RALKZE

Flt

Bt

—h
—h
- |

—

il

Research Institute of Electrical Communication

Tohoku University

2018

S5y

—2019




RICAKF B SUBEHTRFR

Research Institute of Electrical Communication Tohoku University

MINA T AF RN L BBEREEREE (1937)
Experimental equipment for AC-bias magnetic recording (1937)

filnEE< 72 o> (1927)
Experimental equipment for Split Anode Magnetron (1927)

* ELEGTRICAL
DIRECTIVE SH

K - FH7 V7 T OMEICRT B

IEEE Electrical Engineering Milestone 58:&5%8  (BRALAR A M)
|IEEE Electrical Engineering Milestone for Yagi-Uda Antenna

(in Katahira Campus)

K - FHT VT ORBESE (1929)
Experimental equipment for Yagi-Uda Antenna (1929)



EPN
CONTENTS

FrRHNED
HIEFrOEY 3>
pa N1
S
HE7OY 1Y MR
BRFZTERPT
1BR T/ \ A AHFEERFT
70— R\ R ITEHZRERRT
NBIER> R 7 LHIZEERFT
VATV T T T THZRERRS
B ERATEESR
F/ - AU REER
TLA > THRRRER
21 HCIESREEZERR > 2 —

=S SRR ORISR B AR
ZREIBRIEEVINT AT LDE

IR T IV —7
POLLPWVERY AT Lt 2 —

MRERERm> 2 —

ZERMEEER

W5 A
RICRFBRUBEMRFERFTLEARS
RICKFERUBERITY >V RI T L
AR 9D

BELH

EEE

[LEREED

B B

Greeting from the Director e 2
Institute Vision 4
Chronology 6
Organization 10
Nation-wide Cooperative Research Projects ~ coreeereeeeeeens 16
Research Divisions
Information Devices Division e 18
Broadband Engineering Division e 27
Human Information Systems Division e 36
Systems & Software Division e 45
Research Facilities
Laboratory for Nanoelectronics and Spintronics ~ sreeereeeeeeeeeees 52
Laboratory for Brainware Systems e 59
Research Center for 21st Century Information Technology — «=sereeereeeeee 66
Division for the Establishment of Froutier Sciences Multimodal =~ +++«+x-eeveeeeee 72
cognitive system
Ad-hoc Research Groups e 74
Flexible Information System Center e 79
Fundamental Technology Center e 80
Management Office for Safety and Health ~ coreereeeeeeens 81
Research Activities
Study Groups on Electrical Communication e 82
Symposiums Organized by the Institute o 83
Periodicals Published by the Institute e 86
Educational Activities e 87
International Activities e 88
Publicity Activities e 90
Staff 91

BLBEHIZEFT = RIEC 2018/2019| 1



FrEDWLNED
GREETING FROM THE DIRECTOR

TAEMENEIZ 27—V 3 VDER] B BRBEMEAOIY 3> TT,
2227V 3 VHABHRRICE D TRDOERISFT VN E A, [ERBERIMIE.
A2 =25—2320DbVAZRECEA. NEOFDRERZBA Bz R
LTEE LT, BRICBFAIZ227— 3>, BREBEIF. ACADSAEE/
B/ LT/ ETORRZELIT . L ZBEMERRERIIRR Z 15k LEt T TOE T, RATIE
EHICZDFEDELBIBFRHARORFZHE L. HOABEDOFEMELRDERICET S
EHRITESAEHROBUICERT 5 EEZBNELTVET,

AFAIE 1935 FORBELUK, WREHPHER - REZIFICHE LIRADER
BEOCEBZIEITHEMREZES, MAZ ) -FLTEL LT, INSOERBED LI,
BRBENHF COMENR L L TEBZMEI L. REDLBLBERHERZIESCHIT
MREREH EFTVET, HARHEEDHIC. MR 7/31 X BEAR. RV hT—
7. ANEIEHR. VI hU 7GR ELRBEERBDFICHIEELZE L. N—FT 7R
ey 7 b T 7RITORE. Mt & OBHIC L ZOIREHEL L HREBOEH
HREHEE RIF TE BRI EEB L TOET,

PSRRI, 4 DOMRERFY. 2 DR E 1 DDV 2—H057% . MRHFIEE
HINGERIC K DARZ. ERISTHNMRZ BisTHRZ. 22— dEFEHEIC L
SRANZSOIEIRNGMRZZ I F O TVEY, HREFIE. REAEREELS

BRBEIRA AT DEBE G HNESHOBRT/ A ZOAEEBIET [ERT/ 1 RFZEEPL. AR
2 A B EHBEEORMARVENESZ 5T/ ADAIHE BT (70— KA R ISHE
Research Institute of  ERPIL. ARIEIBEAEA LIcmE s BRARER fopit, AHOBRLUBEROMR

Flectrical Communication REBIET TARIERS 27 LIRS ROEREES 2T LOBEL. BRILO
Prof. Satoshi Shioiri SOV T bD T TRYRT LEROEEE BIET (Y AT LV T O T TR
Director TY. 2D0RIE. T/ 77/ OI—CE DNk 731 A O R A8 aH -

EhNICHEET B [/ - AEVERRMER ) & REOBRRIMOEZFT B2

EBVATLOBREBIET [TLA >0 27 RBMER]. 22— IdFANDHRE

EEBELEROMRTOY 17 M EHET 5 [+ —MiCIEREEmEREL > 2 —)
ThhY. TNZTNEFICH IS ZHAZRMRL S DEMAZEDEZ E L TUBMIFoNTVEY,

TR XEHFEED SBEREEHEMRNLRE L CHENAR - HERRIROREZR S, FREE. 1127 —Y a3 VHER
MHAseZES | 2REZE O TVET, WRE L TOIEREBE LT NEBOMARELEDDHRATAY 17 MRREERBL CVE
T, BRI AEPEBORESREDHTRE S DEEEHET 2 DEEIFZDORRICENY .. B2 OIS EEOFTMMICHE VTR
BOFHHEZZIT CRRED B EN. TR 28 FELNSEIMDEXELZEHTCVET, HETOV 17 MARICK2BEFEDESKES
oD, WE. B, BFXE. EFEEICIT2EREZREL TCVET, TONRED Y. BEITOI) BEEHEM
LTVET., RFED 1302BA2 70V 17 M 1300 BEBALBEEZFHIENTE, EXREOEE. ERNGEAYET
PHRLEEZTOVTY hEESH, —BORBIEBGEINET,

A CEDZTOY Y MTE 2014 FEL SEDFIREDZEICLY [ ABNHIMORIRICHI FHEERME LS| AIHEZE) B
HYIET, COFBEICEY, REFREBEFICTHIALNEE EDOBRDERNEZ LS| & LTOERZBELET, Eo5lc. fizd
BELIEMERETOY 7 FaFRATREL TVE T, 2010 F 3 BICIEAROBELSRLEG o TETX)VF— - XK hO
ZORERICV AT LY Z—] DMERBEICLYRBENE Lic, RE. HRZ ) — NI 2B ITRIVF—mBEEBERIROMRHER
B BT IMPACT DX =R, AFERERTL Y A7 AMERFEL Y 2 — L EE LEFERGT CEDSNTWE T, 2011
F10BITIE. RAFKEXERITC. PR>YAPROIHICLY [BUBEREHE] DMMEREICKUERBESNE L, FAILKEX
EEEHAMBERBE CEDOSN TS 8ATOYV TV bDO—DL LT KEICRVERBERNTZBRT SHRHERIEFEEED
PTHEENTVET, 2016 FEICIIBROEEZ LW RS edDEBMET OV I b (v BV T 5T 1 7 AR LY 2 —
DARFZOFEMARESISE LCRESNEBZRB L. 2018 FEHLSIF. BOZEEZITCTOV IV M E#ELTVWET, K.
FFDOHRAETOD 17 MARHRZRFEO. 4 KF (FILKFE. BRAF. ARAKF. BEZZAT) ZlURE T 2RFEEEERNT
BERTROON. 2FHl (AEY FAZ I AFMEEARAEF L2 —) D 2016 FEICRES NG ZHEL TVET, ET5IC
AEY FEZ7RIE 2017 FICRICARZO/ERLAF & L CRESNBEOIFRIEROP T, 4 DDA by TLALOHAFRRS
DUEDELTHEBEIFENTUVET,

BXUBEMERIE. BRICEIIT LBREEDOH L R ZRE. FEERIRIC DR 2 EBRIMOANSE & EFEHEIC L 2RAL.
INSZBLIHB EAMBHZBNICEDTVET, BRBETDLDZEETHLOBARES LWA/N= 3 TlRAZTYH
{TedDEHZRF. NBMENZDI21=7r—Y3aVOXRFEECT. AELHRORUICERZ T 27 CY.

BROIEE L e 5T LA LIBRVEILET,

2 | EXREEMZEFT - RIEC 2018/2019



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 be-
tween 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.

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 integration 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
Broadband Engineering Division specifically examines the development of new technologies for the transmission and storage of vast
quantities of data. The Human Information Systems Division conducts research into intelligent information processing. The Systems and
Software Division is developing advanced system software for the new information society.

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

We have been certified by the Ministry of Education, Culture, Sports, Science and Technology (MEXT) as a Joint Usage/Research Cen-
ter for collaborative research in information and communications technology and are engaging in joint research projects with outside
researchers. Thanks to support and patronage, we achieved one of the highest rankings in the final evaluation in our 2nd term, and em-
barked on a 6-year 3rd term from 2016. We are soliciting a full range of joint research projects including those centered on collaboration
with industry, on international development, and on younger researchers. This year we are conducting more than 130 joint research proj-
ects with more than 1,300 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 in-
telligence, 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. In March 2010, Tohoku University established the Center for Spintronics Integrated Systems, where RIEC
members and others are working on a collaborative project between industry, academia and government to develop low-power logic
integrated circuits using spintronics technology with the support of the government’s IMPACT program. In October 2011, in response to
the Great East Japan Earthquake, Tohoku University resolved to set up the Research Organization of Electrical Communication under the
leadership of RIEC. As one of the eight major projects underway at Tohoku University’s Institute for Disaster Reconstruction and Regen-
eration Research, research and development for the creation of disaster-tolerant ICT is being carried out through collaboration between
industry, academia, and government. RIEC also played a key role in establishing the Center for Innovative Integrated Electronic Systems
in 2012 to develop and realize advanced integrated systems on a chip. Furthermore, in 2016, two additional centers were established.
One is the Yotta Informatics Research Center, which has been supported by the government from 2018, based on a project for handling
the “quality” of information to meet challenges "beyond big data” involving researchers from both arts and sciences fields. The other is
the Center for Spintronics Research Network, which was funded by the government to establish a worldwide network for spintronics re-
search. Tohoku University is one of the four key universities (together with The University of Tokyo, Osaka University, and Keio University)
to operate this network. Spintronics is now placed as one of the four top level research fields that Tohoku University leads the world.

RIEC 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 environ-
ment. In addition to providing innovative solutions to problems through the application of ICT, we will continue to work hard to open up
a new era of academically rooted innovation befitting a university and to contribute to the welfare of human beings by realizing a new
paradigm of communications that enriches people’s lives.
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We draw up the RIEC vision based on the institute missions, which would contribute to the Tohoku University Global vision.
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Faculty's Vision (Basic Philosophy and Mission)

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

Organizational Policies for Reinforcing Functions

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

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

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

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

Strategic Focus and Major Policies

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

2. Capacity-building for diverse research activities

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

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

. Promotion of activities as a joint usage/research center

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

. Internationalization and promotion of international joint research

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

classifications of our cooperative research projects.

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

ration and Regeneration

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

. Promoting academia—industry collaboration

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

grams.
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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 includ-
ed the Department of Electrical Engineering and the Department of Electrical
Communication, the Research Institute of Electrical Communication (RIEC)
achieved considerable success in a diverse range of research projects and pro-
duced 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 comprising five divisions staffed by full-time professors, but firmly
retained a system of close links with the Department of Electrical Engineering
and with communications engineering.

During the difficult circumstances of the postwar period, work continued in
the research facilities, which had narrowly escaped wartime destruction. As a
result of the promulgation of the National School Establishment Act in 1949,
Tohoku University was re-established with the status of a national university,
and RIEC became one of its integral research institutes.
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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
Materials) 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 Electronic Engineering building (currently N Block,
No. 1 Building) became an RIEC building, as did the building (currently No.
2 Building) of the Training School of Engineering Teachers upon its closure in
1969. This completed the transfer of all the divisions.

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

In 1958 the electricity related departments of the School of Engineering,
with which RIEC was closely associated, were supplemented by the addition
of the Department of Electronic Engineering. Subsequent milestones 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
electrical, 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 total 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 Depart-
ment of Electrical, Information and Physics Engineering in 2015. In addition,
2008 saw the establishment of Japan’s first Department of Biomedical Engi-
neering, with the aim of fusing medicine and engineering with active input
from the electrical field. In 2012, the Department of Electrical and Communi-
cations Engineering of the Graduate School of Engineering was reorganized
as the Department of Electrical Engineering and the Department of Commu-
nications 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.
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In June 1994, approval was given for RIEC to become a national collaborative
research institute engaging in both theoretical and applied research relating
to high-density and advanced information communications, whereupon it
reorganized into three broad research divisions: Brain Computing, Materials
Science and Devices, and Coherent Wave Engineering. In addition, to replace
the Laboratory for Microelectronics, which had reached its specified duration,
the Laboratory for Electronic Intelligent Systems was established across the
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-genera-
tion global, ubiquitous information communication, an appropriate research
system has been put in place. In fiscal 2004 a reorganization was undertaken
that considered the research time scale, in addition to the research fields
themselves. Research 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
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research results achieved by RIEC within approximately five years through col-
laboration between industry and academia. We have also set up a Laboratory
for Nanoelectronics and Spintronics to engage in research over medium-term
spans of approximately 10 years. It undertakes comprehensive 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 Nanoelec-
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, two additional Centers
were established. One is the “Yotta Informatics Research Center” based on
a project for handling the “quality” of information to meet the challenges of
"beyond big data” involving researchers from arts and sciences fields. The
other is the “Center for Spintronics Research Network” which was funded by
the government to establish a worldwide network for spintronics research. To-
hoku University is one of the four key universities (together with the University
of Tokyo, Osaka University and Keio University) to operate this 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 telecom-
munications. Construction of the new building of 13,513m2, named the main
building, was finished in November of 2014, and opening ceremony for the
building was held on June 23 with the cerebration of 80th anniversary. Building
on the proud record of achievement of our distinguished predecessors and
colleagues, we are entering a new era in which we hope to make further leaps
forward amid the rapid development of information and communication tech-
nologies and the rising tide of globalization.
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Faculty & Staff
TRL304581H3IR1E/as of May 1, 2018
£ Professors 21
AR Associate Professors 21
Bh# Assistant Professors 21
FHARE Research Fellows 7
RREBUR Specially Appointed Professors 1
KB Specially Appointed Assistant 5
Professors
E=psii=] Administrative Staff 14
FATHEE Technical Staff 14
&t Total 101
e R 5 ANEL CPRR294EHE)
Researchers (FY2017)
NEAFEE Foreign Researchers EEHE Visiting Professors 6
BEMEHR Visiting Associate Professors 4
EEEHEMZEE Cooperative Researchers of Private Company etc 7
HAFMIRER RS JSPS Research Fellowship for Young Scientists 9
HAF TR ESANE AR JSPS Postdoctoral Fellowship for Overseas )
[rikai=t Researchers
AL G A -
Efﬁgg%ﬁﬂj\ Invitation Fellowship for Research in Japan 1
TELHIRE Contract Researchers 3
SEEHEE Contract Trainees 1
a5t Total 33
FHR
Students
FAL305E58 1 HIRTE /as of May 1, 2018
. < TEEREIEIAZER ETFHER N -
A T RATTIZTEY e NR (=T A=
L5 I—T—E%mﬂ Graduate School of Graduate School of BB AN 51
School of Engineering ) ; ) A . ; RIEC Total
Information Science |Biomedical Engineering
FEBAEE
Undergraduate Students <7 () 57(3)
B ETHAERR
Master Course Students 73(6) S 8 132(17)
BT RHARAE
Doctor Course Students 71 106) 1 32(11)
THFRP S 2R e
Institute Research Students 3(2) 3(2)
ast 151(15) 61 (16) 9 3(2) 224 (33)
Total

¥ () AEANTHE Foreigner
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Land and Buildings

B ALEMBERAFIT BN1E 15 FRXEMA
Site: Katahira 2-1-1, Aoba-ku, Sendai, 980-8577, Japan

2 EER 14,993m’
FEHEERE 42,257m’
Building: Total building area  14,993m’
Total floor area 42,257 m?

SERR305E4H 1 HIRTE /as of April 1, 2018

i BT B TFE AEETE
Name of Buildings Structure Year of Completion Floor Area
EN-) HE >0 ) — bl E6RE. T 1R 2
Main Building Reinforced Concrete, 6 stories, Tbasement 2014 13,513m
1588 Iy — h AR s i 7791
Building No.1 Reinforced Concrete, 4 stories Building-S : 1962, 1963 !
N 1R
Building-N : 1959, 1960
2518 HEp > ) — MAREE 2
Building No.2 Reinforced Concrete, 4 stories 1962, 1963 7,058m
>/ - AR B SR so0i - 315
Laboratory for Nanoelectronics and Spintronics  Steel-frame, 5 stories '
T LA > PSRRI R HEa> ) — b EERE 2
Laboratory for Brainware Systems Reinforced Concrete, 1 story 1967, 1968, 1972 527m
Sz — > 1) — A g, E
f%aﬂ:l )=k (—ERRE) 282 4986 1.693m?
Reinforced Concrete (partly steel-frame), 2 stories
=37
nETES 1996 598m”
Steel-frame, 1 story
SekE
BRI . 1999 148m?
Light-weight steel-frame, 2 stories
21 A HRBER R 2 — e 1) — b 3pEE 2
; ! 1930 1,343m
Research Center for 21st Century Reinforced Concrete, 3 stories
Information Technology
=37
wETER 2002 435m’
Steel-frame, 1 story
S - DT> 2 — > 1) — b 2P 1981 787m?
Evaluation and Analysis Center Reinforced Concrete, 2 stories
2 ~ 1) — _umgzeermY) 37
e Lt BB U (—HEEKE) TER 2
. Reinforced Concrete (partly light-weight 1972 74m
Helium Sub-Center
steel-frame), 1 story
; Reinforced Concrete (partly light-weight 1965, 1966, 1978 488m’
Machine Shop
steel-frame), 1 story
Z At 2
Others 487m
5t :
Total 42,257m
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Budget
BRUBEMEFRICHSIT B FEDHEFE W Budget Shift
- - ° I 1 B/ million yen
6,000
5,000
50
4,000 ——
3,000 —— 360 20
' 2,988
1,423 1,452 1,558
2000 —— 1,514 ]
1,000 —— —
1,382 1,465 1,398 1,415 1,463
0
FY2013 FY2014 FY2015 FY2016 FY2017
BEERR NI &R MR RES
Operation Grants External Funds Expenses for Facilities Improvement etc.
FHEZENER W Budget Summary BT © FF/thousand yen
C = I’E\ FY2013 FY2014 FY2015 FY2016 FY2017
ategories
EE%’}EM@ AGFE  Personnel Expenses 723,507 795,601 730,537 808,066 835,904
Operation Grants | g8 \on_personnel Expenses 658,590|  668,941|  667,582|  606,599| 626,824
SB[ =
EERZNE B 1,382,007 | 1464542 1,398,119| 1,414,665| 1,462,728
Operation Grants Total
BEMRERmEI®
Grants-in-Aid for Scientific Research 343,824 399,311 422,846 407,902 549,034
SEthfRE
S oned Research 1,890,012 1,007,060| 1,076,220| 1,007,451| 963,585
NEER SimbA B E R
External Funds FIRST Program 1 « NEXT Program:2 660,578 0 0 0 0
& Donations 38,100 16,890 14,490 36,190 40,541
(F548) RO#EE  Indirect Expenses 336,037 | 212,669 219,886| 244413| 220,733
ohEES 5t 2932,514| 1,423261| 1513,55| 1,451543| 1,553,160
External Funds Total
KETEIHZEE  Expenses for Reconstruction 0 0 0 0 0
PBELEZERE  Expenses for Relocation 49,632 359,770 20,011 0 0
R EE{mE Expenses for Facilities Improvement 0 0 0 0 0
PEREEGRRES 5T 49,632| 359770 20,011 0 0
Expenses for Facilities Improvement etc. Total
A =
I?I'ot;l-l— 4,364,243 | 3,247,573 | 2,931,686| 2,866,208 | 3,015,888

% 1 FIRST Program...Funding Program for World-Leading Innovative R&D on Science and Technology (JSPS)
% 2 NEXT Program...Funding Program for Next Generation World-Leading Researchers (JSPS)
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External Funds

B 1 B/ million yen
2,000
1,890
1,800 f--------
1,600 (--------
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0 e A T e I
661
Lo e I I R | e I e T 549 e
423 408
400 344 Sacd ) W WS-l W—  W—
e B B B I I e B I e B e B I
0 ) 0 17 0 14 | 0 .3 o 4!
FY2013 FY2014 FY2015 FY2016 FY2017
| MR EHE REtHRE SR B AR S ke
Grants-in-Aid for Scientific Research Funds for Commissioned Research FIRST + NEXT Program Donations
HNERESMER M External Funds BT © FF3/thousand yen
C$ IE FY2013 FY2014 FY2015 FY2016 FY2017
ategories
M Emie
Grants-in-Aid for Scientific Research 343,824 399,311 422,846 407,902 549,034
SHETE 7T
SEHAR 1890,012| 1,007,000| 1076,220| 1,007,451 963,585
Funds for Commissioned Research
SRR E S
FIRST Program 1 « NEXT Program::2 660,578 0 0 0 0
E‘?Wé’. 38,100 16,890 14,490 36,190 40,541
onations
PN
'I%i:l 2,932,514 | 1,423,261 | 1,513,556| 1,451,543| 1,553,160

1
% 2

FIRST Program...Funding Program for World-Leading Innovative R&D on Science and Technology (JSPS)
NEXT Program...Funding Program for Next Generation World-Leading Researchers (JSPS)
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HET7OT TV MAE

Nation-wide Cooperative Research Projects

70y 7 MFFEOE LB

AHIZEFRIE B EEEDEFICH TS COE (Center of Excellence) & LT ZFDHREE LWL ARIC B L EEAREIZ 1 71—
DESICREBT AIOHICHBEMA - HEAZEHISRE LTRADIIRE B TOY 17 MIREZEIT LTV 5, AZEFROZRDMER
L. BEAREOHEBEMATIEE . AAERFAHE EOHEEMEZFIRE LTWDE TAICEEN G S, RO ROV o

NEAZR) &ld. BHRBEDFICHITBEAM - AT AICET 2R EOHEAERNNADENEHEEDH DS &IChBE - O—F 1 X —
L. 7YV MARELTREL TV EDTH S,

HEZ7AOY 7 MAERIE. FIRAOAREDERMNZESH TEEIN, TS5ICFOBBNESNEZBTCEBIND T EHNHETH S,
CNET. XEFRORBE 7OV 7 FHEDORES KLURMEIE. ERAADE - A - FAITAFE. H - QITHTHERD. RETE -
EEDHERUOMZEEEWRE LT, REICKYITHNTVS,

M7y =7 PIREEHA

HETOY 17 MARDEEDSIC, HETOY 10 MREZEERRUHRATAY 17 bRFEEER. HETOV 17 MEZEE
ENREEIN TV, HATAY Y MAREZEERIE. HETAY Y MARICET 2FELEELZER T 2eHICHIN 3 &0 FH 2
BEFH 5 BDEE 10 BOEBICKVBRENTWE, HETAY 7 MAREEROMEHIE. ARRHR CETEIN TV SHERE
DRHEER LGNS, FRNADERZILIRD, AEFAOENTH S TABMENEIZ 1 27— 3 Y ZRIRT SRR
DFBEIGADHE DERBICAIRNEHETOY 17 MNARZBBNICHEET 5 LIcH D, INE T REHEDASE BERODEZE,
NENDLER. BEOSMCET 2RFIC OV HERET 2 CECHY . BICEEDOBMICE LTI, RF - RFRZREE L THEEN
BRISEITOTECWNS, BB, HETOY 17 MHROFRICE LEEZMEICT O e, NEEEZSHHRTOY 17 MEE
ZERDREIN TV S,

oo HETOY 10 MRROABGERBER D DT ARARAEEDHEICL VBTN TV RHETOY 17 FREEERD
RESN 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.

