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It is the mission of RIEC to realize a new paradigm of communications that enriches people’s lives. Communication is important in vari-
ous ways in human society. Information communication 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 university.

The year of 2020 will likely be remembered as the year of pandemic. We would like to express our condolences to those who have been
affected by the new coronavirus and their families. We also would like to express our sincere respect to those who have been working had
to solve the problems caused by the pandemic. Related to the pandemic, RIEC would like to fulfill its responsibility as a research institute in
the field of ICT. We recognize the impact of repeated exposure in information spreading particularly during pandemic or other difficult so-
cial conditions. We are also heading to the world with telemeetings, telelearning, telemedicine and other distant communications through
the web. Problems related to these issues are included in the research fields RIEC covers and it is RIEC's responsibility to contribute for
constructing the new 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 technologies leading to the development of new industries, and through these efforts, will offer a
world-class education environment. In addition to providing innovative solutions to problems through the application of ICT, we will con-
tinue 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 pioneering achievements in laying the foundations of modern information and
communication technology, including magnetic recording systems, semiconductor devices and optical communication technologies, and
has played a world-leading role. We cover the research fields of materials, devices, communication systems, networks, human and software
engineering and sciences related to ICT to promote the fusion of research fields between hardware and software sciences and also the in-
tegration of the arts and sciences.

RIEC is organized into four research divisions, two laboratories, and one center. The three research facilities have different scopes in
terms of research period: the divisions focus on long-term projects, the laboratories on medium-term projects, and the center on short-
term projects. The Information Devices Division carries out research into materials and devices for communication technology. The Broad-
band 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. The Research Center for 21st Century Information
Technology promotes short-term collaboration with the industrial or academic partners in fields developed in the research divisions. In
addition to these organizations, RIEC established two new laboratories 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 collaboration with Graduate School of Engineering estab-
lished in 2019.

We have been certified by the Ministry of Education, Culture, Sports, Science and Technology (MEXT) as a Joint Usage/Research Center
for collaborative research in information and communications technology and are engaging in joint research projects with outside research-
ers. 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 LSls based on new concepts
that are capable of human-like judgment. This program is creating advanced information processing LSls, such as those of artificial intelli-
gence, which can be used to apply artificial intelligence to real-world situations. Within the university, we are also expanding R&D projects
centered around RIEC. First, when Tohoku University received confirmation of 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 Spintron-
ics for further developments, where three centers cooperates: they are Center for Spintronics Research 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 Organization of Electri-
cal Communication under the leadership of RIEC. As one of the eight major projects underway at Tohoku University's Institute for Disaster
Reconstruction and Regeneration Research, research and development for the creation of disaster-tolerant ICT is being carried out through
collaboration between industry, academia, and government. Third, Advanced 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. Further, in 2019, the JST-OPERA
program, 'Creation of Electric power and Information and Communication converged network infrastructure Technologies based on overall
optimization of autonomous decentralized cooperative DC microgrids," proposed by our members started, and Tough Cyberphysical Al
Research Center, where several members contribute, is established.

We will work hard to enrich society through communication science and technologies and appreciate your continued support and en-
couragement.
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We draw up the RIEC vision based on the institute missions, which would contribute to the Tohoku University Global vision.

FERDI v v a >y GEARME - flid)]

BROBEMEMIE. 2BERUBRIBRBEICHE
THINETOMRMREZERE L. T THDN
TERRIME BT E L COMENEZED L
T NBEEROBNHZA > 2—TTAAELTE
LAELABMEL ZIZ 2 27— 3V EERR
ToMENBERMOFELICADHARE, DN
FOMRFMRE LTES| LEITET,

(BERESRALIC U 7= HUHL A 8]

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

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

O #hfeBlid. BEIRIVF—TER KBE. &
SICERENS M EETEHERED. 1B
RNEBDOBERBEDOHFHEEEHEL LT,

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

(o R - o Bl 3K ]

1. BHREESFICE T BREZ R LAFEDOREAIC
BT D

BWEEMRDFICENT [T—ILFTZTAN
DOREE . [1EE - FEDKE ] ([CEIF. KiHHID
DEZEMMIREZHELELT. TORHIT. TER
RO, RITIRIAZE B O F 4 - 4t
SAHB. HRENA - LR EILREE DHELE.
BSSrr D EB L & ERHERM R DOHEE, BAEER
B feME ICT SRR DOHE. EFEHED—
BOHEITTHILET,

2. ZRGEMERADEI
ERNARZHET PN A T R T A
V17 FABIKIG C TS REMRZEET S,
WENNEIRIR T IV — T &R CE 2 RPERE
BETWVWET, TDdHIc. BEEFEMERTH
BLIEBPICECET 5 & &, ISR &
LTHETOY 17 bHRAR CESEFIZEY &
Y. BEMRICESEBHEZRRL. & - 5t
EANZSCERBEAZRERLE T,

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.

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

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

e \We promote research and development on novel and advanced informa-
tion processing and communications by exploiting state-of-the-art infor-

mation and communication technologies.

Strategic Focus and Major Policies

1. Promotion of research on information and communication technologies for
the betterment of human knowledge
We promote multifaceted cutting-edge research in the fields of informa-
tion and communication, in line with the university objectives of “Achieving
World-Class Status and Leaping Ahead” and “Leading the Post-earthquake
Restoration and Regeneration.” For this purpose, we focus on promoting
diverse state-of-the-art research, student and recurrent education through
research, our own activities as a joint usage/research center, international
partnerships, disaster-resistant ICT (Information and Communications Tech-
nology) research for earthquake disaster reconstruction, and partnerships

with private industry.

2. Capacity-building for diverse research activities

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

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

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

. Promotion of activities as a joint usage/research center

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

. Internationalization and promotion of international joint research

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

classifications of our cooperative research projects.

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

ration and Regeneration

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

. Promoting academia-industry collaboration

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

grams.
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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
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to high-density and advanced information communications, whereupon it
reorganized into three broad research divisions: Brain Computing, Materials
Science and Devices, and Coherent Wave Engineering. In addition, to replace
the Laboratory for Microelectronics, which had reached its specified duration,
the Laboratory for Electronic Intelligent Systems was established across the
three divisions.

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

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

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

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

At the time of the change to a collaborative research institute in 1994,
RIEC's intention was to operate with its orientation towards joint research,
gathering research scientists together from a broad range of backgrounds
both within Japan and overseas, and pursuing joint research projects. In this
regard, RIEC anticipated the main goal of these new centers. In recognition
of its achievements, RIEC has been accredited as a joint usage/ research 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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Faculty & Staff
SH26E581HIBE/as of May 1, 2020
B Professors 23
A Associate Professors 21
B Assistant Professors 22
FiAERE Research Fellows 10
R Specially Appointed Professors 2
- Specially Appointed Assistant
T Professors 4
EHEBE Administrative Staff 14
FE Technical Staff 14
&5t Total 110
M7 RZANE (FHCHEREE)
Researchers (FY2019)
NEAEE Foreign Researchers BEHE Visiting Professors 8
BE AR Visiting Associate Professors 2
RESEHEHRE Cooperative Researchers of Private Company etc 10
BAAFRESFRIEE JSPS Research Fellowship for Young Scientists 10
BHAFMIRESNE AR JSPS Postdoctoral Fellowship for Overseas
MEE Researchers !
HiTRE SN [E
%fﬁgg% HEIA Invitation Fellowship for Research in Japan 0
ZEERE Contract Researchers 4
SEHHMEE Contract Trainees 1
A5t Total 36
Students
SF2E58 1HIRE/as of May 1, 2020
. IEEEIFIIER ETFHER S .
Il‘“\ﬁ . =) PAsES [SEY—pr=y —ymilas] Pa=t
Schjc?lrgof ;ﬁﬁigﬁ Graduate School of Graduate School of %R%TE?*‘% TD qul
9 9| Information Science |Biomedical Engineering ota
FEBAFELE 53(1)
Undergraduate Students 53(1)
B RIHAERAE
Master Course Students 9207 40(6) 9 141(17)
BB EAERAE
Doctor Course Students 171 ) 2 29(10)
PRZEPRER 2R
Institute Research Students ! !
&t 162 (18
= (18) 50 (10) 11 1 204 (28)

¥ () HEANTHE Foreigner
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Land and Buildings

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

24 KRR E 14,993m’
FEREETE 42,257m’
Building: Total building area  14,993m’
Total floor area 42 257m?

SH2F451HIRE/ as of April 1, 2020

2 BRC BTHE WEmETE
Name of Buildings Structure Year of Completion Floor Area
AR BEIO > ) — M E6RE. MR 1R 2
Main Building Reinforced Concrete, 6 stories, 1Tbasement 2014 13,513m
1588 #B;E> D) — M AR SR 7 791m?
Building No.1 Reinforced Concrete, 4 stories Building-S : 1962, 1963 !
N 138
Building-N : 1959, 1960
2588 HEO> 7 ) — b ARER 2
Building No.2 Reinforced Concrete, 4 stories 1962, 1963 7,058m
+/ - A EERER 7R =Yl 2
) ) . ) 2004 7,315m
Laboratory for Nanoelectronics and Spintronics Steel-frame, 5 stories
i ~ -7 T = £ fowa ~ ] — N2
JLA>vox7 E)?#Eﬁ%ﬁﬁux i%sbj Vo) — hERRE 1967, 1968, 1972 597m?
Laboratory for Brainware Systems Reinforced Concrete, 1 story
B;Ema> o) — b (—ELE) 2082 2
Reinforced Concrete (partly steel-frame), 2 stories 786 1,693m
HETER 1996 598m’
Steel-frame, 1 story
BREUE2PEE 1999 148m?
Light-weight steel-frame, 2 stories
2V RS 5 — > 5 U — 3 1030 3432
Research Center for 21st Century Reinforced Concrete, 3 stories '
Information Technology
=17
SBFER 2002 435m?
Steel-frame, 1 story
¥ - > 5 — > U— 2RE 1081 ST
Evaluation and Analysis Center Reinforced Concrete, 2 stories
\ D 1 — _YmER S Ak E) 17
NIEIR o fR%?jJ:I/7J b ( ulﬁiif?&ﬁ) $E§§ ,
} 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

=
==

=
X\

BfE

bt

=

i
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Budget

ESEERERICH Budget Shif
EXUBEMZEFRICE T 5 FEDOHEFE W Budget Shift 56 - B million yen

3,500
3,000 20
2,500 —
1,708 1,558 2
1,514
2,000 —— — _ — — R
1,039
892
1,500 —— — — _ — —
1,000 —— — — —— — -
1,398 1,415 1468 1,347 1,309
500 — 1 | ] 1 —
0
FY2015 FY2016 FY2017 FY2018 FY2019
EEEINE NEES MR ERES
Operation Grants External Funds Expenses for Facilities Improvement etc.
FEEEAER W Budget Summary B3 : FF/thousand yen
£ I#
Categories FY2015 FY2016 FY2017 FY2018 FY2019
EEETS AEE  Personnel Expenses 730,537 808,066 835,904 790,118 742,128
BRMI%
Operation Grants | s g8\ on-Personnel Expenses 667,582| 606,599 |  626,824| 556937| 566,533
BT =
offfjgft e 1398,119| 1,414,665 1462,728| 1,347,055| 1,308,661
RNEMREHEE
Grants-in-Aid for Scientific Research 422,846 526,718 549,034 231,643 363,325
SEthRE
NEREs Funds for Commissioned Research 1,076,220 | 1,140,386 963,585 753,391 486,053
External Funds | g2 Donations 14490|  36190|  40541|  54344| 42,436
(FB18) MR E Indirect Expenses 219,886 244,413 220,733 134,311 155,852
Exte?rt;ﬁﬁ’ﬁ%d?:rotal 1,513,556 | 1,703,294 | 1,553,160 | 1,039,378 891,814
KEEIHIRE  Expenses for Reconstruction 0 0 0 0 1,936
PELEEIRE  Expenses for Relocation 20,011 0 0 0 0
MEREEfHE  Expenses for Facilities Improvement 0 0 0 0 0
MR EES 5t
Expenses for Facilities Improvement etc. Total 20001 g g 0 L
PAN
Fll'ot“:l-{- 2,931,686 | 3,117,959 | 3,015,888 | 2,386,433| 2,202,411

14 | BEZUESHIZEAT = RIEC 2020/ 2021



IRELZ AR W External Fund
AHETAMR 5 External Funds 847 © F5M/ million yen

1,200

1,140
1,076
1,007

(MO0 et B [N B N I L

[N i 1 I N R (Y N [ —

(UM i I I b NI e I [ —

597 549
486
423 423
400 " N I " BN D M I BT
200 [ ' I I " D R I [ | B " e
41 42
14 14 36
0 \ \ \ \
FY2015 FY2016 FY2017 FY2018 FY2019
BEMREHE SEEhARE ErER
Grants-in-Aid for Scientific Research Funds for Commissioned Research Donations
NEREEMER M External Funds BAi7 : FF3/thousand yen
e IE? FY2015 FY2016 FY2017 FY2018 FY2019
Categories
REMEEFHES
Grants-in-Aid for Scientific Research 422,846 422,846 526,718 549,034 363,325
SZETFIoC
LA o 1,007,060 | 1,076,220| 1,140,386 963,585 486,053
Funds for Commissioned Research
S 14,490 14,490 36190 40541 42436
onations
A?—I—

—Il;cljial 1,444,396 | 1,513,556 | 1,703,294 | 1,553,160 891,814

ELUBERFZEFT = RIEC 2020/2021] 15



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 SHOICHREFE - HEAZEISAE LTAHRADMZRE SRR TOY 17 MAREZFIT LTS, AFZERFOZEDER
F. BEZREOHEBFNBTIE R, AHERHBE EORBEMEARHRE LTWE ETAICE-A DS, AHIEFRD HETOI T
MERZE) ElE. BHRBEDTICHIT B - AT AICET 5EBOMREERANDENEHREDH DS SIChE - O—F 1 2 —
L. 7OV MARELTERIEL TV EDTH 5,

HEOYV 7 MIEIE. FIRADEEDTMAES TEETN., TOICFORBRBNEBMNES TREEIND CENFETH S,
INET. AAKRFIOHERBE 7OV 7 MIRDIRES JURMEIE. EANDOE - A - FAITKFE. B - QUIHREELRD. BEeE -
HEEODHERUMEELEF[RE LT, RAEICKVITHONTLD,

k7Y = r MIRERR

H£ETOV T FHRDFEEDHIC. HATAY 17 MNARZERRUHRTOY 17 FREEER. B0V 17 MEEZES
RNRBEINTWS, HATOY 17 MAREERIEF. HATOY 17 MARICET BB LRIBEERT HIeHICA 3 %, FR 2
HEFHN 5 BDER 10 ZOEFBICKVERINTWS, HETOY TV MAREZER0OMEMIE. AR CXTINTVAHRAR
DEFEERLEDS. FIRANDBERZLCRS, ARFAOENTHS TABMEENGEII 1 27— 3 V2 RITT 2SR FEI
DFBESADHE | ORBICARRGRE IOV 17 MHREBEBNIHET 5 EICH D, TNE T LEMRDOABRFRIROEE,
NENDLIR. BEOSMICET 2RFIC OV TERETOCECH Y. BICEEDBMICBEL TE, RF - RFZFE & L THEESN
BRGET2TCETC NS, GH HATOY 17 MAROBRICR LEEZEEITT O ed. NBEEEZSHHRATOY 17 hMEE
ZERDREEIN TV S,

Kfe, HET7OYV 17 MNAROMBGREZR D cHIC. AABRAEEOHEICL VBTN TV SRHETOY 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.

EERES e A8 DA
. mm Council : Outline of the Operation Policy

. #E7OYIYMARERS -

Cooperative Research Projects Committee HETOY o MARCHEES
EERIE Type A
Act as a planning center for all operations
in cooperative projects research

| #ET7OYIMERERE

Type B

Cooperative Projects Selection Committee
RWOFE/ RERE
Rating of appl / Adopti

Type S

HE7O0Y 7 PEREES
___Cmperaﬁw Projects Steering Committee :

FRES/BHaRE
Budget allocation / Daily routine business
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L L
R 2AEEEI N T 0 Y = 7 PSR
D2 EEOHEATOY 17 MR FRAD SABEN, BEDBR. 125¢F (A 814 B 424 S 14 SEK:14)

HBERE N e, %

FH. K9 AFELZDOREEREICDOWTITOMRTH Y. 81 4D SE 70 HOAERE Y DIRE. X5 B IFRHRREDH

REFADHAE T, R24D55 37 HFHANBLY DREDEDTH D, Fe. EF‘?@Eﬁn%b‘%HDLTL\éﬁni X7 AU)S#

XDBD17HTHBH, Ky AL TG, XETOY Y MREERE, BEFMRENRI, BEFMREEIL, %
IRHFIFSRHEELD 5 DOMER A 7. K9 BT LTI, TNSICHIA EFHRFITHEER

IR U HEE R,
HERIT TV B,
RIS ERRAEHEIEHEEZ B & L COBoMER & HE

BRBEPFORICNRZBVTHEZHET NEFREICTDOWNT. AMREFALFOEEY DD 185 - *ﬁn

Fle. K9 SIHEREEEICEDCHRTOY 17 MAKRTH Y. K9S
REEBITHLDTH 5.
RO TEDERNNDKREHEHSOITER & HFE L THET 2.
SHTEEREA
= ERREE 1304 (A3 Bi4dfR. S:2 SEEIH) m FRER

KX A EXDBITHT 2 6 DDZA TOFIREEORNRIZLLTDE
m FEREEITHEER | 38
» EFHEENREY D154
m AR OV T MERE S
mZOM T4

KR 7Y = 7 MSED RS - FEHlTO W T

HETOD 17 NARDRE. EREIEFEERTCY -ﬂoﬂ'(b\%a HEDREIE
HETOY TV l\‘ﬁ%§§§
BREENEN NS, HIEIREIE. }%TRJ%/Eb\bEE3H SHETTHY . Mk TE. ¢
R MEREME] DIETHRANELDC. RERTOY 17 SHARISAARPIEE & OHEMFEZ FiR
SBICH T2 CFEREFROMIGHED NS T EHDBETH B,

EEEI HEBEDREMIEE 2TV S, WEDHIEIC

ZTEThE>TWS, 7 :b\ [EIpaN
ELIEEDTHBDT.

SIEEERALEFR 7OV 7 FREHIR—E

W AT REZER X #9076 Ui 7\ ZBR%E

B SRAET S ARERVN /AN F - BET/ 1 ZDAIR

VESEIDAREEE B DREEE T I HIREDIEDRFELE T/ \1 ANDIEA

ﬁ%’*”i?@%‘mnﬁmt-ﬁﬁ?%ﬁﬂn

ErEBEFBLIFE®RRDR °/%‘ ENCEST BIE

W A—RYF/ITITIVDF /R —IVHEHR & B F M DIRIRSE

W EFT N\ AEEENET TO—F OREICET %

W BEME loT FREFMLADCHDIRIVF—N-—NXERT V717U 7 L7 b7 L—0OH%R

W NEEERECERAET 7\ AR AWEBRIET 7 £ X%y N T —0 OERUEICE T HE%E

b RVERFEBOEVFEIRSE & ZDEERD THZ ES0EADIGH

LI EAIAE D HDIBKERMT

BERICE > TRIEHRREZB S LD HEOME

W BREE S BUIETEEOES

W BETRCAEREICL S EEBNEDRVCET HHR

IR E AU KBRS 2 VEHAl & BIRIRETSTERICE S 2R

67 7 A IN—2y b T — 0 & BOCKEERE RO DEFHASGNICEY BH%

W BEEEN\— PO T 7EBREZOISA

W PVDF @& U e 7 L+ 2 7IVEN© > OFFZR

W 0T 7/3A R EDHEEDTeHDHE L~ A >4 7 T —RICET HEBEAR

W SEET A AE AV REERS X T s

W 0T AN—RYx7EF2U7 1 DHR

W AT I Ty Ty DICED ST loT TS

W ¥ 2 77%5F v 2/ R BYOD ORBICES =<)L T TS AT LB T HHE

B I-Yy boT [CEDCATERIRICET B

W Ge-on-Insulator Bt ECD A2V - V=R /K LA 28 CMOS DERR

W BRSEBEEDHDF Y F v TTINVYT T HICET HRE

W SEERBEERVI VRT LT VT F DR

I Japan-USA International Collaborative Research on Terahertz Devices based on Graphene-Phosphorene van
der Waals Heterostructures

B R ENEERSMEERT 7/ 1 B

W Si-Ge REF Fv +DiRAIET & BFHEXHIENCR S DR

M Dynamics of spin-orbit torque induced switching of metallic antiferromagnet/non-magnet heterostructures

W 2p BREECEBLBICATERO AUV MRBARA & SRR RIERT DR

W EFRHDTHDE QEX AV DRHIRBICE T %

WET LY FOZ Y ASAICA e RNBFIEERB R LR FORIR

W ERRRS AV DUEREREFICA R ACVEGE VY & AV RENTBREAIC L B5REIES 1SSV R
DRSS

W BRIEL T o« —)b B 7L — MT InGaAs HEMT & LN e X 2B R FE =R L DFZE

W RRETIVHEREDOEE

B IVFE-LIVRBEFFRS AT LICET BHE

I Pre-verbal infant learning: Infants' preference and understanding from eye movements and pupil dilation

B EEEEBRRICLS (RCZ2) BINLEY T LORE

W AERA Y FHEE L — Y —E BV NEETHIRDER

I Exploration of a new electrical detection method of magnetization dynamics in CoFeB-MgO magnetic tunnel
junction structure with perpendicular anisotropy

