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Research Institute of Electrical Communication

(RIEC)

Prof. Satoshi Shioiri

Director
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It is the mission of RIEC to realize a new paradigm of commu-
nications that enriches people’s lives. Communication is import-
ant in various ways in human society. Information communica-
tion technology (ICT) has been changing the way we deal with
information drastically, 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 of human beings by opening up
a new era of academically rooted innovation befitting a univer-

sity.

The year of 2020 will likely be remembered as the year of
pandemic. We hope that it will be the year of solving the
COVID-19 crisis in 2021 as achievement of people all over the
world. In addition to the efforts as a member of the mankind for
the COVID-19 crisis, RIEC would like to fulfill its responsibility as
a research institute in the field of ICT, recognizing the impact of
repeated exposure in information spreading particularly during
pandemic or other difficult social conditions, as well as the
importance of future technologies for the world with telemeet-
ings, telelearning, telemedicine and other distant communica-
tions through the web. These issues are direct or indirect topics

that RIEC should cover.

It is also important to recognize that we are in the condition,
where we should make a variety of efforts that Japanese univer-
sities have never experienced before, to improve the research
environment and activities. Under such a condition, RIEC, first,

tries to solve problems to realize a sophisticated ICT society,
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and second, to investigate basic problems, which can be used
for ICTs in future as it has been done. RIEC has been trying to
solve many problems related in the research fields of ICTs, and
it is RIEC's responsibility to maintain contribution for construct-

ing the future ICT society.

RIEC have been, as described below, and will respond to
present-day needs, open up new worlds of communication
for the future, work together with industry to create core tech-
nologies leading to the development of new industries, and
through these efforts, will offer a world-class education environ-
ment. 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 of human beings
by realizing a new paradigm of communications that enriches

people’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, networks, human and software engineering and sci-
ences related to ICT to promote the fusion of research fields
between hardware and software sciences and also the integra-

tion 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 com-
munication technology. The Broadband Engineering Division
specifically 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 system software for the new

information society.

There are two research laboratories. The Laboratory for
Nanoelectronics and Spintronics is carrying out fundamental
research into high-speed semiconductor devices and advanced
nano-spin science and the Laboratory for Brainware Systems
is working towards its long-term goal of the seamless fusion

of real and virtual worlds at the human-computer interface.
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The Research Center for 21st Century Information Technology
promotes short-term collaboration with the industrial or aca-
demic partners in fields developed in the research divisions. In
addition to these organizations, RIEC established two new lab-
oratories in Division for the Establishment of Frontier Sciences
to open new fields in our institute in future. One is Multimodal
cognitive system with collaboration with Graduate School
of Letters established in 2018 and the other is Spintronics/
CMOS-hybrid brain-inspired integrated system with collabora-
tion with Graduate School of Engineering established in 2019.

We have been certified by the Ministry of Education, Cul-
ture, Sports, Science and Technology (MEXT) as a Joint Usage/
Research Center for collaborative research in information and
communications technology and are 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. This year
we are conducting more than 100 joint research projects with

more than 1,000 participants.

Since 2014 we have been promoting the government-funded
Brainware LS| Project, which aims to create LSIs based on new
concepts that are capable of human-like judgment. This pro-
gram 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 uni-
versity, we are also expanding R&D projects centered around
RIEC. First, when Tohoku University received confirmation of
Designated National University title in 2017, Spintronics, RIEC
members with others are leading, was recognized as one of
the four top level research fields of Tohoku University. The
Center for Spintronics Integrated Systems, which executed
FIRST and ImPACT programs, has come to Center for Science
and Innovation in Spintronics for further developments, where
three centers cooperates: they are Center for Spintronics Re-
search Network for collaborations with Japanese Universities,
Graduate Program on Spintronics for educating global leaders
in spintronics and Center for Innovative Integrated Electronic
Systems for enhancement of global competitiveness in the field
of next-generation integrated electronics systems. Second, in
October 2011, in response to the Great East Japan Earthquake,
Tohoku University resolved to set up the Research Organi-
zation of Electrical Communication under the leadership of
RIEC. As one of the eight major projects underway at Tohoku
University's Institute for Disaster Reconstruction and Regener-
ation Research, research and development for the creation of
disaster-tolerant ICT is being carried out through collaboration

between industry, academia, and government. Third, Advanced
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Institute of Yotta Informatics was established in 2016, where
interdisciplinary research groups conduct projects for handling
the "quality” of information to meet challenges “beyond big
data” involving researchers from both arts and sciences fields.
The center is now supported by the government from 2018.
Fourth, in 2019, the JST-OPERA program, 'Creation of Electric
power and Information and Communication converged net-
work infrastructure Technologies based on overall optimization
of autonomous decentralized cooperative DC microgrids,’
proposed by our members started in collaboration within the
university. Furthermore, RIEC also executed five JST-CREST
and three JST-Sakigake projects in 2020 and continues to do
in 2021. We also start to plan reconstruction of the RIEC 2nd

building this year, considering spaces with novel concepts.

In 2020, we created the vision of RIEC future, considering re-
search fields of RICE to enriches people’s lives through informa-
tion communication technologies by accommodating diversity
and overcoming time and space barriers. We will work hard un-
der the vision, and we appreciate your continued support and

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

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

Organizational Policies for Reinforcing Functions

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

® \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.

6 | BXUEEHIZEFT» RIEC 2021/2022



3. BRI Z B LR E - BRifiEHE
REMOIRE—HL LTcEE RS ZED. B
BEHER EHH L CEENICEVKEDRRE -
RirEZERLEY, BRSEHTOY S LZ2FA
LIBNES - BIVROE DRMAY R4 & B R
LET. HEAHBZBNE LIt RFEEE R
L&Y,

4. HEFMA - HEAEILROFENOWE L ik
HEFAE - HEAERRODZAEE CH D H
B7OY 17 FRARZSI EREEMEYICHE LT
¥, HETOY TV MARGIEEESFE R KA
7OV 10 MERE, BEFARENRE. BHEN
R, ERAEEMREER, e
FEDRNERE L. ZHREHATOI T2 M
REHELET,

5. ARFRDERL & EF LRI DOHEE

EFHEETF | REERMBINET 2 E%
BALET. HNEATEMRERERBHIEDREK
UBRBEMEMERS > RY T LOIEFICL Y.
RAROEBRMTED ZES LE Y, ERIHEE
MRz LI RESKEOHERZEST 51
e, HREFMA - HEMERRDOFRANEENTH S
HETOY 7 MARICEBRERREEER 5
®LET,

6. 188 - L= FTET HMTEBDHHE

EFEEMRZIICHE LIERIC K UHFESE
RIBICEM L. BRFEZHEELT T, BLEF]
MEBITLHHEHEL LT THPEERICESR
SROMIAF Y O 4 GEGEICIERRICSE L, #
HOAENERICES LE Y., MXE ICT DHELLZ
Bisd BB EMAREOPRAERE LT, B
RHREHELET,

7. EEEE DB HHEE

MR RZER LR AT E R B 7 0
V17 hEBREBRIRRET S L LBl HERR
BEOREEHELTT,

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.
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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 De-
partment of Electrical Communication was established within the School of

Engineering in 1941. As part of a three-entity cooperative structure that included
the Department of Electrical Engineering and the Department of Electrical Com-
munication, the Research Institute of Electrical Communication (RIEC) achieved
considerable success in a diverse range of research projects and produced a large
number of skilled personnel through its research and education activities. In this
way, it steadily built up a tradition of combined operations.

As a result of a statutory change, in 1944, RIEC, hitherto a telecommunica-
tions 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 build- ing
(currently part of the Institute of Multidisciplinary Research for Advanced Mate-
rials) on the Katahira Campus, formerly in the Sakurakoji district of Sen- dai. 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 includ- ed 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 en- gineering 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 Depart- ment 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

BLUESHIZERT » RIEC 2021/2022| 9



6 E) 6 8. AL BRERVUBRDERE
FICEY 2FBETGICZOBOME] #1752E
HEFMBHEANDERANZDH SN, T+ >V
tl TAVYT WEREET N A Je—L >k
JI—7IEO3AMAERHMICHEINE Lz,
n& &g, BRI BHMETFRIRRBRMER
ITD> T, 3FEHSLI2BBEE - BRABERERIE
BHAFREBEEINE LTz,

:@H WE@&W@M%%%L%&%@éﬁF
HESHH m%mﬁAbﬁiw%thU$Lto
mﬁmﬁ Txﬁn%bﬁ%m&J%%t?t
FAY 13 EICAHIZEFIOER - BH - BIZHFH /2| Laﬁ
EINFE L, BRELT TAEALDEED DM
BEOAZ 12— avid. ABEELNEHEDRF
FHNRBOODEETHY., J=2="5— 3>
ICEIT 2RZERMERENICRBEIES L TEL
EDHE5TEL NERAEDOBUICERT 5.1 T &
#iEF. BBRENVUBRERBEFICETSINET
DFERREZERE L. ABEELN G225 —
23V EERRT HHRENRZRIMOFIE L ISHZH
TIHHRELTDREERTCEETFELEL
feo Eles HABEDRIITHA AN 2002 F (F
14 5) 4 BlclE. EFERICKLSHERBEESE
DEFEZBIELIZ 3 MEEHLSKES B +—1
RERBEEMEEEL Y2 —) HEDHERE L TR
BInE Lk,

2009 4 (FAY 21 ) ICIEKRBPOMBHIZR - >
2—DHEIFAECEDY, TNETOLEHEF
%ﬁ%ﬁﬁ%ﬁéh%ﬁﬂ%-%@ﬁ%%ﬁﬁgt
mUL 2010 (R 224) 4 Blcid Iﬁﬂﬁﬁ
MEASBEEAERLE LIz, TORSIIC ﬁ
&ﬂﬁtﬁ?@(ﬁn%3\1_74@ﬁmg§®
L EICHBMEZERT 5T EHAROSNTVET,
AHZRRTH 1994 D2 EHEF B ZRAT\DERIRD
BRICBELIzEDIE. LLERADSHEEZED
THETOY 7 MRAEZ HEE T 2 HEF AR
Fiéixsz&ETHY. ThniE. WSFIEDEELZR
BRITEERY LIZEDTHYET, TNSOREN
FRHS5NT. AHZEFTIE 2010 FiC THEFIB - &E

BAZRHLR] (CERE SN, 2013 FEDHIEENTHTT 2
FRRIEHMER O 2015 FOBKRTHE CIE. &7 7D
iz 5 A 5NE LT

4 fREE —WRD COE & LT—

RKEREXEARDTO—/\L « TEFZ AEREBE
BRICB WV TAMERDER - BREZERIET HXL,
/—/\El_( FENUTEHIED LOARGERIDEREN TLOE

o AL 16 FEEIC. MEDBFDEHICIMA. Eﬁ?%d)i_
Lﬁ:’D BrEghr HEE LcgiEiMThng Lz, 5@
B, FHHEA. READBAEICKE <. IEDERICK >
CTREMICHBZZEE CELREMEEALET L,
THDHZRIE. BRUBEMEMOEBNMERRZ E
EEIE T S FRRE OB CRAICEU DI A Z+—
HICIBHREEHERFE L 2—] DRLEE>THES
TWET, £/ 10 FRREDFRIEN R/ > Dzt E

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 cen-
ter since 2010. In both the mid-term and final assessment as a joint usage/
research center, RIEC received the first rank evaluation for its research activity
and contribution to the related communities.

Leap forward: As a world center of excellence

To realize RIEC's philosophy and goals in the coming era of next-generation
global, ubiquitous information communication, an appropriate research system
has been put in place. In fiscal 2004 a reorganization was undertaken that con-
sidered the research time scale, in addition to the research fields themselves. Re-
search was divided broadly into short-, medium-, and long- term research, and we
introduced flexibility to enable the organization to be changed fluidly according to
the progress of the research. A major role in short term research is played by the
Research Center for 21st Century Infor- mation Technology, which facilitates the
practical application of the excellent research results achieved by RIEC within ap-
proximately five years through col- laboration between industry and academia. We
have also set up a Laboratory for Nanoelectronics and Spintronics to engage in
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research over medium-term spans of approximately 10 years. It undertakes com-
prehensive and intensive research into material and device technologies based on
nanotechnology. We have also established the Laboratory for Brainware Systems,
whose aim is to build intelligent integrated systems that break down the barriers
of present day information technologies, conducting fundamental research with
a view to practical applications. To promote research at the Laboratory for Nano-
elec- tronics and Spintronics, in March 2004 we completed the Nanoelectronics
and Spintronics integrated research block, which is equipped with the latest tech-
nology.

Long-term research has been reorganized into four major research divi-
sions. The Materials Science and Devices Division and the Coherent Wave
Engineering Division, which developed scientific techniques for transmitting
large volumes of information accurately at high speed, are both in fields in
which RIEC has traditionally been strong. These units have been reorganized
into the Information Devices Division and the Broadband Engineering Divi-
sion, respectively. Moreover, to build an advanced information society in which
humankind and the environment are in harmony, we have established the Hu-
man Information Systems Division, which aims to elucidate the ways in which
human beings process information, and the Systems and Software Divi- sion,
whose goal is to develop software and systems to advance and enhance the
information and communication systems that underpin the information society.

Since 2004 reorganization, RIEC played important roles in establishing three
university wide organizations authorized by the President of Tohoku Univer-
sity. In the fiscal year of 2009, Center for Spintronics Integrated Systems was
established to carry out the program designed by the Council for Science and
Technology Policy, Cabinet Office, Government of Japan. In 2011, Research
Organization of Electrical Communication was established to carry out re-
search on disaster-resistant information communication network as one of the
eight programs Tohoku University launched under the Institute for Disaster
Reconstruction and Regeneration Research in response to the heightened
social needs after the East Japan Great Earthquake. In 2013, Center for Inno-
vative Integrated Electronic Systems was established to construct a center of
excellence of academic-industrial alliance. 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 re-
searchers from arts and sciences fields.

The research works on Spintronics, RIEC members are leading, was recog-
nized as one of the four top level research fields of Tohoku University as the
Designed National University in 2017. RIEC members has great contribution
for establishment and operation of the Center for Science and Innovation in
Spintronics, Graduate Program on Spintronics, and Center for Spintronics Re-
search Network.

RIEC has structures for close cooperation in the spheres of research and
education with the School of Engineering (Electrical Engineering, Commu-
nications 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 new building of 13,513m? named the main building, was
finished in November of 2014, and opening ceremony for the building was
held on June 23, 2015 with the cerebration of 80th anniversary. Building on
the proud record of achievement of our distinguished predecessors and col-
leagues, we are entering a new era in which we hope to make further leaps
forward amid the rapid development of information and communication tech-
nologies and the rising tide of globalization.
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Evaluation Division

pARE e

Process Division
[EHRELAMTER

Information Technology Division

Fundamental Technology Center

EHE

Administration Office

— SR
General Affairs Section
- NEE
Library
—HZEIB R

Cooperative Research Section

— IR

Accounting Section

—BER

Purchasing Section
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Faculty & Staff
SH3ESF18IR7E/as of May 1, 2021
B Professors 22
AR Associate Professors 19
B Assistant Professors 19
FiARE Research Fellows 7
RHEHUR Specially Appointed Professors 2
+ Specially Appointed Assistant
B Professors 2
EHHE Administrative Staff 14
Hita Technical Staff 13
= Total 98
WZE R ANE (5 H 2 4RHE)
Researchers (FY2020)
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 10
BHAFMIRESNE AR JSPS Postdoctoral Fellowship for Overseas
A= Researchers 2
HhiHRESNE
%figg% HEA Invitation Fellowship for Research in Japan 0
TR E Contract Researchers 3
ZEEHES Contract Trainees 1
Bt Total 26
PR
Students
BH3FESH1HIRTE/as of May 1, 2021
. TEEEIFIIER ETFHR N _
AT, AT 7oL [SE—==-Y —ymidaal A=
Sij;lgof gwﬁrﬁiﬁﬁ Graduate School of Graduate School of EE;U%TE?FT"F)? _|‘_:' qul
9 9| Information Science |Biomedical Engineering ota

FERAFLE 60(1)
Undergraduate Students 60(1)
B RIEARAE
Master Course Students 96(9) 42(5) 8 146 (14)
BRI
Doctor Course Students o) e 4 26(12)
BRZSFREERAZS
Institute Research Students L) T

ast 168 (16

Tosial (16) 52 (11) 12 1(1) 233 (28)

# () 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

b= I Y T 14,993m’
IR 42,257m’
Building: Total building area  14,993m’

Total floor area 42 257m?

SH3EAR 1BIF7E/as of April 1, 2021

2 BRC BTHEE WEmTE
Name of Buildings Structure Year of Completion Floor Area
EN BEO > ) — M E6RE. MR 1R 2
Main Building Reinforced Concrete, 6 stories, 1Tbasement 2014 13,513m
1588 #B}E> D) — M AR SR 7 791m?
Building No.1 Reinforced Concrete, 4 stories Building-S : 1962, 1963 !
N 13
Building-N : 1959, 1960
2288 BEOT ) — AR ,
Building No.2 Reinforced Concrete, 4 stories 1962, 1963 7,058m
+/ - A EERER 7=l 2
) ) . ) 2004 7,315m
Laboratory for Nanoelectronics and Spintronics Steel-frame, 5 stories
i ~ -7 T = £ (owa ~ ] — N2
JLA>vox7 E)?#Eﬁ%ﬁﬁux 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
HETER 1996 598m’
Steel-frame, 1 story
REWF 2 1999 148m?
Light-weight steel-frame, 2 stories
2B EEM R 2 — #EH >0 ) — b 3PERE 1930 1343m?
Research Center for 21st Century Reinforced Concrete, 3 stories '
Information Technology
=17
SBTER 2002 435m?
Steel-frame, 1 story
BT Y T P BEO > ) — b 2kER 1981 787rm?
Evaluation and Analysis Center Reinforced Concrete, 2 stories
X M S, A ) — _uRER ek E) I
NIEIR o fR%?jJ:I/7J b ( ulﬁiif?&ﬁ) 15@ ,
} einforced Concrete (partly light-weight 1972 74m
Helium Sub-Center
steel-frame), 1 story
. Reinforced Concrete (partly light-weight 1965, 1966, 1978 488m’
Machine Shop
steel-frame), 1 story
Z D 2
Others 48/m
Bt :
Total 42,257m

BLUEEHIZERT » RIEC 2021/2022 | 15



TR
Budget

BERBETRAIC S 5 FHORS W Budget Shift

AL BAM/million yen
3,500
3,000 20 —
2,500 — — — —
172
1,708 1,558 2
1,514
2,000 — — — — — —
1,039
1,500 —— — — — —— —— —
1,000 — —— —— —— —— —— —
1,398 1,415 1,488 1,347 1,309 1,369
500 —— — — — — — —
0 \ \
FY2015 FY2016 FY2017 FY2018 FY2019 FY2020
EEEINE NEES MR ERES
Operation Grants External Funds Expenses for Facilities Improvement etc.
FHEEAER W Budget Summary B3 . FF/thousand yen
Ca%egol}éies FY2015 FY2016 FY2017 FY2018 FY2019 FY2020
EE%’;&M@ A& Personnel Expenses 730,537 808,066 835,904 790,118 742,128 801,695
Operation Grants |y 0 \on-Personnel Expenses 667,582 | 606599 | 626824| 556937| 566533| 567,249
SEEE TR =
Op%ri%rﬁ%?a%ts 'T:I(;ta| 1,398,119 | 1,414,665| 1,462,728 | 1,347,055| 1,308,661 1,368,944
BEEwHEE
Grantsin-Aid for Scientific Research 422,846 526,718 549,034 231,643 363,325 293,404
ZEthRE
NEES Funds for Commissioned Research 1,076,220 | 1,140,386 963,585 753,391 486,053 669,454
E | F
xemal Funds | z2py%  Donations 14490|  36190|  40541| 54344  42436| 27,200
(B8) MEHEE Indirect Expenses 219,886 244,413 220,733 134,311 155,852 172,874
Extefrtj}zﬁ%z-l%otal 1,513,556 | 1,703,294 | 1,553,160 | 1,039,378 891,814 990,058
KEEIHZEE Expenses for Reconstruction 0 0 0 0 1,936 172,477
BELEEIRE  Expenses for Relocation 20,011 0 0 0 0 0
TEEREfHE  Expenses for Facilities Improvement 0 0 0 0 0 0
=nEs E
MERERES 5t 20,011 0 0 0 1936| 172,477
Expenses for Facilities Improvement etc. Total
N
Fll'otf:l-{- 2,931,686 | 3,117,959 | 3,015,888 | 2,386,433 | 2,202,411 | 2,531,479
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NEFELZ AR M External Funds

BAI 1 BAM/ million yen

1,200
1,140
1,076
1,000 0
800 /4=
669
600 | B . EE e A
549
527
486
423
400 [ I T
232 293
VN B B B R B I B D i B e B A .
42
14 36 M 27
0 \ \ \ \ \
FY2015 FY2016 FY2017 FY2018 FY2019 FY2020
BEMREHE SEEhARE ErER
Grants-in-Aid for Scientific Research Funds for Commissioned Research Donations
NEBELMWER W External Funds BAi7 : FF3/thousand yen
£ I
) FY2015 FY2016 FY2017 FY2018 FY2019 FY2020
Categories
REMEEFHES
Grantsin-Aid for Scientific Research 422,846 526,718 549,034 231,643 363,325 293,404
SZETFRoC
SRR e 1,076,220 | 1,140,386 963,585 753,391 486,053 669,454
Funds for Commissioned Research
S 14490  36190|  40541|  54344|  42436| 27,200
onations
A?-I—
'Il;cgial 1,513,556 | 1,703,294 | 1,553,160 | 1,039,378 891,814 990,058

BRUBEMIZPT
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HETOY TV MAZE

Nation-wide Cooperative Research Projects

fFR7aY 7 MREOBE LB

AT IBEREEDEFICHT S COE (Center of Excellence) & LT ZDHRAE K VAL HARICRE L KEAREIZ 127 1 —
DNESICHET SHHOICHRFE - HEAZEIAE LTRHADMZRE SRR TOY 10 MAREZFIT LTS, AFZERPIOZEDERE
F. BEZREOHEBFNBTIE R, AHERHE EORBEMEARHRE LTWE ETAICE-A DS, AHIEFRD HE7OT 1Y
MRZE) ElE. BHRBEDTICHITBHEAM - VAT AICET 3R BOMREEARANDENEAREDH DS SIChE - O—F 1 2 —
L. 7YY MARELTERIEL TV EDTH 5,

HE7OYV 17 ML, FIRADOIIEEDOERNAESH TEETN., TOICFORBRBNEBMEES TRBIND ZENTFETH S,
INET. AAKRFAOHRBE 7OV 7 MIRDIRES LURMIE. EANOE - A - FITKF. B - AUHREELRD. BEeE -
HEEODHERUMEELEF[RE LT, REICKIITONTVD,

k7Y r MIRRRR

H£ETOV T FHRDFEEDHIC. HATAY 17 MNARZERRUHRTOY 17 FREEER. B0V 17 MEEZES
RNRBEINTWS, HATOY 17 MAREERIEF. HATOY 17 MARICET 2BBRRBEERT HIeHICA 3 &, FR 2
HEFHN 5 BDER 10 BDOFBICKVERINTWS, HETOY TV MAREZEROEMIE. AR CETINTVAHRAR
DEFEERLEDS. FIRNDOBERZLCRS, ARFAOEN THS TABMEENEII 1 27— 3 V2 RITT 2SR FHI
DFBEEADHE | ORBICARIRGRE IOV 17 MHREBEBRNIHET 5 £ICH D, TNE T LEMRDOAB FRIROEE,
NEANDLER. BEOSMICET 2RFIC OV THERETOCECH Y. BIChEDBMICEL TE, RF - RFXZFE & L THEESN
BERGETO>TETC NS, GH HATOY 17 MAROFRICR LEEE BT O cd. NBEEEZSHHRATAY 17 hEE
ZERDREEN TV,

Ffe, HETOY 17 NAROABGEREZR D DL AAEEEOHEICLVEREN TV AHETOY 17 FEBEERD
REEN TS,

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

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

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 pro-
posals. The purpose of the Project Steering Committee is the proper operation of approved projects.