B R EEEHRS WA okl
Director Advisory Council Outline of the Operation Policy

HEZ7OY 7 FHARERS
Cooperative Research Projects Commitiee P P PO Eae. o ey

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

HEZ7OYz 7 EEERSR
Cooperative Projects Selection Committee
HRONE,/ BERE
Rating of ions / Adoption d

Type A

Type B

Type 5

HEZ7OJz Y FEREAS
Cooperative Projects Steering Committee

!

FHECH /BRI
Budget allocation [ Dally routine business
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Dissipative Infrastructure MD&5t & EIFER

Japan-USA International Collaborative Research on Graphene-Based Atomically-Thin 2D
Heterostructures and their Terahertz Applications

A VEERE(FRDERHIRIMIC K SBUL - ALV H A F =0 RBEICEA T BEA%R
WHIENSRZFIA L7 IV 7 7 ABE RO R A EFERM LT DISAICEY %
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BRI LF TV - AT T )VORFE

BEREZAL VHATRDRAEY O MR DS/ it
BFEIEE BRI BTERT/ 1 A0S

BERT 5T DT /INA ZIEDBZE
IV EFEG S / BEORFEHEE T/ AR LICE Y HE%
£72 high-k/Ge IBIEICE WV TREER 7Ot XD G 12 5T RO
Development of graphene based devices for terahertz applications
Theoretical Study of Nonequilibrium Dynamics of Electrons and Plasmons in Two-Dimensional Electron Systems
Q7SS RFEEALE - BZ1E8R % AL Tz Massive Connect loT DHZE
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Mind and environment interface: Human attention in the brain
The effect of attention on the integration of image components in the human visual system
Social communication: behavworal and brain representations
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Japan-Russia International collaborative research on gated GaAs structures with an array of self-
assembled Sn nanothreads and their terahertz appl\cat\ons
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Nano-Photoelectronics

F/7xbFIL7bOZVR
s E (LREER)

Nano-photoelectronics
(Prof. Uehara)

F/RAFILY FOZHR
WS (F I )

Nano-photomolecular Electronics
(Assoc. Prof. Katano)

Oz, ITXIVF—. BE#ETOEL DERS
/ EDFF DD

OE IR DEREDREED STM FEHDHEDRF

OFf / ZEERTORLGBHUIFNNREZD
TEHGA

OBEKTILHEEDFN « BARFORFE

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 - DFDIEHHE

OB—nFDILZERIG « teEHiE

OF /iEgeEieERF L LCRIBIZ2DFIL
JhOZo X

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.

B EFITFMEE
Solid State Electronics

EFEFinETE

R E (B EHR)

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

OZRTEFHRT /A ADEHEAEETRIL

OFZ7 1>« TN RADEBFEERALIIZE

OARZ Y NEWM XEAHNEICLD T/ TINA
A DFRE

e Multifunctional integration of 2D electron de-
vices

o Academia-industrial alliance study for graphene
devices application

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




SFEF/ FTINA ABZEE W Dielectric Nano-Devices

HEF/ 7R
HENE (RID)

Dielectric Nano-Devices
(Prof. Cho)

OBBHRE (RFDBERFD) EERIHR
F A ERBMEDRE

OISR A BRBEHEE AV BSRESBK
FOERODIAZE

OIFGH A BREMBE AV TRFBME - &
BRI OFHEEDITZE

OB - BaXIHeHFERBEMELEAL
feEREFHRDO R—/S b FO7 71 IU5H
BIDFAZE (SiF, SiC, GaN, Diamond 4t)

e 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 or diamond system etc.)
using newly developed s uper-higher order
scanning nonlinear dielectric microscopy.

IMEBEBERRETIIZEE W Materials Functionality Design

PniikaEssEt
WD (BHEER)

Materials Functionality Design
(Prof. Shirai)

Of—REAB EEHERTICEDGHLLRY
> HEREMR DR AR ET

OREY FOZI XARFILBIT HERCEFME
DIBSHERMT

OXRECHIT B/ BELR T O XD E#
vzalb—r3v

OM# - RFHEEZERFTIT A ZaL—2 3>
FEDORRE

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.

ABF /WAL 27 L
CEDLIES: St

Nanoscale dielectric measurement systems
(Assoc. Prof. Yamasue)

ORFHREZR T DIFEMERRSHRAEER
RT > a X b ORE

ORTFORRE - ST O—TEHEY X T LD
FRERERBFIR - 771 AFHENDISA

¢ Development of noncontact scanning nonlin-

ear dielectric potentiometry with atomic-reso-
lution.

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

1R
WoE 5 BF (PUERAE#R)

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

OnEENE
OXZ&. KEENDERBIE BT
OB—RIEEERRFEDMHE

® Matter at high densities.

® Metallization and superconductivity of hydro-
gen and hydrides.

e Development of first-principles structural
search methods.




EF 7/ APERE B Quantum Devices

BFTINA AHARSE
(K HEHR)

Quantum Devices
(Assoc. Prof. Otsuka)

AEY bOZY AAREZE W Spintronics

T/AEVHETINAR
MRS EF RRAEBR)

Nano Spin Materials and Devices
(Assoc. Prof. Fukami)

OEMEF / &R DB FHMEARE L ERT /1
ETI\A XD

OEMEF / #BEZAVET T/ \ 1 ADH%R

OMEL TINAARZE LT —2BRZFEORE
ICEBMENMEL T/ 1 ABREERRITOD
i

e Electronic properties of nanostructures and
nanodevices.

e Quantum devices utilizing nanostructures.

¢ Informatics approaches in material and device
science.

OREY FAZVAME - RFICH S 2ETF -
AEVEEZDISAHICEY 5%

OREY - BUBMEIFR%Z BV Bt DRI
B9 SR

OF / BMEARRORX PREBED 21+ 2 7 XU
ESERtE
SIEEE - EEBEBHALEY FOZ I XXEY
RFDRFE

ORBHMFRTFOA T - REBERER. M
BUERIIBIS A ICEI T B

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 brain-inspired computing.

F/EBTINAR « TOLIRARE

T/EBTINAMR
MRS (EEEIR)

Nano-Integration Devices
(Prof. Sato)

Nano-Integration Devices and Processing

EFANTORESERL7OLR
MERT (EREEHR)

Group IV Quantum Heterointegration
(Assoc. Prof. Sakuraba)

OFIBETBRMEA T 7/\1 XICET B3

OFBEBMERT /A X BT R

OBZUEtERT I\ ADBBRERERITICEY
B

OBFHIEET /1 RICET BH%E

® New structure non-volatile memory device.

e New structure product-sum operation device.

¢ High-density implementation of devices for
brain computing.

¢ Intelligent quantum device.

OBEE VEFEARICZ2FY v )VEED IS
DEABEERIENE TS X< VD A+ i
ESl Ry iy

OV BEXEFRGEEET\T OEEDEERL
7O+t RICET BHATE

O N BREEFREFATOF ./ T/\1 ADEEL
SMELICREET BHTTR

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.




T/74#bTL 7O AHER

Nano-Photoelectronics

Staff
FER ¥— Yoichi Uehara F® i  Satoshi Katano
E2e) Professor FEHES Associate Professor

¥ HARIEE)

Research Activities

KABFOHETEZILS / A — MUVEEICH IS 5FREME - 1t
FHROFERES /T ML FOZ YT - 7/ ANDIGA
ICb B, £few BROTEOHOHF LWFEDRREEBIEL TS,

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/ JF I MOZUR
MENE | FREGE

EA b )VBEEME STM) OBRHOSHEENS > RIVEF
&Y 7/ sl RFRAYICIIEE L Z DNRIGEZ T T 2 C &I
KW BLDF/IBEDL OMIEZEIREK « IRET B HEHAIICH
WTCIE BEDBIHETAIERE Y ZRTE SRR DMEEILE
SHEICKDERZEZITEN, 0T MREL SR
REERBIDMEE CHRRIND, £fce BF brRIUITKY THz B
5 PHZ [COfe BIEVANRY MVHEETH /&I CiAs5n
Fe DD FIREICE D, &5, LA SNKIE. TO—
TERWTHELCIMIET I ENTES, TOLDGERFREE
BT Lk, BRETLHHDFEN - FRRFHEREREIN
B

W/ EDFIL7 OO R
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EORR, RED SI RIMHDEET 5 CTHAIZI YAV T
DIRFREZEE T Zletdlc. RERDHDFEN—XELEBFT/N
A ADMIEEMEDREBZHAIRY B, STM DBEF b > RILZRBWL
Bl k Y EFRREDELDRFPNDFDOUBEZAT.
TNSIMEERISEFRELIENTZENTES, TDEDITL
TIENBE—RTF - DFOLFH. YEN. EFHEEEE
STM ZRWTHIRY %, Efce 7/ AT —IVREEIC BT 240 F
Wit STM HEADHEIC K Y BESDNCT %o TDEK DGR i a#d
BbERLicLN FFEDFEN-—RETEEFT/\A1AD
BRET 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.

MR STM Z B A e B e REDITEE
Integrated Surface Analysis System with Low-temperature STM
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A=) vdlc k> TaRb s BERILZRRICRIRYT 25177
/OYV—CEBDIFoNTERILY bOZ 7 X SIOWEs
PRE. MMM T 7O XOEME - 2X Seg/NUTICBER L
TW3, Ele, KENEBAR— MEEOEBA VT 5EBS
Internet of Things (loN)l&. ZELFELF—PBET /N1 X
DMRE LD, ZDed. SIIADEZE W EBMET /N1 X
DO EREIIHRNGZRETH D, HEARETIE. AT/
2R (5727 BAeMEERGE) RRVEFREZT /N1
ZDZEICED L, MRH S T/N\A AL TOHENEHIZEREAL
72TW%,

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

¥ EREFIETEARDE | REARR

I 7z 0EIECSHET BDiracEF RN UGaIN/Z EDZRTETF
HRAZRMEEBW T INA ADYEE. BEHFOET BF /5
PR ARG L CEHBICEAN, V27 TV REDFMREFTNE
BOWTIER LIe7 1\ 1 ADBKFEDOBEFRERSHICLTWVS,
ELICEREAMERW Y S 7 1 UiEE - BFIMEHEIEEDR
HFV T VDTECEERCEDTHY . +/MIICLS
IZT7 T UMEORIEE . EEREEARICENIL TS, &
SiCldE. MRS 7N RFEDOBDF v v TEBH DA N
> NEBMXIR DY ZBIh L. F13 7/ 7/\1 ADT /1 A%
FIELTWLS,

1. 7271y RERTFOZARTROEEE

Figl. 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. BREZET/OLX - FHME—BEBL SIRED STM& (L)
Fig2. A UHV-compatible process/analyses system and the STM
image of a Si surface (inset).
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FEF/TINAARREOEN - BRI B—lcFH/70./09—%
B LIcEFHOFEAICET SHROREZRS L. D
MREBHEENEREF T /A ROBRENISHT 2 & Thb, £/t
ITNSDMEEEZE LT, RAZEESBEVAREPFELEZET L
P2 ELEEGERELTVD, Flc, EREPOICLLRFER
DERFITHE - HEZT>(HY . EFHNEET MR ETELRT
RECTDEDIEBH, FEOFREFEFFLEENIHAEL TLD,

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.

O HEEF/ T\ AN | KRB
ANHTIE. BFEEBR. EFBR. TEARMRGEFEMR—RD
SHE - BRNRUZNSEBVCBHEEEE T /1 APEERFDOH
THETOTWVD,

BAEHICIE. BEEPIERT Fe-RAM HICZAEN. FEFOHERE
HOEFE LLVEFBHREER L EEONEN A, BLREZDBR
NEAUEDBED DB DREICER T E 2 ERIEGHFEREM
#% (SNDM) Z#RBEL TV, COBEMBITIHFTFERDOD Mt
BAEEBLTC, BABEDEXEDBDHDTAEREDTMAME
ST AHERTHNHTDOEETHY . BICERAEE TN TV S,
ZDONfReED. RECIFBBEERT 1 F/ A—2%>THY. #
BKICHVTERFOMREERZEM L TV 2, KIEMEA G 2 I$585
BAEHEOBEEBICAVNE, ERRETH > BERERIER
SR ARNDRIBAIREICE 575 . AEMEEISRF BB OFHMEIC &
EEST. SEARECRBIREAETNDREM THS, =RME. SNDM
FSRAA VI VIZT I VT AT L EBWGERERT — 2 A
FL—IICBNT RIEBRCTIFAA VFEEVATIEY bDT—
ZANL=YICEBILTVS (K1 88),

Ffo. SNDM IEBERIENEGEEERT/N\A RITBWTRICT T Y
221 AR FROEREROARLY, F8%kPD R—/\> b FO7 7
TIVDFTRGEICE RERHNZRET S (K2B88), TDLKDIT,
SNDM (38R BARICIR 5 I H e GMREHIENEHB LD DH 5,

@ BBS /WIS 27 L
HIRANE | L8R

TEROBERBEICAPIRERERBFR -« 7/ ADHZEHF
ICHINY 27/ A7 — Vsl i< B9 2 eH5ICER W #A T
W5, BICERECFREICE 2B DRICEDLMEZRT
AT =)V CEEBNICAER B EEIIHFFERRT 2 3 X
PUERENSTO—TJEMEERFEL VD, T, BEFE
L BEOSEMER £ AR B DY L MEE T O — T BliE > X 7 I
ZRFE L. RV AT LZHRE 2 Rz 8GR BB FIME -
T\A AFHEICISA T 2R ZEMLTLS (®3),

= 0 +
aC/aVv
LN BRERE Y b7 — 2K 2 RIEHCIRG

(4Tbit/inch?)
Fig.1 Ultra-high density actual information storage

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

77 A IVDFHA

power MOSFET

2.SiIC/NT —MOSFETD K—/\> b 71O

Fig.2 Dopant profile measurement of SiC

= Dielectric Nano-Devices (Prof. Cho)

Our main area of interest is evaluation and development of
dielectric materials, including ferroelectric and piezoelectric
materials and their application to communication devices and
ferroelectric data storage systems.

Our major contributions to advancement in these fields are
the 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).

3 BB EEFEMERRIHRAEERT Y a X b
1€k % SIC EY5 7 1 > DRFOMEERR
Fig.3 Atomic resolution imaging of graphene on SiC by
ultrahigh vacuum noncontact scanning nonlinear
dielectric potentiometry
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BREDBERT 1\ RITIE. KEDBREZWIE - (F « $TIRT B/
DITHFEERPHIMEET ERABMROFBEEINTWVD, FHEE
DOHEERIUTDES Y TH B, (1) RERBERT /A ADE
BEBDMRPT /IBEICBVTHIREY 28 FYIERR % iRk
ISR 2T &0 (2) 7/ RIEBEDEEIC DD 58T LU MEE =
BI 2D /B8 ERRETT oI &L ) KRRV =2 L—
> 3 VR BRE L FC B S D - BBEDERET AR LT D
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Various kinds of materials are utilized for processing, commu-
nication, and storage of massive data in modern information
devices. Our research objectives are as follows: (1) theoretical
analyses of quantum phenomena in materials and nanostruc-
tures, (2) computational design of materials and nanostruc-
tures which possess new functionalities, (3) development of
materials design scheme utilizing large-scale computational
simulation techniques.

@ PIIEHEESRETIIE D EF | BHEER

BTDBIHEMEACYOBHEAHICFIALIEH LOEET
INAZADRBEBIR LAY FOZV AHEO—RELT. &
A UREHEDZFNZE BT\ A RBEICHT 5 A Kz
BRCEDERMENZ ECAMET —<ELTWVWD, BEMESE
SERICHIT DHMREAEOBREEIC L ZEENT /1 RAIHE
Bis LIEEmMARICEEF LT\ 5, BEEFIEHRSESE (VCMA)
SNROBRIGFEEE T AHEK[ AT DRRITEWVTREARA
RCHB, MgO/Fe RENIr &R MT 5T & T, EEWKIEAME
EVCMAHIRDIBAAEIFICIEONS I EARH Lz, £l Ir
AT KB VCMA DIEXIE. Ir DEAXGEAE VEEMREERIC
Z. Fe-3d & Ir-50 FEDEVEEERIC K Y Ir B A E > FEXTFR
HBEFREZRDCLICGERT S xS,

[T. Nozaki, et a/, NPG Asia Materials 9, e451 (2017).]

W BIRIEAZE N E | AR AERER
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% REABICL SBERRFADFREICEIMIBEA TS, K
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= 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.The enhance-
ment of voltage controlled magnetic anisotropy (VCMA) effect
is required for realizing ultra-low energy consumption mag-
netic memory. We found that the Ir doping to the MgO/Fe
interface lead to enhancement of the perpendicular magnetic
anisotropy and VCMA effect. This enhancement of VCMA is
caused by the huge spin-orbit coupling constant of Ir atom
and the spin asymmetric electronic structure of Ir induced by
the strong hybridization between Fe-3d and Ir-5¢ orbitals. [T.
Nozaki, et a/., NPG Asia Materials 9, e451 (2017).]

= 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.

1: Ir &2 7500 L7z MgO/Fe BRDE T IV (2K MgO/Fe, MgO/Felr
BB 2HKEAETXILF—DERMKE (AK)

Fig.1:The calculation mode of Ir-doped MgO/Fe film (left) and elec-
tric field induced magnetic anisotropy energy (MAE) for the
MgO/Fe and MgO/Felr film (right). [taken from T. Nozaki, et
al., NPG Asia Materials 9, e451 (2017).]
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In solid-state nanostructures, exotic phenomena like quantum
effects occur. We are exploring interesting properties of the
nanostructures and developing new devices utilizing artificial
nanostructures. We will contribute to new information pro-
cessing and communication technologies through quantum
and nanoelectronics.

W EFT /M ARRDE | KA

ERT/ #BEFROBAEFREDBINGIEE S REA. HIEHE
iz B LT, BHRS/#8iElc 1T 537 LVEBIRR DORRBA% &
BTV, KERT/BEICBITE2BEFWEZERT S LI
KU FLWOHRL 7/ XD, BFEZETT> T2,

o
RF readout ﬂ(
&

FEEEF Ry N SO—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.