B SEY RTORAESTDRHDY T b 1 7 EGHORBIEEDRE

M Interactive Content for Emergent Users

W EBEOHDIBEERY X T LOHEE

W V2= NEEFIHORIERTERRO AR

I Study of 2D nanomaterial devices for terahertz applications

W A\KTEEEE A ERERESICE T DR

W Development of graphene based devices for terahertz applications

W A THHEEIREABDIEERB O & €T IUE

B RTTARE VBT T\ ADBESE

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

WV RGBT\ R T O RS B

| BRI B B EBEMD D fEHARE RS

W RNy BY G TOe 2% B -Ga203 EEE 7/ 3 AFRL

W BOBHFEFA L BBRBERENOBE Y OX ~— 7 MFIIcET 2H%

B &RT/EAICHT BB FEEOHIE L MEERF\DISA

W high-k/Ge #3i5(2&51F % FREIERBIED 7 0t 2 KIFOREH

W OEESTS T T VTN R

W Japan-Russia International collaborative research on a large-area photoconductive terahertz detector for
high-speed imaging

W 8K B EGR T > > AV BEREBEGR TS AT

W 7+ L X Massive Connect loT DBFZE

11824 (A15554, B:5814, S:28%. SEE:184)

UThD (EEEED).
m BRI ERY | 51 4
W STIRAYBZTHEERY | 50 4
m ERHEEHEER 12 4

| BREISREEOHEDREEZEZRF L. 2 8
CRBEEEEETL. TORBRIE. 4 B
HETAY 17 MARBEEEZRE L (B

http://www.riec.tohoku.ac.jp/ja/nation-wide/koubo/
BWEDEE | BILKFEBXUBEHIERTAZ T IR
BaE 1 022-217-5422

W 100GHZ w7 71/ \BHA LU b7« V%)L RF EZEHOR
W 3D TUVAERBALES VRT YT OBERICEY MR
M HyperCubeHarmonic: A Conceptual Complete and Consistent Model to Control Multiple Dimensional
Information of Music
M Modeling the Japanese-Taiwanese racial effect in facial expression recognition
W E/ DD HDEMBEET /A ZEY 1 —IVHE L Z DA
B SZRIVT LA VDR L BRE
B END 3 RTHRES gmuﬁﬁﬂ)aﬁﬁﬁﬁiﬁ\é B HMR
W FHC 0T 75y b7 4 — LOBEICET %
M Exploring and Understanding Touch Interaction using a Slidable-Sheet on Smart Devices
M Investigating cultural issues for the design of touch-based interactive D-FLIP photo management system
W ABOBENEIGET 2RI ILFE— 4L T — 2 RBEEE
W Implicit non-verbal behaviors and brain communications
B BRI A EES SUEAEDSEHE TOHE
W RIBIEEICH VS HEREROTRIL
M Investigating cultural-background effect on auditory selective attention processes
B BEAHEN L FRANGREEOREREICE MR
u 3F¥&HZ?§%‘&91‘7A@#§ SREVRAZE & EERADER
SRR DORERICE T DR
—EI*)"/(I/XrJU'f/ A L=/ AFY AvE1—T 1 Y TEBOHRE
I TS XMCH S BZERIE M & SRR RISBAIRR
W AL REOFEERILE S/ - 7/\1 ANDEA
(CHV BHNEEMEISOBRRIFNT 70— F &DBPIIREEE DRI
) BIES AT LORERET & BRI FEDHEIL
B ERTZ1—041F I REZDZ 1 —0N\— FTITBEOER
W R T AT EA VRS 3T
W IR ERERICE D CHARERBLORES LU Z OISAICE T HH%
W IEFEZRAVEL—T AV ITDA VTS A Y F vALlcE RN
[T T3] ZEHET BABEDOERE
W - ALFREMR T T AICH B IERABAERIR
B EREFICHTBIFFH S A 50 ADFSBUIZER L MEERh
W RERESEEY X T LRBEDHDEREIOME
W HC DR #EEL LI RIERBFHIZ 2 27 « DRE
W 77BN B HAMERIS 2 =7 1 DiE]
W R - BEORBHER IX A= X LICEY BH%
B LD T D UAV FIERRT & Z DI RREICET DHRS
B A7 OESLCL—YISAamBEOL — 4 BLRROHER
v YAV a—7 1 ¥ JEBOREDHIRE £ T DEBRNERN
W ERSFEORBMERTR & £ DERMLICET BHR
W EMEY STV T Y DRER - REDHOI—FA V2T =X
W EARDALY - GBS A 7 A EF O
W SBRETIVF AT « T EREINICEE Y B3
B AFEY AL BBIEESERY 7 b Y 7R
| PSDL2: Physwcal Security of Deep Learning 2
B ENAVT Y ITAVE1—T 1 2 TITH BB Y — AT
I Securing loT devices against EM Fault \nject\
W AR ORAIIEE HIEIC L R
B OE—L> bR AU ORREEE l
BOEREROLAVULATHA 2 EZDEA
W Beyond-5G DB e B MR DRR
| Attentive Search: Theory and Application
B ADITENERAR - ARICE D BRI —H 1271 —R
W EET-AMAIKEDA - Hat YRR
W E b EBEERRET A0 Y FOFIEA
W AHSRAEDHTF - HEERRS D1 /97/7 > 3 VICEY BH%E
W Y DENEBISHAEIC P S AT
BAEICEDH T ADITE ﬁﬂl?%@@@ﬂtkﬁﬁt%ﬁ%
WAL LS| & DRIEEER SRR
W Cognition-Aware-Systems for Improving Human Performance
W YEDZERME— NICEE T HHA%RR
N3 XTEEADECERNE L SRERES
W EEERHERIN TR & 7/ MRHCE D CIBE ) FRREMB SR >/ EOMEETA - HIfFEORMS
W OE— L MRICED C ERRETIR SRR ORI
B AR EARRIRICE T 2H%

5V AT LOTDDBSR T/ \A RDRIF
AT LI BH%E
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Tri ¥l
731
bl

.Inforr.nqtion
Devices Division

EfdEFTFMRE Solid State Electronics
AEVPRZHA - CMOS B4&
RERY 2T LR E (ZHHR)

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

F/74bILY FAZY AHAEE

Nano-Photoelectronics

+/7xbIL70MO=ZVR
HESE (ERFIR)

Nano-photoelectronics
(Prof. Uehara)

F/HRFILY FOZIR
HERT (HE LR

Nano-photomolecular Electronics
(Assoc. Prof. Katano)

Ozl ITx)VF— EEETOELDERS
/ REEDFDYIEDHIZE

OE QM DESREIDRRED STM EADFEEDRIF

OFf / ZEBFRTOHRAL GZEHUIFINREZD
TEHGA

OBEMETLHHEDFN « ZHETFORFE

e Exploration of material properties of individual
solid-state nano-structures in spatial, energy,
and time axes

e Development of STM light emission spectros-
copy with ps time resolution

e Investigation of various electromagnetic phe-
nomena in nanometer-scale spaces, and their
engineering applications

e Development of efficient and broad-band
light sources and detectors

OB—RF « DF O

OB—DFDEZERIG « HEEHE

OFf /18E%=KeeRFELTRATZDFIL
JhOZX

e Optical excitation of a single atom and mole-
cule

e Controlling of the chemical reaction and ge-
ometry of a single molecule

® Molecular electronics based on the nano mo-
lecular assembly

EFEFIETIE
HZE2E (WU HEHR)

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

O/A<VBRZEY FOZV X - CMOS #E
HBIERE Y A7 A

O/ A< VEZREY FOZ Y X - CMOS B &
FHBUEERES R T L

OBBIERY AT L« T—FT U F v HI%

OREY FAZI R - CMOS Y& T/ A A4S
R & ERETHAATRITZE

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

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

e Brain-inspired integrated system architecture

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

“RTTBFRT I\ ADSHEEEREL
OUZ7 1y - 7I\A ADEBFEIERABLHZR
OFANRZ Y FEMXENNEICEKD T/ TINA

AAMEROERSE

® 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




BES/ TINA AFFEZE W Dielectric Nano-Devices

BEF/TINMR
MRS F (RHEK)

Dielectric Nano-Devices
(Prof. Cho)

OmnReE (BT DREEZIED) EBEFHER
A BRIBHIEDRE

OFGRFEXREH LAV BEEERBIN
SCERDHIZE

O G AEXRBEMBEL AV CRFBMN - £
BRI OFHEEDHTZS

OFBA% - B XIS A BREMEAZBL
feEEEEFHRDO R—/ BT 745t
BIDHIZE (SiZ, SIiC, 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

IMEMEREERETRRZEE W Materials Functionality Design

otk taesRst
MEDF (BHEER)

Materials Functionality Design
(Prof. Shirai)

OB—REHEEMARTICE DI LLAY
> HEREM L DIRERERE

OREY bOZV RRFICBIT2BRIEERM
DIBFHEEMT

OXREICHIT 57/ EEFM T O XD E#
vzalb—r3v

OMH - RFHEEERFT IS IaL—Y 3>
FEDREHE

e 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 on surface

e Development of simulation scheme for materi-
al/device functionality design

EES /WA A7 Ls
CEZL IS = %)

Nanoscale dielectric measurement systems
(Assoc. Prof. Yamasue)

ORFH#R =R T DI EAERRIHRTFAEX
RT3 X b DORHE

OBRFORRE - ZIEETO—THEHE S AT LD
FAFE 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

PR 1%
e EF (PR AERR)

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

On®mENE
OXGR. KARLEMDERILEBIRE
O —REEERRFEDHFE

® Matter at high densities

¢ Metallization and superconductivity of hydro-
gen and hydrides

e Development of first-principles structural
search methods




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

Quantum Devices
(Assoc. Prof. Otsuka)

AEY FOZY AMZEE H Spintronics

T/AEVHHETINAR
MRS E (FRRHAE)

Nano Spin Materials and Devices
(Prof. Fukami)

OBfRT / BEhDEFHIEREREEGR S /18
ETINA RDHZE

OEMEF / #EEZ BV BT T/ \ 1A ADH%R
OB 7N\A ARZ LT —2REFEORE
ISR 2RMENMEL T/ 1 ABREBRITO
AR

e Electronic properties of nanostructures and
nanodevices

e Quantum devices utilizing nanostructures

e Informatics approaches in material and device
science

F/ERBTNAR - TOCAHER

T/ERTINMA
e 5 (RREEIR)

Nano-Integration Devices
(Prof. Sato)

Nano-Integration Devices and Processing

OREY FAZI XK - RFICBIT2EF -
AEVEEZDISAICEY 2%
ORE > - BuBHEER%Z BV R DI
Y SR
OF / BHEARROBX PHEED 2 1 F 2 7 AT
ESERRtTE
SR - EBBHAEY FOZ IV AXEY
RFDRFE
OBHIMEFREFOA T - REERERK.
BERIERNIBISAICE Y 20158

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 AEHIR)

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

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

® Brain computing hardware

e Intelligent quantum hardware

¢ Brainmorphic visual information processing
system

OBEZE IV EFEFRTIEZF2 vIVED D
DIEBEEMRIENE TS A< VD TAE R
HY MR

OV R¥EFRBEESFNT OMEDSEREL
T RICEEY B

ON BEEREBFANTOF/ T/ ADEUEL
SR LICEI Y BHI%E

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

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

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

erostructures

ORI TRE % U RS R BB DO eeT
[illTE S et e

OmEfiax v b7 —0 DHEBETIVICET S
Bz

OmEfifax v h7—7 LOERNEICET 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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Nano-Photoelectronics

Staff
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Research Activities

APBFOWEEEIL S/ A — bMVEEICS T DHIREME - &
FHEOFERES/TH ML FOZ YT - 7/ ANDIGA
IZh B, £lew BRDIOHDHFH LWFEDRREEBIELTVS,

Our main interest lies in studying the physical and chemical
phenomena that take place in nanometerscale regions and
their applications in nanophotoelectronic devices. Develop-
ment of novel probing methods is also targeted.

W /7ML MOZUR
D E | LRE

EA b VEHE (STM) OBRHOSSHEHENS > 2ILVE
&Y 7/ B E BRI L Z DXFICEZRITT 5 LI
KW BLDF/IBEDL OMIEEIREK - RET B FETRICH
WCIE BEDBINEHAIERA Y ERTEDRBDHEEEIXE
SREICLDHRZEZRIT RV, (2T RSBV ERDER
RECHRBINMRE CHRRIND., £fce BF brrblc kY THz b
5 PHz IO e BILWVANRY VIR TTT / BiERIcE Ciasdon
Fe DD FIREIC G D, &5, LA SNhKIE. TO—
TERWHELICIRYET IENTES, COLSESHEE
B2 LicLl. BRETLHEHDIEN - BARFHREREIN
B

7/ HAHFILY FOZIR
WRDE | HE IS

EVER. RIED Si I ENET 5 CHAIZ VT AI VYT
DRFREZRIE T Bletdlc. RERDDFEN—XELEEFT/N
A ADMIEIMEDREZHIRT %, STM DBEF b R ILZRBWL
Bk, EFEREDELDRFPNFDUABEZAT.
TNOIMEERISEFR LN TDIENTES, DLl
TIENB—RTF - DFOILFH. WEN. EFHEEEE
STM ZRWTHIR S %, &fce 7/ AT —IVBEEIC ST 280 F
it STM 3D K Y BASDNCT %o DK S GEdiT & #HdA
BT LK FFEDFEN—RETEBEFT/\AAD
BER=Z1T D,

= Nano-photoelectronics (Prof. Uehara)

The material properties of individual nanostructures are inves-
tigated through their optical responses to the local excitation
induced by electron tunneling in a scanning tunneling micro-
scope (STM). In this method, unlike conventional electric mea-
surements, attainable temporal resolution is not limited by
the signal levels. Hence, the material properties are explored
with high spatial and temporal resolution. Efficient excitation
of light confined in nanostructures is possible in the spectral
range from THz to PHz by electron tunneling. This confined
light is efficiently converted to free (i.e., propagating) light by
the presence of the tip. By utilizing such properties, one can
realize efficient and broadband optical sources and detectors.

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

Process and operation principles of the next-generation
molecule-based electronic devices are investigated to break
through the limit of downsizing that the current Si technology
will reach in the near future. By using electron tunneling in
STM, one can control the locations of individual atomic and
molecular species on a solid surface and even induce chemical
reactions in them. The physical, chemical and electronic prop-
erties of the species processed in such a way are investigated
by using abilities of STM itself. The optical proper-ties are also
analyzed by STM light emission spectroscopy. By combining
these techniques, we explore novel molecule-based electron-
ic devices.

R STM Z B A It EaREDITEE
Integrated Surface Analysis System with Low-temperature STM
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Solid State Electronics

Staff

(fE#E XM)  (Shigeo Sato) = HBEE  Tetsuo Endoh
E2resd Professor % (3k) Professor*
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FEHES Associate Professor B Assistant Professor
fe”RRK XE  Fuminori Sasaki

ERE Research Fellow
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Research Activities

A=) rJlck o TaRb s SERLERRICEIRT 55177
JOYV—ICEBDOIFSNTERILY bOZ T R, SIiOWHER
FRE. MMM T 7O XOEM - 2X Ms9/NUT7ICBEE L
TW3, e, KEBNEBIAI— MEEOEBA >V T5EK3
Internet of Things (loT)l&. ZELHKEL T —PBET /N1 X
DB LTED, TDIcs. SIADOMEZE R\ eatEET /N1 X
DM EFREIFHRNGZRETH D, HABRETIE. IEAT/ A
AR (5717 BemEERGE) RRVEFRET/NA
ZADZREICED 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 (IoT), 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 5 surface (inset).
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Dielectric Nano-Devices
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Research Activities

FEF/TIAARARZOEN - BRI B—lcF/70./09—%
BE LB ORBETANCET DMROERERK S L. TD
MREBMEEREREF T /A ROBERENISHT 2L ThHB, £
TNSDRFESZBL T, RUAZESBEVNAREPFELZE (L
P2 ELEEGBRELTVD, Ko, EBREPOICLILRFER
DEFITHE - BEZToTCHY. BEFHNEET SREZ TESRIS
RECTDEDIEBH, FEOFREFFLBEENIHAEL TV D,

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-performance next generation electronic devices.
It is also very important aim of our laboratory to bring up lead-
ers of the next generation by cultivating young researchers
and students through the research activities.

WHAET/ TI\AMAAERE | REE

TOBF T, BFBR. BFBHE. EBEMHE EFEHE—BRD
SHE - BIRNUZNS E BV EBEEERE T/ \ 1 APEERFOH
TETOTWND,

BEHMICIE. BEREDMKRU Fe-RAM HICZHEEN. EEZFDRR
HOEE LLVRFBHREER L BEONES R, BLAGEKDBR
WEHEDNBED DBDREICERATE 2 EEIHSH AT REM
# (SNDM) ZR% L TW3, TOEMEBIEIEHGHAETRDNHE
BEE LT, BBEBEOERED DT DA ERMEDFIORIE
SNTTABERTHH TOEETHY .. FICERBELEEN TV S,
ZONRES. BETITRFBBECT 1/ A—2&5Y>THY. F
BBV TERFORERZER L TV 5, KREMEEH G Z I$5855
EARGHROBEEBICAVNE. HREHETHH>ILBSBERIBR
SR ARNORIBAIREICE A5 8, AEMEEISRFBEMEDOFHEIC &
EEST. SHRAECHKELPRAENZEMTH S, RE. SNDM
FSRAAVIVIZT I VT AT LBV GEBEBERT — 2 X
FL—IICBNT RIBRTIFEAA VFEEVATIEY bDT—
ZANL—=VICEEMLTVS (K1588),

Ffe. SNDM IEBERIEDNEGFEER T /N1 RITEWTRHIL T T v
A AT ROERBREOBF D, FEEhD R~/ a7 7
TIVDFTAGEICE RERHNZRETS (K2B88R), 2D,
SNDM | F58EABIRITIR S T H Tz R I EANE RE L DDH 5,

@ FES /MY 27 L
HENE | ILFfHR

TEROIBRBEICARIRERERE TR - 7/ ADHZRFF
\CHBNY 27/ A7 — L EaTisdfrlc BT 2 HEICER ) #A T
W2, BICBEREPREICE DB DML MEZRT
AT =)V CEENICAER R EERIHG A ERRT > 3 X
bUEENS TA-TJEMEERFEL VN2, T, BREFE
EREOSEME £ AR B DY M T O — T B> A7 L
ZRFE L. B AT LZFRE 2 Xz s CEEEFH -
TINA AFHEICISHE T 2R ZREMAL TS (®3),

1L HINDBRIRE Y b T —2IC K B RIERCEHA
(4Tbit/inch?)
Fig.1 Ultra-high density actual information storage

using ferroelectric nano-domain manipula-
tion 4 Tbit/inch?)

2.SIC/NT —MOSFETD K —/{> b 7O
774 )VDFHA
Fig.2 Dopant profile measurement of SiC
power MOSFET

= 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 invention and the development of “Scanning Nonlinear
Dielectric Microscope” (SNDM) which is the first successful
purely electrical method for observing the ferroelectric polar-
ization distribution without the influence of the shielding ef-
fect by free charges and it has already been put into practical
use. The resolution of the microscope has been improved up
to atomic scale-order. Therefore, it has a great potential for
realizing the ultra-high density ferroelectric recording system.
Our recent research achieved the recording density of 4 Thit/
inch’ in actual information storage, requiring an abundance of
bits to be packed together (Fig.1).

Moreover, we have started to make a measurement and an
evaluation of flash-memory device and dopant profile in semi-
conductor devices using SNDM (Fig.2). Because SNDM can
detect very small capacitance variation, it can be a very pow-
erful evaluation tool for various materials. Now SNDM evolves
into a new evaluation technique for insulator and semiconduc-
tor 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 electron-
ic materials and devices. In particular, we are developing a new
scanning probe potentiometry method called scanning nonlinear
dielectric potentiometry for the atomic-scale quantitative investiga-
tion of material properties regarding electric polarization on surfac-
es and interfaces. 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 ma-
terials and devices including two-dimensional crystals (Fig.3).

.y
o

.

3 BREEEMERIHRABERT Y a X b
IT&% SIC £V 57 2V DRFHRAEHRR
Fig.3 Atomic resolution imaging of graphene on SiC by

ultrahigh vacuum noncontact scanning nonlinear
dielectric potentiometry
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Materials Functionality Design

Staff

BfF 1EX  Masafumi Shirai
B Professor HEHE
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Associate Professor
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Bh#L Assistant Professor Bh#L Assistant Professor
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g Research Fellow i = Research Fellow
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Research Activities

WADBERT /A A, KEDBFREILE - {mF - 58RI 2
DITHFEHEPEEETT ERABMEDFAIN TV S, FHRE
DOHRERERIEUTDESY TH S, (1) RIERBEHRT /A ZADE
BEBDMECT /BEICEVTHIRT 28 FYIERRZ ERN
ICRBRT 2T &0 (2) T/3A AMEBEDA EIC DD 55 L ULHEAE
ZHITHMEP T/ BEEERRFTT AL, Q) AR
L—> 3 iz Bt LBt - HREDRETF A& HEL
IBHTE,

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

@ IR NS | S

EFDEIHBRHEACVOEHEEAHICHB LIEH LOEET
NAZRDRREBIELIEAEY FOZ I AFERO—BE LT &
X EAMRBIEID F N A BTN AEEIC BT B A kT
BRIEOERBITE T AMET - EL TV S, BTSSR
SEREICHIT AR EAMOBREMNC L Z2EEHT /A A8 E
Bis LIEBRARICEEFE LTV,

&, B—REFE L XBEHSA &S XMCD) AlEIT K Y
MgO/Pt/Fe REICH T DS B HIEBEHIE (VCMA) DFLIR% 7
LT, BEFEINGPURFOBIOEMFHEITVCMA IT
FE5ELTW5,
BRLCMEEETAREARIE Y FOZ Y AMBEERT 5
. B—REHE LT T IVETEREA S om0 E R
FTERITTHEHIC. T — FBEICK BIRBMEFEARDIFT L WO
MEIEIEAIRE LTz, Fle. N—TAZIMED I Y vy
L AERE NS B A BT IRELZ "I MBI LT, BRE
ElILBIT A8 EAFHET 2 DE—REBFTEFADRFIC
E#EA TV,

@ RN D E | FIERAERIR

BRERE CENBRETYMZ, B—RENFALIROT
W5, BIEDMZENRIE. BFRFELFRICED(SEERY
DEREUEDFRENTWVD, KELEMDEESEAL, K.
B-REARICLBERRFEOMEICEIYBA TS, K
HMOMEEIRD LT COBERRFAIIWMOTENTHD &
DREEEENTH Y. BEIRST. FIMRRFALBRNDISAEL
BEEEA TS,

I Electric
field
+

hole accumulation

1:MgO/Pt/Fe REID Pt RFICBEFIEINBFAHDOEL

Fig.1: Voltage-induced modulation of charge distribution of Pt
atom at the MgO/Pt/Fe interface

= 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-polar-
ized materials. We extend our theoretical research to elec-
tric-field effect on magnetic anisotropy in ferromagnetic films
for realizing low power-consumption devices.

