZEHF Visiting Professor 25 E % Yasushi Yuminaka

70— R\ RIEBZRERRT Broadband Engineering Division
B BedtaEmes Ultrahigh-speed Optical Communication
SO Professor | =2 Toshihiko Hirooka

E G E: ) Professor* (N == I = Hirohito Yamada

G E: ) Professor* W E % 8 Yuji Matsuura

TR Associate Professor 8 8 B N Keisuke Kasai

HEER (GR) Associate Professor* w B fF = Nobuyuki Matsuda

B JCHAETFAFRE Applied Quantum Optics
HOE Professor J\ ] E Hiroshi Yasaka

IR Associate Professor TZF H B A Masato Yoshida

By # Assistant Professor #m H E = Nobuhide Yokota

B R T AV L ABEREMHEE Advanced Wireless Information Technology
H R Professor * B OF A Noriharu Suematsu

R (G Professor* 4 5 Qiang Chen

B EEIR Specially Appointed Professor 2 g 7 Takashi Shiba

R (GR) Associate Professor* 5 B £ Keisuke Konno

By # Assistant Professor ERiE: 4 Tomoyuki Furuichi

B ERA ML=V XT LHARE Information Storage Systems
O Professor H f HF— Yoichiro Tanaka

£/ TIC ) Professor* A BE Xiao Zhou

BB G Professor* [E:I:= = =S Takehiro Ito

TEHR Associate Professor Simon John Greaves Simon J. Greaves

FEEES (3%) Associate Professor* 3} K iz} Akira Suzuki

B B70— NN\Y NMESUBMRE Ultra-Broadband Signal Processing
£ Professor B i+ & — Taiichi Otsuji

N E ) Professor* [ I N 1} Hiroki Nishiyama

OB (R Professor* X B Tetsuya Suemitsu

IR Associate Professor kB s Akira Satou

By # Assistant Professor B OO R oz Takayuki Watanabe

S iRA = | Research Fellow Ryzhii Victor Ryzhii Victor
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Quantum-Optical Information Technology

B &
TR
B ¥

Professor
Associate Professor

Assistant Professor

Mo E — Keiichi Edamatsu
£ B X B Fumihiro Kaneda
Soyoung Baek Soyoung Baek

B TO-— R\ REEERRMEE (F8)

Basic Technology for Broadband Communication (Visitor Section)

HEEHE

Visiting Professor

Visiting Professor

Yasunori Suzuki

£ NI =
B8 H =

Suguru Kameda

NEIEHR> AT LHHZEERP

Human Information Systems Division

B EREHIERARE

Electromagnetic Bioinformation Engineering

B ® Professor a W fmoxE Kazushi Ishiyama
B R &R Professor* 2 | s Makoto Tsuda

B r® Professor* D =N Takashi Watanabe
ESE - ) Professor* = ST Y - Kenji Nakamura
BB &® Professor* % Lk 5 Shin Yabukami

B R G Professor* = B #% Yasushi Endo
TR Associate Professor B B XK — Taichi Goto

R GR) Associate Professor® ZFHE R 5h Akihiro Kuwahata
R GR) Associate Professor* £ & % Yoh Nagasaki

E O G Lecturer* BARKE)ERE Hanae Aoki (Kijima)
B EHEERY AT LFRE Advanced Acoustic Information Systems
B Professor Rk X B — Shuichi Sakamoto
B r® Professor* & FF & Hiroshi Kanai
BB ® Professor* ®# B = 8l Akinori Ito

R (R Associate Professor* e 2 [ Takashi Nose
R () Associate Professor* mo)om E Mototaka Arakawa
B SKERERY AT LARE Visual Cognition and Systems
B ® Professor ' A Bl Satoshi Shioiri

EE - ) Professor* 2 H B X Norihiro Sugita
B Associate Professor = m = Chia-Huei Tseng
AR Associate Professor & F A ok Sae Kaneko