-840
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Vpy (mV)

-900 —
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LZBEET Ny FRFICHIF 2 BEIRESIE

Charge state control in a multiple quantum dot device
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Our research activities aim to deepen the understanding
of spin-related phenomena in novel spintronics materials
and structures and apply the obtained insights to develop
advanced spintronics devices, where electron charge, spin,
and magnetization in solids are controlled. We also work on
high-performance and ultralow-power spintronics devices
to be used in integrated circuits, information processing
and communication systems, brain-inspired computing, and
quantum computing. Our studies include development of
advanced materials and nanoscale devices, establishment of
novel means to control magnetization with electric current or
field, and related techniques for nano-fabrication and electri-
cal characterization of the developed devices.

FRIL [F « X EFEGRR) S
For further details, please refer to the “Laboratory for Nanoelec-
tronics and Spintronics” section.
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TINA ADBHERE - BIEERELICHB WV TE. IR PRI RS E =S
AL SV IRZERF - AT URTFORE. EFHRELE
HLWRBICK > TEMET 2HREEET /N1 ADBEHE. <hbo
VR EIZ3N T T O AR ORFEZED 5. i 7T. 3XTER
ERERIMOBEF. 77 - TIRET « NV AT JVARIREREE
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In addition to the conventional demands such as faster
operation and larger throughput, low power operation for
low-carbon emission and robust operation not damaged even
in a disaster are required for the development of the next
generation information technology. To meet these demands,
studies on high functional and high performance Si-based
semiconductor devices realized by 3-D nano-processing and
large scale integration of such devices are important research
subjects. We study the subjects such as new transistors and
memories using new materials, new devices based on new
principles like quantum effects, and required 3-D processing.
Moreover, we develop advanced technologies related to 3-D
nano-integration, dependable mixed signal LSI, and non von
Neumann architecture.

G TH « X E G S
For further details, please refer to the “Laboratory for Nanoelec-
tronics and Spintronics” section.
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Ultrahigh-Speed Optical Communication
(Prof. Hirooka)
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e Ultrahigh-speed and highly efficient optical
transmission and signal processing

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

LA FE kI

Broadband Engineering Division

ISREFAEMEE B Applied Quantum Optics
SiEEET7 4+ =R SR S B
e (N\SR#EER) (EHAEHR)

Highly Functional Photonics High accuracy optical measurement
(Prof. Yasaka) (Assoc. Prof. Yoshida)

OHMEBICLZHFBUENT /N ABBREED  OFREHEZELL —Y EBBENFHANDIEA

e DR
OB EHI RO OB/ IVRAE— FRBL - & BREIRE -
O SR TR DI FX A D RSN DG DS

OffiteE SRR DR

e Frequency stabilized lasers and their applica-

e Ultra-high speed control of semiconductor tion to high accuracy optical measurements
photonic devices by signal light injection e Ultrashort mode-locked lasers and their ap-
¢ Highly functional semiconductor light sources plication to frequency standards and micro-
¢ Highly functional semiconductor optical modu- wave-photonics
lators

¢ Novel functional semiconductor photonic inte-
grated circuits
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Recording Theory Computation
(Assoc. Prof. Greaves)

OBRA ML —=IFTNAADY A7 OKX Y
Talb—y3av

OXHHRBEBREN—RT 1 AT RS54 7|
ERSYEA

OMSA R L—IITEVEAY RET A RZD
ofze
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e Micromagnetic simulations of information
storage devices

¢ High areal density hard disk drives

¢ Heads and disks for magnetic storage

e Other magnetic storage devices

Information Storage Systems

SET A L R BER TR
KR 1 ¥ L RBEHH
HR7IEF CGRIN#ER)

Advanced Wireless Information Technology
(Prof. Suematsu)

Advanced Wireless Information Technology

FETAYLARY b T7—=98ik
RN E (REESR)

Advanced Wireless Network Technology
(Assoc. Prof. Kameda)

ORI A VL ABEER 1 Fv TERERD
e

O UK. U7 3 R EHRETRCIFROMZ
ORIWFE-—RTA VLR GEBEREE
71 V%)L RFESMEEER DR
OfXEHEZRAWN O y—> 3> - ¥3—h
Ay =V BEDHE

ONERBIEY AT Ls/ TI\A XD

¢ Broadband wireless on-chip transceivers

* Millimeter-wave/submillimeter-wave IC's

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

e Location and short message communication
system via QZSS

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

OMER BERMETVA VL AEERY b
7= DI

OLHET AV L ABERT « V2 IVES0E
DR

e Joint terrestrial and satellite communication
network

e Digital signal processing for broadband wire-
less communication
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Ultra-Broadband Devices and Systems
(Prof. Otsuji)

Ultra-Broadband Signal Processing
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Ultra-broadband Device Physics
(Assoc. Prof. Satou)

O7Z 77Ny L—Y—0DAlH

OZRXTRTFEBRNTOFSDRIM E ZDHR
BT INIVYHETFT /A RISH

OUZ7x0745v I TS REVONEEZ
DT N\ Y HERENS

e Creation of Graphene Terahertz Lasers.

¢ Creation of 2D-Atomically-Thin-Layered Het-
ero-junctions and their Applications to Novel
Terahertz Photonic Devices.

e Physics of Graphene Dirac Plasmons and its
Terahertz Functional Applications.

OFZ7 2 e+ EEANT OBERD =
R TZAEVICET BRRBLOZTDT S
ANIVYEIR AR T/ NA ZANDISA

OIS 71 VTBH BT INVYEHFERISICE
TRMRELTZDT SANILY L—FADISH

OXBFREF ¥ )7 IV~ 2 DR
® 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.

EFRBERIFHMEE W Quantum-Optical Information Technology

BFHMRIY
FISESY 8 (RRHAS)

Quantum-Optical Information Technology
(Prof. Edamatsu)

BFL—— RIS
IRSE (SHARED)

Quantum Laser Spectroscopy
(Assoc. Prof. Mitsumori)

BFF/74bZ0R
Bz 9285 (Sadgrove #i%)

Quantum Nanophotonics
(Assoc. Prof. Sadgrove)

OFFEZRVEFLONNFOHRE - &
FEDRFE L EFIBRBENDIGA

ON7 74\ HERE, FEEEFIEEZH
WeBFREREBET/ \1 ADFFE
OXFERBWIEREFETAL EFREREE
MORFEEIGA

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

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

® Techniques for extreme quantum measurement
and quantum state synthesis using photons.

OFTBERET Fv MBI 2BERAHEED
P
OB NHAREF DI RV IE DARER

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

e Quantum optics of semiconductor microcavi-
ties.

OF /KT 741\ %= B\ BE—AF RO
OF /T4 b= RTINA ZEBWAHRF
DFFENDISA

¢ Use of optical nanofibers to produce novel sin-
gle photon sources.

¢ Control of cold atoms using nanophotonic de-
vices.
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JOBEY AT LI JER. XA ESLERMORERICZA
SN, TOBZENE - [KHEMZER L. ICT 127 S DRZRE
BRENE LCRRZZRTHRIOREL TV S, Sk BHEICTE
KUK BERE. WOTHLEINTHAIICTHEEICDESR
BERBERINE LTDESEDZ A/ N—2 3 VHARBSNTL
%, AMREE KO-V REBRETER L. BIERE
LOREZELIRRET D, BEER - BARECEF17EDOLY
UIY NEHEAOORER. SLUThSsZBOTHEVIRIV
F—ETERREL S 2HMEES AT LOBREZBIRL TV 2,

Optical communication systems have evolved as a core tech-
nology 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 processing, and by taking advantage of their high-
speed and broadband operation. In the future, further innova-
tion 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 laboratory, we aim at establishing
ultrahigh-speed, large-capacity, highly secure and resilient op-
tical communication technologies that can even be integrated
with wireless communication by taking ultimate advantage of
the coherence of lightwaves. We also intend to develop func-
tional optical systems capable of handling such transmissions
with extremely high energy efficiency.

@ BSENBEREST | EEKES

HEflRoE P EESRBEZII CHLT2ERT/O—/N
WICTH—EXDERBDOHICIE. BR - KBRELEHEEY AT
LOBEOREXRCTH D, ThERAKIC, RoNEREE%E
BMTERT 2. BIRERIAEORVEEARNNES
NTW5, RARDEF TIE. AFDEIZEARICLD 1 Fr IV
Hich) Thit/s OBBERIRE QAM EMFINZ TV 2T —
LY b HmE. BoUIKTNSZRE LICHEER - SMELRx
BMDOMREREED T LD, Flel 56, loT EDHF7E ICT T—
EXDERZREZAC. 7V2)VA—L Y MeEDT7 742X
Y bT=0BLUENAILT7OY bR—ILN\DRREE. HBE
CEIDBEL 2B CBHORE L TRIG T 2FREORHE. 550
ICAb— LY AZMBRE TER LIFHRIGE £ e X7 LD
BlEZEBEL V2,

HBEECBERROKF

Experiment on ultrahigh-speed optical transmission

= Ultrahigh-Speed Optical Communication
(Prof. Hirooka)

Advanced global ICT services such as ultrahigh-definition
video transmission and ultra-realistic communication cannot
be realized without high-speed and large-capacity optical
transmission systems. At the same time, optical transmission
schemes with high spectral efficiency are crucial in terms of
the maximum utilization of limited bandwidth resources. 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 approach-
es. With a view to supporting innovative new ICT services
such as 5G and loT, our goal is also to apply digital coherent
transmission 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 ad-
vantage of coherence.

2048 QAM D —L > FHES () BLXT 19377 71/ \OWEEE (H)
2048 QAM coherent optical signal (left) and cross section of 19-core fiber (right)
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Applied Quantum Optics
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FOBIED AT LIRS = FREBRIITIEINT 21D T /N A A
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DDEHNGIEES T /A AP L—THRDERRZBRE LT
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WFEIC LB BREE - BREETAY. FEEET N\ ADER
REMEL T DBEBIEADISAGE, HLOKILY FAZIR
DHORLZIED>TLS .

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

W SHEET + b Z U AMERE | N\IREER

FEEL — PR BARNERBEN—RE LB S0 T
INA AL ROFTHEREF S CERBRROMEEITO T S, KD
BE. R AR, FREBHRICRS I EDTELFERLT
INAR - HERBEREAERITT 5 LT BABRE - BRIEENE
By FU—VDRFEBERL TV D, Feo FRBICEDHE
BAEHEET I\ ADBIEZBIE L. T/ A LANILH S HEER
BERY NI =V YV RTLEEFL TN EZBELTVS,

O SREENTAMEDE | SHESR

1.55um HEREZEL L — T DR E T DOERENGTRNDE
AR EED TS, E5ICHEE/ UVA L —FORREICERVUBA
TW3,

a, CE_A Modulated
o —=={="> output
® Modulation
n-DBR signal
Up spinu._t Down spin
injector T injector
N
p-DBR Oxide layer
Hole injector

BF AV REZHAEEFICL — T OBR

Schematic structure of spin modulation VCSEL

= Highly Functional Photonics (Prof. Yasaka)

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

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

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

Spin pol. mod.

Norm. response (dB)
o

Current mod.
0 10 20 30
Frequency (GHz)
BERZRAB LAV REZRFOGERFEDTERR (7, | EERE)

Calculated response of the VCSEL for current and spin polarization modulation.
(y,: linear birefringence)
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Advanced Wireless Information Technology
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BERBREEDTAVLBED BICEEPA—/VDRERITT
T INETERCTLORBETCERD ofcA/ VA2 =2y b EDE
B BEGEREDT—2EBEIVT VY DOEXRICLER 515
HEDPRBENL S L LTWS, TV L ABEDRF#E LT
ZOBEHAREBRICHEESTENTE DL XY FT—JD
FHRERLTICECTHHAD T EDNFEITENSED. CDTeHITIE
NE. BB, RUVEFR OEERELIT T EDOBRTH. B
PTH, KERTORTEDNSZBEAEIROSNTND, —7H.
RIS T—2@8MBR TV eIl T—2EHZVICHENS
HEBNGHOTEECTUIES T, TNETULICERICHLT
RN T AV L ABEREMBROENT LD,

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 R B E R
HRAT | A
AAEDF CII ER - BERZRE LIESERBRXY NT—7
DERIFEEBEELT. BEEHNDBINEEDDEWERT A VLR
EBEFAM (Advanced Wireless IT) (ZRE BH5C A (S SILEEEE -
TINA X « REFMHOSBEHR - 2y bT— U HMIESE T,
—BLTHZE - BEZT> TV,
EEMNIBREIE - 7/341 R « REFMOMERELTE UV
CMOS i BWNe BB ARG RFINT =T > 7 - vt A 4 -
SFUEEDHR-BR BN T EY 12— IVOREETS
TW3, ZLTC.TNSDY) AV RFTFINA R T VT T EI 21—
Wiz EDT A v L ABEHRICHNBEEIROFEZ. 7421
EIRFEMERNTCHEET DT Y27 ATy RRF 7F07E
ERDBAZE - BEZEITO> TV 5,
g - Xy b —ORMOMEE LTIE. BEE - HhEGE
ICKDERBEEICHESRAY NT— 07V AKAJREE T 5
TRDAE, - SERE/NMILVTO— RNV ROAVYLRT7 IR
(MBWA; mobile broadband wireless access) DHIZEETT>TL
%o Ffee 74X RET 4 VRIVERE R Y N T — 0 85A]
BEETAHLOE. BfEHE 3RV VLA LAN YT 1L X PAN
(personal area network) DBAZEEIT> TN 5,

W EIETA VLAY bT—
NS | EBREAZRE

KIEDEF T, BEBEZSCHORAEGEEEHNEZE L.

A—FHERT B EELCBICEBBEGRY N T—IN\Y—L LR

7 AReET B, T4V L B ERMOE - BEET>

TW3, FTle. KBEKERICE ISR BEE ARNBEH LD T A

YLRT7 I ZARICDOWVWTOREET T WS,

ot g

Figl IEF2 XMt » 70— RNV RIEBEG R Y T —2 Dt
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.

Radio wave (UHFimicrowavedmm-wave)

ot | Evcosm
o 1
firiad | Channel masariment|

and esbmaton

e e [ o [ Do
vq?o!?

Channel Estimation
Signal Processi

. 2

Fig.2 [KHI7 A v L ABER 1 F v TEZEROMR
Fig.2 One-chip modem LSl for Broadband wireless communication
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Our main interest lies in high-density information storage
technology.

In recent years, multi-media data, such as digital movies and
music, that require very large storage capacities are used in
many internet and mobile communication applications, lead-
ing to a strong demand for high density information storage
systems. The core technology is magnetic recording, as used
in hard disk drives and magnetic tape storage, because it
offers fast data transfer rates and low cost, high capacity stor-
age. In this group we are studying recording methods, devic-
es and systems that use perpendicular magnetic recording,
which was invented at RIEC, to realize high density magnetic
storage. Our aim is fast, low power consumption, high capac-
ity terabit storage (over 5 Tbits/inch” areal density), in which
the size of each stored bit of information occupies an area of
less than 10 nm by 10 nm.

WIERA ML=V RT L
HZE 95 | Greaves EHIZ

WRERICERAENDWEMBOREBZET IV 2l <A
VAWK 22 L= 3 vAMERENS, EREREET VLT
Bfcdlic, BISRY KDl BEDOEL DEERFZ5TET 5
TENTED, R, BRERETIVOSDOAY FHERHH% A
WCL BRI 1L =3 vEFOTENTES, N\ FEBE
DFEHE. ETINZEBL(REILTHIEDNTES,
HOHKT I\A ALETIVELT BT EDNTESD, —fHlld. TIEH
MHREEEB CHAIMA T VA LT 7 EAAE) (MRAM) T
HB, W DHDMDEER 2 ITRT, TOMBREHERUEAT
ElehEy LT BES/ DAV — 2RTAED T A AL
BEEC Y AE. TRIVF—T VA MERERREEDESF SN S,

YD IR

RO ETIL
1 WSS DETIV

Fig.1 A model of a recording medium

= Information Storage Systems
(Assoc. Prof. Greaves)

Micromagnetic simulations are used to model the behaviour
of magnetic materials used in data storage applications. To
model a recording medium the individual magnetic grains of
the medium can be simulated, as shown in fig. 1. Then, using
a head field distribution from a finite element model, record-
ing simulations can be carried out. The design of the head
and medium can be optimised 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 examples are shown in
fig. 2. Magnetic nanowires, two dimensional spin ices, domain
wall pinning and energy-assisted recording are some of the
topics we have worked on.

F 7 91 ¥ —, EHORAENE)

HeEn

i & R AL R

K2 RAVOMXYZa2L—23a >0k
Fig.2 Examples of micromagnetic models
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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.

WBIJO—FN\VRTNAR VAT L
RN E | BEHEE

S UM FSALYE TR AIRET T\ B LT
FDYRT LEFERT B, BAMICIE. SEEAT OEAEED
557 1 T B 2 /TS5 AE VRIBEFIE LIH LS
REOT SAILYEL——PEE F 5> I ORIREBIE
¥, TBI0. CNSHRBABOBTO— KNAY RFAAZ - B
BESHLT. BSREQEEPED - RSO
Bl OBIRAE DT B,

@iE7O— R\ FF/\1 XY
HZENE | i asR

HFIRA - FRERBICE DI UK - 7INIVYIETINA R
DEHZEBIEL. 7/N\1 RAADEFEHERERONEFDEE LD
TR DERRIERIA PRI A 1T > TS, Efe. [ERD
HeRESBEPNEFRER Y M T =7 DT/ ARA1tIC
BV EARBEREED TN B,
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= Ultra-Broadband Devices and Systems
(Prof. Otsuji)

We are developing novel, integrated electron devices and
circuit systems operating in the millimeter-wave and terahertz
regions. IlI-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.

-~ = #1, 200 GHz

E:n © 42, 292 GMz
£ W V=V, =0
é" %, | & 300K
g .

A3 A8 o8 46 04 02 00
Gate Voltage Vi, (V)

BREALT ST 1Y SV I AR L—H—FKF (DFB-
DG-GFET) DEFEAMIREE, FISHRH & Q BRATHER.
B—E— F7 IV L—F—RIRDERER
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.

I3 71 ZERZRTRFEEAT ORSICHITS
TA YTV RMIB S RIVEL BT IANIVY BAK
HOBRER

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

IR/ ZER T — b InP-HEMT DT SV YRR
B, BFEMETE. REREDRER-R
Operation principle, SEM image, and measured

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

O EFABRTY

MRDE | BARHE
BFEONELOROETFIERE L BT HRBEEIN. 377
K- SBEETBEEAVETRIREET/ (A, EREFEH
R - SIEERORRBRET> T B,

VEFL—F—DXTHF
MRDE | =FRAEHRT

FERETHEEICHIT 2BETFREDAFEEDBERES KUNXEYD

HORAZITV. EFERBEORBICEITI AT /INA XDHEF
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WEFH/ 7+ ZUX
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ETFHRCAHNRFOREDDDF/ T+ =T AT INA XD
ARZEREL TS,

Unpolarized (.*.1
Single-photon e, ¥¥
emission %;_..‘-‘

1. ZAVEY RRORFHIRME N R0 ZRVERE—CFHRE,

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

= Quantum-Optical Information 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

= Quantum Nanophotonics
(Assoc. Prof. Sadgrove)

Development of nanophotonic methods for the manipulation
of quantum emitters and cold atoms.

Right polarization
response

@)

Left polarization
response

Q-

Gold nanoparticle

MNanofiber

Laser
illumination

2. TIHT7AIN= - &F /HREEEDRNEDHAZ ) 7« DEERE,

Fig.2 A gold nanoparticle on the surface of an optical nanofiber is illuminated by
a laser, and the scattered light enters the fiber. The output intensity (shown
by the spheres at either end of the fiber) depends on the light polarization,
and is different for left and right sides of the fiber, that is, it exhibits chirality.
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ERBRITHRMZEE & Electromagnetic Bioinformation Engineering

EHERIER
MR E (RILEER)

Electromagnetic Bioinformation Engineering
(Prof. Ishiyama)

EEERAE
W5e 5 (FFAEEER)

Electromagnetic Bioinformation Materials
(Assoc. Prof. Hashi)

OBsREMA T

OB B KBRS
OXAVOMR 77 F1T—4
OB S AR ERERMR

e Super high sensitivity magnetic field sensor

¢ High-frequency electromagnetic measuring
system

® Micro magnetic actuator

¢ New medical equipment using magnetic

O/ ¥ L RS>
OReE R
OTRIVF—FRST I\ R - BEEH

IV RAT s

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

entni FSE

_

NIE TS AT 4

"]

Human Information Systems Division

EIREIERY A7 LHZEE 1 Advanced Acoustic Information Systems

FIREIRWY AT L
R 5 (BRAEER)

Advanced Acoustic Information Systems
(Prof. Suzuki)

BR - #BSRERRVATL
R 5 CRAAHHER)

Auditory and Multisensory Information Systems
(Assoc. Prof. Sakamoto)

ORIWFE-ZIBEDRRUEDL 3RTEZRE
BRI RBRR DR

OBEBIEEER (active listening) HERICEDC 3 X
TR T « AT LA RBARFIRE X T LB

OREEREBRICE D BERESERED
R

@)1
fi#BA

BEMHEDOEREAMEERBABED

e Spatial hearing process as a multimodal per-
ception

e System theory and development of 3D high-
definition auditory displays based on the no-
tion of “active listening”

¢ Development of new theories of acoustic digi-
tal signal processing.

