Rk

Flt

Bt

—h
—
—
- |

il

Research Institute of Electrical Communication

Tohoku University

2019

=5

—2020




RICKFEBXUBEWTRFR

Research Institute of Electrical Communication Tohoku University

ZMNA T AARIC L DR EEHREE (1937)
Experimental equipment for AC-bias magnetic recording (1937)

BEAFIET 72 hO> (1927)
Experimental equipment for Split Anode Magnetron (1927)

" ELECTRICALE
DIRECTIVE S

K« FHT VT T ORRITHT 2

|EEE Electrical Engineering Milestone 5028 (BRALAZ A FAER)
IEEE Electrical Engineering Milestone for Yagi-Uda Antenna

(in Katahira Campus)

JUK - FHT7 > 7 OREREE (1929)
Experimental equipment for Yagi-Uda Antenna (1929)



EPN
CONTENTS

FrRHLNED

ROy 3>

" E

I

HEZ7AY 7 MR

BZRERPT

BT/ \ 1 ABAFRERPT

70— R\ RIFEHIRERRT
NEIEIR> AT LT
VAT I VT T T T HRERFT
NI

F/ - AE VKA

T LAV 1 T HEERRNER

21 HiCEHREEMARE LY 2 —
=SSR SIS A A ER
HENEAZE VIV — T
PHOSDOWERY AT L2 —

HEREREMN > 72—

ZEHEBEE

HFTEEN
RILKFERBEMIEPTIEMR
RILAFERBEMRTRARY VRY '7 N
bR

HEEE

EFEE

[REREEN

B B

Greeting from the Director e 2
Institute Vision 4
Chronology 6
Organization 10
Nation-wide Cooperative Research Projects ~ crereeeeeeeeeens 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 ~ «orreeereneeeneees 52
Laboratory for Brainware Systems e 59
Research Center for 21st Century Information Technology — «»exreeeeeeeee 66
Division for the Establishment of Froutier Sciences ~ =ooeereeeeeennes 73
Ad-hoc Research Groups e 76
Flexible Information System Center e 79
Fundamental Technology Center ~ ceeeeereenen 80
Management Office for Safety and Health ~ ceeeereeeeens 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

EBRUBEHZEPT = RIEC 2019/2020| 1



FREHWLNED
GREETING FROM THE DIRECTOR

| T\BEENZIZ 2127 —Yav0ORE) B BRBEMEADI Y3V TY,
12227 — 3P ABRRICE D TRODERIGFT MNE B A, BERBERIMIL
X127 —Y3v0bVAERECER. ANEOFORRZBR IR Z XRIR
LTEE L, BRICHIFHI22 27— 3> BERBEIF. AEADBALE/.
T/ LR/ EXTORRELT. & ZRMERERRAZ AR LT COE T, EAlE.
ESICZDEDEHGIERHERDOERFZEE L. HOABEDOFMEHRDERICET 2
EHITESNEHRDOBUICEMT 5 L ZBNELTVET,

ANFIE 1935 FORBLUE. WREHPHENE - B EZIE CH & LIRRDER
BECERZZIHRMREES, MRZ)-FLTEE LT, INSDRED LI,
BREENHF COMERR L L TEBZME L. REDBLBBERUEREIEDOHIT
MREEH EFTVET, HIHEED=HIC. M8 7/ X @BEAR. *v hT—
7. ANBBHR VI U7 RELEERRDFICHEEZR L. N—FU 7
fireY 7 b T 7RIMDORME. MEE & OEEIC K 53R EHR L HREMOERK
BEHEL RIFTEDBEI BB L TVOET,

BRI, 4 DOMIEERFI. 2 DR E 1 DDV Z—H57EY . HREFIEE
N RRAIC K DR Z. ERISTENMRZ BIETMRE. v 2 —FEFEREICK
DRAZE SOIIRPNGARER RO TVE T, AERMPE. AERBEREELIT

BRBETIZR TR
| A il

Research Institute of
Electrical Communication
(RIEC)

Prof. Satoshi Shioiri
Director

DEBEBDNEEHNERT /N RADRIEZBEIEY BT/ AFFREBPT L. R
EHBEORERVTNEZZ BT /A ADRIEZBIEY 70— /> RIFHE
B ABERELSFEN LIcBERBERERZEHIT. ABOBRILBEEDRE
BBEB1EY TARBIBRY A7 LKA RUBREREY X7 LOEEL. SRILED
fedDY T T I TRV R T LEMDERZ BT [V X7 LV 7 bD T 7 HZEEF
TY. 2D0HRIE. T/ 77/ AT —CEDWei - 731 A ORREBER -
EPICHEET D [/ - AEVERRMER] & REOBRRXIMOEZ T K58