By Assistant Professor P E R M Yasuhiro Hatori

B & R Assistant Professor* Sun Sai Sun Sai

TR Specially Appointed Assistant Professor ~~ Wu Wei Wu Wei

B BRIV VUARE Information Content
E O] Professor It & 8 X Yoshifumi Kitamura
B r® Professor* momE = Nei Kato

ESE - ) Professor* B B8 B X Takuo Suganuma
R Associate Professor 5 Is MR Kazuki Takashima
EEEE (3 Associate Professor* (I =z Toru Abe

HER (FR) Associate Professor* JIl A& i — Yuichi Kawamoto
B #% Assistant Professor B M oz Kazuyuki Fujita

By # Assistant Professor A & Kaori lkematsu
TR Specially Appointed Assistant Professor ~ Cheng Miao Cheng Miao
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B EHRIVEI1—T 4V IHREE

Real-World Computing

B =R Professor a B ' % Akio Ishiguro

IR Associate Professor mo m se Takeshi Kano

B #% Assistant Professor B R o Akira Fukuhara

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

B S A FREDTF T\ A AR Nano-Bio Hybrid Molecular Devices
HOR Professor T H B 3 Ayumi Hirano

B R & Professor* EF E E X Tatsuo Yoshinobu

E/ G INC ) Professor* X T B B Kengo Kinoshita

B R Professor* & F B B Toshiro Kaneko

B R & Professor* P = Makoto Kanzaki

IR (G Associate Professor® K M iz Takeshi Obayashi

HEHEE (GR) Associate Professor* = JE—RR Koichiro Miyamoto

MR (5R) Associate Professor® i RIS Hafumi Nishi

HEER (GR) Associate Professor® m B B B Toshiaki Kato

By # Assistant Professor B2 KX K N Daisuke Tadaki

B # Assistant Professor N =g M F Maki Komiya

By # 3 Assistant Professor* R = Kaoru Hiramoto

B ZRBIFRASIRNT AT LHARE Multimodal cognitive system
QI E: ) Professor* R H B = Nobuyuki Sakai

By # Assistant Professor b K K & Kosuke Yamamoto

B VFE—ZINAVEC1—Ta VITHRR (B8) Multimodal Computing (Visitor Section)
BEHFR Visiting Professor T & & % Shinsuke Shimojoh

BEHE Visiting Professor H Ok X B Mitsuteru Inoue

ZEHF Visiting Professor = N B2 Taku Komura

B E I Visiting Associate Professor Nl Bo— Shoichi Koyama

FERENGEAD Part-time Lecturer B R L Ken Fujiwara

TRTN VT N THIZEERRS

Systems & Software Division

B V7 U TEERE

Software Construction

B R Professor* E3N 22 Ayumi Shinohara
BB &® Professor* £ H TR Eijiro Sumii
EHR (R Associate Professor* w B — # Kazutaka Matsuda
HEEE () Associate Professor* = ) Ryo Yoshinaka

B OVEa—F1 7 ERERMEE Computing Information Theory
E Professor hoEOE N Keisuke Nakano
) Professor* BoAa K & Hiroki Shizuya

B OE G Professor* X B B8R Shinichiro Omachi
HEEEE (G Associate Professor® B OHF E X Masao Sakai
HEEE (F®) Associate Professor* W B F 7 Shuji Isobe

By # Assistant Professor % B Moz Kazuyuki Asada
By Assistant Professor B oM EKRER Kentaro Kikuchi
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B Oz=2=25—>3rvxvy N IT—UHEZE Communication Network Systems
H R Professor EA i Go Hasegawa

I E: ) Professor* = B 5 B Hiroumi Saito

B B &® Professor* 72 =y = Kentaro Inui

OB (R Professor* %K pes Jun Suzuki

HHIR (3R) Associate Professor* % B = B Hideaki Goto

HEER (GR) Associate Professor* KoK B BB Takaaki Mizuki

B REANE 1 7BR AT LARE Environmentally Conscious Secure Information System
B O® Professor X B H X Naofumi Homma

By # Assistant Professor + % L Rei Ueno

B VNIV a—T oV TERY AT LHARE Soft Computing Integrated System
E ] Professor B E E B Yoshihiko Horio