¢ High level cognition process of the sense of
presence and verisimilitude

OBRERUEEREANRIFERLIBEREZDHE
O3nxEEBEROBEME Y VIV AT A
DIER
OBGRE
DIEE

BROLBICEDCEEBRI AT L

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




BIRBIEES 7 LR
BRERER AT L
MRS E BEAHR)

Visual Cognition and Systems
(Prof. Shioiri)

Visual Cognition and Systems

R Reitkae
W (RAHEHR)

Cognitive Brain Functions
(Assoc. Prof. Kuriki)

s Sk
WIS (M)

Attention and Learning Systems
(Assoc. Prof. Tseng)

ORFRTRDE BRI & ZEFEDORE
ORBESHIH & REEEMBOET /L
O3RTTEBHDTH, P, SREEFEDHRZE

® 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.

ORMDEERKRICET MR
OBRFEFERODYUAN TONEE « AT DR

® Representation of color information in human
brain

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

OBHEBFBDANZALEETIVE
OZREMELFE
ORMEDFE L EBAN

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

RERAVE1—T 1 VITHAEE
Real-World Computing

RFIAVE1—T1VYT

MADE (AEHR)

Real-World Computing
(Prof. Ishiguro)

RHRYEETI VT
R DE (hNNESER)

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

OBKXBHEEY 7 hARY ~OHH

OiEfFeilEx RiT. F17. EGICHT2ER
par Gl

OZEZFLIRSBEVDOERREBOIFHER
ERRT 4 7 ANDIEH

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

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

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

” ---fi',/

-

. 0@oEo

O@EY A7 LOBEDHENICEET 25
OBNORRA A ZXLORAEEORY b
DISAICEY 55

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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Information Content

AVR39747AVT0Y
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Interactive Content Design
(Prof. Kitamura)

T/ NATAREDFTINA AARE

Nano-Bio Hybrid Molecular Devices
T/ NMARERFTINAR
AR5 (FHHR)

Nano-Bio Hybrid Molecular Devices
(Prof. Hirano-lwata)
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¢ Dynamic and Adaptive Spatial User Interfaces

We are designing novel spatial interfaces that

dynamically adapt to users activities by using

situational awareness technologies and robotic

displays.

Interactive Content Visualization with Emerging

Algorithms

We propose new visualization techniques based

on emergent computation in order to display a

large amount of data interactively and dynam-

ically according to users’ various demands and

situations.

3D Motion Sensing and Interaction

We design novel real-time magnetic mo-

tion-tracking systems using multiple identifiable,

tiny, lightweight, wireless and occlusion-free

markers, and explore new possibilities for 3D user

interfaces.

Block-based User Interfaces

We build novel building block systems with em-

bedded-sensors to visualize and classify children’s

playing activities for behavioral assessments.

Kinematics-based Content Manipulation Tech-

niques

We design effective content manipulation tech-

niques (e.g., selection and scaling) for various

screen types based on kinematics theory and

users’ real-world experiences.

e Interactive Drone Content for Entertainment /
Wildlife Symbiosis

ZREFRASRMNS AT LHARE

Multimodal Cognitive System
SREFBRSRMI AT L
MARDE CRHHAR)

Multimodal Cognitive System Group
(Prof. Sakai)

OKE - BEZHOLETHEEE
7 LODERRICET HHIZE
OZREBRAEDERICHICET 2%

RG> X

¢ 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

OANTHBEREICE D T/\1 ADBFE EIGBIC
B9 2%

OF / BERDEERENA A HISHICEY
SR

OFEMRMEE BUO A THRERAICRET
BHi%%

O%FEDF - HRLEREDET) V7 ICEBT %
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OZRFTNAFHRHUCEDLCBEF - 147N
A ZDEIFICEET 5T

OBHN S VI RBERWVETZLFYTIVT N
A AT BH5E

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

e Fabrication of nanostructures and their bio-
sensor applications

e Construction of artificial neuronal networks
based on cultured neurons

* Modelling of biosystems and neuronal circuits

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

¢ Development of flexible devices using organic
transistors

it
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Electromagnetic Bioinformation Engineering

Staff
Al AE  Kazushi lshiyama #F 1E—BR Shuichiro Hashi
BI% Professor HEBIR Associate Professor

M #EZE  Yoshiaki Hayashi
Bh#L Assistant Professor

W HAZEEE

Research Activities

FEREDBWIAZ 27—y avaERIL. SHROEDBERY X
TLELTDIRTS EZBIET HIcdIcld. ERDODRT 255%
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ﬁtb?ﬁz\%ﬂb%%mﬁgﬁ%¢5t®®ﬁnﬁ%bH
Thb, TDHICEHMRETIFRE. ERDET 2 EREZIT
R Y TRIE S UICERICEENS ZIT ORIET S
MREHEL TV D, INSDEIMAREZELCT. EHEDRY
BAZ 27—y a UEMOELZBEL. [FRBELUICER
BHDEFICEML TP <,

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

KRRNHF CHEIN . MOTHEVRRDHEEEZE T 20EK
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BET 2L E L TESIC—BDORENED SN TS, £z,
ERICEBEDNTEITDCOD—DDFEE LT, TAVLRTY
Fa1I—42 -IE2L—2—OREIEHEL TS, Td4E
EATEMET 50Ky bERITT 2 HDOBEFZEBRRIMD—D
THY. TOEMO—ERIFTRIEOHIAHEHA T RN DEE
RNBITD AV L RRY TORFED, BIHmAATEREINSH T
CIVBEARBEZ HEERNTRE S 2o DFEE L TERLMH
RHEHSN TS,

O ERBHUMBREDE | FEHER

EREPRUANFICBVNTE BEYAE. V/N\EUESEMELLC
IO, BEE b‘DiF}ﬁﬁi‘aTEﬁSP\]%@ﬁ/J TERCEIEE Y
TIVE A LICEUSPIREG R ORRED R EEN TV D, K%K
NETIE, BEPEESZRE L. TOBERE IFEAR - IFEETE
DHILTEY BRRICEREIFOSIBE b L —XZRJREICT 5. 7
AV LARBR LYYV TV AT LORKEEHELTWD, T,
INSRt >y  JICHIBRIREG . HEEIERIEAM R DFIFE->1F
ROEICEET BIFZRIC DOV TER VA TV S,

BEEF v ) TESERH R
High frequency carrior-type thin film magnetic
field sensor

oyl E i

pump

FTRIBHAHBDAT OB T A VL AR T

A prototype of wireless artificial heart assist blood

= Electromagnetic Bioinformation Engineering
(Prof. Ishiyama)

High-frequency carrier-type magnetic field sensor, which is
developed in our laboratory, obtains the world-highest field
sensitivity in room temperature under the works for materials,
micro-fabrication techniques, controlling the magnetic prop-
erties. This sensor is studied for sensing system for bio-infor-
mation. As one of the approaching system for human body,
wireless actuators and manipulators are investigated. This
technology is important for a basic study for robots working in
the human body. A part of this wireless driving technology is
applied for a development of completely embedding artificial
heart assist blood pump and a motion system for a capsule
endoscope working in the colon tube.

= 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—YavF v TF vV AT
Wireless magnetic motion capture system
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Advanced Acoustic Information Systems

Staff

A F— Yoiti Suzuki 3K fE— Shuichi Sakamoto &
Eecy Professor IR Associate Professor Bh¥

Jorge Alberto Trevifo Lopez Jorge Alberto Trevino Lopez
Bh Assistant Professor

1EZ! Zhenglie Cui

Assistant Professor

César Daniel Salvador Castafieda César Daniel Salvador Castafieda 258 2 Fumitaka Saito |«

FHEBhE Specially Appointed Assistant Professor ~ FIEE

Research Fellow

W HIRIEE)

Research Activities

FIRE B AT LARER. BERRORIVFE-ZIVARERE
HRILEBIZICE T 2R L. TOHMRZRVI(RELEEE
BYAT LPREGEREZRFT 27HOME. EBITET AT
LEBOEREG ST VR IVESLEBORIRICEY #HA TL
%, INOSDIAKIE, BEE - BREZERIT TR BR-BiE:
BFLFE EOICIIHRAIE BREREIFDETEELDEH
o EY - AEY - LEFREOMONFLLEREET S
ICE D 2 F BN MEERS-E 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.

W EIHERIRY AT LARDE | SAEIR

3RATBEBMRZIL CoH & LICRRIBERUIEEIZD MR Z HEH
TV, EYDIF. ANBHLEERES R EDBEDEIEICK AR
WIC 3 RTEEBEEGT 5 [6EBBREY [RIBICED (AR EH
ELTWD, e BONHARICEDVW I BERSREEEREY
AT LPREG 3 RTEEB%ERRT 5HDBHEM 3 RTlRE
T A AT LA DBREEED WD, INSDHFKEBL, Thi
THRBETEROIC. BEEIBEROPY &Y EFIREET I/~
YIVEEY X T LREOREZEEL TV S,

v BE-EERERRY AT L
MRS | RAEHRR

REEEENEL. BOEPFOEZEHMELZ L. BEBR &
UBHOBRBIERNES L (HFEY 2RE T COABDHEER
IBETEZ DIREFHNEFEAEZRVTHIAT 2L £8IC. TOD
MEZERLI. BBl 3 BBy Y IV AT LYV
FE-AIBELE AT LEDEEERV AT LOBE - 5E
{LICER ATV B,

157ch DEFRAC—HY AT LERBWN T Y EY 2y 7 AiBRElE2EBLE Y AT L
Accurate sound space communications system based on higher order Ambison-
ics by using 157ch loudspeaker array

= Advanced Acoustic Information Systems
(Prof. Suzuki)

Basic studies are keenly conducted to gain a deeper under-
standing of the perceptual process of hearing. In particular,
three-dimensional (3D) spatial hearing is studied under the
notion of “active hearing.” This notion treats 3D spatial hear-
ing which considers listener's movement during hearing. With
this knowledge as a basis, we aim towards the realization of a
‘comfortable’ 3D sound environment. A notable application
of this research is the development of 3D auditory displays.
These systems are a critical requirement for the realization of
universal multimedia communications.

= Auditory and Multisensory Information Systems
(Assoc. 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 |

" ool Sid®
NBAEOBEIIEBL, BESAMIBICK > THREMICEEL 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

BA  # Satoshi Shioiri ZAR —BR Ichiro Kuriki
Ee Professor HEBIR Associate Professor
= & Chia-Huei Tseng PE B Yasuhiro Hatori
IR Associate Professor BhE Assistant Professor
£F Wk SaeKaneko

BhE Assistant Professor

W IR

Research Activities

FARZETIE BEREIC DV THICEERDEE DR L SERK
L. ZNICEDCABIZ, BRIFEENDISHANEREZ B8
ELTWD, ANEDORERMZ NS e DOIBYIRFHISRER %
DICHHEEERAIE OV Ea—42EY 3 v 7 JO—FZRAEL
T BRICKZDZEEME, IAEEH. TRICKDRREEDET
IV, RAMEREHEICEIT 25 E LT W3,

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.

@ BRRRERY R 7 LFRHS | EARE
REOEFMEZ o, IEE, EEEICHIT HETREEE.
FEBEHERL. TDETIMEZRBL T, ABORBEZER. Th
Y 5 AT LDOEREBIEY, £fc. NEDESMAELS
L. B Isiez2gL. E7/MLEREY. h
SOERICEDE, BIREROFNM. MEMNER. REBOE
VAT LOBRENDERT 2, ol HBELHEDESHIE
ROBIZZEFND LD S FRABERE T COABDRERHP
TE7E TRY 2T DIRZERICE ) A TS,

W MNERAEREAZE D EF | BACEHIR
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BOBRNBHAEZBRT 5 T HADIFRKRIRPIERLIEIC
I 2ARISIEBICEERETH D, &fc. MANTBEYICRIRTES
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RIERDETHECET 2TREEZALTENTES, TIT
B4 HMBICET 20BN AR REEIOAIZ T
L BAFEERVNSEICLY . REICET A TOERDLIEIC
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EO&SICHELTOBONEERL, ThEORRICEDE, i
EOEREFEOEER LY B BOISANEREERT 5,

SSVEP: TE & B4R T 35 56 b K
ERP: 35 52 B A 5

AR T, BEREE RS EICHFREINDOROAICE T, EHOUBICHIS
BABMREREFICEHR LFRDLOY ARz, SSVEP &, FRZE A B % i
2. ZTHSHNBIC LD > CEEDMBMELITET I HDITH LT ERP D P3
EWVSHNTIFABMBOH CAEGMREBHTENTE, ZOEAEDBERIIGLA
MEIENTLN 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 understand-
ing the mechanisms of visual perception. Moreover, presenting
visual information in order that the visual information is suitably
represented in the brain can provide the way to display proper
visual information in information and communication technology.
Here we investigate the brain functions of visual perception (mainly
on color perception) using brain-activity measurement and analy-
sis 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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ADRBERINBA D X LZBND, ZORER. EOLSBTERERLM (= AR)
ICEDTIRVRT VDN EVDITERMESN 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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Information Content

Staff

R EX Yoshifumi Kitamura B Mz Kazuyuki Fujita
E6d Professor BhE Assistant Professor

BlE F1%  Kazuki Takashima
Bh#L Assistant Professor

W HIRTEE)

Research Activities
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Our research explores interactions between people, content,
systems and environments in order to build a world that is not
only smarter, but also one that is happier and better integrated.

WAVESUT«TAVTY
ETDE | AR

BILEREIECHE LT REPA 74 RBETHIEEEEE/
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ENEDBIFGEMFREEZ 2T LIZREOFELH>TVET,
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EDRTTHEL. BOEYDHS5ZEDEAVT Y ERA. T
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= Interactive Content Design
(Prof. Kitamura)

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 ar-
tifacts, physical 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 communication. We focus on content design to
enhance living.

LB Trterface®
with BlockEnad World Tree

—

o
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Real-World Computing

Staff
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Research Fellow
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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.

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

T/ NAAREDFTINAARRE

Nano-Bio Hybrid Molecular Devices

Staff
¥ ES  AyumiHirano-lwata BAR Kf Daisuke Tadaki
Eec Professor Bh# Assistant Professor

NS A Maki Komiya

=] Research Fellow
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Research Activities

R L TR ENA AT U T )b, Bl E DR AT
K. BRIERNIBERIEEICT BF/ AT—)b. DFRAT—ILD
BRATZTIN\A ZDRFEEBIRY ., FEAMEMN TRMAR Ao
=20l EQEERRICHBT AT HIVNAFILY b+
OZ7R, BHEMEICEDC VYR ET>BETIL Y O
gA. F LT, EEMEEES CHRRIEAEEY Eif. oL
CHDBRLESETANAATILY FOZY ADMHEREESD T
W%, INSDT /1 AISBERBEV AT LEFEERIRETH Y.
BEAEOOHDOFRIME LTERTZTEEBEL TV S,

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

L TH - X E R S5
For further details, please refer to the “Laboratory for Nanoelec-
tronics and Spintronics ” section.
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Multimodal Cognitive System Group

Staff

I 182 Nobuyuki Sakai A 588 Kosuke Yamamoto
% (R Professor* BhE Assistant Professor

W HREE)

Research Activities

BRUBEMEADNCNE TICBEBLTERLY 7 M7 PARB
BRICET 2ARREL EOICHR I Y. ERITO > TBERE
ERHDOMEE KL LT 2T DI NEF DRRE AHZEDEHF D
BNET 2, EXEEHMAFRRELNL S Bi5Hk. BEHSE
MEDHESLOFR 16 FEDOUE CTRESNIREICET 2H
BAFICMA T, /R BE. BE. BE. REOAKITNTOD
TBERE RS DI EREBNARZIT O AARNFZRET 5
LT, SBERBEDES T EDFRENSBEREEDHZE
5L, HERICKECEMT S LZBET. AARDFIESED
BRICHE R TCOBROEFTMICHITHEEMED 5. BXUBEMRE
IS FE ARG CMERR & L b ey 210> T 7+
RT A7 ARV 2 —EDEELBEL VD, TRV b
DIEEITIE, KT - IREEOHRELIFTEL EELSD
MRE - KiiEZ2Z < RIFAN. FHEDTF CRONAHAR « 4
NEEEIE. BFERBEEFRVOEFHEFR. HERFHE
FRLELETEXRTHRIITHEL BRY AT L, BR - HARE
BEGE BEERNLERYT 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 [EFHAERT R A B [FHAE s> X T A
DE) S

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

OxERBEETOY S 558 SMLE DR

OBfE8EWeb 7005227 DfeHDT L—Ls
=7

O/ A L DFRIBFRIREE

OF =4N=R&ETOT S IV T SBOMKE

¢ 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

aAVE1—T 1 VIV EREBRARE ——
B Computing Information Theory
aAVEa1—71 2 JRHRER
MRS EF (hEHER)

Computing Information Theory
(Prof. Nakano)

SIEEY I b TRRE
A5 (L FFE80%)

Reliable Software Development
(Assoc. Prof. Ueno)

OxERBEETOY S > 558 SMLE DR
O7073 2> 7 SBIEERDFRERTi
OXB7OY S 3V ) EBOFAEHKA

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

¢ |Implementation technique for programming
languages

e Formal semantics for practical programming
languages

W5

Systems & Software Division

dZazZh—varvzxy b7—2HzE=E B Communication Network Systems

479z bAZ225—
RS EH (K THIR)

Intelligent Communication (Prof. Kinoshita)

vav

ATV bRy bT—Y
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Intelligent Network (Assoc. Prof. Kitagata)

ORBIHEE LFUOARF — b b OB
o705 LEMB LU T DTS LIREE
OFEAERIC L HEREERDOEIL
OREFREICESHEDETEHS PIRR DR

¢ 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 A N—HERDBERER (FA/N\—217)

ORIVFI—IzVbTL—LT7—0 /F5tH
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e Software Infrastructure of Cyber society (Cy-
berware)

* Multiagent framework / Design methodology

* Knowledge-based communication services /
User-oriented networking

® Agent-based/Knowledge-based/Network-
based systems

OMBEERY bT—0ZRILo 7 /ISBY 7
FoTT

O/fmtExy b7 —F> 0 /My b T7—F
i

ORI+ 2 X —EXEH

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

® High tolerability networking / Intelligent net-
working

e Next generation ubiquitous service infrastruc-
ture
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B Environmentally Conscious Secure Information
System

RERMEtF 1 7RRVATL
MRS (RE#HER)

Environmentally Conscious Secure Information
System(Prof. Homma)

VI hAVE1I—T 4 VIERY AT LARE
B Soft Computing Integrated System

VYIbAVE1-T4 Y TRRYATL
RS T (ERHR)

Soft Computing Integrated System
(Prof. Horio)

Ostse - BEREDO/N\—FU 7 7))L X s
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OBHIEREF 1) 7T« DEFREISH
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e Hardware algorithms for high-functionality/
lightweight cryptography

¢ Design and evaluation of embedded system
security

e Electromagnetic information security

e Environmentally conscious information pro-
cessing technology

OML A+ 20 A% 7EA LT IERWEVLSI>
AT LDOBFEEZDINAICEY 5%

ORALT 7O VLSIERORSEICEE S 25158
SRS E Y X T LORE LT DISAIC
ESERtTE

OFHBROERTRZ BIgTMIEVLSIV AT LD
FFICE Y 2%

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

FBER VLS| > X 7 LHAZEE M New Paradigm VLS| System

FBLZVLSIZ R T Ls
MRS E (PEHR)

New Paradigm VLSI System (Prof. Hanyu)

HSVLSITH 1L >
HAED T (FHEHIR)

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

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

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

® 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

OPVTIESDET U —VLSIER/ 7 —F 77 F v
|99 2%

OBEREESEEEEVLSIE®E/ 7 —+7 7
F v BT BHAR

O@ft 7))V U X s & Z DVLSISREH S A
ICBI9 2%

OFBERVLSIY A7 LOsRET T IR T S 9T

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

e Self-adaptive system for resilient VLS|

e Optimization algorithm and its application to
VLSI design methodology

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

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

O VT MU ITERHAEDE | KIEHE

BIEEY T MU I T ENELCEERT EMOBIIAEEL. 7
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MOMFEREIT> T NS, ERFTRE LT, /31 )LiETE% 5
THERZA AT EICEBOVIAIV7 LT RLBHED 25D
BEHEROE., KEDERE T —2N—XHFEL7a7 >
S VUEBN LY —LALRITRIES BIBERILBERDIZRZ LT
BUJEATNS, T5IC, EFEEZEBLT. AR TOI 52
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v EERY T U T THR
FREEDE | BRI

BEEIOVIIVIEREERAL L. BWMEEELLEEEER
9BV VI TRERREERRT S, A2/ SOBR
i, RRAY T U T 7R EZ A S SEREICET 2R E
ToTW3, EFHICE. BEETRI SV EECIILFD
TIOUS IV ERRT Z2EBN AT EEAROMRE. Eix
SECEMETOTILRT—2EY—LLXICEEEES
HEEREOHER. BLURBRKROTOT SV EEOER
HERRER DRAZE G SICE A TN 2,

type pthread_t = unit ptr
val pthread create = _i_mport “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 .NULL (),
fn _ => (f (); Pointer.NULL ()},
Pointer.NULL ());
Ir
end
fun join t = pthread_join (t, ref (Pointer.NULL ()))
val r = ref 0
val t = spawn (fn _ => r := fib 42)

SML# DFetmtEE © <ILVF AT EDRA T4 TALw FHR—F
SMLi# feature: native thread support on multicore CPUs

= Software Construction (Prof. Ohori)

A key technology to enhance the reliability of software sys-
tems is to develop a high-level programming language that
can directly represent various resources and can automatically
detect potential inconsistencies. Based on this general ob-
servation, our research aims at establishing firm theoretical
basis and implementation technique for a reliable and flexi-
ble programming 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 compila-
tion.