R EEGES EEFH DKM !
Director Advisory Council Outline of the Operation Policy

HEAZ7OY I NIREES
Cooperative Research Projects Committee HETOV Y NFEICET 3

EERE

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

#RAZ7OY Y MNEEZES

Cooperative Projects Selection Committee

FRFDFIE /HRERE

Rating of applications / Adoption decision

H¥RA7O0Y Y FEREERR

Cooperative Projects Steering Committee

Type A

Type B

Type S

l
HEE

l

FHES/AENRE

Budget allocation / Daily routine business
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A3 RN T Y = 7 Mif%E

SR 3FEQHBETOY 17 MAKRIE. FIRADSREEN. EHDER. 1164 (AT794 B354 SI14 SEF 14 B
FRENTe, BH KD A IFELORERREICOVTITOAETH Y. 794055 71 hHONERE Y DIRE. X7 B ISFEEAREDHZ
SFADAER T, 3564025 2 HEHANEE Y DREDEDTH D, Flee REDHEREHSMLTOEHMEIEE. Ko AD8H X
DBDIBHTHB, KD AL TE ABTOYV 7 MR, EFARENRIE. BHENMRIERL. SUntRaheEr. ER
HEFRHEERD 5 DORRRL A T K9 BICH L TE. TNSICIAEF BRI EHRIT T 5,

Flo. X9 SIHERMBEICED(HATOY 17 MR TS Y. X9 S ERISERIEEHERHEEZ B & L OBNMER & HR
REXREITDLDTH B, FEREENTHFORKICRZBEVNTHRZHET NERBICDOVTC AARFAHFROLEY DD 185k - 5%
RO TEDERNNDKREHEHSOMITER & HFE L THET 2.

SM2EERE

mERAER 1254 (AT81#F. B2k Si1 ¢ SEIR:1H) mHiZEES 11524 (A:5514, B:5594, S:244, SEE:184)
XD A EXDBITHT B 6 DDRA TOFIREEORRIILITOEY TH2 (EEEZEE).

u EEHERATHEEDR | 41 4 u BBEFRIMTR IR | 46 1

» EFHEENRE D134 W STIRAYBZTHEERY | 54 4

BARETOVI Y MRERE (34 u EFHRERFZHEER 11 4

mZOM 04

KR 7a Y = 7 MSED RS - FEhlTO W T

HEATOY 7 FRARDORE. REITEERMLTITONTV 2, HROLRFEIF. 1 BREOICREEOMERODLAFTEEERE L. 2 A
KEADPFBZEORERIIL GO TWVE, HEOHEICIFHETOY 17 MREZERICLSEEMED LTV, TOBRIF. 4 BRAEIC
REBEENBHENS, HRAEIE. FRAELSSBREI B IS AETTCHY.. MK THR HE7O0V Y MARBREEZREL (A
(TEIRBE2TWVWD, GH FhD NERIEME ] OECENcL DI, AHBETOY 17 FARISAAEAEE & OHFERRZ AR
ELBDTHZDT. BFBILHTe2 USKAERDWISHEN N2 T ENUETH D,

http://www.riec.tohoku.ac.jp/ja/nation-wide/koubo/
LGRS | RACKEBRUBEREFRE R IR
BaE 1 022-217-5422

SNIEEBAEFE 7O 17 FHARFIR—E

I Japan-USA International Collaborative Research on Terahertz Devices based on Graphene-Phosphorene W SR b E Bis LTcH / A— R DF / KB TFHMERA
van der Waals Heterostructures W BEEEEEDOD THz 4 > F v T7 LA T 7 FICET BH%
W Si-Ge REF v b~ OIRAET & BF RGN T BB W RTD OIEFR IR BV EB AR A A A B & ZDIHE
M Quantifying the role of crystal and magnetic structure to spin-orbit torque induced switching of metallic W ERAREE S U RARIET LA T > T T DR
antiferromagnetic heterostructures W 5G - 10T DD T RIVF—/N\—ANZ b EAZY—T T AGRHICET B
W 2p BnFEE aCERLBLAMERO R C YR IHERE & SRR R T O W EEEBE B B IHERMEBIMRED R
B BEFRIHEDSHDRE QEY 1 7 DEHIREICEI T BFI% W REEABTEEERT A REBVEBEN DY —LL RGBT 7 A%y FT—7IC BT HH%E
BT LY bOZY RSABICEV e NERIBEER R LR F ORISR W ZEREIR DS | RAMLEAE
W ERBRY A Y OEREREFICA R AEVEE MV Y LAY EEN BRI L D5HE L 1SS IR W RRERICEBEINERA V2 —T7 1A REAVE 0T 711 ABLUORY ~OBRAE - BIR{CET
FIBDRST WAREDA VB S 3 v aRTT HEMMEREEETERET « AT LA
W ERAL T ¢ — )L R T L— MM InGaAs HEMT % FBUN e a0 R BREn s i L DB ZE B SRR ESOFMELS TXVF—EE T\ ANDISH
B REETIVHEREOER W BERATEOREESECE Y DR
B LFE-LIVRERHEY AT LR DR B REER B S OREISR \1 7 v MEEIER
B ABRA Y FHERL—F — 2BV BT HROEER B N1/ —Z)bF 1 —RIREHOE TR T DI
I Exploration of a new electrical detection method of magnetization dynamics in CoFeB-MgO magnetic W eEERiE BV ENEARORBE S ESERICET R
tunnel junction structure with perpendicular anisotropy B RERSEN— RO 7Ty VAV —T 4 Y I\DIGH
WSy RT7OM2AEYTDIHDY T b 1 7 EE OB DR B A5 EREOEBOEFNT — 2 IR D ODRERHICRI T 2 EBEHE
B FEZEOFHDBAEERY X T LOHEE DEVUNT # —R > A LD DI EDE N MR
W (V2 —xv NEESIEHOREREREO MR BSEEALF vV AERAVZ1—AE—T A v IV AT L
W Study of 2D nanomaterial devices for terahertz applications W)LY 27 ICERAY HES{CBEDHRICEY HH%E
B A ATEEEBE R ERTIREEIC R T BB B RASRERZEMDSHDF ¥ 5 2 —BEEM
M Development of graphene based devices for terahertz applications W loT £+ 2 YT 1 DR
B AT#HEEIEADBEERROBRITE E7 )L B EBHEN—ES A ART—V 12 b TS5 v b 75— LOBIZRRE
B TR E BB T 7/ 31 ADRE W YR - EFRMR T D XRICH IS HIEIRAMEERR
I Spin transport and magnetism in 2D van der Waals ferro and antiferromagnets W BREFICH I BIEFE L A T 20 OB & HHERIR
WV R & BT\ RO IR B3R BRI REIREE S X T LRBRD D DBEREKIMOHIE
W BT B B EBEMD D THARB DR W HC OFHEED LR IERBIEI DS 1 27 « DRE
| 2Ry B2 G T O AEBL T B-Ga203 gL T/ AL W R - BRORBNERERMA S = X LI HH%R
W B0OBHFERA L BBEBEHENOER Y O ~— 7 M5B 2HR W B DD UAV FEERRIT S T DHAREICET 2HER
u 2R/ EAICHIF BETREDHIEEMEEERTF DA W XA OESLUL—YISAEMEOL — 2 ERILAROHER
W high-k /Ge #5381 1) 2 REHIBIBED 7 0 X RIFOREH W B S FEOBERITINT & T DRMBICICEET 2%

W OEERTS T T UBEET N R W EG T ST AV T Y ORR - REDTHDI—F A VA2 T1—R
I Japan-Russia International collaborative research on a large-area photoconductive terahertz detector for W EARDAE Y - BB LA F 2 REZ D

high-speed imaging HRE VT AT 4 7RI
W K BB E G > Y AR ERESEGRF S LA W REEOYN)VICK BEEEE
W 74 ¥ L X Massive Connect loT DHFZE W PSDL2+: Advanced Physical Secu
W B 100GHZ #5771 ) \HBH A LY b7 1 I %) RF EZEHOBRRE B ENAIVITYIAVE—T 1 VI ITH BRI — & BT
W30 7Y VAERB LIS URT YT OBFICET B B Oe—LY R /A7 DEREEE > 25 [ICB8 T BEA%E
W E/ DUV DT DBIAET /A AT Y 1— VB EZ DA B OBREROL A VL ATHA Y EZDISA
W EoRVT LA DR S BEER M Beyond-5G ORIRCES feBAREITDERE
B END 3 KTk & S REFEOERAMKTFIEICET 255 W A\DITENEER - fRATIC B D BRI —H 1 2T 1 —R
WA 0T TS5 b7 4 — LOBIRICET 2% B EBT-AMEICEDA - RV TR
M Exploring and Understanding Touch Interaction using a Slidable-Sheet on Smart Devices B EEICE S H T ADOTERIEFEDBEICHEIT FF%
I Investigating cultural issues for the design of touch-based interactive D-FLIP photo management system W BRL LS| & Z OB SR TERHREIZE
W ABDRENEISET 2 RIERTIVF E— 4L T — 2 RELBER N3 RTEEADESEBHR L SRERE

B B2 2XLES STEAZDSSETOME WSS T R &/ MRHCE D BB D FREBR SR >/ BB - HIFEORS
M Cultural background and auditory selective attention W AEY - ] - 2EFHE 5T EFRAEmIIEORE

W BRI N L PRI RAE OREREICE T DR W EDE— NBEGIENICEE Y DA%

W IERFARRES R T LOWERERIIZE L R DER B ANEEEBOET IV L EEMR EOTSOFHEBIC L BN AFEORS

B SREEEHMEORER T HH5E W EERR LI RE 7/ \ 1 ADAIRLE /N1 F T/ ANDFTEH

W1 —OY A IVRAAY - ARL—I/AFY aAVvEa—7 1 Y TEBEORE | | Tt BB -8 A F SV REZNUCED VAT LIBEADER

W B(F2YS/Fi—TUERE—RBLREL T OMRE B REEREEBIREE B VR BWDIC L 5 EROANREROHEF A

B FHEEANE ALY FOZ7 AT\ ADMEHREEICET % W 7774297 (aphantasia) ICEIT BIO0OBIA A — ISR DR

W Si-GeBET v b 74— L ENDOEBEIEEEHEREIERORER W HIEAREREEREE S AT LARRICA R ERIERE T DRE

W TNAR AV THRT 47 ZADEIRE BeyondSG 7/ 31 ANDISH W 77220/ BROBISE Y — 7 AX—XICET S

W BRI BT BAE Y A A F 20 ADFHBICEEY BHZE WL EOERF BADBAICEI T 5%

W R - B - T ARFOREICLDBTHMOME BIATREG 1 EF 2 XY AT LA - RAEMIBEE

W TS XEEEETER LI\ A - BET /N1 ADRIR B HRITBHOMABFERBICGI b FOME - EF) - 385 - BERFIEORET
NBRMREE A T UANDIGRBICET B RO YA LBEOBREIEICEE T 2M%E W RO — LY MERORBEERS Z OISR

W EF T\ ADBEHILE IR 2% - R W AR E Al

W RFEEF T/ ADREE
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Trivht

7—*;“:{7\
o 3 P

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

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

Information
Devices Division

F/74MILY FAZY AHARE

Nano-Photoelectronics

F/RFFILY FOZHR
WS (H )

Nano-photomolecular Electronics
(Assoc. Prof. Katano)

OB—ET - 9T - 7 /1EBEDNEENET
ok

OB—EF - DFDLERIE - #EiEHE

OF /& iEERTE L THAT 2D FIL
JROZUR

¢ Optical excitation and photoelectronic prop-
erties of a single atom, molecule and nano-
structure

e Controlling of chemical reactions and struc-
tures of a single atom and molecule

® Molecule-based electronics based on the
nano molecular assembly

EFEFIETE
7B (MR HEHUR)

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

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

O/ A VEREY FOZY R - CMOS BE &

BUBLEERES AT [

OBBUSERY AT L« T—=F 7V F ¥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
AAMERDERT

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




FBES/ TINA AHEE W Dielectric Nano-Devices

BEF/TINAR
MRS HF (RHEER)

Dielectric Nano-Devices
(Prof. Cho)

RES /WA A7 Ls
CEZL TS = %)

Nanoscale Dielectric Measurement Systems
(Assoc. Prof. Yamasue)

EEMETY
ST (PN

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

OmnReE (BT DREEZIED) EBEFHER
A BRIBHIBE DR

O GRHFEXREHLF AV BEEERBIN
SCERODBIRE

O GHFEXEMEBEL BV RFABME - £
B OFHEEDHZS

OFBA% - B XNIEG A BREME AT BV
fe¥EBHEEFHROR—/\> A7 7 1)VEt
BIDHIZE (SiZ, SiC, GaN, Diamond 1th)

¢ Development of scanning nonlinear dielectric
microscope (SNDM) with super high (atom-
ic-scale) resolution

e Ultra-high density ferroelectric recording sys-
tem using SNDM

e Evaluation of ferroelectric material and piezo-
electric material using SNDM

e Evaluation of dopant profile in semiconductor
devices (Si, SiC, GaN, and diamond system
etc.) using newly developed super-higher or-
der scanning nonlinear dielectric microscopy

ITEREREERETRAZEE W Materials Functionality Design

niEraesRst
MEDF (BHEER)

Materials Functionality Design
(Prof. Shirai)

OF—REHAEEEAFBICE D LLARYE
> HEREMEL D IRERENE

ORXEY bOZV RARFICHIT HERCEFE
DI

OREY bOZ Y AMEHTHIT BT/ 1EBEFMK
TOCROFEH T2 L—T 3>

OMH - RF AR T 22N I aL—
2 AVFAORE

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

e Theoretical analysis of transport properties in
spintronics devices

e Computational simulation of nanostructure
growth process in spintronics materilas

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

ORFH#RiZ AT DI EAERRIHRTFEX
RT3 b ORFE

ORFORRE - ZIEETO—THEHE S AT LD
FAZE E RIERBFAH - 7/ ZFHENDISH

¢ Development of noncontact scanning nonlin-

ear dielectric potentiometry with atomic-reso-
lution

e Development of atomic resolution multifunc-
tional scanning probe microscopy and its
application to the evaluation of the next-gen-
eration electronic materials and devices

OFERTO—TT—2 A b L—T DRAFE
ORFEE - EBEMBB LT /NI ADF/
AT — VEHMESFEDRF

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)

OszEME
OHGR. KRLEMDER(ILEBIRE
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

ORE> - BEEBIERZ AUV e O FIE I
B9 HH3E

OF / BiMEAARORXPHEED 2 1 F 3 7 (T
B9 HHI%E

OB MEE - EEBEBENAL Y POZIIAEY
EFDRFE

O BHMEARRFDAET - HEBELEBRIK.
BERIERNIERISAICRS T 2138

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

e Control of magnetization utilizing spin-orbit
interactions

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

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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The research goal of the nano-photoelectronics laboratory is
to elucidate the physical and chemical properties of electronic
materials where the light and electrons interacted in the nano-
meter region. We are also interested in the basic research
issues to create new information device materials which are
indispensable for the development of advanced optical infor-
mation communication. By using atomic scale manipulation,
we are promoting research to achieve next-generation opto-
electronic devices with high functionality and efficiency.

7/ HAHFILY FOZIR
MRNT | AT AR

FHEBFOMEABELTCOF /BEICERL. (1) EEMVX
IVEHERE (STM) ZRBWBFDYE GEE ~ > RIVDJE. STM
AN PL—T—DHELEOBREGAEFE Q2 2F
REVPECOEBERRAE CEZFA LICERRE T/ BElFRFA
() ERFABICLDMERITF A ZHIEDETC—DODRTF -
NF. T LTCH/BEDET 2B FIEZ#EAT ZHRICE
WA TS, Ko STMZRWVS Z Ll &Y EfFRERE EDEL
DRERFPNFZBEEICEBL. ETHICZNSILFEREZFIEL
LT B EDTED, TDEKDEMRDRHHEN T Z )
BLT. 7/BE0Fr. MEN. AEFHNERFEZSEIC
HI Y B Z 1T 5. CDELDGFT/ TA TV RXICEDLHRE
ZBLTC AVERICI LY bOZ I AKMHAERY 547~
YAV TDRAZERET 2 DRIERDEF 7 /3 ZADIN
TEEEDREBZRART %

= Nano-photomolecular Electronics
(Assoc. Prof. Katano)

We are interested in the nanostructures where the light and
electrons interacted. To elucidate the photoelectronic prop-
erties of a single molecule and nanostructure, we utilize scan-
ning tunneling microscopy (STM) and STM-based spectrosco-
py (scanning tunneling spectroscopy and STM light emission
spectroscopy). We are also interested in the methods for the
fabrication of nanostructures using the molecular deposition
and self-assembled monolayer techniques. Theoretical cal-
culations are used complementary to experiments. By using
STM, individual atoms and molecules can be manipulated
and can be induced chemical reactions with the atomic scale
precision. Utilizing such ultimate fabrication methods, we
conduct research on the control of chemical, physical, and op-
toelectronic properties of individual nanostructures. Through
such nanoscience research, we develop the principles of pro-
cessing and operation of next-generation electronic devices.

EE bV RIVEHE (STM) (CK2h—R>F/ Fa—T#HENDT /IBEFK

Fabrication of a nanostructure on the carbon nanotube using scanning tunneling microscope (STM)
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Solid State Electronics
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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 SiREO SIME (HL)
Fig2. A UHV-compatible process/analyses system and the STM
image of a éow surface (inset).
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Staff

£ B Yasuo Cho Uk #HPE  Kohei Yamasue
26 Professor BT Associate Professor
Fx EE  YoshiomiHiranaga

TR Associate Professor

¥ HEEE

Research Activities

FBEST/ TIAAPREDEN - BIRIE, B—lcS/T7/ 0V —%=EME
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The aim and target of the dielectric nano-devices laboratory are
developing the research on the dielectric measurement of electronic
materials using nano-technologies and applying its fruits to high-per-
formance next generation electronic devices. It is also very important
aim of our laboratory to bring up leaders of the next generation by
cultivating young researchers and students through the research ac-
tivities.