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

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

IR Associate Professor B H H o#; Masanori Natsui

IR Associate Professor " R E & Naoya Onizawa

MR (3R) Associate Professor* BB — Koichi Ito

FifzE R Research Fellow £ & 2 Akira Tamakoshi

B FRASEENRE (88) Information Social Structure (Visitor Section)
BEHE Visiting Professor /NI e Hiroshi Matsuoka

ZEHR Visiting Professor X B k FE Tomohiro Yoneda

BEHE Visiting Professor 5 H i3 Masashi Imai

M BT hERS Research Facilities

MBS/ - AERERER

Laboratory for Nanoelectronics and Spintronics

MERE (B BR Director, Professor "B E B B Yoshihiko Horio

B HES Cooperation Section
HEFEE %) Technical Staff* B # & lori Morita

EMT—RRERE R Technical Staff* A B - Rikima Ono

HEifi—HEe R Technical Staff* H & f@ E Michimasa Musha

B XY hOZ7AHRE Spintronics
O Professor w® R B 8 Shunsuke Fukami

B R G Professor* w A X m Fumihiro Matsukura

B R & Professor* T B R X Yasuo Ando

QN E: ) Professor* B 3 K Takehito Simatsu

B R & Professor* = Bk feR Shin Saito

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

OB (R Professor* K F B8 B Mikihiko Ogane

IR (R Associate Professor® A B E B Masakiyo Tsunoda

HERE (GR) Associate Professor* N g oz Tomoyuki Ogawa

By Assistant Professor & H B Shun Kanai

By # Assistant Professor Justin Llandro Justin Llandro

By # Assistant Professor* (TR -I = N Yuta Yamane
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B /A TREDTTINA APRE Nano-Bio Hybrid Molecular Devices
H O Professor T HE 5 Ayumi Hirano

B R (GR) Professor* =5 E X Tatsuo Yoshinobu

OB (R Professor* X T 8 & Kengo Kinoshita

QN E: ) Professor* & F B Toshiro Kaneko

OB (R Professor* HoIF = Makoto Kanzaki

B (G Associate Professor® K M iz Takeshi Obayashi

HEE (3R) Associate Professor* = N = Koichiro Miyamoto

HER (GR) Associate Professor* i o= Hafumi Nishi

HHEE (3R) Associate Professor* m B B B\ Toshiaki Kato

B # Assistant Professor B KX X N Daisuke Tadaki

By # Assistant Professor hZ R A Maki Komiya

B #H (3% Assistant Professor* RN = Kaoru Hiramoto

B S/ERETNAR - TOCRAEE Nano-Integration Devices and Processing
£ Professor h B R I Shigeo Sato

R (G Professor* B L & % Masanori Hariyama

OB (R Professor* 2 H B2 A Rihito Kuroda

EHES Associate Professor B ORE I Xk Masao Sakuraba

B Associate Professor & = BB Hideaki Yamamoto

HEER (3R) Associate Professor® Waidyasooriya Hasitha Muthumala  Waidyasooriya Hasitha Muthumala
By # Assistant Professor 1 B F 2 Nobuyuki Sato

IR Specially Appointed Assistant Professor ~ 5F £ & Satoshi Moriya

Mg~ LA > 7HseREFEs Laboratory for Brainware Systems
MERE (H) % Director, Professor a2 ¥ X Akio Ishiguro

B - FEVATLHARE Recognition and Learning Systems
H R Professor 2 A Eil Satoshi Shioiri

H O Professor kR K B — Shuichi Sakamoto

B VORIV E LT Y IEREY AT LARER Soft Computing Integrated System
H O Professor B E B B Yoshihiko Horio

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

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

R Associate Professor B H ¥ # Masanori Natsui

TEHIR Associate Professor B/ OR B B Naoya Onizawa

HEE (3R) Associate Professor* * B B — Koichi Ito

B BRI T 0V IHRE Real-World Computing
H R Professor 7 B B Xk Akio Ishiguro

HEHIR Associate Professor m o#W R % Takeshi Kano

By # Assistant Professor " R Vi Akira Fukuhara

By # (3 Assistant Professor* Z H OVEKER Kotaro Yasui

M2t IERBEMERIE L 2 —

- )./ HE Director, Professor * W F A Noriharu Suematsu

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

ZEMEHR Visiting Associate Professor B &2 & Takashi Maehata

B E A Visiting Associate Professor X B B & Mizuki Motoyoshi
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B PEEHERAIEED