We reveal the origin of voltage controlled magnetic anisot-
ropy (VCMA) at the MgO/Pt/Fe interface by ab initio calcula-
tions and XMCD measurements. The voltage-induced electric
quadrupole of Pt atom contributes to VCMA.

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

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

We investigate the properties of dense materials by using ab
initio methods. Our current research focuses on metallic hy-
drides, which are predicted to show high-temperature super-
conductivity driven by electron-phonon coupling. We are also
developing simulation techniques to search stable structures
from first principles. The structural search methods are quite
useful for examining unknown substances and, therefore, like-
wise applicable to designing new materials at one atmosphere.

2: A8/ =RV RIC & YU R E N s8R 5K (InFe) Sb D
REAE () LEHRE ()

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

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

W EFT /N1 ARRDE | KR

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

(o]
RF readout ﬁ

HEGEF Y FO—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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SZEEF Ny FRFICHIT S EEIRERIE

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

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

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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Nano-Integration Devices and Processing

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

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

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 LR E
(BHEHIR)

Lightwave Control System
(Assoc. Prof. Kasai)

OfER - BMERAGES LUESNIBICET
S5

OFIZ)Iabe—L > MEBEEHENAILT
O~ bR—)LN\DERH

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

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

ONRAAESI IR EZ DT T2/ Ae—L Y
FGBENDISBICEY 5%

OFREZELL =T EZDORFHETANDIE
FBICEY 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

e 7“[—1‘_ |
Tk 5e

Broadband Engineering Division

AR ESC TS 7 EF
(HFHAHR)

High accuracy optical measurement
(Assoc. Prof. Yoshida)

OHMEBITRBFEES T/ \ A B RFE D
5

OB SR

OB SRR DR
Ot SR CETRRER DR

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

e Highly functional semiconductor light sources

e Highly functional semiconductor optical modu-
lators

¢ Novel functional semiconductor photonic inte-
grated circuits

OFREZE L —T EBBEHANDIGA
DHE

OB/ IVRAE— FRBL —T & BIREIRE -
FER A D RN DS A DB

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




BRAML—I VAT LHAERR
BRAM Y AVE1-T1VGYRTL
9 5 (BP#EIR)

Information Storage - Computing Systems
(Prof. Tanaka)

Information Storage Systems

Sel 7 1 ¥ L RBIERHHIRE
FeimT 1 ¥ L Z@{Ehdi
RS E GRIREER)

Advanced Wireless Information Technology
(Prof. Suematsu)

Advanced Wireless Information Technology

FEHTLYLARY 7= 5ili
MRS (REAEHRER)

Advanced Wireless Network Technology
(Assoc. Prof. Kameda)

OL®ETA VL ZBER Fv TEZERD
R

OZ UK. U7 2 VR BRERBIFE D
OXIWNFE-—RTAVLR BEBEREEN
74 V%)L RFESNEEBOME
OfEXBHEZAVN O S —>3> - 3—h
HA =D @EDHE

OMNERBIEY AT Ls/ TINA ZADIZE

e Broadband wireless on-chip transceivers

¢ Millimeter-wave/submillimeter-wave IC's

e Low power digital signal processing for multi-
mode wireless / satellite communications

e L ocation and short message communication
system via QZSS

¢ Wireless system/devices for intra-body com-
munication

O R/ BERFET AV L ABEZR Y b
D — 4 D%

OIREE7 (¥ L ABERT « V2 IV ESNE
DEE

e Joint terrestrial and satellite communication
network

e Digital signal processing for broadband wire-
less communication

g rF—vay
RS EF (Greaves:£#31%)

Recording Theory Computation
(Assoc. Prof. Greaves)

OBRAM L=V RTFLT7—FFT0F vICHE
I BHIE

OXERABE/N—RT 1 RY FZ A TICEBY
B

OANL—=yEavEa—7 1 V7 DEELIC
£BAVT VY 1 RICICEET BHIZE

e Information Storage System Architecture

e Advanced High Capacity Hard Disk Drives

e Close Integration of Storage and Computing
for Intelligent Systems

OBHRANL—ITINA RO A 7O
Talb—y3v
ORMRBESREN—RFT 1 R7 RS54 T
ERRYE

OBSA R L—IITAVNEAY RET 4RI D
B3

OZF DS A S L—IF N1 X

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

B70— RI\Y FFI\1 2=
R 5 (RREAEHER)

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

OUZ 77Ny L—HY—0DaIH

OZRTRTFERENT OFSORIE L ZDHRE
BT SNVYHEFT/INA AISA

OUZT7x0TA42v I TS REVOYEEZ
DTN BERENS

OBAXY — MIRORBICATEENIRIVF—
LIBEIRBEDX Y b — 7 EREEEMOAIE

e Creation of Graphene Terahertz Lasers

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

e 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 T ZREVICET EMBRERUCZFDTZ
ANIVYER - BHET/NA ANDISH

OV Z 7z UCHT BT NV YEIEERIEICE
TERELLOZDTSANIY L—YADISH

OHMBFHET v T7OAVI\—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 lIts
Application to Terahertz Lasers

® Photonics-Electronics Convergence Carrier
Converters

EFAERITFMAEE B Quantum-Optical Information Technology

BFHMEHIY
FISES I (RHAA)

Quantum-Optical Information Technology
(Prof. Edamatsu)

BFL—Y—H%TY
RS (SHERID)

Quantum Laser Spectroscopy
(Assoc. Prof. Mitsumori)

OFFEZRVLEBFLONNFORE - B
FEDRFE EBFIRREE\DIGA

OXT7 74\ JERE, +EFEFiEEE A
WeBFREREBET/ 1 ADFF

ONFZBWIEREFFTAL EFRERIEE
iTDRAFE &5

¢ 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

O¥8kEF Ny MBI BBERAHIEED
¥
O ERHM NHIRIEF DIEE R IED AR

e Coherent optical control of electrons in semi-
conductor quantum dots

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

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.

© BEECBEMRNE | EREE

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

O KRB R T LTS | BEERE

KRR DE CIIFCAAEEERIL— TP EABBRE Vo EEER
JORMERIEREM S CnERW T U2V — LY b BB R
ERMOMERFEICIR YA TS, lee BRISUMBICS
1T S ERERE (L L —T & T DEES T HETANDISAIC
B MR EED TS,

BEECBERBROKT

Experiment on ultrahigh-speed optical transmission

= Ultrahigh-Speed Optical Communication
(Prof. Hirooka)

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

= Lightwave Control System
(Assoc. Prof. Kasai)

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

2048 QAM T —L > FHEES (B) HLT19 A7 7 71 /\OMEERE (A)
2048 QAM coherent optical signal (left) and cross section of 19-core fiber (right)
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Applied Quantum Optics
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FOBIE S AT LIRS e FREENTIBIN T B TcdDIET 1\ A A
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HENFEZDREMEANDGALZLE, HLLEILY ~fOZVR
DHEORIZIEIHD>TWVS .

We are investigating novel, highly functional semiconductor
photonic devices and laser light sources, which is indispens-
able to realize new generation optical information communi-
cation network systems. Furthermore, our research interests
cover ultrafast photonic devices including laser sources, op-
to-electronic semiconductor devices and their applications to
optical computing and signal processing areas.

W EHEE T 4 N AN E | N\IREEE

FEER L — P OFERNERBEN—XE LeEaeamt s
INA R, RO GHCERBIROMRZT O TS, JD
SREE. AR, AR, FBREBRICRS T LD TELRERLT
INAR - HERBERERIT 5 L C. BADE - BRIERNE
By b=V DRREBIRL TV S, oo HREBICEDF
BRRET N\ ADEIEZBE L. T/ A LNILH SHEER
BEXY NT—U VAT LEEHRL TN I LEZBER LTV S,

O SREGHAMED T | SHESR

1.55um HERBZEL L — T DR E T OEBENFTRANDG
AR EED TN D, EHICHEE/ VA L—Y ORFEICERY A
TWa,

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.

(a) (b)
— |~ Free running —
FHi "
:?: Under feedback ‘%
o o
b =
2 27
2 z
L =L

@ @ 100 120 140 o e 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
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ERBREEDTA VL RBEED. BICEEPA—IVDRELTT
B INETERCLORRTELGD Ofe A VR =2y h EDE
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FHRERLTICECTHLEAD T EHRITOENDD TDIHITIE
NE BE RUVER - @REEBEII TR EDBATH. B8
PTEH, KERTORLTEDSREEEIROBON TN D, —7A.
RUEST—2EMEZ TV fedIT, T—2EHYICHFENS
HEBEBNIHOTEECTUEES Y. ThETULICERIONLT
ERET AV L OBERMHROSN TV D,

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

W iR T A v L RBERI

IHZRDET | RANEIR
AAEDF ClIM LR - BERZME LIESEBRTY NT—7
DORBEABERLT. BEEHLNDBITHEDDEWERT A VLR
BERAT (Advanced Wireless IT) (CBEY AH%8 % (55 0IEE1EE -
TINA R « REFMHSBEA - 2 v bT—UHEMICES LT,
—B LT - BRET> TV 5,
EBMERIE - 7/N1A R - REFMOHZEE L TE. Y
CMOS it BWNeBB A K& RFIND—T7 >« w14 .
SFULEDOR-BRE BN T T FEY 12— IVOREETo
TV, ZLC. NSOV AV RFTFINA AT VT T EY 2 —
WIEEDT AV L ABEHRICHBEEEDOFEE. 74 T2
BIREMERWNTHET 274 I 27V A7y RRF 7F+071E
ERODIFZE - FEZIT> T\ 5,
ZEHE - 2y U= RMOMEE LTIE. BEE - #hEGHE
LK ZEEBEERICEaRRY NT—0T7 VX ERREET D
TERDOEE, « B3R TN TO—RNY RDOAVLRT7 IR
(MBWA; mobile broadband wireless access) DEIZEZTT>TLY
B, Ffee 774 R - RET 4 VRIVESRER Y b T — 7]
BETHLOG. Bl BRI VLA LAN T AL X PAN
(personal area network) DIfZEETT> T L5,

W EiET AV L ARy T —
EDE | ERAEZEE

THEDEF Cld. BEBEESTHSPA2EFEEANEZE L.

A—PHERT D EELCBICERBGERY N T—INY—L LR

\CT7 v AR T 5. T4V L ABERNOHET - BEEZT>

TWB, e, KEREKEERICE T IGAIRER RINBEOH D T A

YLRT7 I ZIBFRICTOWNTORZEE T TN D,

Figl ZEF42 XML - TO— RNV RMEHEG R Y b7 —2 Db
Fig.1 Evolutional network for ubiquitousness and broadband

= Advanced Wireless Information Technology
(Prof. Suematsu)

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

As the studies on signal processing, RF/Mixed signal device and
antenna technologies, we are developing RF/Millimeter-wave
RF CMOS IC’s, antenna integrated 3-dimensional system in
package (SiP) transceiver modules, digital/RF mixed signal IC's.
As the studies on MODEM and network technologies, we are
focusing on next generation mobile broadband wireless ac-
cess (MBWA: mobile broadband wireless access), dependable
broadband wireless local area network (WLAN) and ultra-broad-
band wireless personal area network (WPAN).

We are also working for the next generation wireless commu-
nication systems/devices which include a location / short mes-
sage communication system via quasi-zenith satellites (QZS)
and a fusion of various wireless communication systems “de-
pendable wireless system.”

= Advanced Wireless Network Technology
(Assoc. Prof. Kameda)

We are engaged in the development of wireless access tech-
nology for heterogeneous wireless network include satellite
communications. Specifically, we are developing seamless
roaming technologies among heterogeneous networks and
large-capacity wireless access method for large disaster relief.

Mil
HPA T Mommr
Filter Filler DAC Modslator [ Encodar fer—
: : | |
e ' -
R 5 PLL Synifmsizor e Sl
LNA
o R P T P
Fex Mixer
Multi-band RFfmmWave CMOS IC Channel Estimation
Beam-forming Transmitter/Receiver 5 Processi

Fig2 [KHET A v L ABER 1 F v TEZEHROHRE
Fig.2 One-chip modem LSl for broadband wireless communication
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By FOEBHES /) A—2OFUTENS RHROBESHE
BRAML—Y (TIEY FIARL—D) & ZNEBALVEZEE
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Ea—7F 420V AT LICET BMEETE DTV D,

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. Our aim is fast, low power consump-
tion, high caEacity 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 investigatinﬁ; advanced information storage and com-
Euting systems to handle Peta byte class mass data analytics

y closely unifying both data storage and processing.

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

TRARDF ClE, 7—2ZLH - RETDLEVDA ML —IVDK
ROBEEN-RIC, BRME KBS (V7)1 AM%E
FREATCIEZBERA N L —I VAT LOBEICEIS, M8 -
TINA ZED 52 AT LU O T2 BT GRR A 11752 C
W5, YATLLNVOERZERFICANGN S, BRsiHein
HELIEBERBRA ML —VBEEDME - TINAX - AEUE
fizx—BEREERHLWVBERA ML —Y VAT LDA T
IV 2 EDMEETE DTN D,
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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.

BEEOY

1 & R AL B

2 RAVOWXTZaL—23v0f)
Fig.2 Examples of micromagnetic simulations
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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.

OEB7O—FRN\YRTFNA R+ AT L
MEDEF | BEHE

SUR - TINVYECOBEDNRIRGHREF 7/ \ A AB X0
TDYRT LERET 2. BENICIE, FEENT OESBEP
T IVICRRT B 2R TS X EVHBRERMBLIEHLVE
EREOT INYEL—Y—PER b5 IR 208/ H7% B
T, E5IC. INSMARLHROBTO— F/\Y FT/\A R - [E
BZIGA LT BEREREEPLD - REDODHEFTH
R DORFEZED TS,

wiEB7O0— K\ RF/I\1 X
NS | AR

FHARMARL - FAREWEREBICEDC I U - 7INVYIRTINA R
DRIEZEBEREL. 7/ ARNDEFEXRROABFMIEE LD
R DRI PRBNRILZ1T5 D2 C WD, &l FED
HERERBEPHAEFHERY NT—I\DT /A AEALIC
B AR ZEH TS,

= 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-PD-top-
75| Normal HEMT | r~ _integrated HEMT
& B e
£ I By g | -2d8m
£ £ sy — < 08 @225 GHz
= N % | qus'.. —=116.dBm |
g ot = s ] = @ 225 GHz I
£ o] 2 T & e |
Hi= es w \
) B0 31 82 83 34 83 S 125 ittty e
Frequency (THz) Frequency (THz) - e T

BRAIARI ST 1Y b5 VIR L—F—5TF (DFB-
DG-GFET) DEFEMIRE A, FIISHRERE Q BAITHER.
B—E— F7 IV 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.

571V ERZRTRFERNT ARAICEIT S
TARYTVANIB Y RIUEL BT IANILY BRI
HOBAER

world-first observation of terahertz spontaneous
emission in double-graphene-layered 2D atomically
thin heterojunctions via photoemission-assisted res-
onant tunneling.

UTC-PD LEREFE HEMT B FREE = U RF DRI,
BTEMEETE, S+ 7 HNDORERSR
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.

© ETHERTS

HRDE | RS
EFEONGEEDKDEFEZRE L LEFIBFRBERI. M1
B FEREFEEEZAVCETIERBET /1A, BREFE
Al - BIEET OEBREFRZ1T > T2,

WEFL—HP—o9HIF

MEDE | =FHAEBR
FERETHEEICH T 2BFIREDASIEEDRFS K ULFY
MOBAZTV. EFBERBEDORBICHEIT AT /N1 XDREE
HBIELTWS,

Laser excitation

vt
2 8 >
Unpolarized =~ <7y
Single-photon ¢ e, ¥

emission

1. ZAVEY FROARFMIHE (N D) 2RV EREE—EFHE,

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.

= Quantum Laser Spectroscopy
(Assoc. Prof. Mitsumori)

Development of optical manipulation technique of electrons
in semiconductor quantum structures for the realization of
QICT

Pheten in Monlinear crystal

alaser
@
e+—{ll—F=
-ﬂ.ﬂﬂ' Photon pm" Nonlinear crystal
[ i ®
Diffarent 91\}‘— . E> 4 .‘
._I_ .9 i Color entanglement
: ] Horizontal g, Vertical

2. BREOEFEONNFRESEDERE,

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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EEHIGHR
MRS (AL

Electromagnetic Bioinformation Engineering
(Prof. Ishiyama)

Electromagnetic Bioinformation Engineering

3
FIRSE (iR A H)

Electromagnetic Bioinformation Materials
(Assoc. Prof. Hashi)

OsREMAC T
OBE KBRS
OXAVOMKT7 7 F1T—4
OHSH AR ERERKES

e Super high sensitivity magnetic field sensor

¢ High-frequency electromagnetic measuring
system

® Micro magnetic actuator

* New medical equipment using magnetic

OTAV LRSS LYY YTV AT I
ORgBEMERL MR R
OTFIVF—FRST/\A R - B

¢ Wireless magnetic sensing system
¢ Functional magnetic materials
® Magnetic devices & materials for energy

N AT A

N R

"]

Human Information Systems Division

KYRAVE1—T 1 VITHARE
Real-World Computing

RFIAVE1—-FT1T

MEDEF (GREER)

Real-World Computing
(Prof. Ishiguro)

RtRHYBETI VT
R EF (INAmAESER)

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

OBABMBREY 7 FaRy kO

OEFPIEX. RiT. Hi7. EfTICEIr288
YRR

OZEZF HIRZDEVORRREO S F AR
EORT 47 ANDISA

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

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

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

OB A7 LOBERDHHIMEICE T 2%
OBNORRAHZXLORBEEORY AN
DIGAICEEY BH%

e Study on autonomous decentralized control of
traffic systems

e Study on swarm formation mechanism and its
application to swarm robotic systems




BIRRISHS 27 LIRS
BRERER AT L
RS EF (AR

Visual Cognition and Systems
(Prof. Shioiri)

Visual Cognition and Systems

R Rt aE
R EF (RAHEHR)

Cognitive Brain Functions
(Assoc. Prof. Kuriki)

s S
BRI (M)

Attention and Learning Systems
(Assoc. Prof. Tseng)

ORBHIRDEERFIE EZRERFEORIE
ORREESNHIH & REHERMBOET I
O3RTTEBHADTH. PHA. BSRERFIEDHAS

® 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

ORADERRERICET 2R
OBRBEROMATODEE - AT 2H1%8

¢ Representation of color information in human
brain

¢ Separation and integration of visual informa-
tion in human brain

ORBEGEBDA D ZXLEETIVL
OZRENR FE
OB DFHE LB

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

HIREBEMY AT LHER ' Advanced Acoustic Information Systems

SRS X7 Ly
FISES 8 (IR AHD)

Advanced Acoustic Information Systems
(Prof. Sakamoto)

OBRERUEARENR BB DHE

O3RTTEEBBROBIEML Y Y TV AT s
DB

OBERBEBERUEBICEDCEBBERI AT L
DIEE

® Mechanism of multisensory information pro-
cessing including hearing

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

¢ Auditory information systems based on multi-
sensory information processing

SREBRAGEN AT LRARE

Multimodal Cognitive System
SREFHRRERMI AT L
RS E CRH#AER)

Multimodal Cognitive System Group
(Prof. Sakai)

OKE - REZHOLETHEZREBRREGT A
T LNDOIBERICEE Y HHATR
OZREBRAESDEXRICHICET 2R

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

¢ Applying the psychological and neuroscientif-
ic knowledge about multimodal sensory and
cognitive system to industries




BRIV T VYRR

Information Content
1585974 7AV7 Y IEH
RS EF (br#dz)

Interactive Content Design
(Prof. Kitamura)

k1= AVTI94 /3593
MR (SISERR)

Human-Content Interaction
(Assoc. Prof. Takashima)

OA VB T74 7Oy 7T YDA

O3R/TE—>avbov iAo a250a>

ON=F vV T7 )T LV ORE—Z)V1—H
AR TT—R

ORO—VEERIBH LA V2507470
Ty

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

OFy « BSAZEE 11> 27 1—X

Ot>H70vy - A2V2T71—R

OANDBEEICEDA 2572 3 4]l

OAR—=hTINA REFIBLIZ Y FA 2250
vav

¢ Dynamic and Adaptive Spatial User Interfaces

e Sensor Blocks and Interface

e Human Physical-based Content Interaction
Techniques

e Touch Interaction using Smart Devices

T/ N AREDFTINA AHARE

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

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

OANTMBRIRICE DL 7/\1 RO LIGAIC
ESEpaY iy

OF / tEEEDEELENA A HISBICEYT
B

O E#EMEE BV e AT ZOREIcREd
B

OB F - #REIREADET ) >V JIcBET 3
B3
OZRFTNAABUCEDCEF - 1T\
A ADRIRICEE T BH%E

OBMI S VI R2EBWEZLFTILTIN
A ZICBET B3R

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

e Fabrication of nanostructures and their bio-
sensor applications

e Construction of artificial neuronal networks
based on cultured neurons

* Modelling of biosystems and neuronal circuits

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

e Development of flexible devices using organic
transistors




=

B IEHRMAEE

Electromagnetic Bioinformation Engineering

Staff
Al MFE  Kazushi lshiyama 7 f&—BB Shuichiro Hashi
E2resd Professor BT Associate Professor

v HHZEE

Research Activities

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

For realizing good communication with human body, and for
realizing the properties of the human body as an information
system, we have to realize the function of the human body as
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.