EWBVRTLDERZBET [T L1 07BN 22— IR DRZRE

CEEL IOMR IO T heHlET 5 [ —+— i EREEMRRER > 2 —

(IT21 > %—)) THY. TNTNEPNUCEIT DEHZEMERED 5 DEFEMEDIZ E L THL
BIFSNTVWETY, &fc. RULKESFMHEREBOIEEAIME S LT, 2018 FICZREBRAGTVMNT A7 LDH. 2019 FICX
EY bAZT X - CMOS REEMALETRS R 7 LNF = TN TNCEMRE. TEMRBOEE EDBEHZEDEL ERBELE L, NS
TEROMZRBFRIC RIS TeAFRDEE T,

AFAIE. 2010 FEICXERFZED S IEREEHFEMEI R E L THEFR - HARRLSDOREEZR S FREE. 1217 —>3
VRIS RAAREES | T AREEEOTCVET, WRE LTCOEELERE LT NEOMRE SESHLHETOY 17 MR ERNE
LTWET, BRI AREPREDEESR EDARE EOEEZHET 2 DEEIFS OMRICENY, 2016 FEN S5 3 B
BIREOEEZEDTVEYT, BROEHICHOE CHIEZSNE L. RERFERL. EFXE. EFEHICIT2ERRmEZREL
TVWEYT, ZTOMRLHY . BEICORYBEENMEMLTVET, AFEL 10028570V 17 & 1000 2EZ B 28EESE
BHTENTE, EXREOBE ERFNERACEFINROEEZ IOV IV FLED. —EBORBIHRFEINET.

A CEDZTOY Y M 2014 FEL SEDRHREDZEICLY TABBHIMORIRICHIT IR iE LS| 8JHE2E B
HYUET, CDBXECLY, REFRITHETEDALNEE EOBROBERILEZ LS| & LTOERZBHELE T, TR 7
RS LIEROMBRETOY 17 b EFRATERLTVET, 9. FOHELNROELEYED TERLALY O Y X
ZlF. 2017 FICRIAZOIEERIIAF & LTCREENEOERIEROR T, 4 DOER by TLANVHRRRDV EDE LTIE
DIFENTVET, INETRAGHEFRRZE T OY S A (FIRST) RUSEHIARBEHEHEE T DV S L (ImPACT) 237 L CER 14
IRIF— - REV IR AERBI VAT LR —] %Z 2019 F 4 BIciE LT TRmAEY bOZ 7 AMRER L 2 —1 D5
BENE LT, T CREFMNEFEHEIY Y -7 LOBRZERYT TERERIL Y bOZ 7 AMKRERL Y 2— 10 BENAM
DERZBIEYT TACY A7 AEBEFAER ). ENHERROREZED TAEY SO AFMEEMRHEF L2 —] &
BHEL T, A S Y TS OERICEEATONE T, RIC, 2011 F 10 Blcid. RAARABKEZIF T, RIFUAROERICL
Y BRUBEMFEME ] DRBEINE L, RILAFKERRFEARBECEHOSNTLS8ATOY TV bO—DE LT KEIC
BOBRBERMNZBERT SMERRNEZTEEEO TICHEESNTVET, 2016 FEICIE. BROEZHEY KD cHDIERE
TOVI IS [3YRAYTART AV AR Y 2— ] DEAZOZEMRERMSAE L TCRESESZHIE L. 2018 FEDL SIE.
EOXEAZITCIOY Ty M aHELTVET,

BXUBEMEE. BRICEIRIT BREEDOH L WMERZRE, FEEAIMICDEN2EBREIMORNE & EFEHEIC K DR,
TNOSEBLIEBEAMBERZBRNTED TVET, BERBETDOLDEZEET DL IBARFES LA/ N—=2 3 U TRARZYY A
{fedOBHZEHF. ANBEELEIZ 127 —Y 3 VORBEELC T NEHRDOBUICEREZT 5FF CT. TDEIITEHND
CEEREZITANDTHIT, 2018 FEIWIESDUS EIFE LT, BROTIEEE CHEE LS5 TLA LIBBULELET,

2 | BRUB{EHAZEAT © RIEC 2019/2020



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. In addition to these organizations, RIEC established two new laboratories in Division for the Establishment of Frontier Sciences
to open new fields in our institute in future. One is Multimodal cognitive system with collaboration with Graduate School of Arts and
Letters established in 2018 and the other is Spintronics/CMOS-hybrid brain-inspired integrated system with collaboration with Graduate
School of Engineering established in 2019.