Interdisciplinary Collaboration Research Division

B R & Professor* ' A Bl Satoshi Shioiri

B B &® Professor* B £ & 5h Takahiro Hanyu

B BHFHER Exploratory Research Division
ES QI C ) Professor* B2 A B Satoshi Shioiri

E QI C ) Professor* it & &5 X Yoshifumi Kitamura

OB (R Professor* X W F A Noriharu Suematsu

SIS TIRIEA AAR

Division for the Establishment of Frontier Sciences

B ZRBIERASERMNT T LARE

Multimodal cognitive system

) Professor*
By # Assistant Professor*

R H B 2 Nobuyuki Sakai
& B & Kosuke Yamamoto

B XE¥hAZY X - CMOS RERMEIETE S X T LBFRZE

Spintronics/CMOS Hybrid Brain-Inspired Integrated Systems

OB (R Professor* = B B R Tetsuo Endoh

By # (%) Assistant Professor* 5 r E Yitao Ma

REFEERE Management Office for Safety and Health
= E G4 Manager, Professor® 1 B X i Shigeo Sato

By # (3R Assistant Professor* e B 2 Nobuyuki Sato

BT RS Common Research Facilities

PHSHMERV AT LY Z—
ra—K (GB) /Hi%

Director, Professor*

Flexible Information System Center

81 f)) Go Hasegawa

ARt > 2 — Fundamental Technology Center
- G/ Director, Professor* X Shigeo Sato

HEMEMAE #&iR) Technical Staff *® K 1R Tamotsu Suenaga

H TES Machine Shop Division
Hifi—REE (VIL-7R) Technical Staff AR f2 A Kento Abe

Rt —heEE Technical Staff B H & A Yasuaki Maeda

Rit—AEE Technical Staff B A &F & Kana Sekiya

B FHEmER Evaluation Division
HiErme (JIL—7R) Technical Staff o @ Takenori Tanno

HitEMEa Technical Staff fr B B O Maho Abe

T— RS Technical Staff WmoE B = Hiroyuki Yagyu

B JOtXE Process Division
wi—Rma (VIV—TR) Technical Staff N EF N E Rikima Ono

it ErIBE Technical Staff & H # 8 lori Morita

it —hmBE Technical Staff R & f@ Michimasa Musha

B EREE Information Technology Division
KiiErEe (VIL—7R) Technical Staff X H & B Kenji Ota

R ErIEE Technical Staff o B F Yuko Maruyama
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EREHoER

Office for the Promotion of International Relations

B EEEE Specially Appointed Professor AtE K Hirokazu Igarashi
EFEESHER Cooperative Research and Development
BEEE (R Specially Appointed Professor* F 8 54 f& Hiroki Shoji

BB Administration Office
EBE General Manager = EF xF — Yoichi Mikami

EREWEL Deputy-General Manager E F Manabu Watanabe

tliEg=] Associate Expert T b B & Masaki Shimoyama

=) =] Associate Expert ] K ES [taru Suzuki

HWEBRE Chief of General Affairs Section 2 )l & T Hiroyuki Tomikawa

MEHBIRE Chief of Research Cooperation Section % H F* — Keiichi Shibata

EEGRE Chief of Accounting Section O # % Norimitsu Yamaguchi

AERE Chief of Purchasing Section thk B E Z Hiroyuki Sato
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Access

From Sendai Airport
By taxi: About 60 minutes from Sendai Airport to Ka-
tahira Campus
By Sendai Airport Access Line: About 25 minutes from
Sendai Airport to JR Sendai Station

From JR Sendai Station
On foot: About 20 minutes from JR Sendai Station
By taxi: About 5 minutes from JR Sendai Station
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