W EHEHIBFRARDE | AILEE

FRARDF CHRE SN, MO TBVHEFRIEEZET 25AMK
F v 7R U IE ARFFE - R0 TR - Mnﬁ&ﬁ
{EHRANT - BRI EIREERGTE &% < ORANBAFEIC L Y. REEERT
FIBHF Y& LTRSS DREZZR L. EF ﬁ%
RET BT ELTESIC—BORENEDSN TN D, &,
FRICBEDNTZITOOD—DDFEE LT TAVLRTY
F1I—2 -XZE21L—2—DREZEHEEL TS, IhidE
FRNTEMET 50Ky b ZERIRT 5ODEEFEBRMDO—D
THY. TORIMO—EIZTTLIBDAH A TOBNDEZE
HNRT AV LRARY TORFERL. RIHAATHERAENS AT
CIVERNRGEZ B BN THREREE 2 dDFEE LTEALH
ENESH SN TS,

W EAREHMRARDE | AR

ERPEUADFICEVN T REPRER. UN\EUSEEMERLL
T2, ﬁ%%b")#%ﬁﬁ'@%%?\]%@ﬁb FERPEEE
TIVE A LICHISEI G RIMOBFEL R LEN TN D, A%
DHF T ,EF%EE'E*%@&% L. ZTDIER%ZIFER - #‘FAEETHX
DHLTCY., BRICERIEOSIEE b L —AZFEICT 5. 7
A VL ABR LYY VIR T LORKEEHEL TV D, T,
INSiRt >y JICHIRRIREG. HERERIEM R DFIFE-O1F
AGEICET HAEICDOVWTERVBEA TV S,

BEARF v )7 ESERHR
High frequency carrior-type thin film magnetic
field sensor

o7arzA47

pump

FRBDAHFEBIA T O/ T A v L 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 bodly,
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.

= Electromagnetic Bioinformation Materials
(Assoc. Prof. Hashi)

Stressless and painless acquisition technique for accurately
capturing the motion or the information of a human body is
strongly desired in the area of the medical treatment and/or
rehabilitation therapy. In this research division, sensing systems
for temperature and for hardness are studied as no contact
sensing systems. In addition, wireless magnetic motion capture
system is studied for the medical and welfare use. Development
of functional magnetic materials and its fabrication process are
also studied to progress these magnetic sensing systems.

TAVLABRE—> a>YF 4 TF v VAT L
Wireless magnetic motion capture system
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FRBRBATLHAIRE

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.

@ EIHEBE 2T L
RN | 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 [dez |
=

20p

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

Staff
A & Satoshi Shioii  ZEA —BB Ichiro Kuriki =
£ Professor IR Associate Professor  #EUR

PBE R Yasuhiro Hatori  &F 77k Sae Kaneko
Bh#L Assistant Professor BhE (F) Assistant Professor*

Bk UF=F Yoshiyuki Sato Wu Wei Wu Wei

3EBN# (3%) Specially Appointed Assistant Professor*  FZE& Research Fellow
P Y APP!

J0E Chia-Huei Tseng

Associate Professor

v HHZEE

Research Activities

FRARZETIE BHEREIC DV TRICEREROEEDHAERL STRK
L. ThITED AR BRIFEEENDGENERZ B
ELTWVWD, NEDORERMEZE S e DO RIRER %
DMNCRERERIE P O Ea—42EY 3 VN7 JO—FZFAEL
T BRICLZZE[ME, A8, TRICK2EREEDOET
IV, RMEREHEICEET 2MRZ LTV 5,

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

¥ SRRBIFRY AT LAKRDE | BAZR
HWEOZEBHMBEZ RO, AR, BFRICH IS DREMEEE.
REZHERL. ZOETIVMEEBL T, A\BOREZEH,. Th
ERIRT oV AT LOBRZEBET . &fc. MEDESAIE L
L. RgasEeismezE2m . E7/1teB%Ed. h
SOMRICEDE, ERIFROTM. MENER. REBEOE
VAT LOBRANDERT 5, Eolc. HEPREDESHARE
ROBIZZFNDZEDD. FRAGRE N COABDORERH
T8%Z FTRT DTDOMEICE VA TN S,

W AR BEREAIZE DS | AR
ABORBAFERISHADEEE S LTELC TV D, €2 Al
SOBRNBHEZIRRET 5 LT HADIFRRKRIRPIERLIEIC
B 2ARIIIEBICERTH D, &fc. MANTEYICKRIRTES
FOIRBIBERZETRITSEICKIY.. BREGEICBWVCETER
BBMODETHEICETZTREEZADIENTES, TIT
HalE. MRBICET 2 0BMBEFENGEHR L. BIEEIOHRIZ X
LI 2HFEERVDSEICLY . REITET A TOBERLIEIC
BT MRELTHE>TVD, BIHEDRERLETHZEDM
REHolc. MATOBERKIRICET HMRZET2C2,

VIR - FEMENT | BHEEE

AFRDTTIE, DEIES, WELER, HERO 3 D07 TO—
FERMLT, HE, EE. FBLVSABORMREORREE
57, AWEEERT BER—B LIRS, ABOBEY X7 LIk

EDESITBRELTVEDOLZER L. INSDHRICEDE. Fhflc
SORBEEDEZM LT 5 OHDISHNERZRKT 5.
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AR TIE. BEAHE RS EICHFRINDBOROFHAICK 0T, wHEOUBICEIF
B FEMRZRRFICEHRI LIERDEN Y Z R, SSVEP I1E, SEBZERMIS Bz il
T, ZTHSBENSICLIED > TERDMREDRLIIET T BHDICH LT, ERP D P3
EWSHDTIEERMBOH CRERNREFDHTEDTE. TOFEDBRIEIG LS
MHENTL S,

The spatial extent of visual attention was measured using two kinds of brain waves:
steady state visual evoked potential (SSVEP) and event related potential (ERP). In the
case of SSVEP, the attentional effect gradually decreased with the distance from the at-
tended location. In the case of ERP, however, the attentional effect was obtained at the
location where visual attention was directed, and information around the attentional
locations was suppressed.

* 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.

= Cognitive Brain Functions (Assoc. Prof. Kuriki)

Our perceptual experience arises from neural activities in the brain.
Studies of these neural activities are critical for understanding the
mechanisms of visual perception. Moreover, displaying visual infor-
mation in a proper way is crucial in information and communication
technology. We believe, understanding cortical representations of
visual information improves the efficiency of visual communications.
Here we investigate the representation of information (mainly on
color) in human visual cortex using brain-activity measurements and
analyses in relation to visual perception.

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

My research interests cover the broadly-defined human cognitive
functions such as perception, attention, and learning. With psycho-
physical, neurophysiological, and computational approaches, we try
to answer how sensory systems construct a coherent world that we
experience and look for applications to enhance human life quality.
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LGN  #MRHE R P
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REBADTHBRFEIC BV TREBMOE DL S B TREENTLBH, FRMBAINT
WEW, HEYEBEFHME S BEEERTRl (MR %) IR Z A EDEBHICL > T i
HNOREERIVEA D Z X LEAND, ZORR. EOLSHBERERROM (= AR
[CEDTRVPT VDL EVSTENMESN S,

Representation of visual information in the early stage of human visual cortex is still
unknown. The mechanisms of visual information processing will be investigated
by using behavioral studies and functional brain-imaging studies. This study may
reveal the “optimal coding method” of the visual information for human brain.
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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 - Heet LDoDH 2, TDOmhdE. REPAIESL L. Zﬂ
L TCHBREDDEVEATWED DFEHRICERSIK DI,
INSZEEEEMEREANEDRFEBEHEEEZ S L i@?&

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.

WAVERZUTATAVT 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 3 Y
ZENE | RSB

IN—=F VI T T EDZEB AT Y ENEDBERME A B
IBHEEBIC. FNESBLADEAYOZ 127 — 3 AR
(L CEZDHLVZERA V2 7T —AEMHELTWND, BT, /N\—
FrIVERR T IAIVT 4 AT LA K ZEEZE[1—F 1
VRTI—=ANA VRS 3T 2y UHICERNICEYE
/’U_(\\b\ig—o

= 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.

BLUBERFZEFT = RIEC 2020/ 2021
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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. ATIOHETRNERET LI EZBNE LTHEZITOT
AV

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

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

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

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

T/ NATREDFTINA ARRE

Nano-Bio Hybrid Molecular Devices

Staff

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

Assistant Professor

NS RS Maki Komiya
JEUE Assistant Professor

v RS

Research Activities

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

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

FME 7 - IEEGR) S
For further details, please refer to the “Laboratory for Nanoelec-
tronics and Spintronics” section.
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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. ERICKESEMT ZTEEEET . AAENFIZSED
BRILE R TOBRDEFTMICHIT HERMEDL 5. BRUBEEME
FID N FHERE AR S B L B B a v 24> T4
RT AV ARRE Y2 —EDEELEELTND, 7OV b
DHHEITIE, KT - ARBBEOARELS THL EELHSD
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WEEEIL. BFEREGFRPOEFHEFR. HRENFEE
FRBEETERTDRIT TR BRY AT LA 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)

OXRMRESEBTOT S 27558 SMLE DRI
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OaVINA IV DREBFHERE

OF—EN—=RETOUZ I VI EEOHRE

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

e Reliable and productive Web programming
framework

e Logical foundation for compilation

e Integration of databases and programming
languages

aAvEa1—T« V7 ERERARE —
B Computing Information Theory
AVEa1—T 1V J15HRER
MRS EF (PHEER)

Computing Information Theory
(Prof. Nakano)

=IERY 7 b TRE
RS (L AERER)

Reliable Software Development
(Assoc. Prof. Ueno)

OxREERETOY S 3> 558 SMLF DREFE
O7073 2> U SEIERDRER
OxB707Y S22V EBORAEKH

e 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

dAZazZ4—rarvzxy b7—2Hze=xE 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 LIEEE
OFEEIPZRERIC K 22BER/DEIL
OftaFmBEIOEGFTEDHEH PIRROER

e Theory of tree automata and tree transducers

e Program transformation and program verifica-
tion

e Formalization in proof assistants

e Elucidation of computational behavior over
combinatory logic

O=fE8 - st - eAERRY hU—7
Of#8fexy b7 —2 /2 A7 38T - S
OXMRENAIVRY b D=0 T —FT 0 F v
OBy b7 — 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

OM#BE XYy b=V IRV 7 /ISBY 7
ko7

OBz y hT—F270 /HMZ Y hT—%
A

OXERICF2 A —EXERE

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

e High tolerability networking / Intelligent net-
working

e Next generation ubiquitous service infrastruc-
ture




RIFEMAELF 217188 AT LHARE
B Environmentally Conscious Secure Information
System

RERMELF 1 7RRV AT L
RS (RE#ER)

Environmentally Conscious Secure Information
System (Prof. Homma)

V7 FAVELI—T A Y TERY AT LARE
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 ABRECISAEEELIctF1 T 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

OEMA A+ 2 7 A% 7R LIIERNIEBVLSI>
AT LDBREEZDISBICET 503

OB 7 O/ VLSIERRDBEFICEE T BT
EMREENAHEY X T LADBELEZDIGEIC
ESEpaY iy

OEHBREDORFEA BIETIEVLSIY X T LD
FEICEET 2R

¢ VLS| information processing systems based on
complex dynamics

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

LR VLS & X7 LEAZEZE M New Paradigm VLS| System

BLZVLSIS 2 7 L
MRS E (PEHER)

New Paradigm VLSI System (Prof. Hanyu)

HELZVLSIT 1>
RS (BHAEHIR)

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

OFBERMEOI Y IA VAT T —F T F ¥
EFOBEBAVLISIZTOt Y HISEICEY %
e

OFNARETIWR=ZF2IE1—T 1
VOT—FTUF v ICEET B

OZEERKIE - FRHAAFEICED Bk
NoCIZE8d 2H%E

OFERERICE D CGBEEESALSICET 2

i

e Nonvolatile logic-in-memory VLS| 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

e Low-power VLSI design technology based on
stochastic logic

OPVTIESDE T —VLSIR/ 7 —+7 7 F+
|ICRIT %R

OMERBEBESAESEEVLISIER/ 7 —F7 7
F v BT B3R

O@t 7)) XL EZFDVLSIREHEAISA
|CBIT IR

OFBERVLSIS A 7 LADEETHATICEE T D H13E

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

® EDA/CAD algorithms for new paradigm VLSI
systems
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Software Construction

Staff

KE = Atsushi Ohori £ MA  Katsuhiro Ueno
Bz Professor T Associate Professor
B EAEE  Kentaro Kikuchi

Bh# Assistant Professor

W HEEE

Research Activities

BREHRTIE. TOREEBOFRONSR ARV 7 ho 17
BEICITEDNTL 2, BEE - MGV 7 7280
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TlE VI FO T THREEBOPR CHSTAT IV EES
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EXMNR[ZHIEL. ERMRD SEoNIEREZERT 5
RERBERTOT S 32U F5E ML DFIFEICEI A TL S,

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
BUJEATWNS, THic, EFEEZBLT. AR TOI5=2
> EBDEENSABICET HHEICE U EA TS,

v eEREY 7 NI TR
M | LB AR

BEEIOVZIIVIUERERBL L. BWMERELLELER
IRV VI TREREERTT Bt A2 /A S DER
B AV T hU T T7HREA S SEMEICETT SR E
T2TW%. BAFERICIE. BEETRI SV IJEETCIILTO
TIOYUSZIVIERRT HEHN AT EBHADOME. B
SERCEMIETOTILYT 2%V —LLAICEEEES
HEEREDOHE. BLUORBRKROTOT S 2V JEFEOER
HERER DG CICHVAEA TV S,

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 £ =
let val r = ref (Pointer.NULL (})
in pthread create (r, Pointer.WULL (),
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 1= fib 42)
SML# DFEimigEE : IVF AT EDRA T« T ALy RHR— b
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
i snapsh'ol i z | |
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M1 S , . >
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| | |
| | |
| | |
] | | b
| | |
II |I |I
I| Hz I| I|
| |object | segment
{ | trace  |reclamation
| | |
| | |
| | | |
PRESYNC1 PRESYNC2 MARK ASYNC
A7V 1 bEIE—LEVERLT GC 7T X A
Highly efficient fully concurrent non-moving GC algorithm
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Computing Information Theory

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

W HEEE

Research Activities

REARZE DB G BRI AR ETERDOBDMR Y 21885
ETHD, NEDFERICHRZEITOHELELTTOY S LER
WY BHEND DD ANBEABRDBEICIIRIHH S, A
BB DU LR TIEETIHEL TH U AERICEENDDL 2T
LEWV FIE#ICEDE R TIEBEIENTH Y ABIC&aE
BOD2TCLE D, £ T ABEICEbEEEL SEtEKICE
DR EE R, STERICEDE R ABDERIC
BOTCWVWBHZERY HHZEICEN ATV S,

Our ultimate goal is to fill a gap between humans and com-
puters. Humans describe a program for instructing computers
what they should do. However, there is a gap between humans
and computers. A human-readable description may put a bur-
den on computers due to lengthy and inefficient execution,
while a computer-oriented (well-tuned) description may put a
burden on humans due to lengthy and inefficient development.
Our research goals are to derive a well-tuned program from a
human-readable description and to certify that well-tuned com-
plicated programs work as humans intend.

O I Ea—T 1 VU IERER
MERE | PEHIR

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

Ffe, 700 IV EEERROAELT OV D, LD
RNEBEMONENECTTEY S LO—ERAEDHEHRT 2

= 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% DITH L. TESOFECTIETAY S LOFRENBEERZL TR mantical properties of programs, while the formal language
=3 F LIS ETV. TZEBFENICHINT ST EICE Y. R technique above abstracts just specific aspects of programs, de-
w
1? oS EBRBTOTSIVIEBEDABERSHICT B, BIEMICIZ.  pending on purposes. Through the abstraction and further math-
v g ERIERR - IRERELRS - NIBWEMSR - BRE®RA S ematical analysis, we clarify the essence of a target programming
Z g BBy, FOFS VS SEOBENR IO OF S =Emey  language. This includes denotational, operational, axiomatic,
ok DR EEEE OS5 LTS EICSET 2 and categorical semantics; and is applied to a theoretical design
I EU of programming languages, as well as to program verification by
% gﬁ combining with the formal language techniques above.
% S5
&
F3 100 opt time | Improvement of
i e I
. Mntgtﬂxmemrr 1 | by Program Transformation B R Gl I (e T Formalization
- ¥ = F ¢ P nlkt N

.g % - .__E, Foio? (WAITING) 7:_ Dot (FIrRSTTOSS)

E 10000 g‘ W{CA‘H?HT{)SS) #(N(m}sx)

= 3 - e~ i~

b 2 ntt mi-t n¥Fm

. odaAiE
%. 1000 g Proof n+lbFm+1)~t (TOSSABLE)
o 100 E Theorem toss_441 _valid : | toss_441
5 Proof. =
0 E assert(@ [-toss_441); cofix;
é assert(1 [-toss_441); cofix; 1 YT
1 assert(2 | toss_441); cofix; Ll

rewrite eq_unfold_toss; simpl; repeat conétructor; auto.
Qed.

1 TRYS LB L DEEL

Fig.1 Performance Improvement by Program Transformation

2 FEEFFRRERICELD [Yv U2 TOEF] OFRL
Fig.2 Formalization of Mathematical Juggling in Coq
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Communication Network Systems

Staff
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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.

W IERRY N0 7 —FT U F v
MEDE | RE B

A2 —=%v MEAOBADI—FHFIBIT HERTBERT Y
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= |Information Network Architecture
(Prof. Hasegawa)

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

= 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.

BRRY D=0 T —F T O FvRENE

Researches on Information Network Architecture

BRERODARELCZ(ITHEGT 2ECERRERY FT—F27

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

Ville Yli-Mayry  Ville Yli-Mayry

SEERNE Specially Appointed Assistant Professor

¥ HRTEE)

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
ROF | AR

KR TIE 2y b T=0PV T DT 7DtF 2T DHER
DHEST WA DEHEBRELER (L TimAEEDTN
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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

B3

Side-channel atta
countermeasures

Infra- o
Vehicle structure Retail Avionics

Security systems conscious of usage
environment and applications

Trojan-free
crypto LSIs

I Medical

NIST
C.CRYPTREC

Crypioge phy Rrsearth and Evsuston Commiees

| "Standardization work

RIGAMA L+ 1 715 A7 LHROME
Overview of environmentally conscious secure information system research
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Research Activities
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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 brain-inspired
computer hardware system, which is robust and flexible, and
yet quick and efficient.

FRE T7 L1 >0 1 P RER) S
For further details, please refer to the “Laboratory for Brainware
Systems” section.

HBLZ VLS| AT LR E

New Paradigm VLSI System

Staff

PE  B5L Takahiro Hanyu BEH HH Masanori Natsui
Ee] Professor TERIR Associate Professor
)R B#k Naoya Onizawa ] 52 Akira Tamakoshi
B Assistant Professor isag=1 Research Fellow
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Research Activities
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Very Large-Scaled Integrated (VLSI) processors and their ap-
plications to electronics systems, where VLS| processors are
used as a "brain” for intelligent control like human beings, are
the key components in the recent information communication
technology (ICT) society. 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 such as logic-in-memory architecture.

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

AEY FAZY REAZEER - HIZEE W Spintronics

T/AEVMHETINAR
MRS E (FREAE)

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

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

* 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 B 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
OBFHIge/\— KU 1779 2%
OBEURBIBRNIES X7 LICEY 2%

® Brain computing hardware

e Intelligent quantum hardware

e Brainmorphic visual information processing
system

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

OVEF¥EFRaEEEFN\7 OBEDSERL
7Ot RICEET B

OWVIEHEHEFANTOF/ T/\1 XDOEHEL
SR LICREY B H5E

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

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

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

erostructures

ORI TRE 2 AU o IEE R R B O AE )
IR B8

O x v b7 — 7 OHEETIVICEAT S
i

OwiZflfax v 7 —7 LOBEROEICET S

Bz

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
LEBE 7¥F— Yoichi Uehara
HEsRE () Director, Professor

H3@EEB Cooperation Section
A AR
E

EH#& f®E Michimasa Musya
E Technical Official

/N FJE  Rikima Ono

s i=) Technical Official

lori Morita
Technical Official

Laboratory for Nanoelectronics and Spintronics

[/ « ACVRERHER | 13 AR EIZEER & L TR
16F48 1 BIcRESNT, TOENK. FREEEZAST
JILYZMAZYR - AEY FOZ O REBEMARET BT &
BB, INERRTSBH. [ TTOT S LICHIT2HH5EHE
FHEDTCHDRIFERE | $DT¥T*hK%/ AEVHEE
ﬁnﬁt%@igﬂﬁ%ﬁbfx$ﬁn%&i0$%t%ﬁ@ﬁ
ICHBAFER - FRADERARNF KT/ T0 /AT —
k%omt% %T Xﬁy%ﬁﬁﬁéﬁ%mﬁﬂ?ﬂ4Xﬁ
MOMRHHEZED. E5ICeE - HROBIBEDHFOMEE
DEANZREE LT HTD/I7FMn%ﬁﬁ¢%O
WE. F/ - AEVEBEMEERCIE. [/ - AE VR
DMEET ) /ER/T/INAR - JOLR AEY MOZV R F
S INAAREDF T\ A ADEZE BB HE T DERMERE
L EREREY2—TOY Y bE BRILESR. RUBT
H—RNA\Y MESWIBARZE. V7 v Ea—T« v J&ERY
AT LHRE. BF 7/ ARRELEE L CHAREEDTL
%, INSDEAT, LEEBERMZALEL, S/ O
VR AEVOZVRCEIFRMRADE Y 2—FTT oL
A (COE) &BG3TEZBRELTVS,

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

High functi andhlgh e
Si-based devices
Nano-Integration
| Devices and Processing |

up IV P
Semiconductors

THz electronic device
technology

Uttra Broadband | Charge Conk
Signal Processing

— g

Dimensional ity
Control

Nanostructures

Laboratory for Nanoelectronics and Spintronics

Functional control of electron spins

Spintronics

s Functional devices
| Control utiizing quantum eﬂgm

Indush’y-academlc-gwernment

collaboration

Project Office of the

Brain LS| Based on Novel el
Analog Neuro-Dynamics based on fi b i
Soft Computing Nano-Bm Hybrid Molccular Dcwcc%
Integrated System | | i

Center for Innovative
Integrated Electronic
Systems
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E@;ﬁﬁﬁ%ﬁﬁ%ﬂg”@*ﬁﬁ COE of International Research Collaboration

F/ILY bOZ RAERHEERERRAIHESRE (FRI17FE~  We aim at establishing a COE in three research areas, “Na-
NFERIBEMAREEE LRI ZEBEE LT 2THICISR  no-integration technologies and their evolution”, “Spin-con-
HONBBEGBRRBELRRT 27, [T/ EB/IRMDE o physics and technologies and their applications”, and
REEM) . TAEVBIEEMROREL EFBEADIGA] o [9F
T/ EEIC LB ERNIEORIELIGH ] D3IRZRITERA. 7/
L7 bOZ I XERTINARE. TNERVWIBRY AT LDIE
REWHET 2L LBl INBZERRT HTHDEBFEHFMAZEAE
BEBREL, S/ TL7 bOZ I ARFOERICEITHCOED
HiZzBEEL TV,

“Realization and application of information processing using
molecular nanostructures”.