@ FEF/ TINNA AREDS | E5IE

FNF T, BABE. BFBE. EBEMEG EFBHR RO - FH3
RUOZNSEAVcRREEBET /1 APEERTOMREIT > TV S,
BHNITIE, BERPHERU FeRAM HIZHEEN, AFEZTOREBRHOOHEEL
VIEFABARBRBRDERONENH. RAGHEREORFANEL L EED OB
DEEREICERAI T E 2 ERRIHGTFBEREME (SNDM) ZFEEL WS, <
DIFEWEIS IR ABRDODHEAIZEL T WFBAEDIEE DB HDEHA
PiEEEOFTHEANMMERITTA S MR THHTORE CH Y. BHcEBILD
TNTWD, TONFERED, BETITRFEBACT 1 T/ A—=2&>THY,
FEEICBVTUIRF OB Z =M L L5, AR fIZISRABRLE
DBEREICAVNE, (EREH Ch o IiBaBE R BRCEA N RIEATE
£ E, AEMBITRABVROIMAICE EE5T. SBAECKENR
AENZHMTHD, R SNDM T/ ALV I VI ZT UV TV AT I
ERVCRABRT -2 A L—IICBNT. RIERTI1EAIVFHY 4
TIEY FDT=2AML—IIERIL TS ([®158),

Fc. SNDM [EBERICDNESHEET /NA AUTBWTRFIT T S v a X
TURDOEFEBRHOAIR(LD, FEEPD F—/\> ~ FO7T 71 VDA
GEICLREGHNZRET S (M2B88R), CDLIIC. SNDM 133855
BEICIRS THIEMREHRENEHE L DDH 5,

@ FES /WIS 2T L
FRAS | LAk

TROBERBEICAAIRBERERBFME - 7/ AOWRFHEICERY
%7/ A — |V EEHEETIC B S HSFARICE U MEA TV D, FHCER
EVvFREICE CEBINBICED MM RF AT — )V CEEBMICRIER]
R ERRIERAERAR T v a3 X M LMEN S T O— T BEMEE R
EL W2, & REFELBFOERF LA EDE L EHETO—
TEMEEY AT LERFE L. BY AT LEFRG 2 MR E8GCEES
FA - TN ZFHEICISA Y SR EERL TS (K3),

@ FEYETS
BN | FAKHID

AREDHFCIIFERTO—T T —2 A M L—IDRBIEBE LI
REWELTHY . SCRIEADIER - FHEA SELEREE S X T LDIEERIC
ELHETC. BEVHRBEREZIT > T3, T, EELIHSHFEREM
BHEERGE L CEICTRAER - EEAMEOFMICEAT 2R EERNIC
T2TW3, TEROFEH N A VERICEES Y. BNEIEBREESE
oMY AMEFEDRAREZBL T, SZNBOERBICET HMKRERE
HLTWS,

- 0 +
aC,/oV

1. WIDEBREE Y b7 —ZIC K2 REWECR
) (4Thbit/inch?)

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

774V

power MOSFET

2.SIC/NT —MOSFET D F—/\> k71O

Fig.2 Dopant profile measurement of SiC

= Dielectric Nano-Devices (Prof. Cho)

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 inven-
tion and the development of “Scanning Nonlinear Dielectric Micro-
scope” (SNDM) which is the first successful purely electrical method
for observing the ferroelectric polarization distribution without the in-
fluence 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 to make a measurement and an evaluation
of flash-memory device and dopant profile in semiconductor devices
using SNDM (Fig.2). Because SNDM can detect very small capacitance
variation, it can be a very powerful evaluation tool for various materi-
als. Now SNDM evolves into a new evaluation technique for insulator
and semiconductor materials besides ferroelectric materials.

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

We intend to contribute future information and communication technology
through the development of novel nano-scale dielectric measurement systems
for the evaluation of the emerging electronic materials and devices. In particular,
we are developing a new scanning probe potentiometry method called scan-
ning nonlinear dielectric potentiometry for the atomic-scale quantitative investi-
gation of material properties regarding electric polarization on surfaces and in-
terfaces. By integrating the new method with the existing microscopy methods,
we are also working on the establishment of a multifunctional scanning probe
microscopy system towards the advanced analysis and characterization of the
next-generation materials and devices including two-dimensional crystals (Fig.3).

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

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

3. BEERIFEMERRIFRIVABERRT v a X k)
1L % SIC £T 57 1 DRFOMREERE

Fig.3  Atomic resolution imaging of graphene on SiC by ultrahigh
vacuum noncontact scanning nonlinear dielectric potentiometry
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Various kinds of materials are utilized for processing, commu-
nication, and storage of massive data in modern information
devices. Our research objectives are as follows: (1) theoretical
analyses of quantum phenomena in materials and nanostruc-
tures, (2) computational design of materials and nanostruc-
tures which possess new functionalities, (3) development of
materials design scheme utilizing large-scale computational
simulation techniques.

@ IIERBERETIR DT | BHEER

BFOBEIHBHEALYOBREZHRICHAB LI LOHET
NARADERREBERLIEALEY FOZIAARD—RELT. &
AEVRBMHPZNEBW T\ ABEICE T 2 A KF
BRCEDOERMBNZ T OMRT—<EL TV D, BHEMESE
SBRICBIT DM RAMEDERFIEICL2BENT I\ AR
B LIERARICLEF LTV S,

R, B—REABLEAFEEZEHEDE S b RIVES
BEMEEZRRL TS, 47TKRA AT —B2MENL T O
BERFE LT —2N—RZBEL. FRMROBIEEZRY
V=20 %RET 2IcdOBHFEE T IVOERICHL LTz,
HEOGHEZEIHSFERACY FOZ VAR ZRRT 51
B B-REFHEL T IV EZES ORI RO ER
FERTT 2 LRI - FERICK 2BBIEFBAEDH LUV
MRIEEERE e, Flee N— T AR IUHMRDPIAE Y F vy S
LRAFEEE NI EMGEBFREZRI MRS LT, BRE
EICHT HEEFEZFHE T 2 e DE—RIEABFADRHHEIC
ATV 2,

@ RN DE | FIERAEZIR

BRERE CRENBETYNZ, B—RENFALIROT
W5, BIEDHZENRIE. BFRFERFRICED(SEERY
DR TEHATNTVD, KRLaMOEELBAR. £ B
—FIESBICL S BERRFIEDORAICORVBEA TS, KA
DYEERD LT COBERRFESBDTENTHBHI EH
HERENTEY . BEIKRS Y. FMHERFTEMN\DLALRIEE
EEZ TV,
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Fig.1: The correlation between the Curie temperatures of quaternary
Heusler alloys predicted by machine learning (horizontal axis)
and those obtained by first-principles calculations (vertical axis)

= Materials Functionality Design (Prof. Shirai)

Our research interest is focused on “spintronics” to realize new
functional devices. The main topic is theoretical analysis of
spin-dependent transport properties in highly spin-polarized ma-
terials. We extend our theoretical research to electric-field effect
on magnetic anisotropy in ferromagnetic films for realizing low
power-consumption devices.

Recently, we seek for new electrode materials of magnetic tunnel
junction by combining first-principles calculations and machine
learning. We constructed a database containing physical prop-
erties of the quaternary Heusler alloy, and successfully created a
machine learning model for high-throughput screening of new
electrode materials.

To realize semiconductor spintronics materials with novel func-
tionalities, we propose new methods for controlling the magnet-
ic properties and demonstrate materials design of ferromagnetic
semiconductors (FMSs), on the basis of the first-principles calcu-
lations and model simulations. We also develop first-principles
approaches to estimate the transport properties at finite tem-
perature for half-metallic materials and spin-gapless semicon-
ductors.

= 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: 28/ =2V RIC K UL E N fssBi 8K (In, Fe) Sb @
REAR () LEHE ()

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

FRIL TF - X E>FERR R S5
For further details, please refer to the “Laboratory for Nanoelec-
tronics and Spintronics” section.
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In this laboratory, we focus on non-von Neumann computing
such as brain computing and quantum computing, and study
their hardware technology. We conduct research on various
topics including device, process, circuit, algorithm, and neuro-
science, and build revolutionary new computer technology by
integrating our findings.

UL TF « X EFERRpR) S
For further details, please refer to the “Laboratory for Nanoelec-
tronics and Spintronics” section.
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Highly Functional Photonics
(Prof. Yasaka)

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

ONRAABSI IR EZ DT T2/ e—L >
FGBENDISBICEY 5%

OFREZE L= EZDORFHTHANDIE
FBICEEY R

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

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

surement systems

Broadband Engineering Division

AR ESCET RS 7 EF
(HFHAEHIR)

High accuracy optical measurement
(Assoc. Prof. Yoshida)

OHMEBITRBFEES T/ \ A B RFE D
5

OB EH RO

OB SR DR
OFTRREF S HICEIARER DB

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

ORRHZERL —F LBRBENANDISA
DS

O/ VA E— FEH L — Y & AR EREE -
HR A7 RSB DG DI

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
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Information Storage - Computing Systems
(Prof. Tanaka)

Information Storage Systems
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Advanced Wireless Information Technology
(Prof. Suematsu)
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¢ 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)
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¢ 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
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Ultra-Broadband Devices and Systems
(Prof. Otsuji)

Ultra-Broadband Signal Processing
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Ultra-broadband Device Physics
(Assoc. Prof. Satou)
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e Creation of Graphene Terahertz Lasers

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

¢ Physics of Graphene Dirac Plasmons and its
Terahertz Functional Applications

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

OVZ 7 I EaWHEEANT DIEERD
R TZREVICET EMBRERUTZDTZ
ANIVYEIR - BHET/\A ANDISH

OV Z 7z UNCHBT BT NV YENERIEICE
TERAELELOZFDT ALY L—DISHE

OHMBFHEF 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

¢ Photonics-Electronics Convergence Carrier

Converters

Z

EFABERIFMAEE B Quantum-Optical Information Technology

EFIRHRIE
R (RAl##R)

Quantum-Optical Information Technology
(Prof. Edamatsu)

OFFEZRVREBFLONNFORE - B
FEDRFE BT BIREENDGA

OXT7 74\ JOERE +EGFSFEEZ A
WeBFREREBET /1 ADFHE

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

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

e Techniques for extreme quantum measurement
and quantum state synthesis using photons
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Ultrahigh-Speed Optical Communication

Staff

g

Keisuke Kasai
Associate Professorsor

187=Z Toshihiko Hirooka

Professor
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Research Activities
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AN, TOBERERYE - LFEEEZFERL. ICT A2 72 0HhK
WEBRRME LTRBEZRITHRITRBEL TV S, 5% BE
HICHEAR LT 21EHREZ. WO TEEINTHLEICTHLEEIC
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S5NTW5, AAREIF. O — LY AZBRE TER L.
BERBELOMEEZLAIELT 5. BEE - BABECTEF2
TEDOLYU IV NEHEAGRERN. 8X0TNSERSD
TRVWIXIF—HETREL D 5EHEEY X T LOEHRZE B
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Optical communication systems have evolved as a core technol-
ogy of the ICT infrastructure and become widely used in society.
This widespread deployment has been enabled by the progress
made on light sources, transmission media, and signal process-
ing, and by taking advantage of their high-speed and broadband
operation. In the future, further innovation is expected that will
realize flexible communication links capable of accommodating
massive increases in the amount of information at any time, and
transmitting it anywhere, and between any devices. In this lab-
oratory, we aim at establishing ultrahigh-speed, large-capacity,
highly secure and resilient optical communication technologies
that can even be integrated with wireless communication by tak-
ing ultimate advantage of the coherence of lightwaves. We also
intend to develop functional optical systems capable of handling
such transmissions with extremely high energy efficiency.

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
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1T I EIREE (L L —T & T DB TS TRANDISAIC
B MR EED TS,

BEECBERBROKT

Experiment on ultrahigh-speed optical transmission

= Ultrahigh-Speed Optical Communication
(Prof. Hirooka)

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

= Lightwave Control System
(Assoc. Prof. Kasai)

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

2048 QAM T —L > FHEES (B) HLT19 A7 7 71 /\OMEERE (A)
2048 QAM coherent optical signal (left) and cross section of 19-core fiber (right)
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Applied Quantum Optics
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Research Activities
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We are investigating novel, highly functional semiconductor
photonic devices and laser light sources, which is indispens-
able to realize new generation optical information communi-
cation network systems. Furthermore, our research interests
cover ultrafast photonic devices including laser sources, op-
to-electronic semiconductor devices and their applications to
optical computing and signal processing areas.
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Ring Filter

TR RmEFEGRL —TFy T

Narrow linewidth optical negative feedback semiconductor laser chip

= 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.

@ (b)

— |~ Free running — | =+ Lorenz fitting
o Bl
g Under feedback -5 | — Measured
g 3
o 2] Av=99.8 kHz
(=2 or
2 2
o | oL
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Q Q
+ +
= =
60 80 100 120 140 96 98 100 102 104

Frequency [MHz] Frequency [MHz]

(a) BIFEGIERIERDANY ML, (b) BIRERFANXY bVOILAR
(a) Lasing spectra under free run and feedback conditions
(b) magnified spectrum under feedback condition
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Advanced Wireless Information Technology

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

© 5518 1 L RIS

HZRDET | RANEIR
FREDHF CIIHER - GEREHRE LIESEBRX Y FT—7
DRBAEBIIELT. BSEEN DBINEEDODEWNEHRT AV LR
SBEFAMT (Advanced Wireless IT) ICEET 258 % (55 IR -
TINA X « REFMHOSEER - 2 v b T— I HEMITES LT,
—B LR - EREZ1T>TV5,
EBMIBRIE - 7/N1 R - REFMOMERE L TE. UaY
CMOS Hifix BWcBE RS RF /NI —T7 > 7« vt A
P F YR EOHRE - AR BT VT FEY2—IVDOR
HETO>TWB, LT, N5 AV RFTFINAR 7V
THFEIVA—IEEDT AV L RABEHKRICHERRBIROEE
. TA4Y2IVEREMERWNCHEET 2TV 2IVT VAT Y
R RF 70OV EROME - BRET> T\ 5,
ZEHE - v M —UEMOMEE L TIE. BEE - #HELZE
ICL 2 EERBEEICEEERY N T =07 VX ERREE T B
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Z (MBWA; mobile broadband wireless access) DFIZEATT> T
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MABEE T2 L D57, BEE - BETA VLA LAN TV L
A PAN (personal area network) DBFZEE1T> TN %,

=

. == / High-Speed Optical Network
‘\ﬂ Internet
<N .
—— Cellular and MBWA
\ V/ Base Station

Ve

Hiobile

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 RF/mmWave CMOS IC
Beam-forming i il

L
Beam

| domair
Forming ™" i
1E| 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
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Our main interest lies in high-density information storage
technology.

The amount of data generated in the form of multimedia, loT
and Al information increases dramatically every year. Next
generation advanced ICT and information storage systems
with high performance, high capacity and intelligence are
required. In this group, we are conducting research into high
density information storage based on perpendicular magnetic
recording and 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.
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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
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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 - MY S T T ATy I TS RE
VRS UIVRRICK Y ERRAE 4 EULBEBET SE
KINSIT L BT ALY BHEEE 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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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.

© ETERTY

BIRAE | Rk
BFHONGEDHOEFUHEBME L TCEFBRBEEM. HH
¥ FEREBFEEE AV EFBREET /1 A BREFS
R - BIEE OERMAEEIT > TV D,

Laser excitation

Unpolarized i
Single-photon Ey
emission

1. ZAVEY FRORHE RN NV RD) ZRVBREE—FRE.

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 Technology
(Prof. Edamatsu)

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

Photon in Nonlinearcrystal
alaser
pul'_I__>

Photon pa|r Nonlmearcrysual

Dlﬂerent > ;24- |:> * }
poling l
.—I— Color entanglement

HOﬂZOMﬂl ® Vertical
pdanzahon polarization

2. EREOBFEONNFRESEDEZN,

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

OsREMAC T

OBE R BRI
OXAVOMRT7 7 F1T—4
OHSH AR ERERKS

e Super high sensitivity magnetic field sensor

¢ High-frequency electromagnetic measuring
system

® Micro magnetic actuator

* New medical equipment using magnetic

NS AT A

Zenbl"]

Human Information Systems Division

RMRIAVE1—FT 1 VITHER

Real-World Computing
RFIVE1—ToVT
HADE (AEHER)

Real-World Computing
@ rof. Ishiguro)

OBAEHBREY 7 ~aRy kO
OEFTREX. BT, HI7. EfTICEIT%588
Sy BN IED
OZEZ2FHIRZDEVORBREO S F MR
EORT 47 ANDISA

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

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

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

RURBEBETI VT
RIS EF (hnanAESER)

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

OB A7 LOBERDEHIEICES 2%
OBNOEBAHZXLORALEORY b
DISRICEY BHH%

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)

ORBHIRDEERFIE EZRERFEORIE
OBRBGEENFIH & RESERMEDOET UL
O 3 RITEBHDE. T BSRERRFIEOMSR

® 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
ORARDFE L FBHN

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

SREBRASBNI AT LRARE ————

Multimodal Cognitive System
SRERBMRSRM AT L
RS CRH#AER)

Multimodal Cognitive System Group
(Prof. Sakai)

OKE - REZHOLETHZRERRREGT A
T LRI 2%
OZRBIERASDEZEISHICEY %

® 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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Information Content
1255971705V H
RS EF (br#dz)

Interactive Content Design
(Prof. Kitamura)

C1-3I2AVTIVAVE593Y
MR (SISERR)

Human-Content Interaction
(Assoc. Prof. Takashima)

OA VRS T« TlxaAVT Y DEHEL

O3R/TE—>avbodeqra250a>

ON=F vV T7UT 1LV ORE—Z)V1—H
AR TT—R

ORO—Y%&ERIBH LA V2507470
T

e Interactive Content Visualization with Emerg-
ing Algorithms

¢ 3D Motion Sensing and Interaction

e Virtual Reality and User Interface based on
Cross-modal Effect

¢ Interactive Drone Content for Entertainment /
Wildlife Symbiosis

Oy « BWRSEIZERI 1 —H A > 2T 1—X

Ot>H7ovy A2 71—R

OANDERMEICED A V257> 3 U #l

OAR—=hrTNNARERBLIER Y FAVRZY
=P

e Dynamic and Adaptive Spatial User Interfaces

e Sensor Blocks and Interface

e Human Physical-based Content Interaction
Techniques

® Touch Interaction using Smart Devices

T/ N AREDFTINA AHARE

Nano-Bio Hybrid Molecular Devices
T/ NMARMERFTINAR
MRS EF (FHER)

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

OANTMBRIRICE DL 7/\1 RO LIGAIC
ESpaY iy

OF / tEEEDEELNA A HISBICEYT
B

O EHEMEE BV e AT ZOEREIcREd
B

O% B F - #REIREADET ) >V JIcBET 3
B3
OZRFTNAAMBUCEDCEF - 17N
A ADAIRGICEET BHZE

OBMbS VI R2EBWETLFTILTN
A RICEET BH5E

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

e Fabrication of nanostructures and their bio-
sensor applications

e Construction of artificial neuronal networks
based on cultured neurons

* Modelling of biosystems and neuronal circuits

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

e Development of flexible devices using organic
transistors




EHERITRMARE

Electromagnetic Bioinformation Engineering

Staff
Al FE  Kazushi lshiyama
Bi% Professor

v HHZEE

Research Activities

EREDBHIAZ 2= r— 3Rl EEDEDBERY R
TLELTDIE O EZERT BedlclE. £ERDHET 2HE5%
HOABLITMAT. EFEDBET A GHEEZDLZHTE
WELTRA. TNOEHREWITIRET H1cHDRTBEDNE
ThHd, TOHICHMRETIFIRE. ERDET ZIEREZS
W2t IRIE S GICERICEENS ZIT ORIICET 5
MREHEL TS, INSORMAFRZELC T, EREDRY
BAZ 1T —Y aURMOEIZBEL. FREELUICER
BUDFICTEIML T <,

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

¥ EARBHIERARDE | Al

KRARDEF CHEIN. MO TEVHBADREZE T 288K
F v U7BFRC YIS MRBFE - IR - B IER
EERAT - RIBEREERGTS &% < ORAMRZIC LY REZEETH
FIBHFR T E LTI ERESOREZTER L. ERERE
BHET 22T ELTESIC—BOBRNMEDOSNT NS, KT,
EERITBEMNIZTOOD—DDFELELT. TAVLRTY
F1I—2 X1 L—2—DRHZHEEL TS, InEE
FERTEET 50Ky b ZRIRT B HDEEFEBRMD—D
ThY. TORMO—EIZTTLIBDAH A TOENDEZ
HNRT AV LRARY TORES. RIFHAATERENS AT
CIVERREZ B BN THREE 2 dDFEE LTEAH
EONESH SN TS,

BEAKF v ) 7RSSR >
High frequency carrior-type thin film magnetic
field sensor

n7arEAT

pump

FEBDAHEBINA T OEANET A VL AR T

A prototype of wireless artificial heart assist blood

= Electromagnetic Bioinformation Engineering
(Prof. Ishiyama)

High-frequency carrier-type magnetic field sensor, which is
developed in our laboratory, obtains the world-highest field
sensitivity in room temperature under the works for materials,
micro-fabrication techniques, controlling the magnetic prop-
erties. This sensor is studied for sensing system for bio-infor-
mation. As one of the approaching system for human body,
wireless actuators and manipulators are investigated. This
technology is important for a basic study for robots working in
the human body. 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.