= 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
: hit rootset .
| Srtlj?:pn?e? I.I enumeration .'I |
M4 e . >
snooping | | |
barrier | | {
| H1 | |
| )
M2 : ,' >
| |
II II
|object | segment
| trace | reclamation

PRESYNC1  PRESYNC2 MARK  ASYNC

ATV bedE— LEVERILTT GC 7)bdYU X
Highly efficient fully concurrent non-moving GC algorithm
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Computing Information Theory
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B Professor
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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 burden
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.

W IVE1—T 1 U ERER
D E | hEFHE

ERHFTIE. TR7 T L EEMRE LIEBEIc DWW TELD
BREZR LTV BEAAREFERENRICHARZEH TN D, B
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T RT 2EREBE LERTED T LICKY BENGTO
ToLESH LY, TOVSIDEGHEOHEERIELLY
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BNZFERICK > CAEAZRET 2V AT LZBV AR E
HTW5,

= 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. Concretely, we are investigating and ex-
tending a theory of tree transducers, which is a 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.
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Communication Network Systems
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Research Activities
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People expect that various networks exist everywhere in the
society and information systems over such networked envi-
ronment support everyday life and social activities of people
and create new life styles as well as information society. This
laboratory aims at research and development of advanced
network-based intelligent systems.
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= Intelligent Communication
(Prof. Kinoshita)

It becomes an important problem to develop intelligent sys-
tems, which can cooperate with various people as the human-
friendly, easy-to-use, intelligent partners, in order to support
various creative activities of people in an active and autonom-
ic way. To realize such an intelligent system, we propose a
concept called Cyberware as an infrastructure of cybersociety
that provides people a new information environment in which
people and intelligent systems can work together coopera-
tively. We aim at studying advanced information technologies
to realize a new infrastructure of cybersociety based on coop-
eration and coordination of both people and intelligent sys-
tems over the networked environment, using the agent based
computing technologies.

= 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.
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Agent/Multiagent System and its applications

EFNEREREBEA LR Y T —UBBYRT L
Network Management System based on Active
Information Resources

RIVFI—V Y MBIV EEER
Multiagent-based Sensor Management Infrastructure
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Environmentally Conscious Secure Information System
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Research Activities

T/ D142 —%v k (ntemet of Things) IZAFERETNZRHER
BB EERIE. FAMEBEZRIHL. EHhGHEREE5TT
EDERRENTWS, —AT. 25 LIeH LW ICT OFIBFEEIC
BF5LF1)T7aH BIERMOBMGERICKYEREINS
LIEBRSEV, T—RFECE DT 7)) r— 3 v OEMELY
TIBOEBHIENERDAE L W\ o, BESNDIEBREISH
BIZWEFEHEL, AFRETIE. AMREREEEBEFHLD
ZOLTHATE, ZORBERLICERTEBIHEV AT LD
BREEIELC. EFNAELF 1 7BRI AT LOEREREZ
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The emerging information and communication infrastructure
such as Internet of Things is expected to generate a new val-
ue and bring us a more fruitful society. On the other hand, it
brings a new type of security risks that we have never met and
solved before. The new risks include the nullification of appli-
cations 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 systems from theories
to implementation technologies for constructing advanced
information and communication ifrastructures in a safe and
secure manner.
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High-performance/Light-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 in-
formation sources (i.e., embedded devices such as sensor
terminals), not only to ensure the network and software secu-
rity. We are also studying the security analysis and evaluation
technologies for embedded systems that heavily depend on
the information and electromagnetic environment where the
system is placed. In addition, along with the challenge to the
social implementation of the above research results, we are
promoting the standardization works through the activities in

various standardization committees.
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Security design and evaluation of
embedded systems

B

Sécurity evaluation
platforms
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Tamper-resistant &

—= Side-channel attacks &
countermeasures

NIST

Ultra high- L
petomancer RSN C-CRYPTREC
Light-weight cipher Security analysis Physical understanding
LSls method of EM info leakage Standardization work

EM information security

RIFIAMA A+ 1 7 1ER Y A7 LHROME
Overview of environmentally conscious secure information system research
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Our brain is a highly-structured but very complex network of a
vast number of biological neurons. The brain is established on
a completely different information processing principle from
that of current digital computers, realizing its high cognitive
performance through a physicochemical system. As a result,
the brain can quickly and efficiently solve real-world problems,
which the digital computers are bad at or cannot solve. In-
spired by such information processing paradigm of the brain,
in particular, focusing on information processing through
physical dynamical process, we aim at a novel brain-inspired
computer hardware system, which is robust and flexible, and
yet quick and efficient.

FRIIL 7 L1 >0 1 IR S5
For further details, please refer to the “Laboratory for Brainware
Systems” section.
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New Paradigm VLSI System

Staff
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BAIRIEFEREREIRE (Very Large Scale Integration; VLSI) F v
7. BXUOFNEIGA LIVLISIE AT L, BFHEs0 F8EAK]
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BERELTWS, LHALEAS, VIS ATLOSEL - &%
B ESZZ MK - 7N AOWHII TR, YRR TAD
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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.

FRIE 7 L1 >0 1 IR S
For further details, please refer to the “Laboratory for Brainware
Systems” section.
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Laboratory for Nanoelectronics and Spintronics

AEY bOZ Y AHZEER « HIZEE W Spintronics

T/AEVHRHETNAR
MRS EF (RRAHIR)

Nano Spin Materials and Devices
(Assoc. Prof. Fukami)

OREY b OZI AMH - RFICBIT2EF -
A E ZDISAICEEYT B3R
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BUERIEISAICRE Y B3

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 brain-inspired computing.
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B Nano-Bio Hybrid Molecular Devices
T/ NMARERFTINAR
MARDE (FHHR)

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

F/ERTINAR - TOL XA - HiZEE W Nano-Integration Devices and Processing ———————

T/EB/TINAR
R (ERE#IR)

Nano-Integration Devices (Prof. Sato)

EFNTOBERERILTOLR
RS E (REAEHIR)

Group IV Quantum Heterointegration
(Assoc. Prof. Sakuraba)

OFIBETBRMEAT ) 7/ XICBT B

OFBEBMERT /A R CBET HHR

OB ERT N1 ADBBRERERIMNICEY
BT
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e New structure non-volatile memory device

® New structure product-sum operation device

¢ High-density implementation of devices for
brain computing

¢ Intelligent quantum device

OBEENV BR¥ERIEZF Y vILERDD
DIEBEERIFMHR TS XICVDT AL RIC
B9 2%

OVIE¥EhaEEEF T OBEDBRERL
TOtRICEY B

OV EHEFATOF / T/INA ADEHEL
SR LICREY 25

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
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Laboratory for Nanoelectronics and Spintronics
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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
consists of laboratories of Nano-Integration Devices and Pro-
cessing, 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-Broad-
band Signal Processing and Soft Computing Integrated Sys-
tem. These groups cooperatively carry out the research aimed
at establishing a world-wide COE in the research area of na-
noelectronics and spintronics

Nanoelectronics and Spintronics for Information Technology
Laboratory for Nanoelectronics and Spintronics

High functional and high performance
Si-based semiconductor devices

Nano-Integration
Devices and Processing

THz electronic device
technology

Ultra—Broadband Charge G
Signal Processing

Brain LS| Based on
Analog Neuro-Dynamics

Dimensional ity
Control

Nanostructures

Biomolecules
Organic Molecules

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

Functional control of electron spins

Integrated
Spintronics

‘ Nano-Spin Memory Logic ‘

Industry-academic-government

Soft Computing

| Nano-Bio Hybrid Molecular Devtces

collaboration
Project Office of the

Integrated System

== T

Center for Innovative
Integrated Electronic
Systems
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COE of International Research Collaboration

T/ I bAZ 7 AEBRLRRRLRRIEERE (FI7EE~
DFERFHNHEMERES LRI ZE8EE LT 21H#RZIEK
HONZBELGIBFRBELZRET 2. 7/ ER/IERTDE
REBR « TREVEIIEAMOMES & FEENDGAL . T9F
T/ BEIC LB BRIVEORF LGB D3FZRITEA. 7/
LY hOZ I ABRTINARE. TNEBWVIBERY AT LOE
REHET DL LBIT. INSERFT ZTHOERHBHREGE
FleBEL. 7/ IL7 NI ANEORRICEITS 22—
FTITV LV ADHEIZBIEL TS,

We aim at establishing a Center of Excellence in three re-
search areas, "Nano-integration technologies and their

u o

evolution”, “Spin-control physics and technologies and their
applications”, and “Realization and application of information

processing using molecular nanostructures”.

IHP & Berlin Institute of
Technology (Germany)

CNRS (France)
University of Vigo ™' _

COE of International
Research Collaboration ==

| Harvard
“ University (USA)

Purdue
University (USA)

(Spain)
University of
University of California (USA)
Salamanca
(Spain) Chinese Academy
Uy of Sciences (China)
Kaiserslautern & i Singapore
(Germany) Spintronics
Johannes Gutenberg University of Polish Academy of Bauman Moscow State Consortium
University (Germany)  Regensburg (Germany) ~ Sciences (Poland) ~ Technical University (Russia) (Singapore)

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, Germany
University 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

T/ - AEVRERMER TR LIERY Y RY U L

RIEC SYMPOSIUM ON SPINTRONICS

1 2005%288-9H %5 2 [2: 20065:2815-16H
12007%10H316-1181H % 4[5 : 200851089-10H

International Symposium held in LNS, RIEC

RIEC INTERNATIONAL SYMPOSIUM ON
BRAIN FUNCTIONS AND BRAIN COMPUTER

12009410H22-23H % 6 [3: 2010F285-6H
120114283-4H % 8 [:201242H2-38
1201245831H-6A2H 10 : 201351815-16H
12013%F1831H-2A1H 25125 : 201456 H25-27H
12015%11818-20H 145 : 20165F11817-19H
12017512813-14H

: February 8-9, 2005 2nd:February 15-16, 2006

3rd: October 31-November 1, 2007 4t h:October 9-10, 2008
5th : October 22-23, 2009 6th:February 5-6, 2010
7 th:February 2-3, 2011 8th:February 2-3, 2012
9 th:May 31-June 2, 2012 10th:January 15-16, 2013

12th :June 25-27, 2014
14th:Novembe17-19, 2016

11th : May 31-June 2, 2012
13th : Novembe18-20, 2015
15th : December 13-14, 2017

[INTERNATIONAL WORKSHOP ON
NANOSTRUCTURES & NANOELECTRONICS
1 [8:2007FE11821-22H % 2 [6:2010F3811-12H
2 3 [0 :201243H21-22H % 4 [8]:2013F387-8H
2 5 (9] 2014FE385-7H % 6 [a: 2015F3H2-4H
% 7 [0 :20165E381-3H %8[9 :20174386-7H
29 [g:2018FE3H1-2H
1st :November 21-22, 2007
3rd :March 21-22, 2012
5th :March 5-7, 2014
7th :March 1-3, 2016
9th :March 1-2, 2018

RIEC-CNSI WORKSHOP ON
NANO & NANOELECTRONICS,
SPINTRONICS AND PHOTONICS
%1 [@ : 2009610822- 233
1st: October 22-23, 2009

2nd: March 11-12, 2010
4th: March 7-8, 2013
6th: March 5-6,2010
8th: March 6-7, 2017

%13 :20124E11815-168H
% 3 [E:201542H18-19H
% 5 [@:201742H27-280
1s t:November 15-16, 2012
3rd:February 18-19, 2015
5th:February 27-28, 2017

2nd RIEC Symposium on Spintron-
ics- MgO-based Magnetic Tunnel
Junction- Left: Albert Fert (2007 No-
bel Prize Laureate in Physics); Right:

Russel Cowburn

%52 [@:201452821-22H
% 4[5 201652823-24H
% 6 [@: 2018528120
2nd:February 21-22, 2014
4 th:February 23-24, 2016
6th:February 1-2, 2018
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Spintronics

Staff

R B Shunsuke Fukami &H Ef  Shun Kanai

HEHES Associate Professor Bh#L Assistant Professor
Justin Llandro  Justin Llandro E #= Chaoliang Zhang
Bh# Assistant Professor Bh#L Assistant Professor

@ HRIEE)

Research Activities

EURFDERP A BHMEOIRAEZ HH L TENICHBYT 5T
EEBEMEL. FLLWAEY FOZ 7 AME - BE0RYZF T
THEINZACVEDOER. RUAEY FOZ7 AZFIGH
ICBEY AR AT > TW\ND, £, REEROK. BROUEEE
VAT L BENERLE, 8 FIERNER ENOBREEE L.
SIERE - EHBBENHAL Y FOZ7 AEFORIRICET DA
EHTWD, BEMICIE, EMERS N RIVEEGRTORFEE
RS, ERPERT BV EHRMERIEEM. /Ny 21
VOFERERBWEHRAL Y PO MR O, SEiEX
B> b OZ Y RAARF O TEAT - FHMEREME S ICET 5
MREITO> TS,

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, information processing
and communication systems, brain-inspired computing, and
quantum computing. Our studies include development of
advanced materials and nanoscale devices, establishment of
novel means to control magnetization with electric current or
field, and related techniques for nano-fabrication and electri-
cal characterization of the developed devices.

@ 7/ AEUHETINA R
RN | REARIE

SlRE - BHBBHACEY FOZI I AT - HIEEROROE
BHEBERL. BRICK DT/ BMEEFORLEIER AT OEEED,
ZDIeHDMHFMORARICER VA TWNS, XA FOZ
9 ZDWMENERNIBISB A EH LW T T r—2 3 VORI
BYHATND, A - BUBHEEEREFAB LB bDf s
ZFDIzODOMEFIF. WEx & OB SEEDER - BIfEH
BOMRE, MRS R VEEERFORRE. 7/ A7 — IV
MRFORMA A 20 XOFRAE. FEREHS AT ZFEIM
DELE. ATHREREERAL Y NOZ VA 7FATAEIE
FOBFEPHIRSEHRNORIE, HLICRUBA TN S,
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BUVAREMEET 2 Co/Pt BEBEMIRICEITS
AEVEE bV B R

Spin-orbit torque induced magnetization switching in Co/Pt
multilayer wires with high thermal stability

= Nano-Spin Materials and Devices
(Assoc. 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
brain-inspired computing. Our recent research topics include cur-
rent-induced control of magnetization via spin-orbit interactions, elu-
cidation of static and dynamic properties of nano-scale magnets and
magnetic textures such as domain walls, development of ultra-small
magnetic tunnel junction devices, enhancement of nonvolatile spin-
tronics memory technologies, and development of analog spintronics
devices for artificial neural networks.
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FREERE AW EFIR Le—iTF/ A — MVBESR b > VS ORISR
Development of single-digit-nanometer magnetic tunnel junction
with shape anisotropy
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Nano-Bio Hybrid Molecular Devices

Staff

EE ES  Ayumi Hirano-lwata {BAR A+ Daisuke Tadaki
E2e) Professor BhEL Assistant Professor
INE  BFE  Maki Komiya

g Research Fellow

@ HRIEE)

Research Activities

R LTI TR & NA AT U 7 )b, BER & OREIC
K. BRIBRILBZRRICT 27/ AT —Ibe BFAT—ILD
BRAGTINA ADBEFEZBIEY ., FEAHHMNIRITZ )R-
V=2V EQERBRICFBTEAT  AILNAFTLY b
A=V A, BEMEICEDC Y TERETS>BHILY bOZ
A T LT AT/ > THEEIRBZ/EY EiF. ML
CHDBRLESETH/NAAILY FAZY ADHZREREHESD T
W5, TNSDT/NA RSBREEY AT LEREERIRETH Y.
BERARDOOFRME LTRFTHEZEEL TV,

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/ IMTREDFTINA A
MENE | FEFHE

INMFRFOFORELGHKEEZS /70 /AV—ERETHL
K& HLVEBFT N\ ADOBEZTS. BEARNICIE. ATH
ICHERIRIBE Z R L. FREMLEMEEDEMERI -
VIEELTOISAZBERLTVS, Ffe. TOLSGERINT
e BRSO L. £ E o rmiEiinz RIERRF & LI
ETIWVAT LORIRE BIETHREED TV D, oI, Bl
INA AR EBWCHTREEZE T 57 /1 XD, D)
PREBDFHIZE L T RERDFEERMBIDIA KT LEL F
REBFT/N\A ADRRMEBEL TS,

side effect
positive

side effect
negative

J L

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

side effect
positive

= 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.

Y ANIAWNIIAN
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Fig.3 Organic field-effect transistor using conductive polymers

0

2 AEEERERVEREIRE DO BB 3

Fig.2 Reconstruction of neuronal circuits using living cells
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Nano-Integration Devices and Processing

Staff
£ X Shigeo Sato #EE Bk Masao Sakuraba
B Professor FEHTD Associate Professor

@ HRIEE)

Research Activities

EROZREPABEMRITNA., ERFERFENAIT EEE
BAMEPKERFCLEMET 50/ X MG & SREERITHET
ESRERERBEEEBRMOBREICAIF T, 3hxt ./ Tot
ARG LTe> ) DV RFEERT I\ ADEHEE - Bt
& INSZRVARESEBRIEORBHIERZRECTH S,
TINA ADBHERE - BIERRLICHB WV TE. FIMR PRI RS E =S
AL F S VI RAZERF - AT URTFORE. EFHRELE
HLWRBICK > TEMFT DHREEET /M ADBEFE. Thbo
WCRAER 3 RT T O ARMOREEED B, HET. 3Rk
FCRERINORF. 77 - TVRET « NV AT IVARRER
EBIEDER, £/ AT —F7 0 F v DRBFICEW MBS,

In addition to the conventional demands such as faster operation
and larger throughput, low power operation for low-carbon emis-
sion and robust operation not damaged even in a disaster are
required for the development of the next generation information
technology. To meet these demands, studies on high functional
and high performance Si-based semiconductor devices realized
by 3-D nano-processing and large scale integration of such devic-
es are important research subjects. We study the subjects such as
new transistors and memories using new materials, new devices
based on new principles like quantum effects, and required 3-D
processing. Moreover, we develop advanced technologies related
to 3-D nano-integration, dependable mixed signal LSI, and non
von Neumann architecture.

O T/ ERT N AR DEF | e

TEBRMEAET LEE - NEHEEZE T 5BEMERT /1 XD
. BT CEB T 5 MAERIET /N1 ADRER. RUIN
STINA ZADEBERE, THICEFNFORBAFA L6
TINA ADBIRZHEDEELT 2. FFRNITIE. ThoT /o
AEAMD, MAFTERZIRD T DI/ A< VB ERADIEA
=X%,

9 EFN\TOBERERILTOER
MZeNE | EREAEEIR

EBEERIFMA TS AT VD RERSGEEERELTF ./ A —
bVA — ZEEREICE S D BEENT OIS DR FHEEH
HZFREIC T B L LBl BFRREZSOHLBROBHRRZF
BICTERE L. FIREFWEZRETT 2, BT, IV RFEE
BFANTOS/BEICSVCEELT 28FREEHMEL. Sifk
BEIRANDOARRERCH OIS IV EFBEOEFA\T OBES
FUBMRET /1BET /M ADERZEN S,

R HROIOFEATRBICRITT

EERISHE LS LN RO T ENRBOLGICE, BETS708
AW, TISARGEW . EER W, BUICHERT -7 0 FvOERA D

BEFARTHY . AWHRECIL. WU TRERAS SE0IBELT /%
L7 oA - TR ABHOMREERIC, COSF L TARNLTER

ERLTARREADTLEFET .
BAAAN
A ALATALA]

(G |
T ATE TR il vy
F—%F0F+ LR =a—oFv7

BUEUETE D T 0 b 2 A TRIRICEIF T

Towards the Realization of a Prototype Brain Computer

= Nano-Integration Devices (Prof. Sato)

Our short-term research subjects are the development of a
product-sum operation device having non-volatile storage,
multiplication, and addition functionalities, the development
of a high-functional thresholding device having self-excitation
functionality, the high-density implementation of these devices,
and the development of an intelligent device utilizing quantum
mechanical property. Also, we make efforts to apply these device
technologies to non-von Neumann computers including a brain
computer in future.