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. We are funding a variety of joint research projects, prioritizing collaborations with industry, international development, and
younger researchers. This year we are conducting more than 100 joint research projects with more than 1,000 participants.

Since 2014 we have been promoting the government-funded Brainware LS| Project, which aims to create LSls based on new concepts
that are capable of human-like judgment. This program is creating advanced information processing LSls, such as those of artificial in-
telligence, which can be used to apply real-world situations. Within the university, we are also expanding R&D projects centered around
RIEC. First, when Tohoku University received confirmation of Designated National University title in 2017, Spintronics, RIEC members
with others are leading, was recognized as one of the four top level research fields of Tohoku University. The Center for Spintronics Inte-
grated Systems established in 2010 has come to Center for Science and Innovation in Spintronics for further developments, where three
centers cooperates: they are Center for Spintronics Research Network for collaborations with Japanese Universities, Graduate Program
on Spintronics for educating global leaders in spintronics and Center for Innovative Integrated Electronic Systems for enhancement of
global competitiveness in the field of next-generation integrated electronics systems. Second, in October 2011, in response to the Great
East Japan Earthquake, Tohoku University resolved to set up the Research Organization of Electrical Communication under the leader-
ship of RIEC. As one of the eight major projects underway at Tohoku University’s Institute for Disaster Reconstruction and Regeneration
Research, research and development for the creation of disaster-tolerant ICT is being carried out through collaboration between indus-
try, academia, and government. Third, Advanced Institute of Yotta Informatics was established in 2016, where interdisciplinary research
groups conduct projects for handling the “quality” of information to meet challenges “beyond big data” involving researchers from
both arts and sciences fields. The center is now supported by the government from 2018.

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

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

During the difficult circumstances of the postwar period, work continued in the
research facilities, which had narrowly escaped wartime destruction. As a result
of the promulgation of the National School Establishment Act in 1949, Tohoku
University was re-established with the status of a national university, and RIEC be-
came one of its integral research institutes.
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Owing to the subsequent rapid progress made in the field of electronics, there
were successive increases in the number of research divisions with the addition
of one in 1954 and 1957, four in 1961, three in 1962 and 1963, and one in each of
1965, 1969, and 1976. This saw RIEC develop into a major re- search institute with
20 research divisions and some 100 teaching staff.

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

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

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

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

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

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

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

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

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

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

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

Leap forward: As a world center of excellence

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

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

Since 2004 reorganization, RIEC played important roles in establishing three
university wide organizations authorized by the President of Tohoku Univer-
sity. In the fiscal year of 2009, Center for Spintronics Integrated Systems was
established to carry out the program designed by the Council for Science and
Technology Policy, Cabinet Office, Government of Japan. In 2011, Research
Organization of Electrical Communication was established to carry out re-
search on disaster-resistant information communication network as one of the
eight programs Tohoku University launched under the Institute for Disaster
Reconstruction and Regeneration Research in response to the heightened
social needs after the East Japan Great Earthquake. In 2013, Center for Inno-
vative Integrated Electronic Systems was established to construct a center of
excellence of academic-industrial alliance. In 2016, “Yotta Informatics Research
Center” was established. This is based on a project for handling the “quality”
of information to meet the challenges of “beyond big data” involving re-
searchers from arts and sciences fields.