TAVLAHK[E—YaVF v TF v VAT L
Wireless magnetic motion capture system
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Advanced Acoustic Information Systems

Staff
IRA  1&— Shuichi Sakamoto
B Professor

v HEES

" Research Activities

TIHBBRY AT LARER. BERRORIVFE-ZIARERE
RIVEBIZICET 2ERMEL. TONMREZRV(BELEEE
BYRAT LPREGEREZRFT 27HOMRE. BITET AT
LERBOEREBZ ST « VR IVESLIEOHEICEVEATY
Do INOSOARKIE. FES - BREZELIITE BR - &fE-
BFIFE SOIKIIHRIE BREREIFDEXEETLENT
v ER AR LEFREOMONTFLLERERT HEE
IR TD BRI E RS LTV S,

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

@ 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.]

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

Staff

B|A  F SatoshiShioiri &  A0E Chia-HueiTseng

B Professor TR Associate Professor

PE EB#H  Yasuhiro Hatori Sai Sun Sai Sun

BhEL Assistant Professor ¥ (3&) Assistant Professor*

Wu Wei  Wu Wei 1ERE 13 Yoshiyuki Sato

BN Specially Appointed Assistant Professor

YFEBNE (3%)  Specially Appointed Assistant Professor*

v HHZEE

Research Activities

AR ETIE. BEREIC DWW TRICEERDEE DA SR
L. ZTHICEDCABIHE. BRIZE ENDLAENERZ BH
ELTWB, NBORERFER 2 DBV BFHRERA
IR RERIE D > 1 — Qt/a/m/jﬂ FEFBL
T. BEICKZTBME. SR, FEICKBIREEOTT
JVODIEER, BMEREHEEICETBMEE LTV,

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.

¥ SREBEBRY AT LARDE | BABER
BROEBMMBEROIC, THR. EBRICHI DR,
FEERRL. ZOEF VAL T, AMORREER, Zh
ERIRT B AT LOWREEINT. Ffo. AEOEBIAES
L. BEEBsmeTERErERL. T7LERET, ch
SORRICEDE, BREROTE. HENST. HEHOWE
YRT LOBEADRBET B, & 5Ic. BEDEEOMEHNR
ROBREBNBCEDD, HALBET TOARORMRHD
5B AT BT HORIRICRY BA T B,

VIR - FEMRNT | BHEEER

KAEDE CIE. OEYMES, wREEP. HAEHR @39@/7
A—FZFALT. ME. TR FREV O ABORAKRE
ﬂ%%@%ﬁoMt%b%ﬁ?%%@—%btﬁﬁ%\A%@@
BYRTLEEDESICERL TV SDDZEBEL. IhS5DR
RICEDE WHBDEBEEEDEZR LT 51cDHDICHERERH
ZHRY %
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(EEZALDY v A1 — FHEH)

BEAAGEESES o MR

BEAOBE

RETLEY
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Mo 7R (REBHE)

* 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 psy-
chophysical, neurophysiological, and computational approach-
es, we try to answer how sensory systems construct a coherent
world that we experience and look for applications to enhance
human life quality.

BEOBET 2L BRICROMARDRIIAECELLET ., XD LHSEER
LTI LTHBE TORBORESIIERTEE T, LH L. blelicbld &
BENUICROCTERBEL RELIERERTVWEY, Thid. BERZEDMELS
LTHERPICBE I 2RELHBETY . AR T, BEOHELIIBERDESH.
BERZCOMBEENHT B A D ZXLDFEERSMCLE L, BEBEHTITRE
RBEBET 2T LT Ty A— FIRZFHE LIER FEREL B (KKRZX5)
FE BEHRICCL (REMEL) TEzBSMLELR ('f‘:"F)o THUSRIED
BEDIHZ®RDD T EEBR L. T v H— FIHD, REREICH L CREBRGH
BTHB I LETRT HRFREDRICESHAERRTT .

We move our eyes several times per second. These fast eye movements, called
saccades, create large image shifts on the retina-making our visual system work
hard to maintain a stable perceptual world. We found higher visible stimulus
cause stronger saccadic suppression. The result indicates that saccadic suppres-
sion of motion is an active process for realizing visual stability.

01 .J.;| : "L \
k H
i e T T

: 1UuﬂlbﬁA

B00 1000 130

EhEEPDIZT 2= a v, —HITHEW TED, FOBEP, EXREICKLD
RFGETEECEL S, AARTIE BENRESICES T2 25— 3 7(0D0
TSI Aol IREL Y —ICL2BEDOFHAI& DIBYIEMF a2 BHabE e
EREERMBLE LT,

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

Staff

bt =X Yoshifumi Kitamura Ble F% Kazuki Takashima
E2resd Professor RS Associate Professor
BEH Mz Kazuyuki Fujita MK & Kaori lkematsu
B Assistant Professor B Assistant Professor

W HIRIEE)

Research Activities

loT DEREEE ST HEFLHDE DERIEPEHAZE
H1b - HetLDoDH 2, TOmNIE. REPAELZLE. N
L TCHBREDDEVEATWED DFEHRICERSIK DI,
INSZEEEMEREANEDRFEBHREZEZ S LITRE
DRBELGOTVD, Wfebld. 7I2)MEENTWBE DT
FTHEL BOEYDHS5RZH0ZI0T Y ERA. N
SZEERITAHET. ANRDERE FE. 322275 —Y 3>
ERVIRBTCELGLDICT B V250 T 4TAVT VYD
HRZED TN S,

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

WAVEZUTATAVT Y
DS | AR

IN=F v )L T7 )71 D E LT, LB 3IXTIVTVIC
RELRE—V3 Y b SyF VIV AT LOBED. SRTAEE
WOV TVVYENRNITR D fcdDI—H A 27 1 —IARTE
|[THRIL B FEA TUNVB,

= Interactive Content Design
(Prof. Kitamura)

This team explores novel motion tracking systems that signifi-
cantly expand design opportunities of various interactive spatial
content and new interactive content design technologies that
effectively and flexibly manage higher-dimensional content.

W1 RXVIAVTIYA VRS TT Y
EEDE | RSB

IN=F v )V T7 T EQEEO T EANEDBRMSEEER
THEEEIC. FNESALADENYOZ 1 25— 3 vA®|
W TCEZHLOVERA V27 2 —AEHE LTV, B, /\—
FrIVERIE T IHIVT 4 AT LA K BEREZER 11
VRTI=ANRA VARSI ATy IEICESNICEY A
ATVET,

= 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.

L T, LA
Rk Ity o o ntRE
E“I_lnl_cg“.ﬂ E

P
ARSRREEAC R
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Bl ecacBay NE B ——
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Real-World Computing

Staff

HE ZFX  Akiolshiguro 0 MISE Takeshi Kano
E2resd Professor HEHET Associate Professor
®E ) Akira Fukuhara THEKRBE  Kotaro Yasui
Bh¥L Assistant Professor ¥ (F&) Assistant Professor*

W HIZEE)

Research Activities

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

TEEOEEIE | BALERA - Yl - EEREEE R ORR (B
B) PMEEMERT 5T LICL > AR DERDEMIEL SIFIE
BETERVIFERERERFSE ) ZRAIX L0 D=
AFNUSHOAE ) ZE IO KD BRI,

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

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

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

T/ NATREDFTINA ARRE

Nano-Bio Hybrid Molecular Devices

Staff

EHF FS  AyumiHirano-lwata {BAR K Daisuke Tadaki
Hi% Professor Bh#L

Assistant Professor

NS RS Maki Komiya
JEUE Assistant Professor

v HIEE)

Research Activities

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

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

FME 7 - IEEGR) S
For further details, please refer to the “Laboratory for Nanoelec-
tronics and Spintronics” section.
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Multimodal Cognitive System Group

Staff
I {2 Nobuyuki Sakai U7 &8 Kosuke Yamamoto
HI% (GR) Professor* BhE Assistant Professor

v HZRIEE)

Research Activities

BRUBEMEMDINE TITEBLTCERVY T VI P AR
BRICET DMREBEL ESICHBR I ERITOD > TERE
ERBHOMRE LG LT 5D N EFORRZE AR DEFD
BRET 2, BRUBEMEFMRESVNSHi Bl5H. BEHEE
MRDFHLLOFR 16 FEDWHE CREENREICET 2H
RAFICMA T, RE. BRE. R k5. REOQOAKINTD
BRERD DI B EBNARZIT O AMENFTLZRET 5
TET. SBEREADES T LD FRERENSBERBENTEZE
L. ERICKES<EMT ST EEBET . AAENFIZSED
BRILER TOBRDOEFTMICHIT HERMEDL 5. BRUEEME
FID N F R E AR S B L B B a v 24> T4
RT AV ARRE Y 2 —EDEELEELTND, 7OV b
DHHEITIE, KT - ARBBEOARELS TEL EELHSD
g - KirE 22 < RIFAN. AARDF CIRONER - A
WHEEIL. BFEREGFRPOEFHEFR. HREHNFEE
FRBEETERT DRI TR BRY AT L B - BARE
EEEE EERNOERT 5.

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 ES  BEE [EHAE E et A > X T A
D) S

For further details, please refer to the “Division for the Establish-
ment of Frontier Sciences Multimodal cognitive system " section.
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Software Construction
(Prof. Ohori)

OxREERETOY S 3> 558 SMLF DRFE

OBfE#EWeb 7OV 5227 DedDT L—L
=7

OV A IV DFRIBFRIRGE

OF —aR—=RETRT S I VI EEOHE

¢ Development of SML#, a new ML-style poly-
morphic programming language

e Reliable and productive Web programming
framework

e | ogical foundation for compilation

e Integration of databases and programming
languages

aAvEa1—T« V7 BRERARE —
B Computing Information Theory
AVE1—T 1V J15HRER
MRS EF (PHFEER)

Computing Information Theory
(Prof. Nakano)

=IERY 7 b TRE
RS (L AERER)

Reliable Software Development
(Assoc. Prof. Ueno)

OxREERETOY S 3> 558 SMLF DRIFE
O7073 2> U SEIERDRER
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¢ Development of SML#, a new ML-style poly-
morphic programming language

e Implementation technique for programming
languages

e Formal semantics for practical programming
languages

W5

Systems & Software Division

dAZazZ4h—rarvzxy b7—2oHzExE B Communication Network Systems

BEHRRY bT—0T7—FTIF %
MRS EF (RE)18R)

Information Network Architecture
(Prof. Hasegawa)

ATV bRy bT—Y
RIS EF (LA A8R)

Intelligent Network (Assoc. Prof. Kitagata)

OARZMB LUARF — b< b OEBIER
O70I S LEHRELUTOY S LIREE
OFEEIPZRERAIC KL 2E2BERDEIL
OftaFmBIOEGFTEDHEH PIRR DR

e Theory of tree automata and tree transducers

e Program transformation and program verifica-
tion

¢ Formalization in proof assistants

e Elucidation of computational behavior over
combinatory logic

O=fE8 - st - eAERRY hU—7
Oft8fexy b T—2 /2 AT N385 - ST
OXMRENAIVRY b D=0 T —FT 0 F v
OBz Y ~ 7 — 7 HeEsTlsdl

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

,/////{47////////// T

OM#E XYy b=V IRV T7 /ISBY 7
ko7

OBz y hT—F270 /MM Z Y hT—%
A

OXERIEF 2R —EREHE

* Knowledge based network middle-ware / Ap-
plication software

e High tolerability networking / Intelligent net-
working

e Next generation ubiquitous service infrastruc-

ture
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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

YIMAVE1-TA1VTERYATL
MRS E (ERHAER)

Soft Computing Integrated System
(Prof. Horio)

Sl 2R 23R s ol g DA e Bl ol 9274
OfAFH Y AT LDIN=RT7 2 72F21 )7+
O ABRECISAEEE LI+ 1T VAT A
OBKIEREF 1) 71 DEREISH

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)

OTJLAYENTayv AV Ea—T427
N—=Rox7

OB 7 O/ VLSIERRDBEFICEE T BH1E
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ESEpaY iy

OEMBREDORFEA BT BEVLSIY X T LD
FHEICEAY DR

¢ 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)

OFBEREMEQI Y IA VAT T —F 70 F ¥
EFOBEBAVLSIZTOt Y HISEICEY %
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OFNARETIWR=ZAF2IE1—T 1
VOT—FTUF v ICEET BHIRE

OZMEEREKIE - FRHARFEICE D B MEE
NoCICESd BHi7T

OFEERMERICED CGBEEESZALSICET %

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

OFMFRBBEICESERVLSIEg/7—+77
F v BT HH5E

Ot 7))L 31 X L EZDVLSIEREH TS B
(CRET BH13E

OFBERVLSIY R 7 LDREHAICES Y 2 HIZE

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

OCMOSA VIN=F 4 Z)bATw ZICEDCH
BERSTEERIMICEI T 213

OR MART 1w 7 EBICED  HEERNIE
IN— RO 7Y BH5E

OJRBRFEICEDCBEBEEETH/\—F
U T 7\CBET BT

e Energy-efficient hardware algorithm based on
probabilistic computing

* New-paradigm computing technique based
on CMOS invertible logic

¢ Brainware information-processing hardware
based on stochastic computing

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

Staff
KR P Atsushi Ohori ¥ A Katsuhiro Ueno
E6] Professor B Associate Professor

A #EABES  Kentaro Kikuchi

Bh# Assistant Professor

W HEEE

Research Activities
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b T 7 HEEEROHERZTOTCVNS, &lee INOSHRARD
EXMNR[ZHIEL. ERMRD SEoNIEREZERT 5
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Nowadays, a variety of software systems manage everything in
the world. Firm foundations for developing high performance
and highly reliable software are essential for continuous
advance of our societies. We are focusing on programming
languages and database systems, which provide foundations
of software development and data management. We are also
developing a new practical ML-style programming language,
SML#, which embodies our recent results such as record poly-
morphism and native data representation.

O VT MU ITERAEDE | KIEHE

BEEY 7 MU I 7 EMERLERT MO ZEEL. 7
DHZERSEEBETOY I VI EBOERERP LURER,
MOMEZEIT> T\, BEREZRE LT, 22 /31 LB EER
ZHWERZA DT EICEBOV/AIVT7)IL T RLABHD DD
BENEROMZE. KEDERE T —2X—XTHELTOT >
IVUEBN LY —LLRITRET B IERILVBEROZRE EIC
BUBEATWS, E5(1C, EFEEZEBECT. IR TOI/ 5=
> EBDEENSABICET HHEICE U EA TS,

v eEREY 7 NI TR
MR E | LEARER

BEEIOVIIVIUERERBL L. BWMERELLELER
TRV MU ITRERREERTT Bt A2/ A S DER
B, AV T bU T T7HREA D SEMEICET SR E
T2TW%. BFERICIE. BEETRI SV IJEETCIILTO
TIOYUS IV ERRTHEHN AT EBHADOME. £
SERCEMIETOTILYT 2%V —LLAICEEEES
HEEREOHE. BLUORBRKROTOT S 2V EFEDOER
AR DIAZR G CICHVAEA TS,

type pthread_t = unit ptr
val pthread create = _import "pthread create"
: (pthread t ref, unit ptr,
unit ptr -> unit ptr, unit ptr) -> int
val pthread join = _import "pthread join"
: (pthread_t, unit ptr ref) -> int
fun spawn f =
let val r = ref (Pointer.NULL ())
in pthread create (r, Pointer.NULL (),
fn _ => (£ (); Pointer.NULL ()),
Pointer.NULL ());
ir
end
fun join t = pthread join (t, ref (Pointer.NULL ()))
val r = ref 0
val t = spawn (fn _ => r := fib 42)

SML# DFEIHIEAE : <ILF AT EDRA T« TALw RHR—
SML# feature: native thread support on multicore CPUs

= Software Construction (Prof. Ohori)

A key technology to enhance the reliability of software systems
is to develop a high-level programming language that can di-
rectly represent various resources and can automatically detect
potential inconsistencies. Based on this general observation,
our research aims at establishing firm theoretical basis and
implementation technique for a reliable and flexible program-
ming language. One direction toward this goal is to establish
logical foundations for compilation, such as a proof-theory that
accounts for the entire process of compilation.

= Reliable Software Development (Assoc. Prof. Ueno)

Towards realizing a highly productive and reliable program-
ming language, we are developing techniques for full-scale
compiler construction and essential programming features
for practical software development. Major research topics in-
clude a heap management system for unobtrusive concurrent
multicore programming, seamless interoperability between
programming languages and external data, and formal se-
mantics of practical progamming languages.

SYNC1 SYNC2
hE i rootset

Srl]):Ersi e? enumeration f /
Mq P

snooping

barrier
: R4

M2 o

: |object segment
trace reclamation

PRESYNC1

A7V 1 bEIE—LEVERLT GC 7T X A
Highly efficient fully concurrent non-moving GC algorithm

PRESYNC2 MARK ASYNC
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Computing Information Theory

Staff
FE £/ Keisuke Nakano &HE Mz Kazuyuki Asada
IS Professor Bh# Assistant Professor

W HEEE

Research Activities

REARZE DB G BRI AR ETERDOBDMR Y 21885
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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.

O IVEa—T 1 VRS
FRNE | REFHIR

ARHTIE. 7007 LRFEAHMRILLIEBEICDONTEZLD
HREER L CWAERAAREEE R T NRICHABRZEDH TS, B
EEINCIE. KTV R T 12— & KIENBDKREED SAREEND
ZTHUCEET 2EmAaBE LRBIEHC &IcKY,. RN T0O
JoLEEH LY. TAYIRPAEGHEOMEBERIELZY
I AHAHORRICERYIBA TS, Fle. BEARZEREK
IENBEHERICE > TAFADE LS ZRET SV AT LERWV:
MEREED TN D,
£fe. IOV T I VI EBERGOMRLITOTCWVS, LD
XNEBRMAENISCTCTAT T LADO—EREDHZHRT 5

= 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
=3 F LIS ETV. TZEBENICHINT ST EICE Y. R technique above abstracts just specific aspects of programs, de-
v N — N — = Py . .
1? oS ErBTOT IV EBORBEEZBSHICT B, /E\fZ'SE’\]LC[:QZ pending on purposes. Through the abstraction and further math-
v g RTHEKS - RENENGR - NENELRG - BERNERSRE ematical analysis, we clarify the essence of a target programming
Z g BB, TOFS S V5 SEOEEIR DR OER EDD}%W language. This includes denotational, operational, axiomatic,
& © ORMEBEE TS5 LRI EICSET 3 and categorical semantics; and is applied to a theoretical design
I EU of programming languages, as well as to program verification by
bJ}-T [z} combining with the formal language techniques above.
% S
=
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ok GoXmemory [ Loy orooram Transformation iitisissarsai- | Formalization
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Fig.1 Performance Improvement by Program Transformation Fig.2 Formalization of Mathematical Juggling in Coq
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Communication Network Systems
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Research Activities
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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.

O IERRY NT—=0 T —FT I F ¥
MEDE | RO 18R

A2 —=%v MEAOBADI—FHFIBIT HERTBERT Y
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THHNHEEIRIVF—DEAE/ DA >2—% v I (Intermet
of Things: IoT) NDIS. EENGER Y h T — 7 8REER ESHD
FEEIPA VD, INSOMBEERAL. &VUBSELGBERMER
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INERET - BMEEAN, ERENAIVRY NT—0 T —F T 7 F v,
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Researches on Information Network Architecture

= |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.

= Intelligent Network (Assoc. Prof. Kitagata)

With Intelligent Network, networks and services must have
the ability to autonomously construct/reconstruct themselves,
according to change of user demands or changes in the en-
vironment. To realize such a system, we investigate network
software, based on agent and multi-agent technology, net-
working technology and service infrastructure.

(evgepeon)
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computing infra.
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Autopoiesis networking that adapts to large-scale changes of elements
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Environmentally Conscious Secure Information System

Staff
AR #X  Naofumi Homma £% % ReilUeno
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.

o REANBELF 17 BHR AT LA
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High-performancellight-weight

= Environmentally Conscious Secure Information System
(Prof. Homma)

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

Hardware security for
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cryptographic computing embedded systems
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BRIGAMA A+ 1 715 R Y A7 LHROME
Overview of environmentally conscious secure information system research
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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

Staff
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Research Activities

BAIREHERERERIE (Very Large Scale Integration; VLSI) </
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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.