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

The following researches are being advanced: (1) Atomic-order
control of highly strained group IV semiconductor heterostructure
formation in a nanometer-order ultrathin region which utilizing
plasma CVD reaction at low temperatures without substrate heat-
ing, (2) Systematic investigation and control of charge transport
phenomena including quantum phenomena in the highly strained
group IV semiconductor heterostructures to find out novel elec-
tronic properties, (3) Heterointegration of the group IV semicon-
ductor quantum heterostructures and high-performance nanode-
vices into the Si large-scale integrated circuits.
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BFNT OBERERL 7O ADBEICEITT

Towards Establishment of Process for Group IV Quantum Heterointegration
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Ril - FH Y AT LHAZEED - BAZEZE W Recognition and Learning Systems

BRARRR AT L
MEDEF (EAHER)

Visual Cognition and Systems
(Prof. Shioiri)

Laboratory for Brainware Systems

BR - @ERERHYATL
MR 5 CRAHEER)

Auditory and Multisensory Information Systems
(Assoc. Prof. Sakamoto)

ORERTB ORI & ZEFIEDRIE
ORIESHIE & REVTERBOET )L
O3RTTEBHDIE. . SRREFIEDOHE

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

® Modeling control system of eye movements
and visual attention

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

ORERUEEREHNEIERVBEEZDHE

O3 EEEEROSER LYY Y TV AT A
DIEEE

OBEERFEBRILVBICED(EEBERV AT L
DB

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

BHBILSIS R 7 L FRFZEER
VIMAVEI—FTAVTERVATLARER

YI7MAVE1-T4 Y TERVATL
MRS EF EEEIR)

Soft Computing Integrated System (Prof. Horio)

OfMA A+ 20 A% 7EA LTIIERWEVLSI>
AT LDBFEZDISHICET 5H5

OREY7 O I VLSIEERDBIFEI B HHIZE
SIEREMESE Y X T LORE LT DISAIC
B9 BT

OEBBROREREZ BIF Y MEVLSIZ X T 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 HENFUSCTN]

—

1) &

kb




BeBY LS| & R 7 L\FAZER
LR VLS| 2 X7 LR E

BL2VLSI R 7 s
MRS E (FEHE)

New Paradigm VLSI System (Prof. Hanyu)

OFRBREMUEOI Y IA VAT T —FT0F v
EZTDBEBAHVLSIZOL Y HISEICET S
B3e

OFNARETIWR—=ZF2a v E1—7FT«
VOT XTI F v BT BHIR

O%EHBERKIR - FEEHANHIEICED < BI1%EE
NoCICBSd BHi7E

OFEZRNERICED CBEHEEILSICET 2

[iE

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

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

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

¢ Low-power VLSI design technology based on
stochastic logic

Brainware LSI Systems
New Paradigm VLSI System

BEDHEIE > T LHZRER
RERIVE1—T 1 VITHAEE

BRI E1I—-FT1 VY
HEDEF (ARHR)

Real-World Computing (Prof. Ishiguro)

HERZVLSIT 1>
ARSI (BHAEHIR)

New Paradigm VLSI Design (Assoc. Prof. Natsui)

OPVTIE5DEZ Y —VLSIER/ 77—+ TV F v
IR 2%
OBFRBEESESERVLSIEE/ 7 —+7 7
F v BT B

Ot 7 )L JV) X s & Z DVLSIFRFH:AiTG A
ICBIY 2%

OFHERVLSIY R T LDF&EHAT BT 25T

e PVT-variation-aware VLSI architecture and its
applications

e Self-adaptive system for resilient VLS|

® Optimization algorithm and its application to
VLSI design methodology

® EDA/CAD algorithms for new paradigm VLSI
systems

Autonomous Decentralized Control Systems
Real-World Computing

HHRYEETI VT
BRI 5 (hNmAESER)

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

OBABEBEEY 7 FOR Y bOFIE

OFtEREEL Y SEEVLSIRR/ 7 —+ 77
F v BT BH%E

OZELFHIRDEVORRBRED HZ MR
EORT 4T ANDISA

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

¢ Optimization algorithm and its application to
VLSI design methodology

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

A~
[ #J'l

OR@EY A7 LOBERDHHIEIEY 2%
OBNORRANZXLOEBLEEORY b
DIGFBICEY 2%

e Study on autonomous decentralized control of
traffic systems

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




M B A ST aR
TLA >0 TR

Staff

PE &l Takahiro Hanyu
MR (#BU¥)  Director, Professor

Laboratory for Brainware Systems

(TLA>D T 7HERERR] & RNHERANBERMER
ELTFERI6CF4ADOHEAMOSHAE - BREBRICT LA >
DI T7RBHRE LTRIRIN. TO%. FRFEMFER
DEFRERIC, FR26F4BICT L A>T = THRFARMR &
LMEE L. TOEMIE, BRHHR KLU LEHICELT
DREHRZES —LLRXITRET HREABR AT L%, HE
BRI CRITI 2EREMOAINEZDICHANHZREFHI 5
TETHB, TDRDIC. KREAROAR & BEGERICH
PEFER - BHRROSHARIBFOMERRELEDT LA~
VI 7 NHOMEREDRZHEE L THEET D,
CDREsRIE. BIGHERATEIY A7 LHIRE (8# - 28
ATLHRE) . BEIBEIES AT LK (FHEARI>
Ea—7« YJWRE) « BELSIY AT LA GERVLSI
VRAFLMRE. VI ATV ITERY AT LR
=) OIPREBRITMA T TLA 27 —F7 7 F v RS
DEFBHIFEENTCEY .. BESHEIFORIDTIC. R
RUMRDEEET D,

B EHOMN - WENN—FYry R AREAOL-LLALMA

~ REER T AL
(FLALT=FT0Fv)

FWEEER T LA AT
(28 - #¥WATL)

- Wit - RO EDRE AL L
(REtRa - Ea—F)

BEFTLAULSIZEDN—FITT

« BRLSIRBAR =R FHRT 4w 2NN
(IRREVLSIZATL)

cTFHOdELFE AL SRBLS
(U7 FaYEa—F ¢ T RMLATL)

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.

Seamless Fusion of Real World
and Multi-Modal Computing

*Brain-Like Computing
(Brain Archatecture)

* Real-World Dynamical

Intelligence and Information Generation

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

Hardware Environment with Massively Parallel Brain LST
St s (T3 1 £

* Brain LSI Based on Analog N L i «5 for Braii LSI system

(Soft Computing Integraied Sysiem) (New Parudigm VLSI System)
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Recognition and Learning Systems

Staff
A & Satoshi Shioiri A fE— Shuichi Sakamoto
E2e) Professor FEHES Associate Professor

v HHZES

Research Activities

FRAEDF ClE. RO S ANENZERAEIERE AEDREL
B LM TCERH - BT 58REESMLTETIMEL. A
LSIZG & iR A 1818 9 2/\— RO I 7 ICRET 2 L& B
L THIRZESH 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.

¥ ERREBERY AT L
DS | IBAR

REDOZEMAMBZROIC, ITHE. BEFRICH T DEBRHEE
FEEZHERL. ZOETIVMEEBL T, A\BOREZEBH. Th
ERET VAT LOBRZBET. £fc. MEDERHEIEE
L. RigBBHECTIERELZERL. E7/VEEBET. n
SOMRICEDE, BREROTE. HENE2R, FREDOTM
VAT LOBRANDERT B, Tolc. HEPREDESHARE
ROBBEFANS T EH B, HAGTRET COARDRFERHE P
TEE TR 2TcHOMEICI A TS,

VB - BEERERRY AT L
RN | IRAMEHR

RBEESHENEL. HOEPTOEZHMEZ L. BEBER &
UERHEDREERMES L (FET SRE T COABDMEIER
NIEETR = OEMEBEFNTFEAZRVCHIAT L L8 TD
MREEER LT, 3R TERZBL Y Y VIV AT LRIV
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= Visual Cognition and Systems
(Prof. Shioiri)

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

= Auditory and Multisensory Information Systems
(Assoc. 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.
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Luminance-based transient signals make an important contribution

How doos the visual system achiove 1o visual stabiity, and to the relative weight of retinal and extra.
visual stabilly across saccades?  retinal information in target localizalion across saccades.

RESH L TCEREEFIIBNTRIGEL, TOFBO—DIC, BBEESH S BMREAENDET (U v hH— REGHH])
IE&BFHDBZ. L L. KL, RIEFROREFLERBICHIS DI ENEHE L LT BEBEESICRIRMIC

ISEY ZIEDE5 %% 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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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.

WYV IRV 1I—FT 4 VIERY T I
e | IREHIR

BYDIBMALEERR TV CF AT, SHRETRIRM. FEHTO/NX M
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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 im-
plementation as a computational hardware system using an
analog VLSI as a core component. Toward to the final goal,
we are developing integrated circuit and device technologies
suitable for the brain-inspired computer systems, such as
VLSI technologies for high-dimensional chaotic networks and
large-scale complex systems, VLSI circuits and architectures
for ultra-low-power asynchronous neural network systems, and
compact and low-power devices/circuits for adaptive synaptic
connections. At the same time, we are developing a massive-
ly-parallel brain-inspired computational system architecture,
which is very much different from that of the conventional dig-
ital computers. We further intend to realize an autonomous
brain-inspired computer with a sense of self and conscious-
ness based on a complex network with dynamic change in
spatiotemporal network state and structure.

Baslur=is]
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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 VLS| 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
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BAIREIE(RERDR (Very Large Scale Integration; VLSI) F v
7. BROEFNEISA LI VIS Y AT Lld. SFHe0 58K
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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.
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= New Paradigm VLSI System
(Prof. Hanyu)

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

= New Paradigm VLSI 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.

ISGEDLDD. DOBEGFAETICEVTOBEES A EMNT
BVLSIDTzHDREHEAMICEIT 5K ZEIT 2T NS,
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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.
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= 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.

1LENCREBISEEE T AA\EEORY bOER
BRI
Fig.1 Autonomous decentralized control of a snake-like
robot that exhibits highly adaptive properties.
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EDZERICHVS BEREED X H Z X LDEBRE L UZ O
FEOBERICMIUBA TN S, TNEDRIE. B2 DEZRD B
BICHHE(ERY 5 C & ¢ KENICFBRGEMEEDRIRY 2.
RIAEDF Tl HRBRY > > FIVEHBET IV RIS
ETCEAEPDEAREEZRY  TDOREEZL LIT BITHED
fol BEHFEZREI 2 LZBIRL TV S,

ized control.

2. BREPBAEICG CTESABNICSTENL
HEAT BN RY b
Fig.2 Quadruped robot driven by a fully decentral-

3. BARDO—ER DB RIEEICERS L CHERTREG 7 £
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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Wireless ICT Platform Project
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® Broadband wireless communication technolo-
gies for Dependable Air

e Technologies to Densely and Efficiently Utilize

Radio Resources of Unlicensed Bands in Dedi-
cated Areas

PELEIEMZCER B Interdisciplinary Collaboration Research Division
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Research project of human value estimation of

multimodal information based on informatics
paradigm to manage both quality
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Interactive Drone Content for Entertainment / Wireless loT Technology for a Safe & Secure
Wildlife Symbiosis Medication Management System
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Research Center for 21st Century
Information Technology (IT-21 Center)
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Project Leader, Associate Professor*
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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.

B1 T2 a—
Fig.1:1T-21 Center
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Industry-Academia-Government-Collaboration Research
and Development Division  Wireless ICT Platform Project
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Fig.1 5GHz 5 324Mbit/s #E4R LAN IR
Fig.1 5 GHz-Band 324 Mbit/s Wireless LAN terminal

Fig.2 /\1 £ 3 VIEEMEEEBNNEL 3D
SiP = 1) IRARARIH AR

Fig.2 Ultra-small-size 3D SiP milli- tion)

meter wave wireless termi-

nal for uncompressed HDTV

Fig.3 MBWA EEEEER (E#EH10E )
Fig.3 MBWA field test (Base sta-

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.

From FY2017, the mobile wireless technology group started the
project entitled “R&D on Technologies to Densely and Efficiently
Utilize Radio Resources of Unlicensed Bands in Dedicated Ar-
eas,” which is supported by the Ministry of Internal Affairs and
Communications. In addition, our group would like to contribute
to the local industries in Tohoku area including the establishment
of venture companies based on our developments.
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Dependable Air
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Sanctard 0 Men IE2E | N“'"'"’@ seiLy

10m =
S we or ey
I I I L]

H L
H 100 10k 100k (1M 10M 100M 16 106
v m [bits]

Fig.4 Dependable Air
Fig.4 Dependable Air
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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.

# CNN: Pre-trained well VGG-19 in Caffe framework

’!l "o
L
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Method to search image features that are related to preference judgments.
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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.

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

arfiara | Secandary Drene
Third Person Perspective

(Glabal) : :

e
First Person Perspective

Cooperation
1 Interlocking

1T B AMERBRGEEE=AERDMA ZWHEIOEE ST
BRI B/ M0y MBI -1 27 1 —ADWR
Fig.1 Concept of user interface for a drone pilot which cooperative-
ly utilizes both the first and third person perspectives

TALKING [P =
DRONE \%21?41

To Communicate
With Birds

The Talking Drone is.
an unmanned serial
vehicle (UAV) that is
usad to communicate
with birds in the air
using vocal
communication
systems.

LACLA. HIRFEE NS
ZENmRuCERT

047 S00n the otk in the &7 siso pancinates n
the conversation and guides them

0 Then both robot crows and crows begin bo talk

2 ASREDAZ2AZS—2aVIBATARA-VDOER
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

Staff

BH = Suguru Kameda Fe FA Noriharu Suematsu
X - HEHIZ () Project Leader, Associate Professor* e (G8) Professor*

PE &k Takahiro Hanyu Al & Kazushi Ishiyama
#BE R Professor* B2 (30 Professor*

A HX Naofumi Homma 53 e Qiang Chen

BiE G Professor* KERTFAER - B R)  Professor

AR It Mizuki Motoyoshi

B (3 Assistant Professor*
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Tablet & Capsule

Fig.1 SE&IRG ) B2 2
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 practi-
cal implementation of system construction that allows patients
to take medication management just by taking tablet-type
medicine. In this research, we are now studying for the bat-
tery-less tablet-pasting-type sensor by applying wireless loT

technology.

no n-dafmf. der
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m = /rf
03 @' 101 !D 2
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Fig.2 Safe medication management system
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Multimodal Cognitive System
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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.
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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.

K2 2#B|ENRS ZEof
4IBEHR
Fig.2 Physiological measure-

ments with whole brain
NIRS
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Ad-hoc research groups
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Taking advantage of the wide range of research expertise in the institute, ad-hoc research groups are formed outside of the formal

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

Satoshi Shioiri (Group Leader)
Yéiti Suzuki

Shuichi Sakamoto

Kazumichi Matsumiya
Nobuyuki Sakai

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.
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= Yotta Informatics Research Group

Satoshi Shioiri(Group Leader)
Jiro Gyoba

Yéiti Suzuki
Noriharu Suematsu
Takahiro Hanyu
Simon Greaves
Toshihiko Hirooka
Tetsuo Endoh
Shin-ichiro Omachi
Akinori Ito

Shin Saito
Mitsuyuki Nakao
Nei Kato

Kentaro Inui
Kengo Kinoshita
Naofumi Homma
Hiroaki Kobayashi
Fumihiro Matsukura
Tatsuo Yoshinobu
Yoshiyasu Sakura
Masatoshi Koizumi
Saku Hara

Kyoko Haga
Nobuyuki Sakai
Yuko Murakami
Nobuhiko Terui
Yasumasa Matsuda
Tsukasa Ishigaki
Mariko Nihei

Created world-wide information is rapidly growing. It is projected to reach to
a yotta-byte scale information in 2030. In order to manage the gigantic informa-
tion, new criteria of quality, property, and value have to be taken into account
for the next generation ICT technology. Interdisciplinary research by the experts
from humanities and social science, and ICT engineering is carried out.
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® Cyber-Physical Security Research Group

Naofumi Homma (Group Leader)
Takuo Suganuma
Takahiro Hanyu
Atsushi Ohori
Kenji Suematsu
Takafumi Aoki

Nei Kato

Hiroki Shizuya
Hideaki Sone
Akinori lto
Shin-ichiro Omachi
Toru Abe
Masanori Natsui
Suguru Kameda
Katsuhiro Ueno
Hiroki Nishiyama
Takaaki Mizuki

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

Yoshihiko Horio (Group Leader)
Shigeo Sato

Shunsuke Fukami

Takahiro Hanyu

Masanori Natsui

Ayumi Hirano-lwata

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.

m Research Group for Advanced Wireless IoT

Noriharu Suematsu (Group Leader)
Takahiro Hanyu

Kazushi Ishiyama

Naofumi Homma

Nei Kato

Suguru Kameda

The aim of this research group is to propose a new concept and to show
the technical feasibility of advanced wireless loT. Since the advanced wireless
loT should handle a large number of terminals in a limited area, the inter-
ference between the small cells becomes a very big problem. To solve this
problem, we propose a novel millimeter-wave/ sub-millimeter-wave wireless
loT system and will discuss the related technical issues to realize this con-
cept.
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e Information collection, organization, dispatch-
ing, utilization and research support environ-
ment.

® Advanced maintenance, management and
operation of network.

e Technical supports for information network and
systems in the institute.

Flexible Information System Center
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Management Office for Safety and Health
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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.
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Fundamental Technology Center
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e Providing of technical skills of machining,
physical and chemical measurements, material
processing, and information management.

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

e Technical supports for safety and security of
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Fundamental Technology Center

Management Office for Safety and Health
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0= Technical Staff

AH FaA Kenji Ota
0= Technical Staff

Flexible Information System Center
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Printer Room

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.

1BHRgARE

Server Room
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Staff

i 9 Shigeo Sato

tra—R &) Director, Professor

kg Bz Nobuyuki Sato

Bh#L Assistant Professor
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HifrEa Technical Staff

Yasuaki Maeda
Technical Staff

Hiroyuki Yagyu
Technical Staff

Fundamental Technology Center

Kana Sekiya
Technical Staff

Koichi Shoji
Technical Staff
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Figure 1 Teflon chamber for

artificial cell mem-

branes

B2 X$REHTEE
Figure 2 X-ray diffractom-
eter (XRD)

Pioneering studies in research areas from basic sciences to
applied communication technologies have been performed
at this institute. Technical staffs have traditionally contributed
to these efforts through the use of their well-established skills,
experience, and knowledge. To accelerate such contributions
in the future, a fundamental technology center encompassing
all technical staffs and an assistant professor was established in
2007. This center provides technical skills of machining, phys-
ical and chemical measurements, materials processing, and
information management though 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 divi-
sion 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 elec-
tron probe X-ray micro analyzer (see Fig. 3). Glass processing
techniques can also be provided. In addition, this division is
responsible for supplying cryogen. The processing division of-
fers nanometer-scale electron beam lithographic techniques in
cooperation with the cooperation section of the Laboratory for
Nanoelectronics and Spintronics. Instruments for accumulat-
ing and testing optical multilayered thin films are also available
in this division. 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 divi-
sion engages in the collection and management of intellectual

property-related information.

M3 EFE—LEA
XERTTRDITRE
Figure 3 Electron
Probe X-ray Micro
Analyzer (EPMA)
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LICETZEFTEELFEEBTRE L. IRBLUBERICBEE
1715, MRS FUBERTEEDORBIC LD > THEHERE L.
BMRE. MREEHNTRLEEEBDRBEOIFEETOILICE
Z

ZEFEEREISHERFT CORTEB O LN DREBEIITTHNS
LOFEHL TV,

ZRERER

Safety and health seminar

REAZORRERUBL

ENAOER:EE
72, WO BAORYE. AL RETE

REAAREZHER
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.