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

RIEC has structures for close cooperation in the spheres of research and
education with the School of Engineering (Electrical Engineering, Commu-
nications Engineering and Electronic Engineering), the Graduate School of
Information Sciences, and the Graduate School of Biomedical Engineering.
At the same time it welcomes researchers from within Japan and from all over
the world, and as a world center of excellence its duty is to engage vigorously
in research activities in a wide range of fields related to telecommunications.
Construction of the new building of 13,513m2, 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 technologies and
the rising tide of globalization.
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Faculty & Staff
SHTHFESA1HIRTE as of May 1, 2019

B Professors 21
HEBIE Associate Professors 21
Bh# Assistant Professors 23
FiARE Research Fellows 9
RS Specially Appointed Professors 1
W LB lif;(ceijsllgrsAppointed Assistant 1
E=5i9i=] Administrative Staff 14
HFia Technical Staff 14
a5t Total 104

M7 RZANE CPR304EEE)
Researchers (FY2018)

NEANFZES Foreign Researchers BEHR Visiting Professors 6
BB Visiting Associate Professors 3
RESHRAREE Cooperative Researchers of Private Company etc 11
BHAFMRERRFRIFZE S JSPS Research Fellowship for Young Scientists 10
BHAZ MR ESNE AR JSPS Postdoctoral Fellowship for Overseas 0
{ian=t Researchers
BAFMRESNEA _— . :
BACFTEE Invitation Fellowship for Research in Japan 0
SELHERE Contract Researchers 6
SEHHMES Contract Trainees 1
a5t Total 37
Students
SHTcESH 1HIRTE /as of May 1, 2019
N . [EERA BATTZOR = T SR ZeA o B .
T - TR | s DO =LA BOBERRT | ot
. : Graduate School of Graduate School of
School of Engineering . ; . . . ; RIEC Total
Information Science |Biomedical Engineering

A
Undergraduate Students 49(1) 49(1)
BLRTHARIE
Master Course Students 85(8) 42(8) > 132(16)
BLEREARE
Doctor Course Students 19(4) IO L 30(8)
AT SRR A
Institute Research Students 4 3) 4(3)

ast 153 (13) 52 (12) 6 4 (3) 215 (28)

Total

® () AEANTARE Foreigner
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Land and Buildings

B ALEMBERARFEIT B1E1 5 FRetX A
Site: 2-1-1 Katahira, Aoba-ku, Sendai, 980-8577, JAPAN

2« SR EA 14,993m’
FEMEETE 42,257m’
Building: Total building area  14,993m’
Total floor area 42,257m?
TRE31F481HIRTE/as of April 1, 2019
pecky el 130 BTEE SEETR
Name of Buildings Structure Year of Completion Floor Area
A8E #BE >0 ) — bt EePE. 1R 2
Main Building Reinforced Concrete, 6 stories, Tbasement 2014 13,513m
1588 BRER D>V 1) — M ABER S 1 7 791m?
Building No.1 Reinforced Concrete, 4 stories Building-S : 1962, 1963 !
N 4%
Building-N : 1959, 1960
2588 BEO> 7 ) — b ARER 2
Building No.2 Reinforced Concrete, 4 stories 1962, 1963 7,058m
> RE R #BsIEE so0i 7 31507
Laboratory for Nanoelectronics and Spintronics  Steel-frame, 5 stories '
TULA > T TR BEma> o) — M ERE 2
Laboratory for Brainware Systems Reinforced Concrete, 1 story 1967, 1968, 1972 >2/m
B>y ) — b~ (—BRAE) 2BEE 2
Reinforced Concrete (partly steel-frame), 2 stories 786 1,693m
=37
HETER 1996 598m?
Steel-frame, 1 story
=24 m=, o1
arvakaioan . 1999 148m’
Light-weight steel-frame, 2 stories
21 IR B EM SRR 2 — gRE > 1) — b 3R 1930 1 343m?
Research Center for 21st Century Reinforced Concrete, 3 stories '
Information Technology
=
RETEER 2002 435m’
Steel-frame, 1 story
L - P> 2 — BB ) — b 2RER 1981 787m?
Evaluation and Analysis Center Reinforced Concrete, 2 stories
. PHEE S )41 ) — _nmEREsEE) 17
) et SHIL Y- (—HRENE) TER 2
. Reinforced Concrete (partly light-weight 1972 74m
Helium Sub-Center
steel-frame), 1 story
HETIE Sy ) — b (—EREHS) TERE
—7 Reinforced Concrete (partly light-weight 1965, 1966, 1978 488m?
Machine Shop
steel-frame), 1 story
kol 2
Others 487m
5t :
Total 42,257m