BLUEEHIZERT » RIEC 2021/2022 | 53

UOISIAI] ©1eMOS % SWSISAS

A
=
N
YV
>
k
7
T
7
il
%
=i
P9




WEEH U\t

Laboratory for Nanoelectronics and Spintronics

AEY FAZY RS - HIZEE W Spintronics

T/AEVHETINAR
MRS E (FRREAE)

Nano Spin Materials and Devices
(Prof. Fukami)
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e Electrical and spin properties of spintronic ma-
terials/devices and their applications

e Control of magnetization utilizing spin-orbit
interactions

e 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




F/ N FRERFTINA ARARE
B Nano-Bio Hybrid Molecular Devices
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Nano-Bio Hybrid Molecular Devices
(Prof. Hirano-lwata)
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¢ 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 lntematlon§l Harvard
UK Research Collaboration University
(UK)
(USA)
CNRS (France) Purdue
University
University of (USA)
Salamanca
(Spain) University of
California
- (USA)
The University of
Kaiserslautern -
(Germany) Chinese
.| Academy of
Sciences
Johannes p
Gutenberg China)
University Mainz
(Germany) Singapore
| Spintronics
gniversity of Consortium
egensburg (Singapore)
(Germany)
The . "
e IHP & Berlin  The Technical Polish Moscow Bauman Moscow
UT‘?""""'.“’of Institute of  University | | Academy of llngPleé!ng State State Technical
IWYerS '? 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

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

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

1st: October 22-23, 2009

International Symposium held in LNS, RIEC

RIEC INTERNATIONAL SYMPOSIUM ON
BRAIN FUNCTIONS AND BRAIN COMPUTER

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

7 th:February 22-23, 2019 8 th:February 13-15, 2020
9t h:December 5, 2020

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

Staff
RE 8%  Shunsuke Fukami &H B ShunKanai
Bi% Professor BhE Assistant Professor

iR #EAK
ey

Yuta Yamane
Assistant Professor*

Justin Llandro Justin Llandro
B Assistant Professor

BERER

HRE

Junta lgarashi
Research Fellow

RS

William A. Borders  William A. Borders

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
%, BEMEMICIE. MRS b >R VEEEFORHE S 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,

Diameter
= 2|3 nm

0 100
HoHy (MT)

10.0 nm

REFRMEAT U B RS - USRS b R VEERT

The world-smallest magnetic tunnel junction for nonvolatile memory

= 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

4+
3 2
T o
3 2
A L A . L
0 200 400 600 800
time (ns)

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

Bh#L 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

fhiE X Shigeo Sato #BEE Bk Masao Sakuraba
BI% Professor HHIR Associate Professor
LA ZEBR  Hideaki Yamamoto A #  Satoshi Moriya
SERIR Associate Professor Jisag=1 Research Fellow

@ 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.

< 400 T r T Low-Energy Ar Plasma
Y Modulated <
///~ . ?9%9%9%
23 300/ (0,0.8) 7 /6 ’\e‘::\?v SiHg,
23 0/ ‘& ] | Sig4,Gegss 3nm! GeHy,
25 <& .p“‘ / L s ¥ ,ﬁcm
i f\\\\“\“f . @& IE L [
o= & {Sloa2Ceossio N 2
28 A.A-((\ | Sig42Geq55 3 NM! S
3E |«
£ 1008 Uniform 2
°z Spacer ]
B (A, A) = | *
2 9 A 00 @
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BINTOEESER(L T O XOBEICEIF T
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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Staff

PE &l Takahiro Hanyu
fEskE (#3%)  Director, Professor

Laboratory for Brainware Systems

(L2701 7THERERR] (&0 KREFHBHEER
ELTERMICFLIBOMBEBMOUE - BIRLBERFICT LA >
DI 7 EEMRE LTHREIN. TDR. THFEHEENR
DEFIRZEREIT, FR26F4BICT LA > D 1 7H5RERER S
LMEE L. TOEMIE. BREHR KLU LEMICENLT
DRMEFREY —LLRXICHET H2RMABRY AT L%, HE
I BRI CRIVI 2EBEMORIME T DICAD T ZREFHAT 5
TETHB, TDRDIC. KRBAROAF & BEGBERICH
PEFER - FRADEHAENBFORERREEEDT LA
VI T DB OMEEDRNZREE L THRZET .

C DEsRIE. BIGKERATEIY A7 LKA (GR# - £8Y
ATLHRE) . BRIBEIES AT LARE (RERI>
Ea—7« YIWRE)  MELSIY AT LA GRERVLS!
VATLMRE, VI AV EL—T 1 Y ITERY AT LR
ZE) O3MEEBRICMA T, T A>T —F7 7 F v RS
DEFEHITFEINTESY . BEZHAEDTFOHBADTIC. HE
RUMEHRDEEZTT D,

EHR L BRHROL— b VARBE
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o=
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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

si pti i " .
Physical and Adaptive Hardware Environment and Mild-Madal Computiii

*Brain-Like Computing

(Brain Architecture)

Intelligence and Information Generation
(Real-World Computing)

Hardware Environment with Massively Parallel Brain LSI

(Recognition and Learning Systems)

750,m

Chaotic Neural Network Reservoir TEG Chip and ™~ ., i
PCB for 3D Implementation; Bifurcation Diagram and Attractor Ll wr

* Brain Computing Based on Analog Neuro-Dynamics * Nonvolatile MRAM chip for Edge AI LSI

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

Staff
BA & Satoshi Shioiri A {&— Shuichi Sakamoto
E2resd Professor E2res Professor

v HZEE

Research Activities

FRAEDEF ClE. RO 5 AN EN DA EIERE ANBOHEL
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.
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= 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,
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.

20

15

Difference of word intelligibility (%)
[6)]
T
1

1 1 1 1 1
—60° -30° 0° +30° +60°
Target speech direction (°)

BEECRBINFAC—AT LA ZBVT, ZEICHTE LIRLEEDFH SBERVELERNICBEDIT 5 A D ZXLERSNMNILTVET,

By using this loudspeaker array installed in an anechoic room, we investigate how people extract target sounds from spatially distributed distractors.
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Soft Computing Integrated System

Staff

¥EE =Z Yoshihiko Horio
Bi% Professor
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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,

Reservoir layer
Input layer Y Output layer
‘_ """ teach(r)
.‘ N neurons
(N Learning algorithm: 7,
Pinputs

‘M chaotic neurons

= 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.

Internal State v, (t) [V]

0.65 07 075 08 085 09 0.95
External Vias Vg [V]

K1 (k) AFARZa—F)bxy bT—=2 U=, (F) IDBBEBEEREAY A7)y I AFRZ1—F)bxy NT—2 UHPN=TO 24 TFv T, (H) BEENOERE
Fig.1 (Left) Chaotic neural network reservoir. (Middle) Cyclic chaotic neural network reservoir prototype chip for 3D stacked IC. (Right) Measured bifurcation diagram.
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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. FER OVLSI VAT LT —F 70 F v B5TICZED
ERRERIBARICE Y WREMOBRRZFTH L. ABDOmEME
LEETHEEEERUBEERIBI S EAENET S,

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

@ FHERVLSIY 27 Ly

MREDE | PEHE
RAEDF ClE. MERDEREICIFEVHLOEZFICEDC
N=ROTT7T7=F77F v OREETO>TCVS, AR &
B IRERRICHBILEE TRAG AT /\ Y NiBERR
T2AVVIAVAERISIT—FT0F v ALY FAZIR
RFE EDIKAE - SR - REXKT /A REBRLIT/N\A
AETIAN=RFRVLSI 7 —F T 7 F vixE. Ty VABIE
HREVLSIZT At v Y DRIFITEICET 2R ET > T %,
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ToTW%, BAEMIIE. PVTIRS5DET U —VLSIEEE, 77—+
7T v BFREEICHESERVISIRR, 7 —F 77T v, B
AHBICEDCRBLT VD) XL EZDOVLISIERSHEMGA. &
BREOD Y A4V AT VLSRRG L, 8iE 7 0 X HiH
{LDREZED L DD, D DOBEERHFTICEWVN L RERENF
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EDE | BIRAEHE

AREDHF TIE. ROAEHRWEE & IE—FEE T HEENE
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VEBEEFERLIEEIXIVF—N—FRo 77/ XLP.
EROABEREM CIEFRRHONREE N RFTELZRIET 51>
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Nonvolatile memory (SOT-MRAM) chip for IoT edge devices

M. Natsul, et aM. Netsul, . Tamakoshl, H. Honfo, T. Watanabe, T. Nasuno, C. Zhang, T. Tanigava, H. Inoue, M. Nwa, T. Yoshiduka Y. Noguchi, M. Yasuhire, ¥. Ma,
H. Shen, 5. Fukami, H. Sato, 5. Ikedes H. Ohno, T. Endoh, T. Hemyu, IEEE JSSC, 2020.

(Emaion) § (Protoyping)

High-throughput/low-energy TRNG  Design framework of invertible logic ~ Energy-efficient BCNN inference hardware based on CMOS invertible logic

. Shin, N. Onisawa, W, Gross, and . Hanyu, IEEE Access, Oct. 2020,

N Onigaoes 5. Mukaide, A. Tamakoshi, H. Yamagats, H. Fuj, and . Hanyu, . Onizzone K. Nishina,
IEEE TVLSI, Oct. 2021 @ T. Hanyu, IEEE TCAD (inpres)

. Smithson, B. Meyer, W Gross, H. Yamagata, H. Fugi,

= 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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ing for energy-efficient CNN inference
R Arakawa, N. Onizawa, J.-P. Diguet, and T. Hanyu, IEEE TCAS-1, Jan. 2021
c ion from RTL to o Cutesre man outux

S
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Real-World Computing

Staff
HE ZFX  Akiolshiguro sy BISE Takeshi Kano
E2res Professor HEHEE Associate Professor

BR H  Akira Fukuhara
Bh#L Assistant Professor

LHIEARES Kotaro Yasui
B (3 Assistant Professor*
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Research Activities

REFAVE1—T 4 VIHRETIE. BARPHRV AT LIC
P BHFERORFAAN AL E BREDEHIE DBESH SERE
L. AIMORRNERETHEZBNE LTHEETOT
W5,

“EEOBEIE: B ERAN - HkT - BB RO ER (BEME)
PEEMEAT 2 LICE 2T B4 DERDBEHIEL SIFIEE
HTEBVIFBBAGT AT (iR ZAIE S LS L0 D M=
AFNESTGOIME ] ZE T T KO BRI %,

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

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

vEHREI 1 —FT Y
DS | AERHIE

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

= 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.

1LENCRBEEGEZET 2A\ERHORY hOBRE
3B
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
FAEDHREICIIHEA TN D, INSDRIE. B2 DERDBEHR
BICIRESERY 5 C & ¢ KENICFEREEMEEHHIRY 2.
KARDEF Cld. HRBRY > > FIVGHBET IV EWRT ST
ETC EHEHOEAREEZRY TOREEE LT FBiCHEo
fol RBFEZREIT D LZBEL TV S,

ized control.

2. BRIBP HAZELICE CCHSHERICSITEL
HELT ZEWORY b
Fig.2 Quadruped robot driven by a fully decentral-

3. BERD—ERD BRI CBIS L CHEERTREE 2 &
ErFRORY 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

EFEMIFMAHAEES W Industry-Academia-Government-Collaboration Research and Development Division —

74¥LRICT
7S5y h74—=L7AVIF

Wireless ICT Platform Project

OF4RVATIV s T7DfeHOTO— KN\
REEE - v b T — 7

OB/ A4 RBEBICH T ZEFEERD HDE
ISAT 4 T T 7 A

e Broadband wireless communication technolo-
gies for Dependable Air

e Adaptive Media Access Control for Increasing
the Capacity of Wireless loT Devices in Facto-

ry Sites

PEGEHERZCES B Interdisciplinary Collaboration Research Division

1BERDE & MfEICED<
ZRHEBET@D
ME7ooxs b

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

BHEERIZEER M Exploratory Research Division

AEY+tOZ9 Z - CMOS R4S
RBEERVATLO
WE7ovzyk

Interdisciplinary Collaboration Research Division

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

FO—>%FBT5HLL
AVRZ9FT47AVT0Y
b S AR E

Interactive Drone Content for Entertainment /
Wildlife Symbiosis

BiD « BREWEEBRVAT L
DIHDTA YL X loT B
BT DRI FF

Wireless loT Technology for a Safe & Secure
Medication Management System
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Staff
R TR Noriharu Suematsu
toa—E 3R Director, Professor

FEESERZEREER  Industry-Academia-Government-Collaboration
Research and Development Division

R FA Noriharu Suematsu
K& - H® G) Project Leader, Professor*

FIREIEZEER  Interdisciplinary Collaboration Research Division

BA @ Satoshi Shioiri PE  &ah Takahiro Hanyu
KL -8 3 Project Leader, Professor* R*E - HiT () Project Leader, Professor*

BFEFIAZTER  Challenging Exploratory Research Division

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

"I

IR

IR = Yoshifumi Kitamura e FA Noriharu Suematsu
RE -8 (3 Project Leader, Professor* R=E - HT () 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 EER BEHER

Takashi Shiba
Specially Appointed Professor

Noriharu Suematsu
Project Reader, Professor*

Suguru Kameda
Visiting Professor

fE E— AR il mE &
EEHE EE AT EE AT

Kenichi Maruhashi Takashi Maehata

Visiting Professor

Mizuki Motoyoshi

Visiting Associate Professor

BA RE
HEYE

Yasunori Suzuki
Visiting 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
H5,

T-21 €22 — - ENAIDFTIE FRLSK. BRBRBIEE
WA—D—PE—BBEEEEELOETELE OV TY MK
Do RERELER - KEBEEEMILL. D DOXIRRAERIT
BVTHLRE LIOBERROREZRRERET ST A N2 T -
I7 DREFFEZEITOCET,

INETIC, (1) 324Mbit/s 5GHz TEELR LAN IRKRDFRF. (2) /

4E§3yﬁrﬁﬁﬁﬁ$mﬁmm(:mﬁ>X7A»{//u
=) IV IEERIRROBRREETVL. £ie. 3) LEE/NCIV
JO—RN\YRTALVLRT7 72X (MBWA) REERERICE Y. B
BEREFTDY— L L AN\ RA—/\ EF LAN & MBWA &D
BiExy N T— OB —LL AV AT LINY RF—\EHIHET
TEfe, EHIC. INHS DO ERERBEH DI RS THEKIE
BEVRAT LI EOERBEATNEMET 5T & CRIGBER Y
FI—0DT A RXVAEY T4 HRIBECDRERETO>(ET

TR 29 FEDSIFHETEE [Pzl BLT%%?&%&Z%@%%U%@E
A?b@Ei&@ﬁ%ﬂ}%&m@ﬁn%ﬁﬁj\ SHTEEDLSIEHHE
&/ A ARBICH S 2BRBIER DI DEIGA T 1 77’7t
AHEICEET 2EARRFR] 2172 W5, T 51T DO EDHEE)
BERMOBEZSMEZND DI, AERBIEEMICKDR
JEHXTDONY F ¥ —(BRFI7G EHIEIRENTIY 5,

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

Fig.2 /\1 £ 3 VIEEMRREBNN 3
SiP = 1) AR

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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Interdisciplinary Collaboration Research Division Research
project of human value estimation of multimodal information
based on informatics paradigm to manage both quality
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2030 FEICiET w2 (10%) N4 M EBZ DBERERDERS
N2BRARICTE D EVDNTWS, TDEIBHRICENT
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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BoRNEEEMELZACERILY O ATHH DEEH
FlE. FVELDBEREERL. FUEZLDERICT7LAL.
Z L TRUBERDNDIEBEEENTEEATTD C LA BEZRIC. 1B
2 BEEOIAERRET HEEFTMOAIHICZLDU Y —X
DEION. UZT7ETIVTCREEMRIILTE . LHL. 21 i
A, EVUREEE DY Society5.0 DRIBICHIT T, BHRE
BRHFICBIT2ED 5B DEHREVSEED) Z7ETIVT
ISEMDEEZH L NN EFINETNTE TN S, TDH
EMBEBFEZITC. A—/\—0 1 —42PY—/\ETKIEE
BY T ITEBLNTVDRETAN—EHELZZABE Y Y
T — A RIT® Al B#s & OEBERMAZER AN A SRR, K
EFAPERBHLR TG EDERBILFEMHABREN Tldd B Ht
SRETNBEHTVS, LHL. TDN— Rz 7IEBEFED ./
ARVEDAVE2—T 4 VIREMDEET. TDOLEICY T MU
TFULAY =TT =TSV EDNBEEERET D &
WS 7 7O—FiE. BEHYDIX)IVF—HRHNEBICTEL,
ZDle. HLDRMESEBHR L TWE T 1 IV HIVERTIE Z
BHHERERDOICEROT TO—F DENIERE TH S,
BROEHLSEHOEER 7 4 VHIVEBICTERET 2 ABDL
SICBERERILVE - ¥R FFNICHEL . HDEEES
TRITTEZN— RO 7IENHFEES L. BEBICKECE
BAY BfcIc TAEY FOZ Y R -CMOS BR & BMBLEERE S A 7 1)
7O o b BFEHEET B,
2020 FEDEGMREE LT, KERBEGET —2DU 7 IL2A L
FBLEFRNRIBTE D REFRBESE K-means HETEFE 70
YT OREETH S, AERIE. FMAN 2 R FREXK2H.
ARFEE S . FFHE 2 T A, RERBERTDOZ M
X 3R HEBIRHMED DR 2 xS 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 lower 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
engineering that can execute advanced information processing
and judgment innovatively, efficiently, and with low power con-
sumption like human beings, greatly contributes to development
to promote the field of “spintronics/CMOS-hybrid brain-inspired
integrated system” research project.

The main achievement in the FY2020 are the non-volatile adaptive
K-means unsupervised learning processor that can realize real-time
learning and recognition of large-scale image data. It achieves 2
academic journal papers, 2 refereed conference papers, 5 invited
talks, and 2 patent applications. 3 academic journal papers are
currently being reviewed, and 2 patents are being submitted.

Spintronics/CMOS- hybrld Al LSI chip

)
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CORE9 CORES
CORE 10 CORE®6

CORE1Y | |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
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Image of this research project
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Exploratory Research Division Interactive Drone
Content for Entertainment / Wildlife Symbiosis
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FO—> CNEEAR (TId. REROEED 1 D& LT KE
FEHRODFTELON TS, AlICESEFRMLAREIN TN
B BUNBEEGRIBEPIRZ TIRAD RIS 2412 v U RIRE
THEBRFREH D, AMTLBDTZ 27 /VOBGITIE+D7EREE

HEE L, KOBRICITBREPHIZELS EDERRHE H 5.
TITERTAY 17 b TR e ERBBEEXDIEEZ R
fEFE-—VKBXTHETELER LT EERZHBHERIT. K
O—YEFERTAHLWA VRS0 T TV T Y OEBR
izt L. FO—VEMERDOTZAZTHLLblc. ThH
EEA L CHEN I —XIRA ST —ERZLEH BT DHD
MREHET 2.

FEMERT—X

(1 /Oy FEBI—T1 27 T —XEMEBHEE - &G
R DRF

FE—2%ZIEHE - REICHRMT 5TcdIcid. FA—EHD X
ZTRAR (BE-—ANER) B TORO-YZMOBRKR
D OBEBENICKO DB AMRRDOTEHZ. WHEIC, BRNGE
FCEEEE T/ r Oy MIRRT 20ED D 5, DHEHE
DEBEIE. HELRA FO— U REE® FO— 2 ZEH
ANCTHE LTI S BRERICEBMERTE S,

e N Oy S OBRMEE A EPRED LR EZR5 B8
THEIND FO—Y L —ARREXEGRRY EHYZERET
WBH TDHZBICVWDEREL. TOT LEFOHR#HZER TS
REEEIC, DO PTL AE-FRERV IV HHEGEE RS
BDIEREATHBHD. TDfedHIcH, E—AMBRMELE=
AR R[DI S ZWHEIGEHE S ERD SR/ T 2ED D 5.
ZITHRMRET —X T TOELOGEMEEERNIC) T7)VE
A LITER L. Bt —F 1227 11— BHAH
B, STOICRBEEICHBT oRiZEIILT. TV2T
AVAYMEREEFR LWL —EANDEZTV R,

(2) hoAREDAZ 22— 30 dBHTARO—VORRE
DAL BEIEPHE. BESOETFFHREPEES > T ILEE
OWEIZAFEETETFMELDDHY . TNEDIFEIZ2HE
TH b, LHOLRETHEVDHIRIRTH 5, TDEADERIE.
MDENMDITIZEBRMRNLN DS TBL] 2T CICERE>TLED
HZADEETHB,

ZITCERPET—<TlE. AZADORELLEEEIZI 17—
TAVEENEBEFICHNS CERT 5 H 7 AEEICK STTENHH
VAT LERFET D, TNE—FNICHTRABEFEZBETAHDT
[F5<. AZRADIAZ 25— 3 VDOXRICADTHZ A%
BRL. Z0OT#8%Z= 1> bAO—ILT BIT. AT RICES>TDY
TIWETHZRIZEDEPENE., ESICXARICASIZEEIZ 1
Zo—23vEBKT B, REBOU7IVEERBRLTEET S
DOAFEOR Y M PHE RO—ORERICINA. 22247 —
>avD) T IVEEBRT BeHIC ATHEERMAE EAIGAL
T. WEMAEBETAHHOABGEBEV AT LEREL. ORY
MCEE L THENETHFIEE H SR EDNEREDHEILE
BEELTWA,

This project aims to develop core technologies of interactive
drone content for real industrial use including entertainment
and wildlife symbiosis, through close industry/academia/gov-
ernment cooperation.

It is expected to support continuous development of drone
technologies through this innovation, and produce new indus-
try and services in response to societal needs.

The following are current research projects:

(1) Development of intuitive user interface for a drone pilot and
techniques for video sharing and distribution.
We propose Third-Person Piloting, a novel drone manipulation
interface that increases situational awareness using an interac-
tive third-person perspective from a second, spatially coupled-
drone.

(2) Development of crow-type-drone to communicate with crows.