ISRFLUHBR

First aid seminar
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Research Activities

FALRFRAGBER T LA

RACKFBRBEAEF. KFRLEARR. BREEMZERL
BLUOEIZMERDOERIER « TcBIRD2FNINDHRERE.
BNEMAEIGER L. BHILED T LIk o CEmM. Hilrys
BIEERER L. MR EZHET 5 E2BNE L TIERRRD
BRI ENTWVD, TDfeéh, BFIDDFITISCTRDL S BDRE
ERIF T HRROEMNNEERBIC DOV THSK, 5mE1T>C
W2, RERENTARDO—BIIRILAF EBAFERLCTICH TS
nTwa,

MERICIE. 2EDSAKFEOMERERILELA. BRFTEZD
PRZEREER. EERIZ EDOBRENLE L. ARERLFTHREZER
K72 TCWV3%, HIERAE. TOMICOVWTEOERNZH DR
REEVLL TS, BOEDEIRIERD T LITDWTIEHES. o
HMROBRAICOVTRZENTNODREEATICTFE SN,

MR

Title of Sub-Group

B Study Groups on Electrical Communication

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

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

BEIFHRER

Electromagnetic and Optical Waves Engineering

Za-N\IEAA LAV —T 1 VIHER
New Paradigm Computing

FEIFHMRR

Acoustic Engineering

HBEEILY bOZY AHRS
Ultrasonic Electronics

e "TIARTA—ZL" (IBEH . T ARMESR)
Sendai "Plasma Forum"

TLA Vo7 IEHES
Brainware

EMCAEE = +—)b
Sendai Seminar on EMC

B3R - 8RS

Mathatical Physics and its Application to Information Science

dvEa—2Y ATV AR
Computer Science

HIR - £ IFRRR
Biocybernetics and Bioinformatics

VAT LIRS
Systems Control

+/ - ALV TEMRR
Nanoelectronics and Spitronics

TERNAA O =7 RS

Information-biotronics

FEMFRBELFHER
Advanced Information Communication Engineering

AEZ T AMRERR
Spinics
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IR FELBERTET > R A

R VRIDLIEESR - BfE - EFRCERIFEDODHFICHIS
BRCIBOEELERBEICOVTLEDHIZERES DA THREICE
WAL, 59EITHTEEFENE LTEBEINEDTHS,
[T FERBSEED SIECOE (Center of Excellence) R&EIC L 2ERY
VRV LERMETED KSR, ERODBY VRY T (BB
F3OFE~FRLOFE 37[EIBAME) AFMa L. BIFERS VRIDLE
L EEE LT,

BRUBEMRMERY VRI T L

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 BRBEEEEKDEEY 3 7Y VIR ETHZE 75 AIRED

Feb. 23-25, 1997

Intrinsic Josephson Effect and THz Plasma Oscillation in High Tc Superconductors

2 BUDBERRBICED T LAY T —F 70 F v DRt - HIME

Mar. 16-18, 1998

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

3 S UIREHRIN S Z DA

Novel Techniques and Applications of Millimeter-Waves

Dec. 14-16, 1998

4 SITERF Y —ENTOREICET 2ERERRE

The International Joint Conference on Silicon Epitaxy and Heterostructures

Sep. 13-17, 1999

5 74 FZv U ERIEEERRE

International Workshop on Photonic and Electromagnetic Crystal Structures

Mar. 8-10, 2000

6 FEEZEVEDERELIEA

Physics and Application Spin Related Phenomena in Semiconductors

Sep. 13-15, 2000

7 SEREFRICHIT 2 EEMATE

Rewriting in Proof and Computation

Oct. 25-27, 2001

8 FERRIEESR & T DISH

Nonlinear Theory and its Applications

Oct. 28-Nov. 1, 2001

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

Dec. 12-14, 2002

10 BaBEEACZY AN —IVRT A
Ultra High Density Spinic Storage System

Oct. 23-24, 2003

1 HB3ESIGeCEBR T~ 3w S
3rd International Workshop on New Group IV (Si-Ge-C) Semiconductors

Oct. 12-13, 2004

12 BEBARERAVATNAR - MRERT -7 3v S

Apr. 11-12, 2005

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

13 PARISI TERF 2 —ENTOBEICET ZEEREHE (1CSI-4)

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

May 23-26, 2005

14 BIEFIVEREHS /Iy FOZ I AERT -3y S

1st International WorkShop on New Group IV Semiconductor Nanoelectronics

May 27-28, 2005

15 BRIERFBEREEARBERY VRY UL HEROBHRESE M 0BXUHE

Sep. 26-27, 2005

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

16 BIRAEY FOZIAERT -0 >3y Feb. 8-9, 2006
The 1st RIEC International Workshop on Spintronics -Spin Transfer Phenomena-
17 BARBAESRA VOB T/N\A R - MRERT -7 3y May 8, 2006

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

18 BARHERICHIT B AE VEERROYELISHICEY 5EIRRE

Aug. 15-18, 2006

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

19 BAREIVIRFESES /T FOZV AERY -3y

Oct. 2-3, 2006

2nd International Workshop on New Group IV Semiconductor Nanoelectronics

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

Feb. 15-16, 2007

21 HREEF 2007 Jun. 4-6, 2007
Japan-China Joint Conference on acoustics, JCA2007
22 7V XLHNFBERE LOERHZAICET 20RERRE Oct. 1-4, 2007

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

23 B3EREYVMAZVRERT—7Yav
The 3rd RIEC International Workshop on Spintronics

Oct. 31-Nov. 1, 2007

24 BIEFIVIRFSES /Ty F OV AERT -3y

3rd International Workshop on New Group IV Semiconductor Nanoelectronics

Nov. 8-9, 2007

25 BIES /8T /I FAZYRERT -V av T

International Workshop on Nanostructures & Nanoelectronics

Nov. 21-22, 2007

26 FIBEIVIURLEFEICET 2ERAE

Dec. 17-19, 2007

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

27 ST S ARICET AFBNERS Y RIT L

Sep. 5-6, 2008

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

28 SBABEIVIREEA S/ TLY bOZY RERT -0 3v T

4th International Workshop on New Group IV Semiconductor Nanoelectronics

Sep. 25-27, 2008

29 FARREY OZIRERT—V v
The 4rth RIEC International Workshop on Spintronics

Oct. 9-10, 2008
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30 ZURYVRIIL Apr. 20-22, 2009
GSMM 2009 (Global Symposium on Millimeter Waves 2009)

31 RIVFE-ZIVHRICES 28 —0—0>3v Apr. 24-25, 2009
Mini R.I.E.C. workshop on multimodal perception

32 BAREERT A bZv o T/ OIV—ICETRERY VRITL Aug. 4-5, 2009
The 4th International Symposium on Ultrafast Photonic Technologies

33 F20E/\—V F )b, BN, BERERBEREY Y RI UL Sep. 13-16, 2009
PIMRC2009 (Personal Indoor and Mobile Radio Communications Symposium 2009)

34 BERECNSF/ILY bOZYR - REYPAZYR - 75 Y AICETBERT -V Y3y (BSEALY bAZI RERT /Y 3v7) Oct. 22-23, 2009
2nd RIEC-CNSI Workshop on Nanoelectronics, Spintronics and Photonics (5th RIEC Symposium on Spintronics)

35 ERFEQORELCBICETZERY VRITL Nov. 11-13, 2009

International workshop on the principles and applications of spatial hearing 2009 (IWPASH2009)

36 SESEERIVEE¥EGS /ILY FOZIRT—0 Y3y Jan. 29-30, 2010
5th International Workshop on New Group IV Semiconductor Nanoelectronics

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

38 BRI /EELT/ILY FOZIRICET BERT -3y T Mar. 11-12, 2010
2nd International Workshop on Nanostructure & Nanoelectronics

39 U577\ RISHICEYT 2@HAERY 2RI D L Oct. 27-29, 2010
2nd RIEC International Symposium on Graphene Devices (ISGD2010)

40 BIERWERES/EEY VRITL Nov. 15-16, 2010
9th Japan-Korea Symposium on Surface Nanostructures (JKSSN9)

41 B/ERECREY FOZVXERT—¥avT Feb. 3-4, 2011
The 7th RIEC International Workshop on Spintronics

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

43 BERECREY FOZVRXEBRT—V ¥ 3v T Feb. 2-3, 2012
8th RIEC International Workshop on Spintronics

44 BOEIEMS VRV TL ATAAN - NAF - F/TLY FEZIR Mar. 8, 2012
6th International Symposium on Medical, Bio-and Nano-Electronics

45 BIESF/HEEE S/ ILY MOV RICETBEBET -V av T Mar. 21-22, 2012
3rd International Workshop on Nanostructures and Nanoelectronics

46 BILRIECAEY FOZ YV REET—0>av T May 31-Jun. 2, 2012
9th RIEC International Workshop on Spintronics

47 BIERR— TV /OVEBRT—IY 3T 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 EERAE & AT R ICEE T HBREIR S 2V RY D L Nov. 15-16, 2012
The 1st RIEC International Symposium on Brain Functions and Brain Computer

50  EALAFE-N—N\—RFREIIAV TV 3w Jan. 15-16, 2013
Tohoku - Harvard Joint WorkshopNew Directions in Materials for Anoelectronics, Spintronics and Photonics (10th RIEC International Workshop on Spintronics)

51 BIERECREY FOZV AERT -3 v/ Jan. 31-Feb. 1, 2013
11th RIEC International Workshop on Spintronics & 3rd CSIS International Symposium on Spintronics-based VLSIs

52 ATAAIVNAF S/ TLY bAZY RABTEERY VRY T L Mar. 7, 2013
7th International Symposium on Medical, Bio- and Nano-Electronics

53 FoEIZ UK VRI UL Apr. 21-23, 2013
6th Global Symposium on Millimeter Wave 2013

54 EE2MOIRAKRE & BUEUETEICEE T S EER S >~ RY Y L Feb. 21-22, 2014
The 2nd RIEC International Symposium on Brain Functions and Brain Computer

55 ATAAIVNAF - TLY bOZY AEEERS VRI T s Mar. 67,2014
8th International Symposium on Medical, Bio- and Nano-Electronics

56 HSEl;/MBEL S/ ILY hOZ Y RICETRERT -3y S Mar. 6-7, 2014
5th International Workshop on Nanostructures and Nanoelectronics

57  S12ERECAEY bAZVRERT—V a3y Jun. 25-27, 2014
12th RIEC International Workshop on Spintronics

58  BFLYIRIRT 4 v 2014 EY BIEEEEFRHE Jun. 29-Jul. 2, 2014
The IEEE International Conference on Microwave Magnetics 2014

59  RECEBY>RIYVL HMEEIZI2Z5—Y3v Jul. 24,2014
RIEC International Symposium on Perception and Communication

60 20147V T7RFFRA Y QREH Nov. 4-7, 2014
APMC 2014(2014 Asia-Pacific Microwave Conference)

61  FEES YO > B2 —2ICEY 2B3ERECERS VRI T L Feb. 18-19, 2015
The 3rd RIEC International Symposium on Brain Functions and Brain Computer

62 TLAVIITLSICET BEBRY VRY T L Mear. 2-3, 2015
International Symposium on Brainware LS|

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

64  FoElS/IEBELTILY POV RICET BERTY -V av T Mar. 2-4, 2015
The 6th International Workshop on Nanostructures and Nanoelectronics

65  RECEBIYRIY DL B3> &85 Mar. 20, 2015

RIEC International Symposium on Vision and Cognition
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66 ERGEFSRH2BEIIRITVLA Jul. 37,2015
The 23rd Symposium of the International Colour Vision Society (ICVS 2015)

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

68 BIBERECRAEY FOZV RAERT -3 v/ Nov. 18-20, 2015
13th RIEC International Workshop on Spintronics

69  FUiEEES YT > E 1 —2ICEY 2BAERECERS VRI D L Feb. 23-24, 2016
The 4th RIEC International Symposium on Brain Functions and Brain Computer

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

Al BIORIAT A )V - INAF - F/TLY bAZI RCET 2ERY Y RI T L Mar. 1-3, 2016
The 10th International Symposium on Medical, Bio- and Nano- Electronics

72 HIEF/EEBEET/ILY bAZY RICETBERT - av T Mar. 1-3, 2016
The 7 th International Workshop on Nanostructures and Nanoelectronics

73 ERSEESEEEEEICETIEEY VRV T L May 20-21, 2016
RIEC International Symposium on Ultra-Realistic Interactive Acoustic Communicatrions 2016

74 %57@:75/\)11‘“‘/?/\\47\ '/i%ﬁ@g% 'ﬁﬁﬁ?nﬁ%blﬁﬁ?%)ﬂ://ﬁ\—\EI}\jUSA—E—EIV/\“ VRIY Is Oct. 31-Nov. 4. 2016

(TINIVYTINA R - BefrDERE - [SRREICE T ZRECERY 2RI T L) '

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

75 TANXVETIVIAVLRAT—72 372016 Nov. 9-10, 2016
Dependable Wireless Workshop 2016

76 HIAERECAEY bOZ Y RERT—U 3y Nov. 17-19, 2016
14th RIEC International Workshop on Spintronics

77 LAY 7 LSICET BERY Y RI DL Feb. 24-25, 2017
The 4th RIEC International Symposium on Brainware LS|

78 EESCEIRMEAES T > E 1 —2ICET ARIECERS VRI T L Feb. 27-28, 2017
The 5th RIEC International Symposium on Brain Functions and Brain Computer

79 RECERATZEERET—V> 3w 72017 Mar. 6, 2017
RIEC International Workshop on Biomedical Optics 2017

80 8B} /#BEL S/ ILY bV RICEIBERT -V av S Mar. 67, 2017
The 8th RIEC International Workshop on Nanostructures and Nanoelectronics

81 2017FRECOY 7 —BABRNAVORERT -3y T Oct. 19-20, 2017
RIEC Russia-Japan Joint International Microwave Workshop 2017

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

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

84 BISEREY FOZVRICET 2BHERT -3y Dec. 13-14, 2017
15th RIEC International Workshop on Spintronics

85  EEOREIRMEES B> 1 — 2B BRECERS VRY U A Feb. 1-2, 2018
The 6th RIEC International Symposium on Brain Functions and Brain Computer

86  TLAYUITLSICET BERY VRITL Feb. 23-24, 2018
The 5th International Symposium on Brainware LSI

87 LS /HEELS/ILY AV RICETBEERT -V av T Mar. 1-2, 2018

The 9th International Workshop on Nanostructures and Nanoelectronics

T4 U REHBEICETBERY VRI D L

International Symposium on Photonics and Optical Communications (ISPOC 2017)

BLBEHZEFT = RIEC 2018/2019
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R BRUREMERF. KFRIFEMER. BRHNEMARRE
FUEIFMARDES - BRAG EICHBIT DRERRMROFERD
BD—2THb, & HEDAEREZLHMSEEIEHLEN
D—D2ELTHY. TOBENS. HIER. B VRI VLD
ABRBN. DERERFRN. BLmXPEE EZHBEHEE LT
W5,

RFENBEHGERCIREFIEND L D ITHE DTeDIE, KIEDK
DEED S EEERMN TV RIEAFBER L EHOAEKER
IKHRL TV S, TOMBRRRR CENENLETROT) > b
HBNBWAD)V— FERTHEBOBERMEE IR RN IN. 2
TDFXICRAICRFESAMNBARZ R E LCFIAIND LS
izl REICRHBRE LTRbN2 LS I1CE o1

HEDcH—RRIT L. BRBHI2BFENSEEL. B0
TERGERERRRT L DICEote, BBHIVFED SAMEHNE
[LERD SR L CEMTITIE L CHRT 52 &icimy (B
M27E7RIC1EE—S (BlddE) Z=FiTL CLORF2~3[).
755 LI EF2RID R Z Hil S TL Do

2 FRAERFEREEHEFMAREERE

K. BROBEMEFATR6EICEELRMAMIERE LT
YR LTeT & x2S LT HBRMOBEEDEEIRAZ L ft
RICHRET B2, FR/E/BICATIENIZEDTH S,

ZORRIE, ZEFY. WBRRERGEDBS DMESRE L.
HETOY 7 MK, BREE G ESEREMROFERSE. &
OBt YR Y T L STFMRREL. BEBERG L &EE
RACBTHWE L. TNODEBREICED < BEDFHEE A EREHME
D5HEOTWE, TREFMIGEELY . TOHREBEL ATV T A MRT
& %Annual Reportd Hhl L TLN %,

W 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

RILAFESBEMEFE. FARESDHE S THEEEICH
WTH. AFERLIFARR BREFHERS I UCETFHRR
DES - BRAREBELAHNIBREER>THY. HEFER - 15
WERBEOFBHEL LT, KERSLUEFRREDHE IS
BILTWA, SMRSFICIE. BR - BRADAERE & FE4
FENFRBLTHIEET> TV 5, BEMAEFICHTELTLEK
PRI BEARIE324. BUHAERAR 1324, FEAELEILSTATH
)

TOfhic, SEEHIZRE. MIEFEMEE. BAZMIRER DR
AHEELABEAFIMEE. REZEOHEMIREDHITFIDE
D> T\,

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 2018, 57 undergraduate students,132
master course students, and 32 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

ARELZ
Seminar scene at a laboratory
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International Activities

FARFROH R EFMNZENEOREZSLL VU — EIF
RHERDEBEEPHNES. HHWVIEEREY v —F I DRI
L, SROEHDHF CHADTEERZDERICEIML TL
%, AERFOBEFIF. BELF. BRIFHEICHIFHER
D= FT-T7EL VX (COF) £GE2TVWBREFLEL,
BAD SR EPBFZENARAEADERCSE L TV D, T,
BADKZ- PRI & ZMORBELFEO. AERBD DRk
ICIFRREC, HEEFRE. BEMRGEEHEL TS,

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.

PSR R
International academic exchange programs
ERPHIRIRE
University Level Agreements
% W E R EREEA R
Country Institution Date of Signing
7 AR PV T HIVZTREY 2 2NN 1990.3.15
U.S.A. University of California, Santa Barbara
7 AR IN—T1—KZF 1997.9.23
U.S.A. Purdue University
AFZ AT KE 2004.6.7
U.K. The University of York
Ry FLRTVIRAZE 2006.6.26
Germany The Technische Universitat Dresden
Ry NIV ITHRAFE 2009.8.26
Germany Berlin Institute of Technology
=) EIEERE 2009.12.2
Taiwan National Tsing Hua University
T7AUAN IN—IN— RKZE 2010.7.22
U.S.A. Harvard University
% HATF=ASTTIV Y ITRARE 2012.2.1
Germany The University of Kaiserslautern
% ANRRAT =T INIVTKF 2012.2.6
Germany Johannes Gutenberg University
% L=7 2RIV KE 2017.3.16
Germany University of Regensburg
Ry FIVT VT IVIKE 2017.7.13
Germany Carl von Ossietzky University of Oldenburg
ANA > PIRVAKRFE 2018.5.20
Spain University of Salamanca
BEEEMRIRE
Department Level Agreements
ESE W E R EREEA B
Country Institution Date of Signing
RK—=ZVF R—Z> FRIET T = BRI 1976.8.3
Poland Institute of Physics, Polish Academy of Sciences
Ry TAIAFE— 2001.1.22
Germany IHP-Innovations for High Performance Microelectronics
TIVA EURERRPA<ILEA DS/ FA TV RER Y 2 — 2005.10.24
France The Interdisciplinary Center on Nanoscience of Marseille, National Center of Scientific Research
PE FRER SIS 2007.4.12
China Institute of Semiconductors, Chinese Academy of Sciences
7AUA ZMA—AKRZETA VLAY T — 5% 2009.12.9
U.S.A. WINLAB, Rutgers University
AXA > EOKRE 2011.2.25
Spain University of Vigo
a7 ROy - FRYTELIRAE 74 VR - FAIERREBE LY 2 —BLUBREFLY - LV -IEHRT 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)
TAUA RYFa—ty VINKEBFIFMRERS SO AT AT AT LB 2015.1.9
US.A. Research Laboratory of Electronics (RLE) and Microsystems Technology Laboratories (MTL), Massachusetts Institute of Technology (MIT)
m T2 MRFIVT I BRIRAE 2016.11.22
Russia St. Petersburg Electrotechnical University
TIVA Ei/ VU 2FERBERT 2017.10.25
France Telecom ParisTech
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ABZEB R MHEEZRZ LTV L EEEY v —F v

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

Acoustical Science & Technology
Applied Acoustics
Electronic Journal of Surface Science and Nanotechnology

g b w N =

IEEE Virtual Reality Journal Track
(IEEE Transactions on Visualizaton and Computer Graphics)
|EICE Transactions on Communications (EB)

o~

7 International Journal of Energy, Information and Communications

AT B R AHBEE R 2D & D 7hoL O FEE &

IACR Transactions on Cryptographic Hardware and Embedded Systems

8

9

10
1"
12
13
14

International Conference programmed by a staff in RIEC

12th Global Symposium on Millimeter Waves (GSMM) 2019

12th Japan-Korea Conference on Ferroelectrics

15th RIEC International Workshop on Spintronics

2017 Asian Pacific Conference on Vision

2018 ISAF-FMA-AMF-AMEC-PFM Joint Conference (IFAAP 2018)

oA W N -

Communication (ACS-NanoComm)
9th International Workshop on Nanostructures & Nanoelectronics
ACM Conference on Interactive Surfaces and Spaces 2017

o~

9 ACM SIGGRAPH Conference and Exhibition on Computer Graphics

and Interactive Techniques in Asia 2017
10 ACM Symposium on Spatial User Interface 2017

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

2017
12 ACSIN14 & ICSPM26
13 Asia-Pacific Microwave Conference 2018

14 Asia-Pacific Workshop on Fundamentals and Applications of Advanced

Semiconductor Devices (AWAD)

15 European Material Research Society Fall Meeting 2018 (MRS-E Fall

Meeting)
16 European Microwave Week 2018

17 |EEE International Sympoisum on Asynchronous Circuits and Systems 2019

18 IEEE International Symposium on Multiple-Valued Logic 2017
19 Int. Conf. on Micro- and Nano-Electronics (ICMNE)

20 International Conference on Artificial Reality and Telexistence &

Eurographics Symposium on Virtual Environments (ICAT-EGVE) 2017
2

Systems 2017

22 International Conference on InfraRed, MilliMeter Wave and

TeraHerz (IRMMW-THz 2018)

23 International Conference on Recent Progress in Graphene Research (RPGR)
24 International Conferences on Modern Materials & Technologies (CIMTEC)

2

w1

International Symposium on Compound Semiconductors (ISCS)

5th ACM International Conference on Nanoscale Computing and

International Conference on Cryptographic Hardware and Embedded

26
27
28

29
30

3
32
3

=

w

34
35
36
37

3

oo

39

40

4
42

=

43

44

45
46

Journal of Cryptographic Engineering

Journal of informatin hiding and multimedia signal processing
Mobile Information Systems

Neural Networks

Nonlinear Theory and Its Applications, IEICE

Scientific Reports (Nature Publishing Group)

Soft Robotics

Korea-Japan Microwave Workshop (KIMW2017)

Optical Nanofibre Applications: From Quantum to Bio Technologies
RIEC International Symposium on Photonics and Optical
Communications (ISPOC2017)

RIEC Russia-Japan Joint International Microwave Workshop 2017
Russia-Japan-USA-Europe Symposium on Fundamental & Applied
Problems of Terahertz Devices & Technologies 2018 (RJIUSE 2018)
Technical Committee of Multiple-Valued Logic, IEEE Computer Society 2017
The 2018 International Workshop on Pervasive Flow of Things (PerFoT)
The 31st IEEE International Conference on Advanced Information
Networking and Applications (AINA-2017)

The 3rd International Symposium on Intelligent Systems Technologies
and Applications (ISTA'17)

The 5th International Symposium on Brainware LS|

The 6th IEEE Global Conference on Consumer Electronics 2017 (GCCE2017)
The 6th International Conference on Emerging Internet, Data & Web
Technologies (EIDWT-2018)

The 6th RIEC International Symposium on Brain Functions and Brain
Computer

The 8th International Symposium on Adaptive Motion of Animals and
Machines (AMAM2017)

The 9th Asian Conference on Intelligent Information and Database
Systems (ACIIDS 2017)

The International Multisensory Research Forum 2017 (IMRF2017)

The Twelfth International Conference on Intelligent Information Hiding
and Multimedia Signal Processing (IIH-MSP2017)

Tohoku-Purdue Workshop on Novel Spintronics Physics and Materials
for Future Information Processing

Tohoku-York-Kaiserslautern 6th Core-to-core Workshop on "New-
Concept Spintronics Devices"

Topical Workshop on Heterostructure Microelectronics (TWHM)

VLSI Circuits Symposium 2017
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B RIEC Open Day

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

In 2017, the RIEC Open Day was taken place on Saturday 7th
and Sunday 8th of October. All the research laboratories, research
centers, and machine shops of RIEC exhibited various types of
demonstrations focused on their research fields.