EBRUBEHZEPT = RIEC 2019/2020] 13



TR
Budget

ESEEMERICSI Bud Shift
TREUEEHIZARC 351 5 FHOH § Budget Shi (i : B/ million yen

3,500
3,000 —— 360 20
2,500 ——
1,708 1,558
1,423 1,514
2,000 —— ] 1 1 — —
1,039
1,500 —— ] 1 1 ] —
1,000 — ] 1 1 — —
1,465
1,398 1,415 1,488 1,347
500 —— ] 1 1 — —
0
FY2014 FY2015 FY2016 FY2017 FY2018
EEERE NEPES MR EHRES
Operation Grants External Funds Expenses for Facilities Improvement etc.
FHEEANER W Budget Summary B3 ¢ FF/thousand yen
£ B
c ) FY2014 FY2015 FY2016 FY2017 FY2018
ategories
Eﬁgfﬁﬁ% AEE  Personnel Expenses 795,601 730,537 808,066 835,904 790,118
Operation Grants |y u g6 Non-Personnel Expenses 668941|  667582|  606599| 626824| 556937

EBEERME 5t

Operation Grants Total 1,464,542 | 1,398,119 | 1,414,665| 1,462,728 1,347,055

= \
B eeeonrch 399.311|  422,846| 526718 549,034 231,643
N o Reseorch 1,007,000 1,076220| 1,140,386 963,585| 753,391
External Funds | etie  Donations 16,890| 14490  36190| 40,541 54,344
(B1B) BHEEE  Indirect Expenses 212,669| 219,88 | 244413|  220733| 134,311

NEREE 5

Externc) Foa Total 1,423261| 151355 | 1,703294| 1,553,160| 1,039,378

KETEIBEE  Expenses for Reconstruction 0 0 0 0 0
BEREFERXE Expenses for Relocation 359,770 20,011 0 0 0
TEEREE mE  Expenses for Facilities Improvement 0 0 0 0 0

MR mES 5t
Expenses for Facilities Improvement etc. Total
& 3
Total

359,770 20,011 0 0 0

3,247,573 | 2,931,686 | 3,117,959 | 3,015,888 | 2,386,433

14 | BRUB(SHAZEFR = RIEC 2019/2020



NEELZ AR W External Funds

1,200

1,000

800

600

400

200 [

BAI 1 B/ million yen

1,140
1,076
1,007
964
753
549
527
423
KPCA I B R b B .
232
54
- \ 4 \ 2 \ * \
FY2014 FY2015 FY2016 FY2017 FY2018
T HFRREmES Tt E e
Grants-in-Aid for Scientific Research Funds for Commissioned Research Donations

NEREL AR W External Funds

A7 © FF3/thousand yen

Cajcgegcfi\es FY2014 FY2015 FY2016 FY2017 FY2018
NEMEEFHBE
Grants-in-Aid for Scientific Research 399,311 422,846 526,718 549,034 231,643
SZETFRoT
iﬁf@%ommissioned Research 1,007,060 | 1,076,220| 1,140,386 963,585 753,391
E)%omj a% ons 16,890 14,490 36,190 40,541 54,344
a3t
Total 1,423,261 1,513,556 | 1,703,294 | 1,553,160 | 1,039,378

EBRUBEHZERT = RIEC 2019/2020] 15



HETOY TV S

Nation-wide Cooperative Research Projects

fFE7TaY 7 MEEOBE LB

AT BB EDEFICH TS COE (Center of Excellence) & LT ZDAMRAE K VLS HARICRB L EEAREIZ 127 1 —
DNESICHEBT BOICHBEFNA - HEAZEIAE LTRHADMZEE S HF 7OV 10 MIREZEIT LTS, AHAZRPIOZEDER
L. BEA2REOEBFMBTIEE . AHARAHE EOHEEMEAZFIRE LTWSETAICE-N DS, AERO HETOY T

MEZE Cld. IBRBEDFICHITZEM - AT LICET 2REOHEEERNOEBNIHIREDH DS EICRE « O—F 1 %—
L. 7BV MARELTEIEL TWCEDTH 5,

HE 7OV 17 FIEIE. FIANOIEEDORINAESH TEBIN. TSICZFORBBHEBNEBR TRBEINE I EHHETH D,
CNET. TEFAOHE T OY 7 MIRDRES LORMIE. ERNOE - A - AITAFE. E - QATHIREELD. BREeE -
HREODHERUMBEELZF/RE LT, REICKVITHONTLS,