(a) Drones

(b) Pilot interface

(d)iP,P from ‘Erimary drone

1 RETBHTHEENT S 2 DDAASHREAW FO— VB> 27 1—AD
WE (@) -8/ FO0—Y EWERDMUBERR, (b) /SOy FOER, 3> hOo—
7, E -V OBEIDMERR, (0 B FA—VICKB=AMER, d) EFO—
N EB—AFMRR

Fig.1 Overview of Third-Person Piloting: (a) Two drones are flying:primary and coupled
second drone. Primary one is controlled by a pilot to capture a man walking
along the street in its first-person perspective (FPP). Second is semi-automatical-
ly flying orbitally around primary one to capture third-person perspective (TPP);
(b, c,d) Pilot can observe FPP and TPP and change TPP's direction by rotating a
miniature on controller.

TALKING [[EESSSSE\ )
DRONE 5

=
W

2ZNERWATRESY
FLET

To Communicate |
With Birds ‘

02/ Nearby crows those heard it gather

01/ The crow robots begin dummy conversation.
The Talking Drone is
an unmanned aerial

vehicle (UAV) that is | s

used to communicate \\}} % = T k
with birds in the air | L

using voeal Prsr= | X7
S )

i 041 Smn};;rrobol in the air also Danici;at;mi
the conversation and guides them

2 ASAREDAZAZ7—23VTRASARO—VOBER

Fig.2 Concept of crow-type-drone to communicate with crows

03/ Then both robot crows and crows begin to talk
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IR B BERESEY AT LD  Exploratory Research Division  Wireless loT Technology
D74 LR loT BERMTOMERHK for a Safe & Secure Medication Management System
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EhEOHES5T. HAEKN| 'ET%%@%%@&E%E%@%E Medical costs that continue to increase with progress in aging
b& EHITHEIGITAIEEE RN HAMBECH S, EEE  society and medical advances are serious social problems on

DYHED =8I X—E@ﬂ@)@ﬁ&’ﬁﬁ DR A ey EEE 2 the worldwide scale. In order to reduce medical expenses, it is
F DEEANEREINTCH S, indispensable to construct a medication management system

that enables inventory control and confirmation of ingestion.

ATIW—TTlE. T4 L X 1oT (Internet of Things) i A
Wl - REREEEY A7 LOBERICET 2HFNMRETT
S5, AARBEETIE. TAVL A loT &ifiESBLT. /Ny Tl
L X DIFIRE ) TFIF B o B K UREEE Y X 7 LD

This division conducts exploratory research on establishing a
safe medication management system using wireless loT tech-
nology. The goal of this research is the realization and practical

implementation of system construction that allows patients to

R, BEDH “\EE&T%’ c&il N \L’\OZE’@‘J: DICHEAZ  take medication management just by taking tablet-type medi-
ATDREERMBT BRI TRABLIEDESDGEE WEER)  ne. In this research, we are now studying for the battery-less
TEBVRAT LOBREARREZBIRT tablet-pasting-type sensor by applying wireless loT technology.

AFFZREREE L L) 2017 ~ 2019 &EED 3 ERDOHZEETE CRits  This project started with a 3-year research plan in FY 2017, but
LA, 2019 EEFROFERBIMNGESR. £ 5|C 2021 4EfE5k  as an evaluation of research results at the end of FY 2019, the re-

£ 72 EROEEREITEE A S e, search period was extended by 2 years until the end of FY 2021.
Sensor IC
N
v ERPSEN (R
D1 o
1mm D3 1 =7
IGE)
Controller, 103 Dgip1 ID:2
TX/RX, etc.
v | Tablet & Capsule (with sensor)
[ 1D | #of doses | Reader
D1 2 (placed near
T D2 1 the throat)
Tablet & Capsule
Fig.1 SERIRG W (VB 2 >4 Fig2 WEEBY R T I
Fig.1 Battery-less tablet-pasting-type sensor Fig.2 Safe medication management system
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Multimodal Cognitive System

A ATLMRREE

Staff
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Research Activities

EamLfc.EﬂnFﬁb\L_ﬂi—C ERLTCERVY 7M7Y AME
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BEDFOHIEA TE LT 5D FDRIhZ AR
FOEMET S, BXBEARAREZSTH S FER. BB
BREHEMEDHF LS KUFA 16 EFUDE&%HTEQE‘SMT’J%ELLF%
TAHMBEDEFICMA T ?%Em BE. T, K58, REORK
ITRTCDBERERD leDICR BT BB AT O AT EF
HERBITHTET. SBRERBINES T ENFREINSERE
ERHEESIL. RBICKECEM IS EZEET, AHAR
DEFIFSEDBRILARTOBRROETHHICS T HEEZMENL O,
BRIBEMEMHANEMRER G EMEBE L EE L Tib Eife
AVRAVTAITA VAR 2—EOFE#EEEBEL T
%, 7OV bOHEEITIE, IR - Eﬁn’f&%ﬁ@ﬁﬁn%fﬁﬁ'{
5. EEHDSEMEE - BiMiEEZZ{RITAN. AR
’Ebﬂtﬁﬁ?,% MBI EMEIE. ETBERBEEF ‘\%”LJ\EEF—EELF—
= ERERFEEFERE ETRERT ST TR BRI AT A
B HAREEELGE. EEXERNELRMAT 5,

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.

/-_.\E |EE'-‘FE wLe DIL.\%D /XT.LA
Eﬁnﬁj\ﬁ‘ | RH I

AAEDF ClE. BYPLHARDLE - YEEERE E FHAED
EOITEHIE L. 0T 2N DV TDOINEZE S K UMEI R D ERE
HEEEEESZ EZBNE LTV, £lee INSDIE R
EEDREMEICTRIITAHNL BEDOHRE - FiTEDHE—
BITSARRE BT > TS,
KE)P‘”/ YEFTHROMICR S EEPRE. LFHRIERE (FEK
VAR HEMMEFERBICDOWVWTIL, BEPERICHEXRTY
7\7_'\ v OIEHRRIEHE ) < BN, —H T REICKDHKEIE
SENR P OFERARMEREIC K 2HKERIEIRE E. BADERIC
’)L\—(@r?_b‘ﬂ]bn LS HBITISHEENTE 2o AARDET
Tld £ FOAFRBAMICED DHREZREFRASDER LR
%@lb\@—?’\bﬂﬂgﬂ’ik?@?ﬁﬁbb‘ C9BTEEERLTVL
%) FZIE. TNE TEBREICKDIBHRDIERMRDOFIRICET
D58 %Dﬁ‘@?bcﬁ@%ﬂ%iléﬁugﬁ%ﬁﬂ‘973\ L. TOHE%
BIRBNICA T A EEERSMEICIRUIEA TN S,

Fle. REBOEFICBWT, BLbe bi, BRPHEREZET
SREIT AT CHEIRL TV D, TOBRRICIFRBEICK HERDA
EFRH. T DEED B WNIERRERICDWNT TN TOREERIC
KBRBICEDSFHOERM. TNZTNORDOBEREMICT LT
B 5FEDOABE DT EE. HAOES - MR FENEEHNH 5,
AAERBH ClETNSD—EDERD BN DOVNT HEIFHRIE

BY2ER NRS GEEANT 7 TO—F LTV,

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
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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
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MENF | mEHIR
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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 functional and ultra-low-power spintronics/CMOS hybrid
brain- mimicking VLS| system (Fig.1). For such occasions, the entire re-
search group is well-organized in two separated topic of “von Neumann
type” and “non von Neumann type” with organical knowledge sharing,
technology transfer and feedback. In order to realize the “Society5.0”
next-generation information society, not only the supergiant data gener-
ation over Yotta (10™) byte but also the Al im%rmation processing that ap-
pends the quality of information and supports the human thought become
increasingly important. On the other hand, conventional Al implementa-
tion approaches based on volatile memories are very disadvantageous in
power consumption efficiency and not feasible for practical use.

In this group, on “von Neumann” approach, a test chip for verifying accura-
cy enhancement and a prototype chip for demonstrating the computational
speed improvement of the proposed nonvolatile adaptive K-means unsu-
pervised learning processor are designed and evaluated with actual mea-
surement. The high accuracy is achieved by the proposed processor even
for those unbalanced training data set which is extremely difficult to conven-
tional K-means learning processor. Over 88.9% reduction of computational
cost is verified (Fig.2). Moreover, the light-weight FCNN structure is also pro-
posed and verified for nonvolatile object detection processor. On “non von
Neumann” approach, the prototype design of multi-core ultralow-power
nonvolatile SNN processor, the build-out of evaluation environment based
on large-scale VLS| tester and the preparation of measurement program are
completed to demonstrate self-directed power management taking advan-
tage of the unique feature of the low-rate SNN operation.

& TUNRSURBT—RIIHT 2R EREOAL & FEHFEIARLOHIE

I Conventional VRC
B General GLSD

Tested Artificial |Prop GSLD| C {
Datasets Engine VRC Engine

B Proposed GLSD
o . .- e
Q|| 4 i A T T
Sl ; 33 e 3.5E+05| -
3 3,0E+05} #srzzsssnzReduction
I Es H
% 3 2.5E+05]
8|+ \ 2
5 LS — 3 2.0E+05
= 3 clu'sters Correct .Eartltlonv Fall: over- Eamtlon‘ 5
2 w A | [k £ 1.5E+05|
8 T © 1oevod
k-1 ] { LOE+
slle @ & L
g AL 5.0E+04
= 3r ot S 3r Y 0.E+00¢ H
5 5 clusters Correct partition | Fail: over-partition Input D;g number N

2 1REEIGEY K-means BEMRFE B 7 —F7 7 F v OUREREEE L& - 7>\ 5>
AT =R 2AIBEFBREER L& 889% U EDSTEIR MlE% RAE

Fig.2 Performance evaluation and comparison of the proposed adaptive
K-means unsupervised learning processor: significant accuracy enhance-
ment and over 88.9% computational cost reduction is verified.
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Ad-hoc research groups
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DIEREICE S DN THBICEBRIEN SR IL—T TH 5,

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

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

Atsushi Ohori

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

Katsuhiro Ueno

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
micro processor.
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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.

BLUBESHIZERT » RIEC 2021/2022 | 79



PH5hL
BRI ATLEY 52—

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

Flexible Information System Center

e >Y/AR
BRI AT 77—

REHEEER

Management Office for Safety and Health

OMEFADZLHEERAEF. FERERE
DRR. BLUHEDIE

OReBHEBRODERDRES LULRLHEE
BICEIT BIBIRDUNE

OBHEDOLREEBIELHEANDT P/ XAPE
RO

OBEBLUFEERNRE LEEBLREHED
ESia

OFARDMEFPEEE BT & DEREFRHE

e Inspection of and assistance in improving the
safety and health management system and
working environment 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 edu-
cation targeted at staff and students

e Liaison and coordination with the supervisory
authority and other departments on campus

MREREM > 72—

Fundamental Technology Center

OMMMT. BLFeHE. MRINTI. BREE
DfcDRRAIERATOIRME

OB—AIxy b T—2 DIRSF

OMEFRDOR LIS B2 iE

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

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

e Technical supports for safety and security of

e
ﬁﬂtjh_—bﬂ.%

ity ¥ —

Fundamental Technology Center

Management Office for Safety and Health

BT RS
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Staff

EAN B Go Hasegawa
tra—k &R Professor

B8 X Takuo Suganuma
BiE () Professor*

e T Gen Kitagata
() Associate Professor*

XH FA

k Kenji Ota
Es0 1=

Technical Staff
fuli 7 Yuko Maruyama
0= Technical Staff
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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 reflect human intentions
and environment.

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.

AN

=
5

=

Server Room
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Staff
i 4

Shigeo Sato
t2—K (HR) Director, Professor

kB {52  Nobuyuki Sato

B Assistant Professor

Fsk AR TamotsuSuenaga FFEF  EE Takenori Tanno HE fBIE
BATHA Technical Staff BATEE Technical Staff ST 1}
fa[ER  EiN, Maho Abe KH A Kenji Ota By #=
e Technical Staff BifEe Technical Staff e
FaER A Kento Abe BIE  #BEH YasuakiMaeda FEF BR—
BITEE Technical Staff BT Technical Staff 520 1=]

HE F/B lori Morita
Esna=] Technical Staff

FLl BF Yuko Maruyama

/N FIEE Rikima Ono

s a=] Technical Staff

W4 E== Hiroyuki Yagyu

A Technical Staff 52y 4] Technical Staff

Fundamental Technology Center

Michimasa Musya
Technical Staff

Kana Sekiya
Technical Staff

Koichi Shoji
Technical Staff
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Figure 1 Cryostat shroud &
radiation shield

B2 XERETEE

Figure 2 X-ray diffrac-
tometer (XRD)

Pioneering studies in research areas from basic sciences to ap-
plied communication technologies have been performed at this
institute. Technical staffs have traditionally contributed to these
efforts through the use of their well-established skills, experi-
ence, and knowledge. To accelerate such contributions in the
future, a fundamental technology center encompassing all tech-
nical 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 divisions.

The machine shop division focuses on advanced machining
techniques and supplies the experimental apparatus (e.g., see
Fig.1.) that are required by different laboratories. This division
also provides machining instructions to the students and faculty
members who pursue machining independently. The evaluation
division offers various evaluation and measurement instruments
such as X-ray diffractometer (see Fig.2) and electron probe X-ray
micro analyzer (see Fig.3). Glass processing techniques can also
be provided. In addition, this division is responsible for sup-
plying cryogen. The processing division offers electron beam
lithographic techniques, photolithographic techniques and
focused-ion beam processing techniques in cooperation with
the cooperation section of the Laboratory for Nanoelectronics
and Spintronics. This section also manages clean rooms for ex-
periments. Finally, the information technology division operates
the in-house network of the institute and manages commonly
used information equipment in cooperation with the Flexible
Information System Center. In addition, this division engages in
the collection and management of intellectual property-related

information.

X3 BEFE— LN
XERTTRDITEE
Figure3 Electron
Probe X-ray
Micro Ana-
lyzer (EPMA)

82 | BXUBIEHIZEFT = RIEC 2021/2022



TEHEEER

Staff

Al & Kazushi Ishiyama
=R &® Manager, Professor

ik X Shigeo Sato

BERE #) Deputy Manager, Professor
kg 52 Nobuyuki Sato

Bh#L Assistant Professor
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Maho Abe
Technical Staff

Management Office for Safety and Health
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Hazard prediction training

REFEREE (2020)

o BELE

563 (S * 2020/04/16 il ST GUERE 25 S RE ..

FrRIES

REFHEHREBR (Web FtE)
Safety and health seminar (Webinar)

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

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

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

EANEES (1)

Pressure regulator
HAORM. WAEHISHELELOERS
Select the appropriate type

BRRBD/ XL OHMRIERTD
Confirm the material of the gasket

Turn clockwise to open
(contrary to ordinary valve)

BEAARZRER
o BEAH

126 [E47A% - 2020/04/16 il FFE QI ETE P HE S RE ..

FYRINER

FAAFETEEHATAN

RIEG v/ EEENasIA

BEARARLZHER (Web BifE)
High-pressure gas seminar (Webinar)
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Research Activities

FAL R GB R W 7E T L &

RACRFEBRREMIEFT. KERTEMREL BHREFHITRL
BLUEIFHRBOBRUER - L1BRHLZANDHRE.
BNEMBEICER L. HILED T Llc ko TR, Biiss
EREERER L, ARBREEEY 2 LZ2BNE L TTFEHRRD
RIIENTWD, TDfeéh, BFIDDFICISCTRDEL S BAME
EFIFT T, HBERORINHRERREIC DV THRKR, 5¥5mE12>C
W2, EERENTHARDO—BIIRILAF EBBHGERCTICIIRE
nTcWa,

MERICE. 2EDSKFOMEERFLELA. BRTEZD
PSSR, EEREEOBRENHE L. HRERLFHEZER
172 TV %, HIERE. TOMICOVWTEOERINDHS DR
DL TV D, BOWEDHRIEEKD T LDV TIREHE. 72
MEOFBEICOVTEETNZTNONBREEABICFE SN,

MR
Title of Sub-Group

B Study Groups on Electrical Communication

Study Groups on Electrical Communication are organized
to solve scientific and technological problems and to promote
research and development through the collaboration of the
Research Institute of Electrical Communication, Group of ECEI
(Electrical Engineering, Communication Engineering, Electronic
Engineering, and Information Engineering) in Graduate Schools
of Engineering, Information Sciences, Biomedical Engineering,
related scientists and engineers inside and outside Tohoku Uni-
versity. The Study Groups on Electrical Communication consist of
15 Sub-Groups as listed, to deal with specific subjects. Each Sub-
Group holds workshops and the abstracts of the workshops are
published annually in The Record of Electrical and Communica-
tion Engineering Conversazione Tohoku University.

Many scientists and engineers not only from universities but
also from government laboratories and industries attend the
workshops, present papers, and discuss issues very actively. We
are pleased to provide information on these activities upon re-
quest. Please contact the General Chairman or each Sub-Group
Chairman for general information or more specific questions.

LEIFHRR
Electromagnetic and Optical Waves Engineering

AEZY AMARR
Spinics

FEIFMRR

Acoustic Engineering

Za-NSEA LAV E LT« VY ITHRR
New Paradigm Computing

B TSAR T+ —F L

Tohoku Plasma Forum

BERILY FOZ7 MRS

Ultrasonic Electronics

EMCALEEY = +—)b TLA Vo7 ITEHER
Sendai Seminar on EMC Brainware
i D7 e et oy B i R 2 155 - BT R

Computer Science

Mathatical Physics and its Application to Information Science

VAT LR S

Systems Control

EiE - EIFHRR
Biocybernetics and Bioinformatics

BN A Oy xS

Information-biotronics

T/ - AEVIEMRR
Nanoelectronics and Spitronics
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International Symposium organized by the Institute

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.

1 SEBCEEEROEEY a7V VMR ETHZE 72 AR

Feb. 23-25, 1997

Intrinsic Josephson Effect and THz Plasma Oscillation in High Te Superconductors

2 BUDBERRBICED T LA VT —F 70 F v DKG - HME

Mar. 16-18, 1998

Design and Architecture of Information Processing Systems Based on The Brain Information Principle

3 S RS & DA

Novel Techniques and Applications of Millimeter-Waves

Dec. 14-16, 1998

4 SITERZFY—ENTOWEICET ZERERRE

The International Joint Conference on Silicon Epitaxy and Heterostructures

Sep. 13-17, 1999

5 74 b Zv U iERIEEERRE

International Workshop on Photonic and Electromagnetic Crystal Structures

Mar. 8-10, 2000

6 HEEACVEDERLISA

Physics and Application Spin Related Phenomena in Semiconductors

Sep. 13-15, 2000

7 SRR STRICHI BB EMARE

Rewriting in Proof and Computation

Oct. 25-27, 2001

8 FERRFEESR & £ DISA

Nonlinear Theory and its Applications

Oct. 28-Nov. 1, 2001

9 Za—N\SEALVSIaY LT 4 VT
New Paradigm VLS| Computing

Dec. 12-14, 2002

10 BREEACZY VAN —IVRT I
Ultra High Density Spinic Storage System

Oct. 23-24, 2003

11 E3ESIGeCEBR T~ 3y S
3rd International Workshop on New Group IV (Si-Ge-C) Semiconductors

Oct. 12-13, 2004

12 BEBEARRAVOTINAR - HRERT—7 >3y

Apr. 11-12, 2005

3rd International Workshop on High Frequency Micromagnetic Devices and Materials (MMDM3)

13 BARISI TERF Y —ENTOBEICET ERRE (1CSI-4)

4th International Conference on Silicon Epitaxy and Heterostructures (ICSI-4)

May 23-26, 2005

14 BIEEIVIERFEHES/ TLY OV REBRT -0 3 v

1st International WorkShop on New Group IV Semiconductor Nanoelectronics

May 27-28, 2005

15 WAERFERRIFHMERRERY RV UL FRAOERRE B OB LUHR

Sep. 26-27, 2005

GSIS International Symposium on Information Sciences of New Era: Brain, Mind and Society

16 FBIRALEY FOZIAEBRT—0 >3y Feb. 8-9, 2006
The 1st RIEC International Workshop on Spintronics -Spin Transfer Phenomena-
17 FARSAKTA VAR T /NNA R - HRERT -V a3y S May 8, 2006

4th International Workshopn on High Frequency Micromagnetic Devices and Materials (MMDMA4)

18 BARHERICHIT 2 AE VEERROME LISHBICE T 5ERRE

Aug. 15-18, 2006

4th International Conference on Physics and Applications of Spin-Related Phenomena in Semiconductors (PASPS-IV)

19 BEENIVIREERS /T bAZ O RERT -3y S

Oct. 2-3, 2006

2nd International Workshop on New Group IV Semiconductor Nanoelectronics

20 BABMREY bOZ Y RERT >3y S
2nd RIEC International Workshop on Spintronics

Feb. 15-16, 2007

21 BREEF 22007 Jun. 4-6, 2007
Japan-China Joint Conference on acoustics, JCA2007
22 73 ALHNFBRERS S URERAICET 25RERSH Oct. 1-4, 2007

International Conference on Discovery Science / International Conference on Algorithmic Learning Theory