COE of International

IHP & Berlin Institute of Research Collaboration |5 === Harvard
Technology (Germany) - * University (USA)
CNRS (France)
Unmﬂylof Vigp = : University (USA)
fSpefln) University of
sl il Calfornia (USA)
Salamanca
m]n} v s .
The University of of Sciences (China)
Kaiserslautern
(Gemany) _ ES‘JW.“
Johannes Gutenberg  Universityof  Polish Academy ~ Moscow State  Bauman Moscow Consortium
University Mainz ~ Regensburg  of Sciences University State Technical (Singapore)
(Germany) (Germany) (Poland) (Russia) University (Russia)

Academic Exchange Programs

IHP-Innovations for High Performance Microelectronics, Germany
Berlin Institute of Technology, Germany

The Interdisciplinary Center on Nanoscience of Marseille, CNRS, France
University of Vigo, Spain

University of Salamanca, Spain

The University of Kaiserslautern, Germany

Johannes Gutenberg University Mainz, Germany

Umiversity of Regensburg, Germany

Institute of Physics, Polish Academy of Sciences, Poland

Bauman Moscow State Technical University, Russia

Singapore Spintronics Consortium, Singapore

Institute of Semiconductors, Chinese Academy of Sciences, China
University of California, Santa Barbara (UCSB), USA

Purdue University, USA

Harvard University, USA

Moscow State University, Russia

+/ « A EEBRHRTHME LTERRY > RI L International Symposium held in LNS, RIEC

RIEC SYMPOSIUM ON SPINTRONICS RIEC INTERNATIONAL SYMPOSIUM ON
% 1 32005425898 % 2 [ 2006428 15-16H BRAIN FUNCTIONS AND BRAIN COMPUTER
=R e AL S Bt tonat et L %111 2012611815-168 % 2 [: 201442821-226
%= 7 [@:20114F283-48 = 8 [@:20124282-38 & 33 :2015%2818-19H & 4 [@:201652H23-24H
% 9 @ 201245 5318-6826 10 : 2013 1515-168 % 5 [l 2017422427-281 6 [l 20185228126
116 : 2013183182818 #1208 : 20144E6525-278 %7 [E1:2019%2H22-238 % 8 [ 2020%27313-158
¥13@32015$11H18—2OEI %14@520165’5”%17'195 1's t:November 15-16, 2012 2nd:February 21-22, 2014
B15EL: 20174125813-14H #1601 : 20195 159-108 3rd:February 18-19, 2015 41 h:February 23-24, 2016
170 : 2019412H3-6H 5th:February 27-28, 2017 6th:February 1-2, 2018
1s t:February 8-9, 2005 2nd:February 15-16, 2006 7 th:February 22-23, 2019 8 th:February 13-15, 2020
3rd: October 31-November 1, 2007 4t h:October 9-10, 2008
5th : October 22-23, 2009 6th:iFebruary 5-6, 2010
7 th:February 3-4, 2011 8th:February 2-3, 2012
9 th:May 31-June 2, 2012 10th 1 January 15-16, 2013
11th : January 31-February 1, 2013 12th :June 25-27, 2014
13th : Novembe18-20, 2015 14th : Novembe17-19, 2016
15th : December 13-14, 2017 16th:January 9-10, 2019

17th : December 3-6, 2019

INTERNATIONAL WORKSHOP ON
NANOSTRUCTURES & NANOELECTRONICS

% 1 [E:2007411821-22H8 % 2 [5:2010863A11-12H + g
% 3 [E:201243H821-22H % 4 [8]:2013F387-8H / o
% 5 [6:2014F385-70 %5 6 [8: 2015838 2-4H .-
5 7 [:20165381-38 %5 8 [E:20174386-7H A2
% 9 [B: 2018535120 108 : 20194356-7H =)
1st :November 21-22, 2007 2nd: March 11-12, 2010 ;% &
3rd :March 21-22, 2012 4th: March 7-8, 2013 ES §
5th :March 5-7, 2014 6th: March 2-4, 2015 iy
7th :March 1-3, 2016 8th: March 6-7, 2017 &5
9th :March 1-2, 2018 10th: March 6-7, 2019 =
RIEC-CNSI WORKSHOP ON 2nd RIEC Symposium on Spin- ]
tronics- MgO-based Magnetic
FP?E?R%M%??ENLS%THRS%g?CS Tunnel Junction- Left: Albert %;n
Fert (2007 Nobel Prize Laure- =
%51 [3 : 2009410822- 23H ate in Physics); Right: Russel S
1st: October 22-23, 2009 Cowburn 2
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Spintronics

Staff

FE (B Shunsuke Fukami &H &2 Shun Kanai

BIR Professor BhE Assistant Professor
Justin Llandro Justin Llandro 3’ #@%=  Chaoliang Zhang
B Assistant Professor B# (3 Assistant Professor*
AR #EAX  Yuta Yamane N #AAKBB  Yutaro Takeuchi
B (3 Assistant Professor* e Research Fellow
THE EB3FE  Takaaki Dohi

[iea=] Research Fellow

@ RS

Research Activities

ERROBERPAL Y BHMEOREZHE L IFNICFBT S
ERBEMEL. HILLWREY bOZY AMH - BEOREYZ T
TRBEINDZACEVIEDER, RUAEY FOZ 7 AEFIGA
BT R ZToC V%, Ko, wIEERERE. Il (HE.
Xm0, 8F) BRILVEGENDIEAZEE LT, 2% - &
HEBNAEY FOZ Y ARFORIRICET 2HREED TV

o BRI MEHHLS b > RIVESRF O SRR,
B ERE BV R . RSy 2 2 OERE
ERVHRALY hAZ 7 AMBRORE. REWAL bOZ
7 ARFOMMMN IR - iR E EICBT 2R %1To
TWa,

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

W /AR TINA R
MERE | FEHE

SR - EEBENAEY FOZV XA T - HEERBLERDORE
ReBiEL. BRICK ST/ BIERTF OB CHIER RO,
Z DTS OB DORFEICEY A TWD, A Az
7 ADFERBRLEBSBGEEH LW T U —2 3 VORI
HEWUHA TN, ALY - BUBEREFERZHIA L kb DR
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,

/g
Probability
e o

Probability
o

HEEHREHST b > VS E B HERR BIRILE

Probabilistic computing using stochastic magnetic tunnel junctions

= 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.

2 ]
5 r 5 3 @
. yAF Z 1| o
s (This 25 |
{1 work) E‘B

ol 4 3
§52 Single Ferro

E 3 (Conv.)

Current density (arb. unit)

ANLRGRHMEE ATV F > DA & BRERE)

Formation and current-induced motion of synthetic antiferromagnetic skyrmions
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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.
BEAOOOFRME L TRIRT S EA2BIELTVS,

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

O/ IMFTREDFTINA A
MENE | FEFHER

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.

5 mm

i % 5 40 5 o
VsV
[3 SEERUI—RERVERERNE NSV IRL

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

Nano-Integration Devices and Processing

Staff

ke R Shigeo Sato #BE Ik Masao Sakuraba
BI% Professor HHIR Associate Professor
LA ZEBH  Hideaki Yamamoto & #%  Kwansoo Kim
HEHIR Associate Professor BHEBNE

SFA B Satoshi Moriya

Ra Research Fellow

Specially Appointed Assistant Professor

@ HRIEE)

Research Activities

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

MBS EZEE AlRIO L) —BOHREREICAIT T /N—F
VT T DOEMNECPEEEEMDERTREL A OTVD, T
NSZERIREET HME T /INA APFA LS H50NEZNED5
BHEND Al VAT LORFEZBL CHMEFEN—FY 2 7E&
BEINOBREBIET .

¥ ETFN\TOBERERLtTOtR
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/ EREEREBIRY AT L
DS | AR

FERHMENT - mEAREE - BEBET ) VUV ERE L. BB
ABOMRER T RN b LTy TSRS 2T DH L L REBRR
ERBRT %o INITKY. BFEROERERIIEES A, BT
DA 27 LABE L TWSBNMELT —+7 7 F v DEER
EDERITHVT o, EYRENG T TO—FORIfZEBEY.

Brain Computer Inspired by Neuronal Networks

p a brain computer u
process.

HARAN
AJATATATA

Biological Neuronal Networks

BUEUST R DRRICAIS 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.

Low-Energy Ar Plasma
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BINTOEESERL 7O XOBERICEIF 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 EAHIER)

Visual Cognition and Systems
(Prof. Shioiri)

Laboratory for Brainware Systems

SENRE Y 27 Ly
FiSESYE (IRAH)

Advanced Acoustic Information Systems
(Prof. Sakamoto)

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

® 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

ORERUESRENRIBRLIBEREDHE

O3RxBE=MBROBEMtL > Y 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)

OMAAF 27 A% 7EA LIIERILEEVLSIY
AT LORHEZTDISAICEY 5%

OEL 7 F AV VLSIEIREDRIFIC RS T B
SR EY AT LOBR L ZDISAIC
FSERRlTE

OEFBEREDRRZ BT MABVLSIV AT LD
FFICEY D%

e VLS| information processing systems based on
complex dynamics

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 & R 7 LB ZER
LR VLS| ¥ X7 LR E

FBL2VLSIZ R 7 s
MEDF (PEHER)

New Paradigm VLSI System (Prof. Hanyu)

OFREFREAI v IA VAT T —FTU0F v
EZORBESBAVLSIZ Oty HISEICEYT %
B3

OFNARETIWR=ZF2IE1—T 1
VO T—=FTIF v ICEY B

OZEERKIE - FFRHAFEICED < BMEE
NoCICREd BHi7E

OREWEEICED CGBREHEEEILSICET S

B3

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

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

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

Brainware LS| Systems
New Paradigm VLSI System

BESEEIES R 7 LEHZEED
RERIAVE1—T 1 VTHEE

RFIAVE1—-FT1sVT
MEDF (GREER)

Real-World Computing (Prof. Ishiguro)

FLEVLSITH 1>
MRS EF (EHAERR)

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

OPVTIESDE T —VLSIE/ 7 —F TV F+
|CBIY B

OBEREBISESERBVLSIEE/ 7 —F 77
F v |CBT BH%E

Ot 77 )L 31 X L EZDVLSIEREHETIS B
|ICRIT 5T

OFERVLSIY R 7 LDRETHAICEE Y 2Hi%E

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

e Self-adaptive system for resilient VLS|

¢ Optimization algorithm and its application to
VLSI design methodology

e EDA/CAD algorithms for new paradigm VLSI
systems

Autonomous Decentralized Control Systems
Real-World Computing

RtRHEFEETV VT
RIE EF (hnanAE#ER)

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

OBAKBEHBREY 7 bORy O

OFBERBEISESERVLSIE®R/7—+77
F v BT B3R

OZ=EZF HIRZEVORBRED FMRR
EORT 4 T ANDISA

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

e Optimization algorithm and its application to
VLS| design methodology

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

1
=-P"l

- 0ooEn’

OzBY A7 LOBESHEIIICEE T 2558
OBNDOEBANDZXLORBLEEORY b
DISAICEY 5%

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 TRV 2EBREMORIME T DICADEHZREHAT 5
TETHB, TDRDIT. KRBAROAREBEGBERICH
PEFER - BRADEHAENBFORERRELEDT LA
VI T DBFOMEEDRNZREE L THRZET .

C DREsRIE. BIGKERATEIY A7 LHIRE GR# - £8Y
ATLHRE) . BRIBGIES AT LARE (RERI>
Ea—7 4 YIWRE)  MELSIY AT LA GRBERVLS!
VATLMRE, VI AV EL—T 1 Y ITERY AT LR
ZE) O3MAEREBRICMA T, T LAY T7—F7 7 F v RS
DEFEHITFEINTESY . BESHEDTFOHBADTIC. B
RUMEHRDEEZTT D,
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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.

hY fess Fusipn of Real World

and Multi-Modal Computing

Physical and Adaptive Hardware Environment

Stimahus location
* Higher-Order Multimodal Perception
and Information Generation

« Real-World Dynamical
Intelligence

{ Real-World Computing) (Recognition and Leaming Systems)

Hardware Envirenment with Massively Parallel Brain 18]

* Brain Computing Based on Analog N Dy bes + Bidirectional ing for Brai LSI system
(New Paradigm VLSI System)

(Soft Computing Integrated System)
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Recognition and Learning Systems

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

v HZEE

Research Activities

FHEDEF ClE. ARDSANENZHRLGIERE ANBHHREL
BLUBMA TS - ¥ET BB EHoMLTETIMEL, BB
LSIG E iR = i8R 2/ \— RO I 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.

¥ ERR[EBRY AT L
MRDE | AR

REDOEMAMBZDOIC, AR BEFRICE T DEBRHERE
REEHFRL. ZTOETIVMEEBL T, ANBOREZEBH,. Th
ERIRT VAT LOBRZEBET. &fc. MEDEEMNAIE L
L. RGBesEmeIgmezE2m L. T7/VteB%Ed. h
SOMRICEDE, ERIEROTM. MWENETR, REBEOME
YAT LOBREADERT 5, Eolc. RECREDOESHN®E
ROBIZZFNDZED D FRAGRE N COABDRERH
T8%EFAT BTCHOMRICEEA TS,

W ERBIBRRY AT L
MRDE | AR

RBERTEFENEL. HOEHTOEZEH[ANEZ L. BREER &
UEHBDRBEEROIMES L (FET HRE T COABOMEIER
WIBEEZ OIRYEENTFEZRBVTHBI L LB, TD
MREZER LI, B3R TEERL Y Y VIV AT LRIV
FE-LIBEZE AT LEOETEBRI AT LOEBE - §E
{LICE AT B,

= 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.

By et I
RRRr———

A

- @ 8 -

C
Target contrast (%)

Luminance-based transient signals make an important conlrbution
How does the visual system achieve 1o visual stability, and to the relative weight of retinal and oxtra.

visual stability across saccades?  retinal inf

in target localization across

RE#H L THREMFUIBNTRAEL TOHPD—2I,

BRERES) A D EAARHBEADET (T H— NEAHNH)

lE&BFHDHZ, L L. FARIE. RIESRORFLERBICHIS S ENEMEL LT BEEEESIORIRKIC

ISEY BIEDEE5 %R LT,

We perceive the visual world remains stable across saccadic eye movements. How does the visual system achieve
visual stability across saccades? Our findings suggest that luminance-based transient signals make an important
contribution to visual stability, and to the relative weight of retinal and extraretinal information in target localization.
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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
HEL. NEITEBEBENTH Y A5, RERDREK A IZRIREIC
BEICHLTES. LV OV E1—2/\— ROz 70ORE
#H1ET.

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 brain-inspired
computer hardware system, which is robust and flexible, and
yet quick and efficient.

WV bV —FT A VITERV AT A
MZ3ENE | SRR
BNDIBRNIBHAICE AT, SIERETHIRM, T/ Mg
BRIBREB THZ (WO E1—42) ORBEABEL THIE
HEDH TN D, KT, HHASHOBEMIROEM Mz bT—2
THBHTEICEE L BN SR TEMA A IV RCELB T
Ot RICLZERNIE) . 7HOJEBOREKE LIFHEY
AT LELTRET S, DD, BRTHF AEERPOAIRE
BHRDERBLIRRERMO. BEHEEEICTEIET 2R
Za—Z)bxy MU — U ERBOIREBREM. MET/N1 AL KT
AV FOZIRTNA RCED Z a—A P+ S REER
BE. MOV E 1 =20\~ R T 7REBOHDEBERMD
BXATO>TCW5, TNEBBIC, MERDTIRIVETEME TR
B, B OV E1—2T7 —F 70 F ¥ EZDEBICDWL
TEMEAEED TV D, Ffe 443 v JIIREPERNZ(L
THREMXY FT—UICLY . BEPERAFOEENAKE D
YE1—2DORBEEELTWNS,

K1 : (k) HhARZa—0OFv T (B) 1 BEOZ1—0OV% | EEDY F TR TGk
IEARIERAA R 1 -0 21—\~ RO T 7V RT s

Fig.1 (Left) A chaotic neuron VLSI circuit chip. (Right) A large-scale general pur-
pose chaotic neuro-computer system with 10,000 neurons connected via
100,000,000 synapses.

= Soft Computing Integrated System (Prof. Horio)

We are working on a novel high-performance, highly-efficient,
flexible, and robust brain-inspired computer hardware system.
In particular, we focus on an information processing through
physical complex-networked dynamical process, and its imple-
mentation as a computational hardware system using an analog
VLS| as a core component. Toward to the final goal, we are de-
veloping integrated circuit and device technologies suitable for
the brain-inspired computer systems, such as VLSI technologies
for high-dimensional chaotic networks and large-scale com-
plex systems, VLSI circuits and architectures for ultra-low-pow-
er 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-inspired computational
system architecture, which is very much different from that of
the conventional digital computers. We further intend to realize
an autonomous brain-inspired computer with a sense of self
and consciousness based on a complex network with dynamic
change in spatiotemporal network state and structure.

2 (K) ROTIRIVAVE1— 2O EFEGHESERBREE. A ARGERN
CERTERICECAFRZ2—0avEa—470b247 (B) Eo7ora147
UL, - SR L TARBE RO TED L SICT BedD VLS Fv 7

Fig.2 (Left) A chaotic neuro-computer proto-type system for quadratic assign-
ment problems, which uses chaotic wanderings and inspirations to find

solutions. (Right) A dedicated VLSI chip for a fast and practical large-scale
chaotic neuro-computer system which can solve real-world problems.
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New Paradigm VLSI System

Staff
P& &ih  Takahiro Hanyu BH JE#H  Masanori Natsui
E2res Professor BT Associate Professor

R B#k Naoya Onizawa EiEk
Bh# Assistant Professor =

58 Akira Tamakoshi

Research Fellow

v HZEE

Research Activities

AR EREELEE (Very Large Scale Integration; VLSI) F v
7. BERUEFNZISH LI VLS| ¥ A7 Llk, BF#E0 MBERK ]
ELTHBELTHE Y. REHRDH 5 HEXERBPHRERD
BERELTWD, LHLENAS, VLSIVATLDBEL - Bk
Btz A 234 - T/\/(Z@f#ﬂl‘ﬁﬂihﬂlﬁﬁ? . PEERFUTED
EDDH B, AMRETIE. THFIER J DVLS| VAT LT —F7T
T F v x5 UICZFDRFEERRAICK Y. ERFEHRIMDRA T
. ABOEMZ L EET SBeEIERLIEZEIRT 5 VLS
VATLERETAHTEEMBTENET B,

Very Large-Scaled Integrated (VLSI) processors and their ap-
plications to electronics systems, where VLS| processors are
used as a "brain” for intelligent control like human beings, are
the key components in the recent information communication
technology (ICT) society. 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 such as logic-in-memory architecture.

W FBLRVLSIS X 7 Ls
M E 2

EN A NG =N %%@EELE@EV%LM%%HK%6<
IN=RTLT7T7—F T F v OREEITO> WD, BIEHIC
E%&%&E%@%L“ﬁm*@Tﬂkﬁf%un/h%%iﬁ
?éuﬁv74>%%uw&/ #rﬁ?v HS b > 2 IVEE
(MT)) 7/NA RIx EDFEEE - ZHEEE - RIBR T /\ 1 XA EA
LIeT7 N1 AE'TILR— X%ﬁ*ﬁ% VSOV a—FT 4 07—+
TOF v, BRIGEEICEDGBIEEESB IS E, QIVFA
T4 TISABMEREVLSI SOt v Y ORREHAS LURIBAICET 5
a7 TW\W5,

W FRERVLSIT 1 >
D E | BEHARER

7Ot ADIEBRMHIR ISR I B VLSIDMEER L DIRSR & 558
HOBETOMEERRT D EHBNE L. SRS HF T,
kOB AEZZ B LOVLSIEREH M T 25857 >TW
o BAEMICIE, PVTIESDET Y —VLSIBIR/ 7 —F 77 F .
EREBESA SERVLSIER/ 77—+ 77 F v, MEEEICED
CEBEE7 IV XL EZFDOVLSIEREHEMISA. ESUICRER
MOI Y A2 AT UVLSIERGEHE MG E . Mt D BB AR AR
ITEHDL DD, B DOBELEEHTICBWTELSEEINEEZENT
BVLSID Tz DEKREHEAMICRET 2B EIT> TN 5,

I Nonvolatile microcontroller unit

M. Natowi, ot al, JSSG, 2009
Factorizer A C=55
Gadmmd cperation) B
1.79

= New Paradigm VLSI System
(Prof. Hanyu)

We are studying a “new-paradigm VLS| computing” concept that
investigates the optimal design through all the VLSI design layers
from a device/material design level to an application-oriented
algorithm level.”Logic-in-memory VLSI architecture,"where stor-
age elements are distributed over a logic-circuit plane, makes
global wires reduced greatly.To implement a logic-in-memory
VLS| compactly, we utilize nonvolatile devices such as magnetic
tunnel junction (MTJ) devices and focus on other challenging re-
search subjects such as stochastic logic.