K70y PIREEHE

HETAOY 17 MAEOEED I, HETOY 17 MRREZEERROCHRTOY 17 bEHFEER. HRT7OYV 17 MEZEES
KPREEN TS, HBETOYV 7 MRRZEERIE. HET7OY 1Y MARICET 2FELEREZ TR 2HICAIN 3B FR 2
BEFN 5 BDEF 10 BOEBICLYEREINTWS, HRETOY 7 MAREEROM®mIE. KM CETENTVSMARNS
DRFEZER LGNS, FIRADERZLIRG, ARFROENTH S TABMEENEIZ 1 27— 3 Y ZRIRT D SHRIEERIN
DFBLESHDHE) DEBICAAIRGHRE IOV 17 NHREBEENIHET 2 L1cH D, TNE T REHRDOAR FHIRDEZE,
NENDILR. PEDBMICET2RFIC OV TEREZT O CECHY. BICREOSMICEAL TR, AT - RKZRAE L THREESN
HREEFTO>TCECWND, G, HATOY 17 MRROIRICE LEEZBISICIT S cd. NBEELZSOIHATOY 17 hEE
EZERPREINTL S,

Ffee HET7OY 10 MAROABGREER D cDIC. AATRMEADHEICL VBTN TV AHETOY 17 FEBEERD
REIN 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.

moE EERRS W8 0K
Director ; Advisory Council jJ  Otline o the Operation Pollcy

#E7OY 7 MARERE -
(Copperative Research Frojects Committes) M DT MPIR. Po - F s
EERE

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

#EM7O0Yz 7 EERAR
Cooperative Projects Selection Committee

HROFE/ HERE

ions / Adoption d

Type A

Type B

Rating of app

HE7OVV FREERS
__Cunpuraﬂve Projects Steering Gummhtea__

Type S

FHED /B ERYE
Budget allocation / Daily routine business
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SPIK 31 AEEEIE T ¥ = 7 P RESE

TR 31 EEOHFETAY Y MARIE. FTANADSREEN. B 1 HEEOBEZEDER. 1084 (A1 694 BI36# S:124 S
B 1) DEERE Nz, BH. X9 AR LZOMRREICOVWTITOMRTH Y. 69HD S5 55 4O ERE U DIRE. X9 B I
RO R ADAR T, 36 HhD S5 25 hHNEBL Y DIREDLDTH S, Efew REDHARELSSML TLSH%EIE. X
DADEF ENDBD 14K THZ, KN AL TIE, AETOY 7 MR, BEFARENSRIE. HIFNARZEL. fSimeipt
RHEETR, ERHESTHEGERID 5 DDFRZ A 7. X9 BITH L TIE. TNOSICMAEFHEARHEEIRZ T TN S,

e, Ko SIHERBERICED(HRTOY 17 MK TH Y. K9 S ERIGEREEHZHEZ BN E L OBIMERM & HFE
RERBTHLDTHD, BREGENFORKICHREBL THREHET NEREIC OV AAEFAONFOLEY DD, 185 - i
RO CE2ERNDRFEHEFHSOMITHER & HFE L THET 2,

TRR30FEERE

W RS 146 4F (AT93 4 B9, S:3#E. SHEEE:ITH) mEFZEER 14528 (A:676%. B:6904. S:70%. SEE: 164)
XD A EXDBITHT S 6 DDZA TOFIRHFHONRIELUTOEY Ths (EEEZEE).

u ERHERCHEER | 44 1 u BE AU SRR 1 56 1
uEFRRENRE 144 u STIRATRRIRHEERY | 63 1
mARRTAY T MERE T u EFHERREHEEDR 144
HZTOM 24

LF7a Y =7 MRFFEDORSE « ElitlZoWT

HETOY 17 NARDORE. REIEFEERUCITON TN S, AROLEEF. 1 BREICEEEDOHRONEEEZ L BL. £ 1
HEEE 2 BARH. £ 2HEER 7 BREOPRFESORERT LG0TV S, HEDHEICIHE IOV 17 MEEZERICLSEE
BAZTV. TORRIE. £ 1HEEEZ 4 BPEIIC. F2HEEIT 9B LAICHEENBNENS, AERBEIE. BIRRELSREF 3
BISHETTHY, AR TER HETAYV 1Y MARBEEERE L CEC LG 2TV, GH. Fihd) MEBREBE] DOE
THEANfe LSS, AT AT 17 MRARISARERFEE & OHEHREFHRE LD THBD T BFICHTe 2 THEAFRERRDTT
ISHENND T EDMETH B,

http://www.riec.tohoku.ac.jp/ja/nation_wide/koubo/
BILEHEEL | IR EEBRUBEREFAE R IF
BaE 1 022-217-5422