23 BIERAEY FOZVAERT -3y
The 3rd RIEC International Workshop on Spintronics

Oct. 31-Nov. 1, 2007

24 B3EEIIVEEREHS / TLY O RERT -3y T

3rd International Workshop on New Group IV Semiconductor Nanoelectronics

Nov. 8-9, 2007

25 BIES/EEST/ILY POV RERT -V av T

International Workshop on Nanostructures & Nanoelectronics

Nov. 21-22, 2007

26 B18E7 )L XL EFTEICET 2ERAH

Dec. 17-19, 2007

The 18th International Symposium on Algorithms and Computation (ISAAC2007)

27 SMEERETSARICET AFBENERS VRTT L

Sep. 5-6, 2008

International Interdisciplinary-Symposium on Gaseous and Liquid Plasmas (ISGLP 2008)

28 BABEIVIRFEGS / TLY FOZV REBRT -0 3w

4th International Workshop on New Group IV Semiconductor Nanoelectronics

Sep. 25-27, 2008

29 PABREY bOZ I AERT -3y
The 4rth RIEC International Workshop on Spintronics

Oct. 9-10, 2008

30 SR VRITL
GSMM 2009 (Global Symposium on Millimeter Waves 2009)

Apr. 20-22, 2009

31 RIVFE-LIVARICE 2BHAI-T—r>av
Mini R.I.LE.C. workshop on multimodal perception

Apr. 24-25, 2009

32 FALBEERT A v T/ OY—ICETEEEY VRIY T LA

The 4th International Symposium on Ultrafast Photonic Technologies

Aug. 4-5, 2009
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33 FEN—YV I, BN, BEIREREEY VR T LA Sep. 13-16, 2009
PIMRC2009 (Personal Indoor and Mobile Radio Communications Symposium 2009)

34 BIEREC-CNSIF/ILY hOZYR - RAEYMAZIR - 74 P27 RAICESBERT 7> 3y 7 (BSEIREY bOZ7 AEBRT—72 39 7) Oct. 22-23, 2009
2nd RIEC-CNSI Workshop on Nanoelectronics, Spintronics and Photonics (5th RIEC Symposium on Spintronics)

35 TEHEEORBLSHICETSZEERS VRIT LA Nov. 11-13, 2009
International workshop on the principles and applications of spatial hearing 2009 (IWPASH2009)

36 HSEFIVERRESRS /LY bAZ IR TV av S Jan. 29-30, 2010
5th International Workshop on New Group IV Semiconductor Nanoelectronics

37 BOERECREY FOZJVRERT—V3v T Feb. 5-6, 2010
6th RIEC International workshop on Spintronics

38 BRI /EE ST/ Iy FOZY RICET 2EBT—V Y3y T Mar. 11-12, 2010
2nd International Workshop on Nanostructure & Nanoelectronics

39 IST70TNARISRICET EMERY >V RI Y L Oct. 27-29, 2010
2nd RIEC International Symposium on Graphene Devices (ISGD2010)

40 HIEIRBERmMS/BEY VRI UL Nov. 15-16, 2010
9th Japan-Korea Symposium on Surface Nanostructures (JKSSN9)

41 BIERECREY FOZVRAEBRT—V23v S Feb. 3-4, 2011
The 7th RIEC International Workshop on Spintronics

42 FEIERLRERRT +—F Ln Oct. 17-20, 2011
12th International Multisensory Research Forum (IMRF 2011)

43 BBERECREY FOZJ/RERT—V>3v T Feb. 2-3, 2012
8th RIEC International Workshop on Spintronics

4 BOEIEEYVRITL ATAAI - NAF - F/TLYFAZIR Mear. 8, 2012
6th International Symposium on Medical, Bio-and Nano-Electronics

45 B3ES/EELS /I FOZIRICETBERT -3y T Mar. 21-22, 2012
3rd International Workshop on Nanostructures and Nanoelectronics

46  HBIERIECAEY bOZVRAEERT—V > 3w/ May 31-Jun. 2, 2012
9th RIEC International Workshop on Spintronics

47 BIERR— 7V /QVEBRT -3y T Oct. 18-19, 2012
The 1st International Workshop on Smart Technologies for Energy, Information and Communication (STEIC2012)

48 TU Dresden and Tohoku University Symposium 2012 Nov. 2, 2012
Technical University of Dresden and Tohoku University Symposium 2012

49 EBIERKRE L AT EICEE T @R >V RY U L Nov. 15-16, 2012
The 1st RIEC International Symposium on Brain Functions and Brain Computer

50  BALARF-N-N—FREIIA 2 ET—UavT Jan. 15-16, 2013
Tohoku - Harvard Joint WorkshopNew Directions in Materials for Anoelectronics, Spintronics and Photonics (10th RIEC Interational Workshop on Spintronics)

51 SHIERECAEY FAZIXERT—V 3w/ Jan. 31-Feb. 1, 2013
11th RIEC International Workshop on Spintronics & 3rd CSIS International Symposium on Spintronics-based VLSIs

52 ATAAWNAF - F/ITLY SO RETEERY VRD T L Mar. 7, 2013
7th International Symposium on Medical, Bio- and Nano-Electronics

53 BoLIZ UKV VRI T L Apr. 21-23, 2013
6th Global Symposium on Millimeter Wave 2013

54 SE2EIRMEE L BELETEICRE T HEBIER Y VAR T U L Feb. 21-22, 2014
The 2nd RIEC International Symposium on Brain Functions and Brain Computer

55 AFAAN - NAF - ILY bOZ Y ZBSEERY Y RI YL Mar. 67, 2014
8th International Symposium on Medical, Bio- and Nano-Electronics

56 HSEIF/EEE S/ ILY bAZYRICETBERT - av T Mar. 67,2014
5th International Workshop on Nanostructures and Nanoelectronics

57 SBI2ERECAEY FAZVRERT—Y¥av S Jun. 25-27,2014
12th RIEC International Workshop on Spintronics

58  BFLYIRIXRT w2014 Y HIEEEERRE Jun. 29-Jul. 2, 2014
The IEEE International Conference on Microwave Magnetics 2014

59 RECER> Y RY DL MBEEAZ2 25— 3 Y Jul. 24,2014
RIEC International Symposium on Perception and Communication

60 20147 VT KRFERA U ORRE Nov. 4-7, 2014
APMC 2014 (2014 Asia-Pacific Microwave Conference)

61 FUiEES BT E 1 —2ICRY 2BIERECERS Y RY T A Feb. 18-19, 2015
The 3rd RIEC International Symposium on Brain Functions and Brain Computer

62 TLAVYITLSICETBERY VRY T L Mar. 2-3, 2015
International Symposium on Brainware LSI

63 BOEIATA AV NAF - F/ITLY PO RICET HEBEY VRI T L Mar. 2-4, 2015
The 9th International Symposium on Medical, Bio- and Nano-Electronics

64  BBeEI;/HBELILY FOZVRICEIBERT I3y Mar. 2-4, 2015
The 6th International Workshop on Nanostructures and Nanoelectronics

65 RIECERY VRY DL E9 37 E584 Mar. 20, 2015
RIEC International Symposium on Vision and Cognition

66  ERBRFRHBEIVRITLA Jul. 3-7, 2015
The 23rd Symposium of the International Colour Vision Society (ICVS 2015)

67  AVEA—RISTAVIREA VRS T« TEIMOHER Sep. 26-27, 2015
RIEC International Symposium on Computer Graphics and Interactive Techniques: New Horizon

68  SI3ERECAEY FAZVIXERT—V 3w Nov. 18-20, 2015
13th RIEC International Workshop on Spintronics

69  FMIRESBN > E 1 —4ICEY ABABRECERES VRI D L Feb. 23-24, 2016
The 4th RIEC International Symposium on Brain Functions and Brain Computer

70 TLAYYITLSICEY AEBE VRITL Feb.26-27, 2016
International Symposium on Brainware LSI

71 BIOBRIAT A AV - NAF - F/ILY bAZT RICET BERY VRI D L Mear. 1-3, 2016
The 10th International Symposium on Medical, Bio- and Nano- Electronics

72 BIEF/HEEEF/ILY A RICETEZERT -V 3T Mear. 1-3, 2016
The 7 th International Workshop on Nanostructures and Nanoelectronics
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73 ERSRESEEEEEICETIEREY VARV T L May. 20-21, 2016
RIEC International Symposium on Ultra-Realistic Interactive Acoustic Communicatrions 2016

24 BOEITSANVYTINAR - KOG - [GABEICET 502 7 AR —-USA—I—Rv /Y VRITL Oct. 31-Nov. 4 2016

(TINVYTINAR - FAROERE - ISARABEICEET SRIECERS > RI T L) '

RJUSE TeraTech-2016: The 5th Russia-Japan-USA-Europe Symposium on Fundamental & Applied Problems of Terahertz Devices & Technologies
(RIEC International Symposium on Fundamental & Applied Problems of Terahertz Devices & Technologies)

75 TARVETINTAVLAT—U2 372016 Nov. 9-10, 2016
Dependable Wireless Workshop 2016

76 HIABRIECREY bOZ I RERT—V 3w/ Nov. 17-19, 2016
14th RIEC International Workshop on Spintronics

77 TLA YD T 7ISNCBET BEIFY VR D L Feb. 24-25, 2017
The 4th RIEC International Symposium on Brainware LSI

78 ESEIREEEL YO 1 —2ICBS T ARIECERE S Y RY I L Feb. 27-28, 2017
The 5th RIEC International Symposium on Brain Functions and Brain Computer

79 RIECERATIFERT—2 > 3 v 72017 Mar. 6, 2017
RIEC International Workshop on Biomedical Optics 2017

80  E8EIF/MEEL S/ ILY FOZVRICETRERT -V av S Mar. 67,2017
The 8th RIEC International Workshop on Nanostructures and Nanoelectronics

81 2017HRECAY7—HARRNA Y OKERT—V> 3 v Oct. 19-20, 2017
RIEC Russia-Japan Joint International Microwave Workshop 2017

82 T4 FZURELIGBEICETBEBS VRI T L Oct. 25-26, 2017
International Symposium on Photonics and Optical Communications (ISPOC 2017)

83 IYVAXTLYATHA Y ERMBFICET 2@HAERY >V RI D L Nov. 18-19, 2017
RIEC International Symposium on Experience Design and Cognitive Science (The Second ACM SIGCHI Asian Symposium)

84  BISEREY FOZYRICEHT 2BAERT -V av T Dec. 13-14, 2017
15th RIEC International Workshop on Spintronics

85  ESOEIRMIAES BN O B a1 — 2B BRIECEIRY Y RI T s Feb. 1-2, 2018
The 6th RIEC International Symposium on Brain Functions and Brain Computer

86  TLAVIITLSICETBEREY VI RY YL Feb. 23-24, 2018
The 5th International Symposium on Brainware LSI

87  HoEF/MEELS/ILY FAZVRICETBERT -7V av T Mar. 1-2, 2018
The 9th International Workshop on Nanostructures and Nanoelectronics

88 WM LMK T/N\A RICETBHABY VRI T L Aug. 24, 2018
Japan-Korea International Symposium on Magnetic Devices and Materials

89  ATN—EIAZa2=r—Y3vVEERIVRITL2018 Oct. 22-24,2018
International Symposium on Universal Acoustical Communication 2018

90 201877 T AV LABIMEET — > 3 v F(AWPT2018) Nov. 2-4, 2018
Asian Wireless Power Transfer Workshop (AWPT2018)

91 EHERY VARY VL EEI STV EEET AR AT Sy Iy T =0 3y T Nov. 19-21, 2018
RIEC International Symposium: 3rd Japan-EU Flagship Workshop on Graphene and Related 2D Materials

92 FEHICKF/EIEBAFEES VRV T L — ANTHEEE ABRF ORI — Nov. 24, 2018
The 2nd Tohoku-NTU U Symposium on Interdisciplinary Al and Human Studies

93 BUAEHINER/ A T« T ERIVF AT « TIESIBICET ZEERH Nov. 26-28, 2018
The 14th International Conference on Intelligent Information Hiding and Multimedia Signal Processing (IIH-MSP2018)

94  Ea—XRVIAVEI-BRAVEZUYIVICETEERS VRI U LA Dec. 12-13,2018
RIEC International Symposium on Human-Computer Interaction (The Third ACM SIGCHI Asian Symposium)

95  BBI6ERAEY FOZY XY BBHAERT -V av S Jan. 9-10, 2019
16th RIEC International Workshop on Spintronics

9%  H7EIREE S I ERICRI Y 2R Y RY D A Feb. 22-23, 2019
The 7th RIEC International Symposium on Brain Functions and Brain Computer

97  TLAVIITLSICETBERY VRY T L Mar. 1-2, 2019
The 6th International Symposium on Brainware LS|

98  BIOES/#EELF /I OV RICETRERT 73y S Mar. 6-7, 2019
The 10th International Workshop on Nanostructures and Nanoelectronics

99 FB12E= )T O—/N\IVY VRI T May. 22-24, 2019
12th Global Symposium on Millimeter Waves 2019 (GSMM2019)

100 FICEIEHIERBERMIET 2EET -V av T Oct. 31-Nov. 2, 2019
The 16th International Workshop on Emerging ICT

101 B/I7EIREY bOZY AT BEHERT -0 av T Dec. 3-6, 2019
17th RIEC International Workshop on Spintronics

102 La—XYAVEI—RA VRS2 aVICETBERY VRY T L Jan. 24-25, 2020
RIEC International Symposium on Human-Computer Interaction - Welcome CHI 2021, thinking of the future of HCI together -

103 EE8EIfikAE & ANELSTEIEICRI ¢ HBHEIR Y > R D L Feb. 13-15, 2020
The 8th RIEC International Symposium on Brain Functions and Brain Computer

104 FOEIAHEAE & INESTERRICEI S 2 BRIREIR S~V RYU L Dec. 5, 2020
The 9th RIEC International Symposium on Brain Functions and Brain Computer

105 Ea—xY-dvEa—%-Av2502 3Bl 5@MERY Y RY T L Jan. 24, 2021
RIEC International Symposium on Human-Computer Interaction

106 HNEF/BEES/ILY bAZIRICEITBERT—V>av S Mear. 1-2, 2021
11th International Workshop on Nanostructures & Nanoelectronics

107 HBAEAIE ABICEY 2FBEARDT CORICAFEIISBALEE S >V RI T L Mar. 12-13, 2021
The 4th Tohoku - NTU Symposium on Interdisciplinary Al and Human Studies

108 2021F VAR —IVT—2HRT S b 74 —LICETBERS VRI VL Mar. 23-24, 2021
Symposium of Yotta Informatics Research Platform for Yotta-Scale Data Science 2021

109 BEULSICEEY BEEY > RI T L Mear. 31, 2021

The 7th International Symposium on Brainware LSI
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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.

BRGEETTET
HREERS

#26%(2019F %)
Annual Report 2019
Research Insttute Communication

Annual Report 2019

88 | EXUE(EHIFEFT = RIEC 2021/2022



BaE

Educational Activities

BILAFESEEMIFNE. FAREBIDHES THEEENCH
WTH. KERTFHAZRL BRI EMER S KOEL MR
DER, - BRREBELCHNBRER>THY. HEFER -5
WERBEORBHEL LT, KERBLUFHRZEDHEICE
BILTWA, SMRSFICIE. BEX - BRADAERRE & FER4
FEHFBLTHIEET > TV 5, BEMEFRICFRBL TV AKX
FIRAEISBHARIE20%. AIHAERIE 1405, FEAEEIL604A TH
N

TOfhiT, ZEEHIEE. MFEFEMERE. BAFMIRER DR
B ECAEARRIRE. REFOREEMEEDHIFDE
FHcbH>TW5,

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 2021, 60 undergraduate students, 146
master course students, and 26 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

RE

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 TAUA | N=N=FRFE 2010.7.22
USA. University of California, Santa Barbara US.A. Harvard University
TAVA | AVTFIVZTRE (108) 1990.3.15 Ry SAVAVIRKRY 2010.8.3
USA. University of California Germany | Technische Universitat Minchen
TAUA | RN=TFa—KkF 1997.9.23 % HAY =R U7 IV IRKE 2012.2.1
US.A Purdue University Germany | The University of Kaiserslautern
=1 Eir&ERF 2000.11.18 Ry ANRRT-TINIVITRERA Y 2012.2.6
Taiwan National Taiwan University Germany | Johannes Gutenberg University of Mainz
AAR AA ZERTHAZO—H> AR 2000.11.20 Ry L=y ITRKE 2013.10.31
Swiss Swiss Federal Institute of Technology, Lausanne Germany | Chemnitz University of Technology
AFUR | I—VKZF 2004.6.7 F=ANZUT | ALKV KRE 2014.11.7
U.K. The University of York Australia | The University of Melbourne
=P} ErsEAF 2005.12.15 K1y L=V ATV KE 2017.3.16
Taiwan National Chiao Tung University Germany | University of Regensburg
kv FLATYIHAFE 2006.6.26 Ry FIVT > TIVIRE 2017.7.13
Germany | The Technische Universitat Dresden Germany | Carl von Ossietzky University of Oldenburg
By NI Y TRAE 2009.8.26 ARAY | IR VARE 2018.5.20
Germany | Berlin Institute of Technology Spain University of Salamanca
=p} EIEEAT 2009.12.2 o7 B0 bRFIVT IV ERITRKFE 2019.11.22
Taiwan National Tsing Hua University Russia St. Petersburg Electrotechnical University
BEREFMREE
Department Level Agreements
E% W E & HEMEERR ESE2 " E & EREFEAR
Country Institution Date of Signing Country Institution Date of Signing
R=2YF| R=5Y FRIZET7HT I —WEERRFT| 197683 TAUA | RYTFa—yVINAE BFIFNRR | 201519
Poland Institute of Physics, Polish Academy of US.A. Research Laboratory of Electronics (RLE),
Sciences ma;_ssachusetts Institute of Technology
ry TAIAFE— 2001.1.22
>, ~ = 3 o= T Fa h A
Germany | IHP-Innovations for High Performance b7 YT ERTIVTIVT BRIRAE 2016.11.22
Microelectronics Russia St. Petersburg Electrotechnical University
T VA | BRI 2005.10.24 TR BN BEBREEAF 2017.10.25
RIVEADF /HA TV AZER > 72— France | Telecom ParisTech
France The Interdisciplinary Center on 5 ey S
Nanoscience of Marseille, National a7 BRUVEIART WEFE 2018.6.8
Center of Scientific Research Russia Faculty of Physics, M.V.Lomonosov
PE FRERF SRS 2007.4.12 — Mcfifvi Stie University
China Institute of Semiconductors, Chinese 575 MDZ%‘*‘T‘M . R 2018.7.31
Academy of Sciences ANTHBE - iRy b i2—
TAYH | S A=K 2009.12.9 Taiwan Center for Artificial Intelligence and
T LR 2y~ T — 5 BIZERR ﬁgi\(/ae?scigld Robotics, National Taiwan
USA._ | WINLAB, Rutgers University O0v7 | Oy 7HETHT I —BREEEEE 2020925
a>7 | N\ORY - BERYVJEMIRNAF 2014.6.26 BFIFMRM L0
74 b =7 RO TEREAE L 2 — O TRIET AT I —HEMREHERR
~ N == VIR A sarmon
BRURRET LY - L—F—TFHRm Russia V.G. Mokerov Institute of Ultra High
Russia Research and Educational Center Frequency Semiconductor Electronics
"Photonics and Infrared Technology" of the Russian Academy of Sciences,
and Institute of Radio Electronics and and Prokhorov General Physics
Laser Technology, Bauman Moscow Institute of the Russian Academy of
State Technical University (BMSTU) Sciences
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International Journals in which a staff in RIEC participates as an editor

1 Applied Physics Express
Auditory Perception and Cognition
Bioinspiration & Biomimetics

Computer Animation and Virtual Worlds

g B ow N

Frontiers in Neuroscience

AW BRI E R % D L O il O FEE &

6 |EEE Transactions on Circuits and Systems |
7 Japanese Journal of Applied Physics

8 Nonlinear Theory and Its Applications, IEICE
9 Scientific Reports

10 Soft Robotics

International Conference programmed by a staff in RIEC

10th 2021 |IEEE International Conference on Communications, Network,
and Satellite (IEEE Comnetsat 2021)

N

11th International Workshop on Nanostructures & Nanoelectronics
(IWNN-11)

15th International Symposium on Functional and Logic Programming
(FLOPS 2020)

4 17th EuroVR International Conference (EuroVR 2020)

w

5 2020 IEEE International Symposium on Radio- Frequency Integration
Technology (RFIT 2020)

6 2020 International Conference on Advanced Technologies for
Communications (ATC 2020)

~

2020 International Symposium on Nonlinear Theory and Its Applications
(NOLTA2020)

26th IEEE Symposium on Computers and Communications (ISCC 2021)

[ee]

9 29th International Workshop on Post Binary ULSI Systems

10 39th ACM CHI Conference on Human Factors in Computing Systems
(CHI 2021)

11 50th IEEE International Symposium on Multiple-Valued Logic (ISMVL
2020)

12 7th International Workshop on Rewriting Techniques for Program
Transformations and Evaluation (WPTE 2020)

13 IEEE Asia Pacific Conference on Wireless and Mobile 2021 (APWiMob
2021)

14 |EEE International Workshop on Computer Aided Modeling and Design
of Communication Links and Networks (CAMAD 2021)

15 IEEE The International Magnetics Conference (INTERMAG 2020)
16 |EEE The International Magnetics Conference (INTERMAG 2021)
17 IEEE The Magnetic Recording Conference (TMRC 2020)

18 IEEE The Magnetic Recording Conference (TMRC 2021)
19 IEEE/ACM International Symposium on Quality of Service 2021 (lwQoS 2021)

20 International Symposium on Adaptive Motion of Animals and Machines
2021, Program committee

21 INTERNATIONAL TELETRAFFIC CONGRESS ITC 32

22 The 11th International Conference on ICT Convergence (ICTC 2020)

23 The 2020 IEEE 5G World Forum (5GWF'20)

24 The 2021 IEEE Global Communications Conference (GLOBECOM 2021)

25 The 2021 IEEE Wireless Communications and Networking Conference
(WCNC 2021)

=

26 The 2021 International Workshop on Pervasive Information Flow
(PerFlow'21)

27 The 2nd International Sympoisum on Designing Human-Centric loT
Society

28 The 35th International Conference on Information Networking (ICOIN
2021)

29 The 65th Annual Conference on Magnetism and Magnetic Materials
(MMM 2020)

30 The 8th International Conference on Information and Communication
Technology (IColCT 2020)

31 The 9th RIEC International Symposium on Brain Fucntions and Brain
Computer (9th BFBC)

32 The Eighth International Symposium on Computing and Networking
(CANDAR'20)

33 The IEEE International Conference on Communications (ICC 2021)

34 The Symposium on Emerging Topics in Computing and Communications
(SETCAC'20)

&
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Publicity Activities
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B RIEC Open Day

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

The RIEC Open Day is taken place on 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 recorders,
historical milestones of RIEC activities. In addition, we have planned
a number of open experiments and craft classes that parents and
children can participate in, which have been well received. Some of
them draw long lines every year.