The exhibitions included some historical devices and instru-
ments developed in RIEC, such as magnetron tubes and steel
recorders, historical milestones of RIEC activities. On the other
hand, experiments on cutting-edge research were also demon-
strated, such as non-volatile logic computer with low power
consumption, ultra-high speed optical fiber data transmission,
the intriguing behavior of electric circuits, and the mechanism of
sound localization. Furthermore, visitors were able to join hand-
icraft courses for some simple electronic gadgets such as avatar
drawing, germanium radios, rainbow-colored kaleidoscopes, clip
motor, and solar cells using natural pigments.

In 2018, the RIEC Open Day will be held on Saturday 6th and
Sunday 7th of October. Your participation is greatly welcomed.

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

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

i'. ‘;|

x TR NERR - TEEEERLOGENE

Visitors having fun during handicraft courses

B RIEC News

As a part of RIEC's publication service, “RIEC News" is pub-
lished.

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 fiscal year 2017, 20th, 21st and 22nd 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/
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BE (EmM30E58180)

Staff (as of May 1, 2018)

R 6 8%

Director, Professor

i
=

Satoshi Shioiri

BRZEERFT

157/ \ 1 AHAFRERPT

Research Divisions

Information Devices Division

B /T4 NI FAOZY ARRE

Nano-photoelectronics

= Professor B F — Yoichi Uehara

OB ® Professor* BE OB I} X Hideo Fujikake

HEHE Associate Professor S Bl Satoshi Katano

HEHEE @ Associate Professor* H B B R Takahiro Ishinabe

n EABETITEMEE Solid State Electronics
ESQE Professor (1 B X 1) (Shigeo Sato)

OB ® Professor* ¥ B B B Katsuyoshi Washio

HEHIZ Associate Professor 2 E — Hirokazu Fukidome

EIiNE) Lecturer n g ®Mm z Tomoyuki Kawashima

=2l AL =] Research Fellow FERKRK X &+ Fuminori Sasaki

m FES/ TINAAFRE

Dielectric Nano-Devices

E ] Professor £ BRI Yasuo Cho

B OB ® Professor* o E T W Tetsuya Kodama

TEHTZ Associate Professor Xk #H F Kohei Yamasue

RIS ) Associate Professor* = 2 = Shin Yoshizawa

By # Assistant Professor ¥ ok B B Yoshiomi Hiranaga

BHEBIE Specially Appointed Assistant Professor LI &= # % Yuji Yamagishi

= A ERRERRG TR E Materials Functionality Design
E ] Professor B # F X Masafumi Shirai

HOR® Professor* H & #fl =z Kazuyuki Tanaka

EL e SE ) Professor* 7 2 Akira Ando

HEHE Associate Professor [T eS| Kazutaka Abe

FERES & Associate Professor* X BB B 2 Masayuki Ohzeki

TERTE () Associate Professor* g5 B M & Kazunori Takahashi

By # Assistant Professor bal I BN Masahito Tsujikawa

ST e Research Fellow Tufan Roy Tufan Roy

B Y OZY ARRE Spintronics
E = ) Professor* m B X il Fumihiro Matsukura

H O ® Professor* Z B FE X Yasuo Ando

B Q= E ) Professor* = B B Be Tetsuo Endo

E e E ) Professor* E =Z= B Takehito Simatsu

EL e SE ) Professor* E B & Shin Saito

ES QS E) Professor* M H E Z Shoji lkeda

BB ® Professor* B = X Hideo Sato

TEHTZ Associate Professor E R B Shunsuke Fukami

HEETE &) Associate Professor* A H E B Masakiyo Tsunoda

EEIR & Associate Professor* K F OB OE Mikihiko Ogane

Bh # Assistant Professor £ H BB Shun Kanai

B # Assistant Professor Justin Llandro Justin Llandro

By #H G Assistant Professor* 55 B = Chaoliang Zhang

S /ERTIN AR - TOCAARE Nano-Integration Devices and Processing
) Professor kB X I Shigeo Sato

H OB @® Professor* A Il R F Shigetoshi Sugawa

BHOR® Professor* g L 2 % Masanori Hariyama

SEEE Associate Professor B OE B X Masao Sakuraba

EEEE (3@ Associate Professor* 2 H B A Rihito Kuroda

By # Assistant Professor 1t B & =~ Nobuyuki Sato

B BEFTNA AFIERE Quantum Devices
ERE Associate Professor K B B E Tomohiro Otsuka
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Broadband Engineering Division
Ultrahigh-speed Optical Communication

B R Professor

5B @® Professor*

H B @® Professor*

EHIE @) Associate Professor*
By # Assistant Professor

E MR E
[N == I ==
W O F
F R £ %
B 8 B N

Toshihiko Hirooka
Hirohito Yamada

Yuji Matsuura
Takashi Katagiri
Keisuke Kasai

B SHEBFIEMEE

Applied Quantum Optics

ot >

H B &
bl

B> HE

.
Jillll

Hiroshi Yasaka
Masato Yoshida
Nobuhide Yokota

Advanced Wireless Information Technology

B " Professor

AR Associate Professor
By # Assistant Professor
m EEE T A v L B ER R

B Professor
HOR® Professor*

AR Associate Professor
B ¥ Assistant Professor

E N
&R i
B8 H £
~ B wm &

Noriharu Suematsu
Qiang Chen
Suguru Kameda
Mizuki Motoyoshi

mERA N LY YRT LRE

Information Storage Systems

] Professor (P £ & 3h) (Takahiro Hanyu)

BB ® Professor* J& BE Xiao Zhou

JERIT Associate Professor Simon John Greaves Simon J. Greaves

TERTE &) Associate Professor* R B g F Takehiro Ito

B BT 00— F/\Y MESNIEERE Ultra-Broadband Signal Processing
] Professor B dFxF — Taiichi Otsuji

ERS Associate Professor 1 Bk BE Akira Sato

By Assistant Professor E U Z Takayuki Watanabe

Sy A= Research Fellow Victor Ryzhii Victor Ryzhii

B EFLERTIFHRE Quantum-Optical Information Technology
% Professor o E= — Keiichi Edamatsu

OB ® Professor* e = A Mitsuyuki Nakao

R Associate Professor = % R B Yasuyoshi Mitsumori

EHIT Associate Professor Mark Paul Sadgrove Mark Paul Sadgrove

RS () Associate Professor* F W %% @& Norihiro Katayama

By # Assistant Professor Soyoung Baek Soyoung Baek

By #H ® Assistant Professor* NI N == 4 Nobuyuki Matsumoto

B #H & Assistant Professor* & H % B Fumihiro Kaneda

FhZEE Research Fellow Bl BB A X Naofumi Abe

B JO- RN FBEEERTHRE (F8)

Section)

Basic Technology for Broadband Communication(Visitor

BB Visiting Professor

J s % 3

Shigeo Kawasaki

ANBEEIR > AT LBZEERFT

Human Information Systems Division

" ERERHIFRIEE

Electromagnetic Bioinformation Engineering

B = Professor
HOR® Professor*

OB ® Professor*

OB ® Professor*

BB ® Professor*

#H ®® Professor*

IR Associate Professor
EHIR ) Associate Professor*
HEHR ® Associate Professor*
By # Assistant Professor

a il moE
L g E ¥
2 H )
P =T
SR S < —
% k 5
il E—ER
= B A
=0 A N
#k M E

Kazushi Ishiyama
Masahiro Yamaguchi
Makoto Tsuda
Takashi Watanabe
Kenji Nakamura
Shin Yabukami
Shuichiro Hashi
Yasushi Endo
Daisuke Miyagi
Yoshiaki Hayashi
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RSB AT LBRE Advanced Acoustic Information Systems
B ) Professor B K B — Yaiti Suzuki

EL e E ) Professor* & H = Hiroshi Kanai

5B @® Professor* F B = g Akinori Ito

ERS Associate Professor kR &~ B — Shuichi Sakamoto

ERIS @) Associate Professor* N O — Masakazu Kawashita

HEETE (#®) Associate Professor* BE P& Takashi Nose

HEHEE @ Associate Professor* = )l T = Mototaka Arakawa

By # Assistant Professor Jorge Alberto Trevifio Lopez Jorge Alberto Trevifio Lopez

Bh # Assistant Professor ® E 2 Zhenglie Cui

HEBNE Specially Appointed Assistant Professor Cesar Daniel Salvador Castaneda Cesar Daniel Salvador Castaneda
FTEZEE Research Fellow = o = Fumitaka Saito

B SREBBFRY AT LHAEE Visual Cognition and Systems
Oy Professor 7 A Bl Satoshi Shioiri

OB @® Professor* 5 = Bl Makoto Yoshizawa

OB ® Professor* I X B Masayuki Kawamata

ERS Associate Professor E K — BB Ichiro Kuriki

ERS Associate Professor =] m = Chia-Huei Tseng

TR () Associate Professor* ¥ H B X Norihiro Sugita

EEES () Associate Professor* fy B 1E 3 Masahide Abe

Bh # Assistant Professor N B B @ Yasuhiro Hatori

Bh # @ Assistant Professor* & F L K Sae Kaneko

FZEE Research Fellow Muhammad Alfian Amrizal Muhammad Alfian Amrizal

m BRIV T VHIRE Information Content
] Professor It & E X Yoshifumi Kitamura

H T ® Professor* o & = Nei Kato

H R ® Professor* B B i X Takuo Suganuma

AR G Associate Professor* o] H = Toru Abe

B @ Associate Professor* 5 K B B Terumasa Aoki

HEHFR G Associate Professor* ol ok Hiroki Nishiyama

FERIS @) Associate Professor* Zubair Md Fadlullah Zubair Md Fadlullah

By # Assistant Professor g B 1 % Kazuki Takashima

B RHRIE TV ITHRE Real-World Computing
) Professor /5 B 8 % Akio Ishiguro

B Associate Professor m o R s Takeshi Kano

FTEZEE Research Fellow B R It Akira Fukuhara

B N AREDF T/ A AAEE Nano-Bio Hybrid Molecular Devices
E ] Professor s B 3 Ayumi Hirano

OB ® Professor* 5 5 & X Tatsuo Yoshinobu

HOR® Professor* X T B B Kengo Kinoshita

EL e E ) Professor* & F & B Toshiro Kaneko

FERESE & Associate Professor* KX HK I Takeshi Obayashi

FEEEE & Associate Professor* B A E—ER Koichiro Miyamoto

TR (&) Associate Professor* R B Makoto Kanzaki

EHE 3@ Associate Professor* m o R B Toshiaki Kato

Bh # Assistant Professor B XK X N Daisuke Tadaki

ALy = | Research Fellow AN = Maki Komiya

n ZREBRAGHRHM Y AT LARE Multimodal cognitive system
2B OB ® Professor* % H & = Nobuyuki Sakai

By # Assistant Professor [T N Kosuke Yamamoto

B JVFE—HINAVEI—T 1 VITHRE (BE) Multimodal Computing (Visitor Section)
EEHIE Visiting Professor m oA B — Ryoichi Nishimura

EBEEHIR Visiting Professor i NN Masato Akagi

REMHEHIZ Visiting Associate Professor F B O — Yuichi Ito
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AT I+ VT N T T T HRZRERT
B VT b T HERRRE

Systems & Software Division
Software Construction

B Professor X IE = Atsushi Ohori

BB ® Professor* "’ = e Ayumi Shinohara

BB ® Professor* 1 H Z=IER Eijiro Sumii

TEHTZ Associate Professor + B M X Katsuhiro Ueno

HEETE (#®) Associate Professor* mw H — = Kazutaka Matsuda

EEIR @ Associate Professor* = fh = Ryo Yoshinaka

Bh # Assistant Professor %O fEABR Kentaro Kikuchi

B OV a—T 4 VYV IERERIRE Computing Information Theory
] Professor o E N Keisuke Nakano

E = ) Professor* o B & Hiroki Shizuya

H O ® Professor* X B E—BP Shinichiro Omachi

EETE G Associate Professor* B OH OE X Masao Sakai

HERR 0 Associate Professor* B 2 F 7 Shuji Isobe

MR Associate Professor* B A FE Yoshihiro Sugaya

B OS24 —3 Ry NTD—UMHRE Communication Network Systems
E ] Professor 7S B B Tetsuo Kinoshita

H T ® Professor* = e Hiroumi Saito

HOE® Professor* =2 R F BB Hideaki Sone

OB @® Professor* =2 AR Kentaro Inui

HEHR Associate Professor it 7T Gen Kitagata

HEHEE @ Associate Professor* % B I B Hideaki Goto

FERESR & Associate Professor* % K bt Jun Suzuki

HERTR &) Associate Professor* KoK B BB Takaaki Mizuki

HEETE &) Associate Professor* i M K & Daisuke loka

By # Assistant Professor B B F = Hideyuki Takahashi

Bh # Assistant Professor ' H — A Kazuto Sasai

m RIEAMAL T 2 78 X T LARE Environmentally Conscious Secure Information System
] Professor X B O X Naofumi Homma

By # Assistant Professor + % 58 Rei Ueno

B YNV —T a4 VITERBY AT LR Soft Computing Integrated System
B2 ) Professor B B 5 Z Yoshihiko Horio

LR VLS| 2 X 7 LBZRE New Paradigm VLS| System
] Professor P o4& & 35k Takahiro Hanyu

E = )] Professor* 5 K = X Takafumi Aoki

TEHTZ Associate Professor E H ¥ H Masanori Natsui

By # ® Assistant Professor® B R B & Naoya Onizawa

B #H & Assistant Professor* K K & Daisuke Suzuki

n [FRESEERE (B2) Information Social Structure (Visitor Section)
BEHR Visiting Professor 5 H# % Masashi Imai

REHE Visiting Professor X H Kk * Tomohiro Yoneda

ZEEHIR Visiting Professor LN bt Hiroshi Matsuoka

MBI hERR Research Facilities

MBS/ - AEEREREER

Laboratory for Nanoelectronics and Spintronics

HEERE h HER Director, Professor B ¥ — Yoichi Uehara

m HIEES

HINEFRE & Technical Staff* & H # & lori Morita
HifT—REE o Technical Staff* N BT B Rikima Ono
HiiT—iREE @ Technical Staff* K # f8 IE Michimasa Musha
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B Y NOZY ZARRE Spintronics
OB @® Professor* W B X Fumihiro Matsukura

EL e E ) Professor* Z B R Xk Yasuo Ando

BB ® Professor* = OB T OEB Tetsuo Endo

EL = E ) Professor* E 2 B 1 Takehito Simatsu

2B OB ® Professor* = fE {8 Shin Saito

2O @® Professor* MHR E Z Shoji lkeda

OB ® Professor* P B = X Hideo Sato

B Associate Professor ® B B W Shunsuke Fukami

MR @ Associate Professor* A HE B Masakiyo Tsunoda

MR G Associate Professor* K & B B Mikihiko Ogane

By # Assistant Professor £ H e Shun Kanai

By # Assistant Professor Justin Llandro Justin Llandro

By #H ® Assistant Professor* 5 B = Chaoliang Zhang

B/ N AREDFT /A AHERE Nano-Bio Hybrid Molecular Devices
ES G Professor T HE 5 Ayumi Hirano

B OB ® Professor* 5 5 & X Tatsuo Yoshinobu

2B OB ® Professor* XN F B B Kengo Kinoshita

E Q= E ) Professor* £ F £ BB Toshiro Kaneko

TEHES @) Associate Professor* KX K = Takeshi Obayashi

MR @ Associate Professor* B A EB Koichiro Miyamoto

KB @ Associate Professor* pe i = Makoto Kanzaki

RIS G Associate Professor* o R A Toshiaki Kato

By # Assistant Professor B2 X KX N Daisuke Tadaki

Sy =| Research Fellow N =g K & Maki Komiya

S /ERETINA R - TOCAHER Nano-Integration Devices and Processing
] Professor kB X I Shigeo Sato

B =€) Professor* = A Shigetoshi Sugawa

ES QN SE) Professor* g L 2 % Masanori Hariyama

SERS Associate Professor B OE B X Masao Sakuraba

EEIE 3@ Associate Professor* 2 H B A Rihito Kuroda

By # Assistant Professor 1t B & =~ Nobuyuki Sato

Mg 7 LA > T 7GR RS Laboratory for Brainware Systems
MERE ) HIE Director, Professor B o4& & 5k Takahiro Hanyu

m R FEVXT LMEE Recognition and Learning Systems
E ] Professor B/ A 581 Satoshi Shioiri

TEHTZ Associate Professor R &® E — Shuichi Sakamoto

B YNV —T 4 VIEEY AT LRE Soft Computing Integrated System
B2 ) Professor BB 5 B Yoshihiko Horio

= IR VLS| 2 X7 LBZRE New Paradigm VLS| System
E ] Professor P £ & 3L Takahiro Hanyu

H T ® Professor* 5 K = X Takafumi Aoki

BT Associate Professor g H M M@ Masanori Natsui

By # ® Assistant Professor* B R B & Naoya Onizawa

B #H & Assistant Professor* B K K @ Daisuke Suzuki

B RHRIVE TV ITHRE Real-World Computing
] Professor B == x Akio Ishiguro

TEHTZ Associate Professor m oW R % Takeshi Kano

FATRERE Research Fellow B2 R It Akira Fukuhara

B2 1 tHid E B E IR 2 — Research Center for 21st Century Information Technology
v R—E B Director, Professor * W F A Noriharu Suematsu

n EFEZEHERL Industry-Academia-Government-Collaboration Research and Development Division
BB ® Professor* * W F A Noriharu Suematsu

REHT Visiting Professor [ s S = =1 Hiroshi Okazaki
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SR Interdisciplinary Collaboration Research Division

EL e SE ) Professor* 7 A Bl Satoshi Shioiri

[ JT=E=anat:t Exploratory Research Division
HOF® Professor* it & & ¥ Yoshifumi Kitamura

HEHR @ Associate Professor* B8 H = Suguru Kameda
SEFZCMEIEEAINES ZREEREESTH AT LANDE  Division for the Establishment of Froutier Sciences Multimodal cognitive system
H O ® Professor* " H & = Nobuyuki Sakai

B #H & Assistant Professor* W & 5 B Kosuke Yamamoto

i
‘
B

FEEERE Management Office for Safety and Health

= £ &/ HE Manager, Professor* A W M oE Kazushi Ishiyama
AEE &/ HE Deputy Manager, Professor* B F — Yoichi Uehara
By #H ® Assistant Professor* Tt B E 2 Nobuyuki Sato

Common Research Facilities

HIEHIZERER

PHSDPWMERV AT Ltz R — Flexible Information System Center
o A—K & B Director, Professor* X T B B Tetsuo Kinoshita

rra—F @& /B Director, Professor* e B X I Shigeo Sato

FiTEME (JFiE) Technical Staff x K 1% Tamotsu Suenaga

= TEER Machine Shop Division
Eif—REE (JIV—7F) Technical Staff fl &S A Kento Abe

Bifi—HE e Technical Staff Bl H %Z B Yasuaki Maeda

il —AREE Technical Staff B A/ £ & Kana Sekiya

= ShES Evaluation Division
HMEMEE (JI)IVL—7TF) Technical Staff fl &8 = M Maho Abe

Bifi—HE e Technical Staff F @ =& Takenori Tanno

il —aEE Technical Staff o £ B Hiroyuki Yagyu

BERRE Technical Staff E F B — Koichi Shoji

= Ot XE Process Division
HTEMR®E (JIVL—7E) Technical Staff x B # & lori Morita

Bifi—HE e Technical Staff A A = Rikima Ono

FiT—AREE Technical Staff B & 8 E Michimasa Musha

= [ EEREATER Information Technology Division
HiTErIRE Technical Staff o B F Yuko Maruyama

Hili—mEe (VIL—7R) Technical Staff e B E E Masahiko Sato

Fi—REE Technical Staff X H # A Kenji Ota

EREHEEE Office for the Promotion of International Relations
IR Specially Appointed Professor B B 7 & Mitsuhiro Shiozaki
EFEEEHE= Cooperative Research and Development
B EEER 3 Specially Appointed Professor* * 78 5\ & Hiroki Shoji

EBE Administration Office
EHE General Manager & F ¥ A Masato Kaneko

EREME Deputy-General Manager F IE F — Shuichi Terashima

WHRE Chief of General Affairs Section & Z AR L Yoshihiro Kanazawa

HRip % E Chief of Research Cooperation Section £ B = Go Sato

NERE Chief of Library Section ArlE F — Yoichi Uchigasaki

BRERE Chief of Accounting Section YN NS Kenichi Matsumoto

BERE Chief of Purchasing Section I &N B = Yoshiaki Kawamura
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