TR3VEEBARLR7OY 17 FARFER—E

B EBRTLFTIV - X 2T )T ILORF

W BERKT ST DT INA ZLDHR

IV RS/ EEORTBAME T\ B IR LICES T BFE

W &8 high-k/Ge #EIC BV THER 7O AH G 2 5 I MROKET

W Development of graphene based devices for terahertz applications

W Q7SS BHEEALE - B%1EHZ B>z Massive Connect loT MBS

W A4 LY T4 T4 RF ESEHRONZE

B B2 BY LES S UEAZDHE

B EEEHENT SAEE D FROBERSICED(BRE - BREA4 Y FrRILt>y YV JDRIN
B BONAE Y 2T LREDSDER T HREMEE £ DHEICEI T HH%
ISR - SMSRIERORIEERN - BT A7 LADISAICE T BH%

B ZRETTERANEORESICEY D%

B BSESHEEC BV TERREOREICET MK

W The effect of attention on the integration of image components in the human visual system
W Social communication: behavioral and brain representations

WA - BRI 10T (CH1 BT — 2 BB

B END 3 Rtk & ERmERFIEOTRAMHKEFEICEI T 2%

B 0T 75w b7 x — LOBRICE Y B3

W EEER BFO Z LMz MEMS & SRiBIERIfT

B BbF2rF/Fa—TRBREH XY ORERR

B ORBUEEED Ry b T — 7181 S EEERIRDOBMROMER

B SZRIVT LA VOB EBIEE

B CubeHarmonic: 3 TG RE— a vV P EBVH LLERA V2T 1—R
B RS FEZRR X 90 7% BUSih 7/ 1 RF%R

W SBRRE T IAREBWAAS « EET /A ADRIRL

B BV LAIBOMEEE T T DIREDICEDRERE L T/ 1 NG A

B OARREFREIERICE Y 2%

Si-Ge REF Fv b ORAIEDS & BF XGRS HHA%T

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

2p BriRE SCEBSRBICEYIERO A L EX BRI L BRI RInR T DORF
BFREDHDR QEX 1V MHRSEICET MR

2/ 7— ") I — LY bOYEEIC K BB FIREETH

HILY bAZY RSRICET e B RABEE R 2R F DRI

ERMIE 1 0 DRFEREFICEI A VEGE ML & AV RIBNMIBRIAIC & 23851408
[E0%: )