In 2020, we had been making diligent preparations for the RIEC
Open Day. However, the event was held online for the first time to pre-
vent 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
battery-less AM radio, the spectroscope using the CD and so on.

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

http://www.riec.tohoku.ac.jp/koukai/
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The online RIEC Open day

B RIEC News

I késda part of RIEC's publication service, “RIEC News" is pub-
ished.

With the 75th anniversary of the establishment of RIEC, RIEC
News introduces cutting-edge’s research and the vision of the
future from RIEC's contributions to the progression of science
and technology in Japan. RIEC News was first launched in March
2011. Every issue 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 fol-
lowing the link below.

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 pos-
sible, 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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Staff (as of May 1, 2021)

ik (B #UE

Director, Professor

i
S
2

Satoshi Shioiri

H3eERFT

1587/ \1 ABAIEERFT

Research Divisions

Information Devices Division

W /7 IV bOZY AHERE

Nano-photoelectronics

B Professor (A #&# IF xX) (Masafumi Shirai)
OB (R Professor* OB "X Hideo Fujikake
AR Associate Professor A % Bl Satoshi Katano
HEHEE (3R) Associate Professor* " B ®E R Takahiro Ishinabe
B EFREFIFHEE Solid State Electronics
Y] Professor (1 BB 7% 1) (Shigeo Sato)

EA € )) Professor* = OB B O Tetsuo Endoh
O ) Professor* 2 EBE B A Katsuyoshi Washio
RIS Associate Professor Pt B — Hirokazu Fukidome
HEHEE (GR) Associate Professor* [ = = 2 Takeru Okada

By # Assistant Professor 3 AR Yitao Ma

B FES/T/\ARAEE Dielectric Nano-Devices
) Professor =S B Yasuo Cho

OB (R Professor* N EFE B Tetsuya Kodama
THEHIR Associate Professor R #M OF Kohei Yamasue
HEHGZ Associate Professor ok R E Yoshiomi Hiranaga
HEHEE (GR) Associate Professor* = = = Shin Yoshizawa

W HrEREERET IS E Materials Functionality Design
H O Professor B #F E X Masafumi Shirai
QN E: ) Professor* H R 1 2z Kazuyuki Tanaka

#H & (3 Professor* =z B 2 Akira Ando

OB (R Professor* XK B B Z Masayuki Ohzeki
AR Associate Professor By ER AN Kazutaka Abe
HEEE (3R) Associate Professor* 5 B M & Kazunori Takahashi
B # Assistant Professor T o A Masahito Tsujikawa
By # Assistant Professor woE OohY Hikari Shinya

S iRa S | Research Fellow Tufan Roy Tufan Roy
FHATRE Research Fellow H L JE—EB Jun-ichiro Inoue

B REYhOZ7 RRE Spintronics
4 Professor *® R 2 B Shunsuke Fukami
B B ® Professor* w A x Fumihiro Matsukura
#H & (GR) Professor* 7 BB X Yasuo Ando

#H B G Professor* g 2 K - Takehito Simatsu
#H % (3 Professor* 7E ok & Shin Saito

OB (R Professor* M H E = Shoiji lkeda

R (3R Associate Professor® A B E B Masakiyo Tsunoda
MR (FE) Associate Professor* R = Mikihiko Ogane
HEE (GR) Associate Professor* N g oz Tomoyuki Ogawa
Bh Assistant Professor & H 3 Shun Kanai

B # Assistant Professor Justin Llandro Justin Llandro

B # (3®) Assistant Professor* L R #F XK Yuta Yamane
FifTzE 8 Research Fellow AtE M K Junta Igarashi

B J/ERETN\AR - O AHRE Nano-Integration Devices and Processing
] Professor e B X I Shigeo Sato

R (3R Professor* A )l R F Shigetoshi Sugawa
OB (R Professor* & U & Masanori Hariyama
AR Associate Professor B OE B X Masao Sakuraba
HEHIS Associate Professor L A& = B Hideaki Yamamoto
HEHE (GR) Associate Professor* B2 | E A Rihito Kuroda

B # Assistant Professor 1t B F 2 Nobuyuki Sato
FhzEE Research Fellow FOA 2 Satoshi Moriya
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B 277\ AHEE

Quantum Devices

HEHIR Associate Professor K B BB E Tomohiro Otsuka
B BTN\ ZAHRE (B8) Magnetic Devices (Visitor Section)
BEMEHR Visiting Associate Professor 5 B ® Yasushi Yuminaka

70— F/\> R TERRZRERT
B BeRCEEMEE

Broadband Engineering Division

Ultrahigh-speed Optical Communication

O] Professor E M| B =2 Toshihiko Hirooka

BB G Professor* [N T - Hirohito Yamada

G E: ) Professor* W E 8 Yuji Matsuura

TEER Associate Professor 8 8 B N Keisuke Kasai

HEER (3R) Associate Professor* w B FE = Nobuyuki Matsuda

B CHAETFAFHRE Applied Quantum Optics
H O Professor ANES 3 p=3 Hiroshi Yasaka

THEHIR Associate Professor HF H E A Masato Yoshida

B # Assistant Professor # HB EF = Nobuhide Yokota

B T VL OBERIMEE Advanced Wireless Information Technology
£ Professor * W OE A Noriharu Suematsu

EECIE: ) Professor* 4 58 Qiang Chen

BRI Specially Appointed Professor > | Takashi Shiba

HEER (GR) Associate Professor* 5 B E Keisuke Konno

B ERANL—IIXT LHRE Information Storage Systems
B Professor H & Bk Yoichiro Tanaka

OB (G Professor* A BE Xiao Zhou

BB (R Professor* F O B F Takehiro Ito

B Associate Professor Simon John Greaves Simon J. Greaves

B 8B70— RN\ FMESERERE

Ultra-Broadband Signal Processing

E ] Professor B T & — Taiichi Otsuji
N E ) Professor* iR N Hiroki Nishiyama
OB (R Professor* X B Tetsuya Suemitsu
IR Associate Professor kB FA Akira Satou

By # Assistant Professor E o4 B oz Takayuki Watanabe
FHAEE Research Fellow 53 & Chao Tang

B EFXERIFMEE Quantum-Optical Information Technology
= Professor o E — Keiichi Edamatsu
OB (R Professor* h BN 2 Mitsuyuki Nakao
By # Assistant Professor Soyoung Baek Soyoung Baek

By # (%) Assistant Professor* & B X & Fumihiro Kaneda
FTHRE Research Fellow T 8 By Yixin Wang

B J0— Ry PBEERRITMEAE (B8)

Basic Technology for Broadband Communication (Visitor Section)

FEHER
ZEHE

Visiting Professor

Visiting Professor

K K B
B H =

Yasunori Suzuki

Suguru Kameda

NBER > AT LBZRERFT

Human Information Systems Division

Electromagnetic Bioinformation Engineering

B AREHIERARE

B = Professor

B E® Professor*

B E® Professor*

B E® Professor*

B E® Professor*

24 (F) Professor*

B (R Associate Professor*
B (R Associate Professor*

A &
A E ¥
2 H i
E B8 8 T
AN N < -
# E 5
=B o
A R 5

Kazushi Ishiyama
Masahiro Yamaguchi
Makoto Tsuda
Takashi Watanabe
Kenji Nakamura
Shin Yabukami
Yasushi Endo
Akihiro Kuwahata
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B ERFERY AT LARE Advanced Acoustic Information Systems
O Professor N KX B — Shuichi Sakamoto

H K (R Professor* & H# bt Hiroshi Kanai

#H & (R Professor* ® B = A Akinori lto

HEHIE (GR) Associate Professor* BE 3 Takashi Nose

HEHR GR) Associate Professor* = N o EF Mototaka Arakawa

B SKEEERY AT LHARE Visual Cognition and Systems
E Professor B A il Satoshi Shioiri

R Associate Professor = m = Chia-Huei Tseng

HEER (GR) Associate Professor* 2 B B X Norihiro Sugita

By Assistant Professor P BE B B Yasuhiro Hatori

By # R Assistant Professor* Sun Sai Sun Sai

IR Specially Appointed Assistant Professor  Guillen Barja Luis Alberto Guillen Barja Luis Alberto
HEAFBHZN Specially Appointed Assistant Professor ~ Wu Wei Wu Wei

B FRIVTVUHERE Information Content
) Professor i & & X Yoshifumi Kitamura

#H R (GR Professor* Bk = Nei Kato

QI E: ) Professor* g A | X Takuo Suganuma

EHIR Associate Professor 5 g M %% Kazuki Takashima

SRR (3F) Associate Professor* [T = Toru Abe

HEHEEE (GR) Associate Professor* I &= i — Yuichi Kawamoto

By # Assistant Professor = = R 4 Kazuyuki Fujita

B Assistant Professor N = Kaori lkematsu

B =ERIVEC1—T 1 VIHRE Real-World Computing
R Professor " B E Xk Akio Ishiguro

TR Associate Professor mom B s Takeshi Kano

B Assistant Professor PR Y Ht Akira Fukuhara

B #H (GR) Assistant Professor* . H TEABR Kotaro Yasui

B S/ A AREDTF T/ 1 ARE Nano-Bio Hybrid Molecular Devices
H O Professor T HE 5 Ayumi Hirano

HO® (GR) Professor* F E #E X Tatsuo Yoshinobu

OB (R Professor* X T 8 & Kengo Kinoshita

H KGR Professor* & F £ Toshiro Kaneko

HER (R Associate Professor* K iy Takeshi Obayashi

HHIE (GR) Associate Professor* 2 O E—HR Koichiro Miyamoto

HEHE (GR) Associate Professor* =G B Makoto Kanzaki

EEIE (3R) Associate Professor* fiic) P OE Hafumi Nishi

HEEE (3R) Associate Professor* m B R | Toshiaki Kato

Bh Assistant Professor 7/ X K N Daisuke Tadaki

B Assistant Professor N =B R H Maki Komiya

B ZREBERNESRNT AT LHAKE Multimodal cognitive system
B B ® Professor* kR #F B 2 Nobuyuki Sakai

B Assistant Professor & & # Kosuke Yamamoto

B IVFE—ZIAVE1—T 1 VIHRE (BE) Multimodal Computing (Visitor Section)
BEHE Visiting Professor T & & # Shinsuke Shimojoh

ZEHR Visiting Professor H k£ X E Mitsuteru Inoue

= ST Visiting Associate Professor Nl Bo— Shoichi Koyama

VAT I - VT b T T T ERRERT

Systems & Software Division

B V7 DI TEERE

Software Construction

O Professor

B B Professor*

B R & Professor*

IR Associate Professor
B G Associate Professor*
R R Associate Professor*
By # Assistant Professor

X =z Atsushi Ohori

% R 4 Ayumi Shinohara
£ H =T Eijiro Sumii

+ B O X Katsuhiro Ueno
w R — # Kazutaka Matsuda
F = Ryo Yoshinaka

H oM AR Kentaro Kikuchi
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B OrvEa—7 4 U IERERMRE Computing Information Theory
H O Professor g E N Keisuke Nakano

OB (R Professor* BoAa K B Hiroki Shizuya

#H B (3 Professor* X B BE—HB Shinichiro Omachi

MBI (FR) Associate Professor* B OH E X Masao Sakai

MR (GR) Associate Professor® B F 87 Shuji Isobe

HEE (GR) Associate Professor* g A E B Yoshihiro Sugaya

By # Assistant Professor = H M o2 Kazuyuki Asada

B Oz2-7—>3avxy NJ—UHR=E Communication Network Systems
ES Professor A il Go Hasegawa

- ) Professor* = B o5 B Hiroumi Saito

#H % (3 Professor* 52 FERER Kentaro Inui

E ) Professor* % K bes Jun Suzuki

MBI Associate Professor B i 7T Gen Kitagata

HEEE (3R) Associate Professor* #% B o} BB Hideaki Goto

B (FR) Associate Professor* KoK B OBA Takaaki Mizuki

B RERAEF 2 7ER AT LHARE Environmentally Conscious Secure Information System
] Professor A B H X Naofumi Homma

B # Assistant Professor + % k= Rei Ueno

B VOOV T 4 VTERYRT LHARE Soft Computing Integrated System
B R Professor B B = 2 Yoshihiko Horio

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

#H ® (G Professor* F K & X Takafumi Aoki

AT Associate Professor 2 OF K OB Masanori Natsui

IR Associate Professor B/ OR B & Naoya Onizawa

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

A = | Research Fellow £ & 2 Akira Tamakoshi

B FRASEENRE (F8) Information Social Structure (Visitor Section)
BEEH Visiting Professor L /NI e Hiroshi Matsuoka

M3 BRI hER Research Facilities

MiEF./ - AL RERMER

Laboratory for Nanoelectronics and Spintronics

fERE (B HI® Director, Professor 7B B 5 B Yoshihiko Horio

N HEESR Cooperation Section
HMTEMERE R Technical Staff* x B3 F# & lori Morita

Bi—aEE G Technical Staff* N B E Rikima Ono

HFif—iEEE &) Technical Staff* H & f@ IE Michimasa Musha

B REYhOZYRARE Spintronics
H O Professor *® B B & Shunsuke Fukami

H K R Professor* w B x il Fumihiro Matsukura

HOR (G Professor* Z B R X Yasuo Ando

OB (3R Professor* g # R Takehito Simatsu

OB (R Professor* = % {eR Shin Saito

OB (R Professor* M B E Z Shoji lkeda

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

MR (FE) Associate Professor* K ® 8 B Mikihiko Ogane

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

By # Assistant Professor & H B Shun Kanai

By # Assistant Professor Justin Llandro Justin Llandro

By #H () Assistant Professor* 1T SR = N Yuta Yamane
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B S/ N AAREDTFT/\A AARE Nano-Bio Hybrid Molecular Devices
E Professor T EHE B 5 Ayumi Hirano

OB (R Professor* T E E k Tatsuo Yoshinobu

B R G Professor* X T B B Kengo Kinoshita

N E: ) Professor* & F & Toshiro Kaneko

HEE (GR) Associate Professor* KM iz Takeshi Obayashi

B (5 Associate Professor* =R E—HR Koichiro Miyamoto

HERE (GR) Associate Professor* #HlE B Makoto Kanzaki

HEER (3R) Associate Professor* i o= Hafumi Nishi

HEE (GR) Associate Professor* m B B 8B Toshiaki Kato

By # Assistant Professor B2 KX K N Daisuke Tadaki

By # Assistant Professor =0 Maki Komiya

B S/ERETNAX - TOCAREE Nano-Integration Devices and Processing
E O Professor 1 B X i Shigeo Sato

QN E: ) Professor* A Il B # Shigetoshi Sugawa

OB (R Professor* £ L 2 # Masanori Hariyama

SRS Associate Professor B E B X Masao Sakuraba

B Associate Professor & = BA Hideaki Yamamoto

HERE (GR) Associate Professor* E @R E A Rihito Kuroda

By # Assistant Professor kB < Nobuyuki Sato

EERE (B BR Director, Professor B £ & 5h Takahiro Hanyu

B 55 - FEVRT LHARE Recognition and Learning Systems
H R Professor 7 A o] Satoshi Shioiri

£ Professor kR & E — Shuichi Sakamoto

B VTNV E—T 4 VTEREY R T LRE Soft Computing Integrated System
ES Professor "B E B B Yoshihiko Horio

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

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

B Associate Professor B 5 ¥ A Masanori Natsui

IR Associate Professor B R B & Naoya Onizawa

HER (GR) Associate Professor* * B B — Koichi Ito

B RHERIVE2—T 1 VIHRE Real-World Computing
O Professor a7 B E %k Akio Ishiguro

HEHIR Associate Professor m oW R s Takeshi Kano

By # Assistant Professor " R H Akira Fukuhara

By #H (3B Assistant Professor* Z H EKRE Kotaro Yasui

M/ 21 e ISR E SR > 2 —

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

B EFEMREHERE Industry-Academia-Government-Collaboration Research and Development Division
N E ) Professor* X W E A Noriharu Suematsu

ZEHF Visiting Professor OB B — Kenichi Maruhashi

BEMEHFR Visiting Associate Professor B &2 & Takashi Maehata

B E I Visiting Associate Professor X B ¥ 1 Mizuki Motoyoshi

B PSS Interdisciplinary Collaboration Research Division
OB G Professor* N il Satoshi Shioiri

OB (R Professor* B £ & 5h Takahiro Hanyu

| EEESR T Exploratory Research Division
OB (R Professor* it & B X Yoshifumi Kitamura
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BT AE R TR A AER

Division for the Establishment of Frontier Sciences

B ZRBIFRAESERNT AT LARE Multimodal cognitive system
OB (R Professor* Ik # B 2 Nobuyuki Sakai

By # 3 Assistant Professor* & & & Kosuke Yamamoto

B XEYhOZYR - CMOS BEREIETES X T LHIZRE Spintronics/CMOS Hybrid Brain-Inspired Integrated Systems
B R (GR) Professor* = B OB O Tetsuo Endoh

By # (3 Assistant Professor* B r E Yitao Ma

Management Office for Safety and Health

iy
ttp
e
HE
i
i
Ht

E R G E Manager, Professor* a b moE Kazushi Ishiyama

AEE B HE Deputy Manager, Professor* kB ORI Shigeo Sato

By #H (3®) Assistant Professor* 1 B F 2 Nobuyuki Sato

H BT MRS Common Research Facilities

PHSHIMERV AT LY Z—

Flexible Information System Center

- G/ Director, Professor* p==ll f)) Go Hasegawa

R ERRIT > 2 — Fundamental Technology Center
trE—F GR)/HE Director, Professor* e B ORI Shigeo Sato

BiEME FiR) Technical Staff xR K s Tamotsu Suenaga

N TR Machine Shop Division
Hi—wiEe (JIL—7K) Technical Staff A 2 A Kento Abe

TR E Technical Staff B H & B Yasuaki Maeda

Bi—AREE Technical Staff B A &F 5 Kana Sekiya

i Evaluation Division
KiiErEe (VIL—7R) Technical Staff oI B MR Maho Abe

TR E Technical Staff g 2 f& Takenori Tanno

Bi—AREE Technical Staff m & B = Hiroyuki Yagyu

BER#E Technical Staff FE F B — Koichi Shoji

B JOvXEs Process Division
HiErme (JI)L—7K) Technical Staff Fes Ea lori Morita

Bil—AREE Technical Staff Rikima Ono

F—AEE Technical Staff

ot 8 |
» ot
Moo

Michimasa Musha

LGRS ER

Information Technology Division

HiErme (JI)L—7k) Technical Staff X H £ A Kenji Ota

FATEPIE S Technical Staff o #BOF Yuko Maruyama

EFR L HEE R Office for the Promotion of International Relations
R Specially Appointed Professor I Ogawa Hiroyuki
EFEEEHETEE Cooperative Research and Development
BEHE GR) Specially Appointed Professor* ¥ 3 5, & Hiroki Shoji

EEEB Administration Office
E=HEE General Manager = + ¥ — Yoichi Mikami

EHEME Deputy-General Manager N o BXF Ayako Murakami

WERE Chief of General Affairs Section g Il & 17 Hiroyuki Tomikawa

MEHIRE Chief of Research Cooperation Section % H * — Keiichi Shibata

RERE Chief of Accounting Section b O # g Norimitsu Yamaguchi

AEGRE Chief of Purchasing Section 1 B B 2 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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