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

We are studying a new VLS| design paradigm for highly-de-
pendable VLSIs in the nanoscale and post-silicon era. To fully
utilize the benefits of technology scaling, we are focusing on
PVT-variation-aware VLSI architecture and its applications,
self-adaptive system for resilient VLSI, brain-like optimization
algorithm and its application to VLSI design methodology,
and electronic design automation (EDA) algorithms for Non-
volatile logic-in-memory VLSI.

| Nonvolatile logic gate for AT hardware |

M. Nty ot al, Microslecronics Journal, 2019.
ToAM A

| Bidirectional probabilistic computing |

| I_..;-power selective computi

S Snithson, N, Onicaws, B Meyer, W, Gross, and T. Hanyw, TCAS-J 2019,

N, Cnicawa, R Arahawa, and T. Haryv, Jowrnal of Applied Logics, 2020.
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Real-World Computing
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BR H  Akira Fukuhara
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Research Activities
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Our laboratory aims to understand essential mechanisms un-
derlying various natural and social systems from the viewpoint
of autonomous decentralized control,* and to establish de-
sign principles of artificial agents.

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

VEHRIOVE1—FTVT
MESEF | AEHE

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
3 B
Fig.1 Autonomous decentralized control of a snake-like
robot that exhibits highly adaptive properties.

v EHFRBEET) T
WRIEEF | NimAEEER

SREFEIRET ) Y IHRDF ClE. BRLEMEGFEDOEN G
EDBHRICE T HEFEBD A 1 Z X LOERE K UZ DFIfE
FAEDHREICIIHEATL D, INSDRIFE. B2 DERDEHR
BICIRESERY 5 C & ¢ KEICFEREEMEEHHIRY 2.
RIARDEF Cld. HRBRY > > FIVGHBET IV EWRT ST
ETC EHIEHOREKLREEZRY TDOREEZE LT FBiCHEo
fol RBFEZREIT D LZBEL TV S,

ized control.

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

3. BRD—ERD BRI CBIG L CHEERREGR V7 &
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

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

74¥LRICT
7S5y h74—=L7AVIF

Wireless ICT Platform Project

OF4RVATIV s T7DfeHOTO— KN\
REIHEE - X v b T — 7

OFeZEMIC BT 2 B REREBF B DD DEK
B B

¢ Broadband wireless communication technolo-
gies for Dependable Air

e Technologies to Densely and Efficiently Utilize
Radio Resources of Unlicensed Bands in Dedi-

cated Areas

PIEGEHERZCER B Interdisciplinary Collaboration Research Division

1BERDE & MfEICED<
ZRHEBFEMD
Mooz s b

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

BEEERIZEER M Exploratory Research Division

AEY+tOZ9 Z - C(MOS R4S
RBEERVATLO
ME7Oovzyk

Interdisciplinary Collaboration Research Division

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

FO—>%EAY 5#HLL
AVES9747AVT0Y
BRI OZEHF

Interactive Drone Content for Entertainment /
Wildlife Symbiosis

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

Wireless loT Technology for a Safe & Secure
Medication Management System
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Noriharu Suematsu
Director, Professor

Industry-Academia-Government-Collaboration
Research and Development Division

EF B

Ry FA Noriharu Suematsu
K& - H® G) Project Leader, Professor*
FIREIEMZEER  Interdisciplinary Collaboration Research Division
BA B Satoshi Shioiri P4 &5k
RE - #® 3 Project Leader, Professor* & - #HF (B)

BFEFIAZTER  Challenging Exploratory Research Division

I BX 2R =
& - 298 39 & - AHE GO

Yoshifumi Kitamura
Project Leader, Professor®

Takahiro Hanyu

Project Leader, Professor*

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

Suguru Kameda
Project Leader, Associate Professor*

BXUBEMEMO INE CICBEB L TERBRBERM (T) (<
By 2oREe. EFEEEflicLy. SEROBEZUTERL
Hifie LTRMEED I EZBNET D, RKEDRET 2%z
7 E LTRERUEEROEMZHRE L. 2 Rked27 71
T—2avERECL. BaNBIGHRERBRINE TR E LD
LTk EFREORMBARAZ BT, SEEZBLICED S
N2EBEMBARICK VIEONTHR - MVIEMEIS. Bl
ICEERNBHT 2, 7OV FOEICE. EERDSDR
MEZ%Z CRIFAN. REDRET DIl « Sinmz e
FRISICCHRT 5 & C. EFRINEDHE - HRARINE
DBEHEF LV Z2—E L TOREZRLT,

The purpose of the IT-21 center is development of practical
technologies for IT, based on the advanced technologies of
RIEC with the partnership among Industry, Government and
Universities. The term of development is limited less than 5
years. The projects are planed 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 BH = N =T
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Noriharu Suematsu
Project Reader, Professor*

Suguru Kameda
Associate Professor*

Mizuki Motoyoshi

Assistant Professor*
Z  EA AR RNE fis E—
RHERIE BEEHIE EEHE

Takashi Shiba Kenichi Maruhashi
Specially Appointed Professor Visiting Professor

Yasunori Suzuki
Visiting Professor
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Hiffld., BAREELZZ2ERENE L TETEIERT I2L0ED
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T-21 €22 — - ENAIDFTIE FRLSK. BRBRBIEE
WA—D—PE—BBEEEEELOETELE OV TY MK
Do RERELER - KEEEEEMILL. D DOXIRRAERIT
BV THLRE LIOBERROREZRRERET ST ANV Z T -
I7 DEFFEZITOCET,

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

4E§3yﬁrﬁﬁﬁﬁ$mﬁmm(_mﬁ>X7A»{//u
=) IV IEERIEROBREEZTVL. Fie. 3) LEE/NCIV
JO—RN\YROALVLRT7 72X (MBWA) REERERICE Y. B
BEREFTDY—L LA\ RA—/\ EF LAN & MBWA &D
BiExy N T— VB —LL AV AT LINY RF—N\EHIHET
TEfe, EHIC. INHS DO ERERBEH DI RS THEKIE
BEVRAT LI EOERBEATNEMET 5T & CRIGBER Y
FI—0DT A RXVAEY T4 HRIBECDRERETO>CET

TR 29 FEDSIFHETEE [Przerl BH%%E&%@%%@E
DOEREBNFBEMDOARAFE . BHTEED SISKHE

&/ A ARBICH S 2BRBIER DI DEIGA T 1 77’7{:'
AHEICEIT 2ERRRFR] 2172 T 5, E5IT. DO EDEE)
BERMODEZSMiEZND &I, BFERBIERMI
X TDONY F+

CRBE
—(PERRI T EHUFIRENSI T B,

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 = ARG R

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 Faetory 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.

Fig.4 Dependable Air
Fig.4 Dependable Air
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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

Staff

BA @ R Bz U N

K& - B8R GO R Go B#E GO

Satoshi Shioiri Nobuyuki Sakai Kosuke Yamamoto

Project Leader, Professor* Professor* Assistant Professor*
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EBIBRMIFHABEENT VD, LH L. ZNSIXERIITER
BT CH Y. HDO—TEMEEEEFIRRE LIt DTH S,
FERITHES TIBROE & MEAX BT K B IFREBIATIT OB
HEFAED T ET. BHEBROZA TOREEEICK>TEL
5EFEIGEICEIS CESREMOBEINNETH S,
ZTNGEEICLABROBELMEZEZ 5 LETIE. INET
FRTHY. £EZLDOMENEINTERERBR. BEE
WITMA T, B, BRE, KEICELZEREZRD T EHNE
IZ75 %, WhWAHARENRET HERBEFEIE. J=2 27—
vavnEEEH. LYMESZEDETEENTES, T
CICRELEEMORERBOIOHICIE. & hAENRE T DHELTR
AR THD, ZA7OV LY FTlE. BREBDBREPOICEAL
BERBERICET 20BEEROEBRIBLMIT S AT LD
HLICAIT T, REBRICKEEMEANMZ Z2REBROE &
MEICRI Y BRI ETT Do

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.

FEELFw b ﬂJﬁEEﬁ'\ﬂJNE-

P

G; : Ground-truth
Pi © General prediction
REM £ T 0EmR
(mean absolute error, MAEIE 1 — 6 G FRIifill (=304 3 5 HE Bl O TR E)
Q1 MAE :0.288 Q2 MAE : 0.263 03 MAE : 0.284

s % J.-. .;
A ¥

Q4  MAE : 0.457 Q5 MAE : 0479 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

Staff
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Yitao Ma

Assistant Professor*

Tetsuo Endoh
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Takahiro Hanyu

Project Leader, Professor®
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BAg BfcIc TAEY bOZ Y R -CMOS B & BB EERE S A 7 1]
WMETOY Ty bRBEHET 2,

Spintronics/CMOS-hybrid Al LSI chip

Fundamental research on electronics that has supported the
Third Industrial Revolution has the goal of accumulating more
information, accessing more information, and performing cal-
culations 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 linear model has been successfully de-
veloped. 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 com-
munication field are emerging. In response to this social de-
mand, 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 proceeds,
and language translation, disaster prediction, long-term weath-
er 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-ef-
ficient 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 process-
ing and judgment innovatively, efficiently, and with low power
consumption like human beings, greatly contributes to devel-
opment to promote the field of “spintronics/CMOS-hybrid
brain-inspired integrated system” research project.

CORES CORE&4 COREQ

COREY CORES COREA1
CORE 40 CORES, LCORE2

COREYT | CORET" | COREY

Update the
database based
on decision-
making results

Decision making
using the updated
database

Deep learning using
on-chip database

_________

Trial and error in
the real world

Real world

ARRTOI LY bDA A=
Image of this research project
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Exploratory Research Division Interactive Drone
Content for Entertainment / Wildlife Symbiosis
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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.

1 REIHEMEENT 2 2 DODNASHREERBV FO— VBt > 27 1 —XD
BE (@) -8/ FO0—Y EWEROMBRR, (b) /SOy FORR, 3> hO—
7, EFE—YOBEIDMERR, (0 B FE—VICLB=AMER, d) EFO—
LB — AR

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 Latkmeansansy \ S
)=y~
y ¢ DA

N

To Communicate
With Birds

LANEEL NIRRT
suLar

The Talking Drone is
an unmanned aerial
wvehicle (UAV) that is
used to communicate
with birds in the air
using vocal
communication
systems.

BAELY, SIIDSEENS
AEMBAULEIT

03¢ Then both oot and the "

2 ASAREAZAZT—3VIBATARO—VOBR
Fig.2 Concept of crow-type-drone to communicate with crows
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Exploratory Research Division ~ Wireless loT Technology
for a Safe & Secure Medication Management System
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Professor*
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Professor*

Qiang Chen
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ATIW—TTlE. T4 L X 1oT (Internet of Things) i A
WD « ReREEEY A7 LOBEICET 2HEMHRET
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£ T 2 FEOHEHABIER A F S SN iz,

Sensor IC
N |
A4
1mm
Controller,
TXIRX, etc.
v

Tablet & Capsule

Fig.1 SERIRS W A B >4
Fig.1 Battery-less tablet-pasting-type sensor

Medical costs that continue to increase with progress in aging
society and medical advances are serious social problems on
the worldwide scale. In order to reduce medical expenses, it is
indispensable to construct a medication management system
that enables inventory control and confirmation of ingestion.

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
take medication management just by taking tablet-type medi-
cine. In this research, we are now studying for the battery-less
tablet-pasting-type sensor by applying wireless loT technology.

This project started with a 3-year research plan in FY 2017, but
as an evaluation of research results at the end of FY 2019, the re-
search period was extended by 2 years until the end of FY 2021.

D3 %'Jm ~w /
i’ D1 |
A

y'l.l'l '|

-

| Tablet & Capsule (with sensor) |

Reader
D1 2 (placed near
D2 1 the thmat! |

Fig2 WEEBY R T I
Fig.2 Safe medication management system
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Multimodal Cognitive System

A ATLMRREE

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

/-_.\E |EE'-‘FE wLe DIL.\%D /XT.LA
Eﬁnﬁj\ﬁ‘ | RH I
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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,
architecture and software technology for information generating, stor-
ing and recognition, based on both the concept of RIEC on realization
of humanity-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 sys-
tem together, and to lead and contribute the innovative development
of high efficient and low power hardware technology for advanced
flexible information processing and recognition like human brain. This
group is trying to develop the novel brain-inspired 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| archi-
tecture, which is able to maximize the power consumption efficiency
benefiting from the high speed and high endurance of the spin-device.
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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 VLSIs.

= 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 spintron-
ics/CMOS hybrid VLSIs, and to realize the high functional and
ultra-low-power spintronics/CMOS hybrid brain- mimicking VLSI
system. For such occasions, the entire research group is well-or-
ganized 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-gen-
eration |nformat|on society, not only the supergiant data generation
over Yotta (10™) byte but also the Al information processing that
appends the quality of information and supports the human thought
become increasingly important. On the other hand, conventional
Al implementation approaches based on volatile memories are
very disadvantageous in power consumption efficiency and not
feasible for practical use. In this group, a “von Neumann type” STT-
MRAM-based multi-core nonvolatile associative processor system
for loT applications is realized employing infinitely rewritable and
3-Dimension stackable spintronics device, which achieves about 40-
time higher power efficiency and 3-time higher circuit area efficiency.
Furthermore, the “non von Neumann type” digital-analog hybrid
brain-inspired VLSI is proposed and put to verification adopting dig-
ital-pulse-based spiking-neural-networks, which makes it possible
for the time-series processing and ultra-low-power usages based on
fast and autonomically sleep-down/wake-up power control corre-
sponding to the low/high status of digital pulse.
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Fig.2 The large-scale STT-MRAM-based multi-core nonvolatile associative Al system with
about 40-time higher power efficiency and 3-time higher circuit area efficiency.
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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

Kazumichi Matsumiya (Graduate School of Information Sciences)
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 Information Technology in Education)
Hideaki Sone (Cyberscience Center)

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

Suguru Kameda

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.

76 | BLOBEHIZEFT = RIEC 2020/2021



W BB FoNA R - MR SV — T

HrE ER BE
e ot
R
P Eih
B
5 23
TIE

WE. MBN—F 2T ORBHBEATHDH.
RIEEDOREITIFEELS, KEGTL—TR)IV—IC
WJEE2TWELY, £T T MORHOEEFHINE
ICEDE FICHIEBIT2EMMBLI AT R
. T/ TN APHAEE BB EBERRE O E
EBAF IV REFRBLTHBRT 2. #HLVMEE
OB —F 77 F v DREFEETOERRIRICLS
SEEZEBIEY.

N AL Zu— VBRIV —F

xR BA 3
iR S (BERAIZEMERD
ik Lar (EFRBIERD
PE BB

=

Al FT SARBIRREAMICERAR ZN A E #EL Y A
N3TET, ZHREEAORN TERFEZET IV
LAl vO—>&RB L, ZhAERBIRBEEIC
BRI 5T ETHEICESDBHRBREFRESEEDVR
TLh (ARAVE—T1—R) OEEEETT 5, Al
JO—2VKROARAVE—T T —RITkY . ADME
DR[EARRTHTET MENDIZ 2127 —> 3
>/ ERIE/ NEEEBROBEERIRT &
AT 227 —YavEMDORELBIEY.,

® Brainmorphic Nano-Devices and Circuits
Research Group

Yoshihiko Horio, Group Leader
Shigeo Sato

Shunsuke Fukami

Takahiro Hanyu

Masanori Natsui

Ayumi Hirano

Hideaki Yamamoto

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.

BRUESHIZERT » RIEC 2020/2021| 77



PH5hL
BRI ATLEY 52—

Flexible Information System Center
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RIRIBOREE
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e Information collection, organization, dispatch-
ing, utilization and research support environ-
ment

e Advanced maintenance, management and
operation of network

e Technical supports for information network and
systems in the institute

Flexible Information System Center

e 5Y/AR
BRI AT 7 —

REHEEER

Management Office for Safety and Health

OMEFRADR2BEETERGH. FERRREE
DRR. BLUHEDIE

OReBHEBRODERDRES LULRLHEE
EICEIT BIBIRDUNE

OEMWEDRLERELUENDT F/INAAPLE
RO

OBEBLUFEEZRNRE LEEBLEHED
ESia

OFARDMERFRPETE BT & DOERKEHE

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
DfcDRRAR TR

OB—AIxy b T—7 DR

OMERDORLITT T 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
ﬁf}uiﬂ%

it ¥ —

Fundamental Technology Center

Management Office for Safety and Health
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Staff

KR Wz Atsushi Ohori
tra—k &R Professor

B8 X Takuo Suganuma
BiE () Professor*

e T Gen Kitagata
() Associate Professor*
e EEZ Masahiko Sato
Esni=] Technical Staff
AH FA Kenji Ota
Esni=] Technical Staff

BAEDOAVE1—2IRERINZBERY AT LK gIE>TRD
SNTeEWS TEENGNLIEDIHEDH IR T 2L0bp 5 TH
eV Y RTLTH D, A 2—DENIE. TNETDIHTZLN
BHRUEFREZBZ (. ABDBEMYPRIEICEDLE TRIIER
SIBEITUVN R ABDREICHETES LD [PhohL
BHRNBDEZ FICEDE, BHFTNOMBEMRES Z X Z 5
fedDER*Y bT—0 BLOBHRY AT LEEE - EATS
ZElTHdB,

Fle. BREXY 7= BRUBERY AT LOREENDEH
@B/ DN\YEER L. FiEROsERER. FIA.
BE - ER. BELEDODIENZ Y AT LZRET - BRE
T2 TW5,

Pt VAES

Printer Room

Flexible Information System Center

The present information systems represented by computers
are inflexible systems, because their uses are predefined and
they provide only the fixed processing and functions. The flex-
ible information system on the other hand, is a system which
can perform the flexible information processing adapted to
the human intention and situation of its environment beyond
the limitations of the principles of the inflexible information
processing. The aims of this center are to manage and oper-
ate information networks and systems based on the concept
of the flexible information system, and support smooth re-
search activities of RIEC.

Moreover, utilizing technical know-how acquired through ap-
plying the information networks and systems to practical use,
we also design and construct a leading-edge system for ad-
vanced organization, utilization, administration, operation and
dispatching of scientific information.

ERisERE

Server Room
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Staff

fkiE /XM Shigeo Sato

tra2—K (B3R Director, Professor

B {52  Nobuyuki Sato

JEUE Assistant Professor

ok {R TemotsuSuenaga FLLU  EIF Yuko Maruyama #i4E B3
e Technical Staff HiEe Technical Staff BiEE
FIER  EMN Maho Abe 8 4EE TakenoriTanno R#&E fRLE
e Technical Staff BifEe Technical Staff BT A=1
faER A Kento Abe KH FA Kenji Ota R £F&
HifEe Technical Staff HiTEe Technical Staff e
{f#% EZ Masahiko Sato BT  ZAB Yasuaki Maeda FEF FR—
e Technical Staff BifEae Technical Staff ES0n):A=]

HHE PR lori Morita
HifBe Technical Staff

INEF FIEE Rikima Ono

Hila Technical Staff

Fundamental Technology Center

Hiroyuki Yagyu b
Technical Staff

Michimasa Musya
Technical Staff

Kana Sekiya
Technical Staff

Koichi Shoji
Technical Staff
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X1 BERERT 702 F v\ —
Figure 1 Teflon chamber for

fluorescence measure-
ments

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.

M3 BFE—LEN
XERTTRDITEE
Figure3 Electron
Probe X-ray
Micro Ana-

lyzer (EPMA)
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Staff

Al & Kazushi Ishiyama
=R &® Manager, Professor

R OF— Yoichi Uehara

BER #E®) Deputy Manager, Professor
kg 52 Nobuyuki Sato

Bh# Assistant Professor
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Maho Abe
Technical Staff

Management Office for Safety and Health
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REWERRR

Safety and health seminar

BEDN3 T

resent rouble

(ogpiration date . 1 yr ~ 5y7)
= A 2 WSSOI AN poricsl ragecson

BEARREHFER

High-pressure gas seminar

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.

ISRFYEER

First aid seminar
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Research Activities
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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,

MRE

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 AMR=
Spinics

FEIFMRR

Acoustic Engineering

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

g "TEIART =S L" (IB&W : TOAIMARR

Sendai "Plasma Forum"

BERILY FOZ7 MRS

Ultrasonic Electronics

EMCALEEY = +—)b
Sendai Seminar on EMC

TLAV I T 7 IENES
Brainware

AVEI YA TV ARRR
Computer Science

B - BIIRE

Mathatical Physics and its Application to Information Science

VAT LR S

Systems Control

HR - A IFRRR
Biocybernetics and Bioinformatics

B/ A\ bAZ S AARR

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 SRBCEEEROEEY a7V VMR ETHZE 72 AR

Feb. 23-25, 1997

Intrinsic Josephson Effect and THz Plasma Oscillation in High Tc Superconductors

2 BUDBERRBICEDL T LA YT —F7 0 F v DRG - HIME

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 SITERF2—EnTOEICE T 2ERARSH

The International Joint Conference on Silicon Epitaxy and Heterostructures

Sep. 13-17, 1999

5 74 v U ERIEBEERRE

International Workshop on Photonic and Electromagnetic Crystal Structures

Mar. 8-10, 2000

6 FER R EDOERE S G

Physics and Application Spin Related Phenomena in Semiconductors

Sep. 13-15, 2000

7 HERRL STRICH I HEE WAL

Rewriting in Proof and Computation

Oct. 25-27, 2001

8 FERRIEESR & £ DISA

Nonlinear Theory and its Applications

Oct. 28-Nov. 1, 2001

9 Za—NRSEALVSIAYEa—FT VY
New Paradigm VLS| Computing

Dec. 12-14, 2002

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

Oct. 23-24, 2003

11 E3ESiIGeCEFE Y- av T
3rd International Workshop on New Group IV (Si-Ge-C) Semiconductors

Oct. 12-13, 2004

12 BEBERRAVOATINAR - HRERT -3y

Apr. 11-12, 2005

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

13 PARISI TERF Y —ENTOBEICET ZEERE (1CSI-4)

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

May 23-26, 2005

14 BIEEIVEEEEERS / TLY bAZ IV AERTD -3y S

1st International WorkShop on New Group IV Semiconductor Nanoelectronics

May 27-28, 2005

15 BRIERFBEHREZARBER S VRY UL HERROBHREE i OBLUHR

Sep. 26-27, 2005

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

16 BIBREY bOZ I RERT -3y Feb. 8-9, 2006
The 1st RIEC International Workshop on Spintronics -Spin Transfer Phenomena-
17 FAOBAKT AV OHET/N\A R - HRERT -3y S May 8, 2006

4th International Workshopn on High Frequency Micromagnetic Devices and Materials (MMDM4)

18 BARHEKICHIF 2 AL VEERROYIELISHICEY 5EIERE

Aug. 15-18, 2006

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

19 BARHIVIRFEGES /T LY FAZV AERT -0 3y T

Oct. 2-3, 2006

2nd International Workshop on New Group IV Semiconductor Nanoelectronics

20 FEERAEY FOZY AEBR T3y S
2nd RIEC International Workshop on Spintronics

Feb. 15-16, 2007

21 HHEEF 252007 Jun. 4-6, 2007
Japan-China Joint Conference on acoustics, JCA2007
22 7IVIAYXLHNFEERBIORERHZAICET 20RERRE Oct. 1-4, 2007

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

23 BIERAEY FOZ Y RERT >3y S
The 3rd RIEC International Workshop on Spintronics

Oct. 31-Now. 1, 2007

24 BIEHIVEEFEGS /ILY FOZIRERT -V av T

3rd International Workshop on New Group IV Semiconductor Nanoelectronics

Nov. 8-9, 2007

25 BRI /BEST/ILY OV RERT -0 3w

International Workshop on Nanostructures & Nanoelectronics

Nov. 21-22, 2007

26 BI8E7 LT AL EFTEICEY 2ERRH

Dec. 17-19, 2007

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

27 SME-EET S ARICET AFBENERS Y RT T L

Sep. 5-6, 2008

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

28 BAREIIVEEREHS / TLY OV RAERT -3y T

4th International Workshop on New Group IV Semiconductor Nanoelectronics

Sep. 25-27, 2008

29 BARREY MOZIREBRT—IVav S
The 4rth RIEC International Workshop on Spintronics

Oct. 9-10, 2008

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

Apr. 20-22, 2009
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31 RIVFE—ZIVARICET 2@ —_7—0 >3y Apr. 24-25, 2009
Mini R.I.E.C. workshop on multimodal perception

32 FAEBEET A 2w o TV /AV—ICEBIBERY VRI DL Aug. 4-5, 2009
The 4th International Symposium on Ultrafast Photonic Technologies

33 FE/N—YVFIb. BN, BEIREEEEY VR T LA Sep. 13-16, 2009
PIMRC2009 (Personal Indoor and Mobile Radio Communications Symposium 2009)

34 FERECNSIF/IL7 bOZYR - ALY PAZIR - 75 Y AIETBERT—V >3y 7 (BEALY bOZIRERT VY 3v7) Oct. 22-23, 2009
2nd RIEC-CNSI Workshop on Nanoelectronics, Spintronics and Photonics (5th RIEC Symposium on Spintronics)

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

36 BSEEIVIENEGRS /ILY FOZIRT—0 23y Jan. 29-30, 2010
5th International Workshop on New Group IV Semiconductor Nanoelectronics

37 BOERECREY FOZJVRERT—U3vT Feb. 5-6, 2010
6th RIEC International workshop on Spintronics

38 BB/ EEE S/ ILY PO RICET BEET -3y Mar. 11-12, 2010
2nd International Workshop on Nanostructure & Nanoelectronics

39 UST7VOTINA RISAEICEY B@HAERY Y RI D L Oct. 27-29, 2010
2nd RIEC International Symposium on Graphene Devices (ISGD2010)

40 BIEBBERES/EEYVRI VL Nov. 15-16, 2010
9th Japan-Korea Symposium on Surface Nanostructures (JKSSN9)

41 BIERECREY FOZVREBRT—V 2 3v T Feb. 3-4, 2011
The 7th RIEC International Workshop on Spintronics

42 BREERSEEMRT 4 —5 L4 Oct. 17-20, 2011
12th International Multisensory Research Forum (IMRF 2011)

43 BEERECREY FOZVREBRT—V Y 3v S Feb. 2-3, 2012
8th RIEC International Workshop on Spintronics

44 BOEIERYVRI DL ATAAIV - NAF - F/TLYFAZIR Mear. 8, 2012
6th International Symposium on Medical, Bio-and Nano-Electronics

45 S3E;/BEL ST/ ILY FOZ Y RICETRERT -V av S Mar. 21-22, 2012
3rd International Workshop on Nanostructures and Nanoelectronics

46 FEIEBRIECRAEY bOZVREBRT—V>3v T May 31-Jun. 2, 2012
9th RIEC International Workshop on Spintronics

47 BIEAR— T/ OVERT -V avT 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 SBIEREREE AT ERICEE T @R 2 RY U A Nov. 15-16, 2012
The 1st RIEC International Symposium on Brain Functions and Brain Computer

50 RIKRFE—N—N—FREV 34 T3y T Jan. 15-16, 2013
Tohoku - Harvard Joint WorkshopNew Directions in Materials for Anoelectronics, Spintronics and Photonics (10th RIEC International Workshop on Spintronics)

51 HENERECREY FOZI/REBT—V>3v T Jan. 31-Feb. 1, 2013
11th RIEC International Workshop on Spintronics & 3rd CSIS International Symposium on Spintronics-based VLSls

52 ATAAIV-NAF - F/ITLY MAZYXEIEERS VRIT L Mar. 7, 2013
7th International Symposium on Medical, Bio- and Nano-Electronics

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

54 EE2EIRAHAE S BALSTEICRI T 2BHIERR S Y RY U L Feb. 21-22, 2014
The 2nd RIEC International Symposium on Brain Functions and Brain Computer

55 ATAAI - NAF - TLY bOZ Y REBEERS VRIT s Mar. 6-7, 2014
8th International Symposium on Medical, Bio- and Nano-Electronics

56  HSEIS/EELS/ TLY FOZYRICET BEEBT -3y T Mar. 6-7, 2014
5th International Workshop on Nanostructures and Nanoelectronics

57  BRERECREY FOZIAERT—YYav S Jun. 25-27, 2014
12th RIEC International Workshop on Spintronics

58  BFLYIRIRT v 2014 Y BIEEEERRE Jun. 29-Jul. 2, 2014
The IEEE International Conference on Microwave Magnetics 2014

59  RECEBYYARIY DL MELIZa-4r—3Y Jul. 24,2014
RIEC International Symposium on Perception and Communication

60 20147 D7 KFHEIA U RRZE Nov. 4-7,2014
APMC 2014 (2014 Asia-Pacific Microwave Conference)

61 FUiEES BN E 1 —2ICRY BE3ERECERS Y RY D A Feb. 18-19, 2015
The 3rd RIEC International Symposium on Brain Functions and Brain Computer

62 TLAVUITISICET BEERS VRIT L Mar. 2-3, 2015
International Symposium on Brainware LSI

63 BIEIAT A A - NAF - F/ILY PAZT RICETBERY Y RY T L Mar. 2-4, 2015
The 9th International Symposium on Medical, Bio- and Nano-Electronics

64  HB6El; /HBELILY FOZVRICEIBERT I3y Mar. 2-4, 2015
The 6th International Workshop on Nanostructures and Nanoelectronics

65  RECEBYYRIY VL V32 &8 Mar. 20, 2015
RIEC International Symposium on Vision and Cognition

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

67 AVE1—RI ST v I REA VRS T4 THRMOFER Sep. 26-27, 2015
RIEC International Symposium on Computer Graphics and Interactive Techniques: New Horizon
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68  HI3ERECAEY FAZVRERT—V¥av S Nov. 18-20, 2015
13th RIEC International Workshop on Spintronics

69  FUiEEEL BN E 1 —2ICRY BABABRECERS Y RY D A Feb. 23-24, 2016
The 4th RIEC International Symposium on Brain Functions and Brain Computer

70 TLAYOITLSICEY 2ERS VRY T L Feb. 26-27, 2016
International Symposium on Brainware LS|

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

72 BIEIF/EELS /I MAZVRACETRERT -V av T Mear. 1-3, 2016
The 7 th International Workshop on Nanostructures and Nanoelectronics

73 ERSRESEEEEEICETIEEY VARV UL May. 20-21, 2016
RIEC International Symposium on Ultra-Realistic Interactive Acoustic Communicatrions 2016

24 BSEITSANVYTINAR - fOEEE - [GREEICET 502 7 AR —USA-I—Ov /Y VRITL Oct. 31-Nov. 4. 2016

(TN TINA R - Al DEEE - [SARIEICEI T RECER> Y RI I 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 TARVETINIAVLRAT—U2 372016 Nov. 9-10, 2016
Dependable Wireless Workshop 2016

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

77 TLAYIrTLSICEY BERY VRY T L Feb. 24-25, 2017
The 4th RIEC International Symposium on Brainware LSI

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

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

80  HOEIF/MEELF/ILY FAZIRICETBERT -3y Mar. 6-7, 2017
The 8th RIEC International Workshop on Nanostructures and Nanoelectronics

81 2017FRECAY7—HARRR A EERT—v> 3y 7 Oct. 19-20, 2017
RIEC Russia-Japan Joint International Microwave Workshop 2017

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

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

84  HBISEREY FOZVRICKHT 2BHAERT -V av TS Dec. 13-14, 2017
15th RIEC International Workshop on Spintronics

85  EOEIBMIAEL BN O E a1 —RICE T BRIECEIRY Y RID L Feb. 1-2, 2018
The 6th RIEC International Symposium on Brain Functions and Brain Computer

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

87  HBIEIF/MBELS/ILY NOZVRICETRERT -V av S Mear. 1-2, 2018
The 9th International Workshop on Nanostructures and Nanoelectronics

88  HAMEMM LB TN RICETHHEY VRI T L Aug. 24,2018
Japan-Korea International Symposium on Magnetic Devices and Materials

89 AZN=HIEIAZ 25— 3 VERY VRY T 2018 Oct. 22-24, 2018
International Symposium on Universal Acoustical Communication 2018

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

9 EHEEYVRIYVL EET ST Y EEET AT 3BT Sy Iy IO =0 3y T Nov. 19-21, 2018
RIEC International Symposium: 3rd Japan-EU Flagship Workshop on Graphene and Related 2D Materials

92 EEFRACAF/ETABRFERE Y VRY T L — ATHREE AR ZOFBREIHE— Nov. 24, 2018
The 2nd Tohoku-NTU U Symposium on Interdisciplinary Al and Human Studies

93 BURHNIEER N\ T 1 V7 ERIVT AT 4 TIESNEICEYT 2ERRH Nov. 26-28, 2018
The 14th International Conference on Intelligent Information Hiding and Multimedia Signal Processing (IIH-MSP2018)

94 Ea1—xYAVELI—RAVETUY I VICETEERY VRI T L Dec. 12-13, 2018
RIEC International Symposium on Human-Computer Interaction (The Third ACM SIGCHI Asian Symposium)

95 FIRIAEY FOZ Y RICET 2BHERT -3y T Jan. 9-10, 2019
16th RIEC International Workshop on Spintronics

96 EE7EIBKRE S BALETEICEE T @R >V RY U L Feb. 22-23, 2019
The 7th RIEC International Symposium on Brain Functions and Brain Computer

97  TLAVYITLSICETBERY Y RY T L Mar. 1-2, 2019
The 6th International Symposium on Brainware LSI

98  HBIOES/EELF/ILY FAZIRICET BERT -V a3y T Mar. 67, 2019
The 10th International Workshop on Nanostructures and Nanoelectronics

99 BREIZVUKITO—/INVIVRITL May. 22-24, 2019
12th Global Symposium on Millimeter Waves 2019 (GSMM2019)

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

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

102 Ea—XRYAVEI—2A VR 7 Y A VBT RERY VRI T Jan. 24-25, 2020
RIEC International Symposium on Human-Computer Interaction - Welcome CHI 2021, thinking of the future of HCI together -

103 Z8EIfEE & ESTERICEI Y 2 BFEIRS >R T L Feb. 13-15, 2020

The 8th RIEC International Symposium on Brain Functions and Brain Computer
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B Periodicals Published by the Institute

1 The Record of Electrical and Communication Engineering
Conversazione Tohoku University

This journal aims at providing an opportunity to publish 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.
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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
PRI BHARE20%. AHARIE 1414, FPEAEEILS3ATH
N

TOfhIT, ZEEHIEE. RFEMERE. BAFMIRER DR
B ELAEARRIRE. REFOREEMEEDHZFDE
FHcbH>TW5,

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 2020, 53 undergraduate students, 141
master course students, and 29 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.

D=0 3y TTORRES
Presentation scene at a workshop

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—FTT7EL VA (COB) £BE2TVWERHFEHEL.
BADSHRECBREEDNAMEFROERICSEL TV 5, T,
BADKFPAFEHE & EMIRBEZFO. HHHED Dk
ICIERACHE, AEEEM. HEMRG CaEL TV S,

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.

A AE
International academic exchange programs
ERRFMA R E
University Level Agreements
E# T R HEREEEA B
Country Institution Date of Signing
T AT AT HIVZTKEH >V ZIN—/ TR 1990.3.15
U.S.A. University of California, Santa Barbara
77X A IN—FT1—KZF 1997.9.23
U.S.A. Purdue University
AFUR A—UKF 2004.6.7
U.K. The University of York
KA FLAFTVIRARF 2006.6.26
Germany The Technische Universitét Dresden
Ay NV >V ITRKE 2009.8.26
Germany Berlin Institute of Technology
8% EIiDFEKRS 2009.12.2
Taiwan National Tsing Hua University
77X H N—/\— RKZE 2010.7.22
U.S.A. Harvard University
KA AT =X 7L IRAF 2012.2.1
Germany The University of Kaiserslautern
% FNRRT-T NV TKREA Y 2012.2.6
Germany Johannes Gutenberg University of Mainz
KA Ty IRAE 2013.10.31
Germany Chemnitz University of Technology
e L—T >V ATV RE 2017.3.16
Germany University of Regensburg
1y FIVT TV KRE 2017.7.13
Germany Carl von Ossietzky University of Oldenburg
ANA IR UHAKRFE 2018.5.20
Spain University of Salamanca
07 Y2 ERFIVT IV BRIRAT 2019.11.22
Russia St. Petersburg Electrotechnical University
BR B R M TR R E
Department Level Agreements
E# T R HEREEEA B
Country Institution Date of Signing
~—Z2F R—Z 2 REFET 137 = — YRR 1976.8.3
Poland Institute of Physics, Polish Academy of Sciences
A1y TAITAFE— 2001.1.22
Germany IHP-Innovations for High Performance Microelectronics
TR ENRFRERANIL A IS /A TV AFRE 2 — 2005.10.24
France The Interdisciplinary Center on Nanoscience of Marseille, National Center of Scientific Research
PE FRERIE G SRR IR 2007.4.12
China Institute of Semiconductors, Chinese Academy of Sciences
A7 M A—AKRETA VLAY N — %% 2009.12.9
U.S.A. WINLAB, Rutgers University
ANA > EdRYF 2011.2.25
Spain University of Vigo
D NV BRI IENINAY 74 FZJA - FAIEREEE U 2B LUBSEFTE - L—Y—TFM%EM 2014.6.26
Russia Research and Educational Center *Photonics and Infrared Technology" and Institute of Radio Electronics and Laser Technology, Bauman Moscow State Technical University (BMSTU)
7 A7 XYF1—t v VIRKFEEFITFEER 2015.1.9
U.S.A. Research Laboratory of Electronics (RLE), Massachusetts Institute of Technology (MIT)
07 YU bRTIVT IV BRIRAT 2016.11.22
Russia St. Petersburg Electrotechnical University
ToVAR Ei/ N SHERBERE 2017.10.25
France Telecom ParisTech
a7 TR TEIIAT YPIREFE 2018.6.8
Russia Faculty of Physics, M.V.Lomonosov Moscow State University
=G EieBRFEATHEE - SimaRy b i2— 2018.7.31
Taiwan Center for Atrtificial Intelligence and Advanced Robotics, National Taiwan University
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International Journals in which a staff in RIEC participates as an editor

g b w N

IACR Transactions on Cryptographic Hardware and Embedded Systems
|IEEE Transactions on Circuits and Systems I: Regular Papers
|EICE Elecronics Letter (ELEX)

|IEICE Transactions on Communications (EB)

|EICE Transactions on Fundamentals of Electronics, Communications
and Computer Sciences

AT B R AR R 2D & 0 7258 D IR EE 2k

International Conference programmed by a staff in RIEC
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32
33

10th IEEE-GCC Conference (GCC 2019)

10th International Symposium on Metallic multilayers (MML2019)

11th MRAM Global Innovation Forum

17th RIEC International Workshop on Spintronics

2019 IEEE International Reliability Physics Symposium

2019 International Symposium on Nonlinear Theory and Its Applications
2019 MRS Fall Meeting

2019 Spintronics Workshop on LSI

2020 Asia-Pacific Workshop on Fundamentals and Applications of
Advanced Semiconductor Devices

24th Soft Magnetic Materials Conference

8th Int. Symp. on Control of Semiconductor Interfaces (ISCSI-VIII) &
13th Int. WorkShop on New Group IV Semiconductor Nanoelectronics
ACM Conference on Human-Computer Interaction with Mobile Devices
and Services 2019

ACM Conference on Interactive Surfaces and Spaces 2019

ACM SIGGRAPH Conference and Exhibition on Computer Graphics
and Interactive Techniques in Asia 2019

ACM Symposium on Virtual Reality Software and Technology (VRST)
2019

APCV 2019 Asia-Pacific Conference on Vision

Asian CHI Symposium 2020: Emerging HCI Research Collection
Auditory Perception and Cognition

Compound Semiconductor Week/International Symposium on
Compound Semiconductors (CSW/ISCS2019)

Global Symposium on Millimeter Waves (GSMM)

IEEE 5G World Forum (WF-5G 2019)

|EEE International Conference on Communications (IEEE ICC 2019)
IEEE International Symposium on Radio-Frequency Integrated
Technology (RFIT)

|IEEE Symposium on Computers and Communications (ISCC 2019)

|EEE Virtual Reality 2020

International Conference on Artificial Reality and Telexistence and
Eurographics Symposium on Virtual Environments (ICAT-EGVE 2019)
International Conference on Cryptographic Hardware and Embedded
Systems 2019

International Conference on Recent Progress in Graphene Research
(RPGR2019)

International Conferences on Modern Materials & Technologies in
Montecatini Terme (CIMTEC 2020)

International Congress on Graphene, 2D Materials and Applications
(2DM 2019)

International Symposium on Adaptive Motion of Animals and Machines
2019

Purdue-Tohoku Spintronics Workshop |l

Russia-Japan-USA-Europe Symposium on Fundamental & Applied
Problems of Terahertz Devices & Technologies (RJIUSE 2019)

34

35
36
37

38
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40
41

42

43

44

45

46

47

48

49

50
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N

53

54

55

56

57
58

59

Journal of Cryptographic Engineering

Nonlinear Theory and Its Applications, IEICE (NOLTA)
PLOS ONE

Soft robotics

Russia-Japan-USA-Europe Symposium on Fundamental & Applied
Problems of Terahertz Devices & Technologies (RJUSE 2020)

SICE annual conference 2020

SPICE Workshop on Antiferromagnetic Spintronics

SPIE International Conference on Photonics Europe, Conference on
Terahertz Photonics (SPIE Photonics-EU)

The 10th International Conference on Metamaterials, Photonic Crystals
and Plasmonics (META 19)

The 10th International Conference on Ubiquitous and Future Networks
(ICUFN 2019)

The 11th International Conference on ICT Convergence (ICTC 2019)
The 1st International Sympoisum on Designing Human-Centric loT
Society

The 2018 IEEE Global Communications Conference (IEEE GLOBECOM
2019)

The 2018 IEEE International Conference on Communication, Networks
and Satellite (COMNETSAT 2019)

The 2019 International Communications Quality and Reliability
Workshop (IEEE CQR 2019)

The 2019 International Conference on Advanced Technologies for
Communications (ATC 2019)

The 2020 International Workshop on Pervasive Information Flow
(PerFlow'20)

The 2020 Wireless Communications Networking Conference (WCNC
2019)

The 23rd IEEE International Workshop on Computer Aided Modeling
and Design of Communication Links and Networks (IEEE CAMAD 2019)
The 3rd Symposium for The Core Research Clusters for Materials
Science and Spintronics

The 44th International Conference on Infrared, Millimeter, and Terahertz
Waves (IRMMW-THz 2019)

The 4th Graphene Flagship EU-Japan Workshop on Graphene and
Related 2D Materials (EU-JP G-Flagship)

The 8th RIEC International Symposium on Brain Fucntions and Brain
Computer

The ACM International Conference on Modeling, Analysis and
Simulation of Wireless and Mobile Systems (MSWiM 2019)

The International Conference on Information Networking 2019 (ICOIN
2019)

The Seventh International Symposium on Computing and Networking
(CANDAR 2019)

Tohoku-York-Kaiserslautern 10th Core-to-core Workshop on "New-
Concept Spintronics Devices"

Topical Workshop on Heterostructure Microelectronics (TWHM 2019)
When Al Meets Human Science: The 3rd NTU-Tohoku International
Symposium on Interdisciplinary Al and Human Studies

Workshop Spintronic Tohoku-Mainz Lorraine 2019
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Publicity Activities
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http://www.riec.tohoku.ac.jp/koukai/

RIEC News
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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 just
before the Sports Day in October. All the research laboratories, re-
search centers, and machine shops of RIEC exhibits various types of
demonstrations focused on their research fields.

The exhibitions includes 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 2019, we had been making diligent preparations for the RIEC
Open Day. However, a huge typhoon, Typhoon 19, was approaching
just before the event, the event was regrettably cancelled. We are
planning to hold the next RIEC Open Day for two days in October
2020 as in usual years. Your participation is greatly welcomed.

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

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

NFRER - TIFIEZRLGENE

Visitors having fun during handicraft courses

B RIEC News

I hASda 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, In fisca?year 2018, 23th, 24st and 25nd issues were pub-
lished. 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 News is published by the following link.

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

90 | BXUEEHIZEFT = RIEC 2020/2021




BE &Mm245818)
Staff (as of May 1, 2020)

E ) /#=2 Director, Professor

i

u‘i%

Satoshi Shioiri

B3eERFT

Research Divisions

Information Devices Division

B /74T O AMEE Nano-photoelectronics
B Professor B ¥ — Yoichi Uehara

E/ QY Professor* BoH = X Hideo Fujikake

HEHIR Associate Professor i Bl Satoshi Katano

HEHEIE (GR) Associate Professor* A i/ R Takahiro Ishinabe

B EARETFIFMRE Solid State Electronics
B = Professor (f i 7% ) (Shigeo Sato)

#H % (3 Professor* = B B K Tetsuo Endoh

R (G Professor* 2 B B A Katsuyoshi Washio

HEHEE Associate Professor B E — Hirokazu Fukidome

HHR (FB) Associate Professor* @ 2 Takeru Okada

B # Assistant Professor =33 r ik Yitao Ma

FHARE Research Fellow thERRK X & Fuminori Sasaki

B FES/T/\ARAERE Dielectric Nano-Devices
O Professor £ B O Yasuo Cho

OB (R Professor* N E B 4 Tetsuya Kodama

HEHIR Associate Professor ok H OFE Kohei Yamasue

HEEE (3R) Associate Professor* = = = Shin Yoshizawa

By # Assistant Professor F ook R B Yoshiomi Hiranaga

B MERRERETIRZRE Materials Functionality Design
H O Professor H H EF X Masafumi Shirai

ES Q) Professor* H + M =z Kazuyuki Tanaka

H K G Professor* Z Bk =) Akira Ando

R Associate Professor fl #8 F0Zh0 Kazutaka Abe

HEE (GR) Associate Professor* X B B Z Masayuki Ohzeki

HEHE (3R) Associate Professor* = B M & Kazunori Takahashi

B # Assistant Professor o E A Masahito Tsujikawa

By # Assistant Professor woE obnY Hikari Shinya

S iRa S | Research Fellow Tufan Roy Tufan Roy

=] Research Fellow H £ JE—EBR Jun-ichiro Inoue

B R OZYRAREE Spintronics
H O Professor *® R 2 B Shunsuke Fukami

H R GR) Professor* W B x il Fumihiro Matsukura

H K G Professor* Z B BE X Yasuo Ando

B G Professor* = B B O Tetsuo Endo

H K GR Professor* g 3 K Takehito Simatsu

#H R G Professor* = Bk {8 Shin Saito

H OB (R Professor* M H E = Shoji lkeda

HERE (GR) Associate Professor* A B E B Masakiyo Tsunoda

HERE (GR) Associate Professor* R F B E Mikihiko Ogane

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

EHIE (3R) Associate Professor* w8 M sk Kazuhiro Umetani

By # Assistant Professor & B2 Shun Kanai

B # Assistant Professor Justin Llandro Justin Llandro

By # & Assistant Professor® G 8= Chaoliang Zhang

B #H (3R Assistant Professor* R B X Yuta Yamane

FhrARE Research Fellow TN tEAER Yutaro Takeuchi

FHARE Research Fellow + B &m 3E Takaaki Dohi

B SU/ERTI A X - TOCRAAEE Nano-Integration Devices and Processing
E Professor e B X I Shigeo Sato

OB () Professor* =R || A ] Shigetoshi Sugawa

OB (3R Professor* B L & % Masanori Hariyama

TR Associate Professor B OE K X Masao Sakuraba

TR Associate Professor AR = A Hideaki Yamamoto

HEES (F8) Associate Professor* 2 H E A Rihito Kuroda

B # Assistant Professor 1 B 1E Nobuyuki Sato

HEEhE Specially Appointed Assistant Professor & #] 7 Kwansoo Kim

FiiThzEE Research Fellow F A Satoshi Moriya
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B E77/\( AHEE

Quantum Devices

HEHIR Associate Professor X B B E Tomohiro Otsuka
B BTN\ ZARE (BE8) Magnetic Devices (Visitor Section)
ZEHIR Visiting Professor R H =2 — Junichi leda

70— R/\> RITEHIZEE0RT
B B tEEmEsE

Broadband Engineering Division
Ultrahigh-speed Optical Communication

E W
H &
RS
W

=
LN I |
moE N
N S

Toshihiko Hirooka
Hirohito Yamada

Yuji Matsuura
Keisuke Kasai
Nobuyuki Matsuda

Applied Quantum Optics

O Professor

B R Professor*

B R Professor*

HEHIR Associate Professor
HHR R Associate Professor*
B [CAEFEFHRE

£ ] Professor

R Associate Professor
By # Assistant Professor

B Of >
HH &
o ot
B> Ji

Hiroshi Yasaka
Masato Yoshida
Nobuhide Yokota

B RRT A VL ABERITHEE

Advanced Wireless Information Technology

£ ] Professor x W F A Noriharu Suematsu

N E: ) Professor* [ 5 Qiang Chen

IR Specially Appointed Professor > | Takashi Shiba

IR Associate Professor s H =) Suguru Kameda

HEE (GR) Associate Professor* S B E Keisuke Konno

By # Assistant Professor X B Im & Mizuki Motoyoshi

B BERA N L=V X T LHRE Information Storage Systems
O Professor B & [B—EB Yoichiro Tanaka

R (G Professor* I B Xiao Zhou

B R (G Professor* ?F B g ¥ Takehiro Ito

IR Associate Professor Simon John Greaves Simon J. Greaves

B B70—N\Y NMESBMERE Ultra-Broadband Signal Processing
] Professor BE T F — Taiichi Otsuji

ES QA C ) Professor* i U N Hiroki Nishiyama

R (R Professor* * B Tetsuya Suemitsu

HEHR Associate Professor 1 B ] Akira Satou

B # Assistant Professor RSV 4 Takayuki Watanabe

FhTzEE Research Fellow Victor Ryzhii Victor Ryzhii

B EFHIERIFMEE Quantum-Optical Information Technology
E G Professor =W E — Keiichi Edamatsu

OB (G Professor* A A Mitsuyuki Nakao

R Associate Professor = % R = Yasuyoshi Mitsumori

HEE (GR) Associate Professor* A oW % @ Norihiro Katayama

By # Assistant Professor Soyoung Baek Soyoung Baek

By # 3B Assistant Professor* 0w R B 2z Nobuyuki Matsumoto

By # (3B Assistant Professor* & H X B Fumihiro Kaneda

N Human Information Systems Division
B ERBHIERARE Electromagnetic Bioinformation Engineering
O] Professor a b =& Kazushi Ishiyama

G E: ) Professor* o E E Masahiro Yamaguchi

QN E: ) Professor* 2 H b2 Makoto Tsuda

G E: ) Professor* E B 5 & Takashi Watanabe

BB (R Professor* = S - — Kenji Nakamura

G E: ) Professor* % Lk [ Shin Yabukami

HEHE Associate Professor Jia fE—EB Shuichiro Hashi

HEE (GR) Associate Professor* = B % Yasushi Endo

FirEEe Research Fellow = = Kaoru Arai

Advanced Acoustic Information Systems

E O] Professor
HOR (GR) Professor*
O ) Professor*
R (3R Associate Professor*
HEER R Associate Professor*

__\
W
ok |

& W
o O B
&

Ji

i 1R 2

Shuichi Sakamoto
Hiroshi Kanai
Akinori Ito

Takashi Nose
Mototaka Arakawa
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B SRREER AT LARE

Visual Cognition and Systems

E Professor 7 A Bl Satoshi Shioiri

H K R Professor* 5 = B Makoto Yoshizawa

HEHIR Associate Professor E K — KB Ichiro Kuriki

R Associate Professor = m = Chia-Huei Tseng

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

HEHE (GR) Associate Professor* fZF IE Masahide Abe

B # Assistant Professor B B B Yasuhiro Hatori

B #H (3R Assistant Professor* & F W Kk Sae Kaneko

HEBNE Specially Appointed Assistant Professor  Guillen Barja Luis Alberto Guillen Barja Luis Alberto
TR Specially Appointed Assistant Professor ~ Alfian Amrizal Muhammad  Alfian Amrizal Muhammad
FHIEE Research Fellow Wu Wei Wu Wei

B BRI T UHIRE Information Content
O Professor it & & X Yoshifumi Kitamura

#H B (3 Professor* m o = Nei Kato

B R G Professor* B B | X Takuo Suganuma

HEHIR Associate Professor 5 Is M % Kazuki Takashima

B (3F) Associate Professor* fal =R = Toru Abe

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

B #% Assistant Professor E == I Kazuyuki Fujita

Bh Assistant Professor A & Kaori Ikematsu

B E=HRIVE2—T 1 VIHRE Real-World Computing
H R Professor " B E Xk Akio Ishiguro

RIS Associate Professor m owomose Takeshi Kano

By Assistant Professor PSR P Akira Fukuhara

By #H (3%) Assistant Professor* T H OUEKER Kotaro Yasui

B /N AFTREDT TN ARRE Nano-Bio Hybrid Molecular Devices
B = Professor By B 3 Ayumi Hirano

#H % Professor* FME OE X Tatsuo Yoshinobu

O ) Professor* A T B B Kengo Kinoshita

R (GR) Professor* & F B B8 Toshiro Kaneko

HEHIE (G Associate Professor® K M iz Takeshi Obayashi

HEEE GR) Associate Professor* = AR BB Koichiro Miyamoto

HEHEEE (GR) Associate Professor* =I5 B Makoto Kanzaki

HEHEE (GR) Associate Professor* fiic) POE Hafumi Nishi

HEHEE (GR) Associate Professor* m B & 5 Toshiaki Kato

B # Assistant Professor B X X N Daisuke Tadaki

By # Assistant Professor =0 Maki Komiya

B ZRBIEHRAESIRN AT LHERE Multimodal cognitive system
EE - ) Professor* Rk # B 2 Nobuyuki Sakai

B Assistant Professor W x & Kosuke Yamamoto

B FE-Z)AVEI—T A VITHER (BE) Multimodal Computing (Visitor Section)
EEHR Visiting Professor T & & # Shinsuke Shimojoh

B EHEHIT Visiting Associate Professor ANl B — Shoichi Koyama

Systems & Software Division
Software Construction

O Professor X B p= Atsushi Ohori

B B ® Professor* ' R 7 Ayumi Shinohara
OB (R Professor* 1F H =IES Eijiro Sumii
B Associate Professor + F O X Katsuhiro Ueno
HEE (GR) Associate Professor* W H - Kazutaka Matsuda
HEE (GR) Associate Professor* 5 = Ryo Yoshinaka

By # Assistant Professor B oM KR Kentaro Kikuchi
B O Ca—T74 UV ERERARE Computing Information Theory
R Professor hE £ N Keisuke Nakano
B R G Professor* B A X & Hiroki Shizuya

B R (GR) Professor* X B BE—HB Shinichiro Omachi
R (GR) Associate Professor* B OH OE X Masao Sakai
HHR (GR) Associate Professor* 2 F 7 Shuiji Isobe
HHIE (G Associate Professor® g2 A EE Yoshihiro Sugaya
B #% Assistant Professor A B M oz Kazuyuki Asada
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B Oza2=/7—>avxy NIJ—UHR=E Communication Network Systems
B ® Professor EAII )l Go Hasegawa

H OB (R Professor* 5 O O B Hiroumi Saito

R (GR) Professor* 2 R F B Hideaki Sone

OB (R Professor* 8 AR Kentaro Inui

HEHE Associate Professor it 7 an Gen Kitagata

HEER (GR) Associate Professor* % B m B Hideaki Goto

HEE (3R Associate Professor* ®w K bE]| Jun Suzuki

HEHEE (GR) Associate Professor® K K B BB Takaaki Mizuki

HEE (GR) Associate Professor* B M K & Daisuke loka

B REANE L+ 2 7 IER AT LARE Environmentally Conscious Secure Information System
B = Professor A B OH X Naofumi Homma

B # Assistant Professor + 8 Rei Ueno

TR Specially Appointed Assistant Professor  Ville Oskari Yli-Méayry Ville Oskari Yli-Mayry

B VNIV T a4 VTERY AT LHARE Soft Computing Integrated System
] Professor "B E B B Yoshihiko Horio

B LR VLS & R 7 LR E New Paradigm VLS| System
] Professor B & & 5h Takahiro Hanyu

OB (R Professor* T K £ X Takafumi Aoki

AR Associate Professor g H ¥ #; Masanori Natsui

HEE (GR) Associate Professor* *? B B — Koichi Ito

By # Assistant Professor B R B B Naoya Onizawa

ST = Research Fellow SN R Akira Tamakoshi

B FRUSEENRE (F8) Information Social Structure (Visitor Section)
BEHE Visiting Professor /NI e Hiroshi Matsuoka

MBS,/ - A RERHER Laboratory for Nanoelectronics and Spintronics
fERE (B HI® Director, Professor B OFE — Yoichi Uehara

B HER Cooperation Section
HTEMRE B Technical Staff* x H F# & lori Morita

FT—ARERE (3B Technical Staff 1 s A - Rikima Ono

Bif—paEE G Technical Staff* H & @ Michimasa Musha

B REYMOZURAREE Spintronics
ES O Professor *® R B & Shunsuke Fukami

H K (R Professor* W B Xl Fumihiro Matsukura

OB (R Professor* T E R Ok Yasuo Ando

HO® (G Professor* = B OB O Tetsuo Endo

H KGR Professor* g #F K Takehito Simatsu

R (G Professor* m O 1R Shin Saito

OB (R Professor* M B E Z Shoji lkeda

HEE (3R Associate Professor* A B E B Masakiyo Tsunoda

B (GR) Associate Professor® K R B B Mikihiko Ogane

HEE (GR) Associate Professor* N g 2 Tomoyuki Ogawa

MR (FE) Associate Professor* B a8 #M sk Kazuhiro Umetani

By # Assistant Professor & H B Shun Kanai

B # Assistant Professor Justin Llandro Justin Llandro

By # 3 Assistant Professor® & B 5= Chaoliang Zhang

B & & Assistant Professor* T =R = N Yuta Yamane
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B S/ ATREDTF T/ A AFRZE Nano-Bio Hybrid Molecular Devices
H O Professor T HE 5 Ayumi Hirano

#H ® (G Professor* 5 [ E X Tatsuo Yoshinobu

B R GE Professor* X T B B Kengo Kinoshita

H K R Professor* & F B 0 Toshiro Kaneko

MR (5R) Associate Professor* K HK 2 Takeshi Obayashi

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

EHE (3R) Associate Professor* pi: I B Makoto Kanzaki

HEHR (GR) Associate Professor* fiic) P E Hafumi Nishi

HEHEE (GR) Associate Professor* m pE o2 Toshiaki Kato

B Assistant Professor B2 KX X N Daisuke Tadaki

B # Assistant Professor N E MR H Maki Komiya

B S/ERETNNAX - TOCAREE Nano-Integration Devices and Processing
H R Professor i B xR I Shigeo Sato

B R Professor* A Nl A A Shigetoshi Sugawa

G E: ) Professor* B L 2 Masanori Hariyama

R Associate Professor B OE B X Masao Sakuraba

HEHIE Associate Professor L A& = M Hideaki Yamamoto

EEE (3R) Associate Professor* 2 H B A Rihito Kuroda

B # Assistant Professor 1t B £ 2 Nobuyuki Sato

BN Specially Appointed Assistant Professor & 8] ox Kwansoo Kim

MERE (H) % Director, Professor B &£ & 38l Takahiro Hanyu

B 58 - FBURTLHARE Recognition and Learning Systems
O Professor 7 A Bl Satoshi Shioiri

B = Professor kR & E — Shuichi Sakamoto

B VOOV 1—T 4V TEREY R T LRE Soft Computing Integrated System
] Professor "B E E Yoshihiko Horio

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

#H R (G Professor* 5 K £ X Takafumi Aoki

ERET Associate Professor g 5 ¥ oH Masanori Natsui

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

B # Assistant Professor B R B B Naoya Onizawa

B REFIEa—T 4V IHRE Real-World Computing
E Professor a 82 B X Akio Ishiguro

RIS Associate Professor mo B s Takeshi Kano

B Assistant Professor PR Y Ht Akira Fukuhara

By # (3R Assistant Professor* = FF IEKRED Kotaro Yasui

BB 21 tHid BB (S RFE L 2 —

- )/ Director, Professor * W& A Noriharu Suematsu

B EFEHEHEDR Industry-Academia-Government-Collaboration Research and Development Division
OB (R Professor* X W F A Noriharu Suematsu

BEHE Visiting Professor % K £ B Yasunori Suzuki

ZEHF Visiting Professor B OE — Kenichi Maruhashi

B FBEHERZRER Interdisciplinary Collaboration Research Division
R (3R Professor* 7 A o] Satoshi Shioiri

) Professor* B £ & 5h Takahiro Hanyu

L EEESRT e Exploratory Research Division
R (3R Professor* it & & X Yoshifumi Kitamura

HHR (3R) Associate Professor® & H =l Suguru Kameda
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S FU BT TR A A AR

Division for the Establishment of Frontier Sciences

0 ZREBEWRNEHVN AT LHARE Multimodal cognitive system
OB (R Professor* kR # B =2 Nobuyuki Sakai

By # (3R Assistant Professor* & & @ Kosuke Yamamoto

B XY hAOZY X - CMOS BERMEVETE > X T LBFR=E Spintronics/CMOS Hybrid Brain-Inspired Integrated Systems
OB (R Professor* = OB B O Tetsuo Endoh

By # (3R Assistant Professor* 5 = Yitao Ma

TeBEEEE Management Office for Safety and Health
= E G Manager, Professor® A Wb M oE Kazushi Ishiyama

AEE ) FE Deputy Manager, Professor* R ¥ — Yoichi Uehara

By #H (3R Assistant Professor* kB E 2 Nobuyuki Sato

HEHAZEREER Common Research Facilities

PHOENMER AT Lt Z—

Flexible Information System Center

TrE—R @) BE

Director, Professor*

Atsushi Ohori

g E Rt 2 — Fundamental Technology Center

trE—F G/ HE Director, Professor* e B ORI Shigeo Sato

RiTERE (HifTE) Technical Staff *x K 1R Tamotsu Suenaga

N TR Machine Shop Division
Ef—REe (J)IL—78) Technical Staff Pl &8 2 A Kento Abe

Fifr—ieEE Technical Staff 5] H = HBA Yasuaki Maeda

Hifi—hgEE Technical Staff B/ &F & Kana Sekiya

B EHEER Evaluation Division
HiErme (JIL—7K) Technical Staff OB B M Maho Abe

Bifi—hgEE Technical Staff @ 1= Takenori Tanno

Hif—hgEE Technical Staff ot B = Hiroyuki Yagyu

BEABEE Technical Staff E F B — Koichi Shoji

B OtuXE Process Division
RKiiEMEE (VIL—7 k) Technical Staff #& H # 8 lori Morita

Hit—heEE Technical Staff N B O B Rikima Ono

HitT—heEE Technical Staff H & f@ IE Michimasa Musha

W BRI Information Technology Division
iR E Technical Staff ol BT Yuko Maruyama

Hit—mBBe (JIL—TE) Technical Staff 1 B E B Masahiko Sato

BiT—hgEE Technical Staff X H & A Kenji Ota

EFR L HEE R Office for the Promotion of International Relations
L e Specially Appointed Professor NN Bz Ogawa Hiroyuki
EFEEEHER Cooperative Research and Development
IR (3R Specially Appointed Professor* F 7 5L #&t Hiroki Shoji

EHE Administration Office
EHE General Manager = E ¥ — Yoichi Mikami

ERRMEIE Deputy-General Manager Nk BRF Ayako Murakami

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

HEBIRE Chief of Research Cooperation Section 4 H * — Keiichi Shibata

NERE Chief of Library Section Rl *F — Yoichi Uchigasaki

BERE Chief of Accounting Section b O # % Norimitsu Yamaguchi

AERE Chief of Purchasing Section thk B E Z Hiroyuki Sato
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Access
From Sendai Airport
By taxi: About 60 minutes from Sendai Airport to Ka-
tahira Campus
By Sendai Airport Access Line: About 25 minutes from
Sendai Airport to JR Sendai Station

From JR Sendai Station
On foot: About 20 minutes from JR Sendai Station
By taxi: About 5 minutes from JR Sendai Station
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