{BRELD o« — ) R 7L — MMT InGaAs HEMT % BN 38R BhmR LD 3T
BREETIHERBEOHER

RIVFE—L)VRIERFS AT LICBET BHAR

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

ZRTEFEOREBLEHRNDOHRE

BEEBEBRRICL? (MCA2) BMEEY AT LOER

RIEMER v b7 -V RBICE S HIEEICED CBEGIHOERET M

BRI OMAREIE DERE LUHIEZE C e RIOBEMBRAME T/ 1 RDBRE

BRIV F—FIBICET 238 T/ REZOEREY AT LI T %

F/MRES ) AVERMOBEIC L 2R T\ X & ZOFRERVEGAHICE T 2%

loT BRICHITHAR— FANRY b S LEZDIEH

43 0T ZRIBY Bl DI AR BRI & Z DY AT LISA

FRERA T OEEY—LLATEST)VOe— LY MBIE - 5HI AT LICRET 203
AD=RTNSHAGTBRRITICE DV BRI — 1 271 —R
HEEHHNEZSCEREMRE

Search Science: an interdisciplinary endeavor

HREAT /AR - BREAVMEI AV E1—T « VI Y B

- AV ERERAR L HBEERO R C T HIEICE Y DR BZL LS| & Z OIS ERHAEE

B A—RYF /T UTIVDF S/ R — VTRl £ S BT OMIRHITE FIRAIN— RO 7 vF 2 ) 7 4 BB Y AR

B EFTN\AREERBET TO—FOREICET HHR P L B AR OM s B S5 A

B BEHE ol BREELADTEODTRINVF—N—RZXMNERT 7717V T LT 87 L—DHR 75 A S BRZERIER AL & SRR RGBSR

B REEEREEERAB T 7\ REBVAREE T £ Ay b7 — ORBRGEICE Y 3 HOZERE— NICRI BEAZRRS

WIS bV RUERFE VRV RS & Z DREROD THZ ESNENDISA EMUIREDHREEMRIE T/ - 7\ ANDIEA

W SEhERIHEARIGE DI DB BT BN EEMREOBRTENT 70— F LDEBERARIEADREL

BEKERENRERY AT LORER & SR EHFEORL
BRITZ21—AFAF I RAEFDZ2—0N\— RO IT7HEDER
FREA T4 REBEA VB aY

FO—> L— XD R &€ BEMEREICEY %R

R NFFRIERICED AR B OBRS LU ZDISAICEY 5%
AEFARRAVEI—T A VIOV TZ AN Z Y F vALICEV feREFIFRE
[T 2] mEHHTRAHBOEE

PR - ALERMAR T S ARICH T B IEIRAMEERIR

BERRFICHVT IS A F 30 ROFEBUTIER & HEERSR
RREIRBIE S R T LRRD T DERFATDHR

HCl %5 7ED L e Rt EL S 0 71 DEE

TITIEHVTB HARRIZ 2 =7 1 DiEML

B - BRORENGERUERIMA S =X LI B35

VAT7FT—BR BEEBHIY U—UYav/

HIETEMALDT D VAV FERRIT & Z DUHRERRICET 2HRR

XA OB LT L—HIREMENL — 4 £REHMRDHER
YEa—7 4 VI EBOEENEIREL T OERNER

B SEBORIRRITRAT & T DRALICET BH%R

W BEHRIE L > TRISHRE ZA S € B EDHR

B BSEBICH S SREHEEROER

B BEZROMERRICLS 2 EEHARDEVICE T 2%

W B BB 1 2 VaHR & ERELIEEERICRS Y BH5E

B RT7AN=Fy b T—0EBNKIERERO O OEFHARMICE T %
W RSB N R 1 TREEZOGA

B PVDF &RV T L+ 7 IVEAE Y ORFZRE

W 0T 7/\A REDIEDFSHDHEIL—HA > 2 7 1 —RITET ZERHE

W loT AN—= Rz 74F2 71 DR

B AT UY Ty Ty IICED S loT EBRIMTDZE

B CF27%F v /XA BYOD DRBRICAEF eIV T TREY AT LSBT BH%
B I-YzY T TR AEEZEICET 3%

B Ge-on-Insulator Bz ETOA L -+ V=2 / F LA VB CMOS DEIR

W EBFTINARET A/ VEANICET BHH%E

B BLEHEHEEDHDF > F v TT NI T VT HICET BH%

W SEEREBEEBVEI URT LA T VT FDOHE

u R RBBESEED DB/ A NHIEOEEREEE

W RAAF Iy LY VBEICHI ARERIEOTE R

M Japan-USA International Collaborative Research on Terahertz Devices based on Graphene- W EREI STV TVYORR REDHDI - A VR TT—R
Phosphorene van der Waals Heterostructures B Ob—LY MRICED  EIRMSTnR R O8I

N RTEMEERSERERET T\ AR WS/ I bOZ) RICET BE#RIE

M Japan-Russia International collaborative research on high sensitive and tunable room-temperature B AR E ABRZRICEIT 2%

plasmonic photoconductive antenna-detector
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Tri ¥l
5“ 734 A
bl

.Inforr.nqtion
Devices Division

B EFITHEHRE Solid State Electronics
AEYAZY A - (MOS RE S
REERY AT LHRSE (ZHHR)

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

/74 IV bOZ AHAEE

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

OF / EEFTORAGEBERIEZNNREZD
THHA
ORMETIEHIEHDFEN - SHEFORFH

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.

E#FEFhETE
R EF (M HEHIR)

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

O/ARVEZEY FOZY R - CMOS B A
BUAUEERE S R T s
O /A< VEREY FOZ Y X - CMOS &
PUBUEETES X T I
OH‘”’“%F/ZTA T—=FT U FvHR
OREY FOZY X - CMOS & 7/ \ 1 RO
FRAT & SRETEAAMTRRZE
e von-Neumann spintronics/CMOS hybrid brain
-inspired VLSls
® non-von Neumann spintronics/CMOS hybrid
brain-inspired VLSls
® Brain-inspired integrated system architecture
e Spintronics/CMOS Hybrid device characteriza-
tion and design technology

ML hrT »

OZRTEFZRT/INA ADEZHREETE(L

OUZ71> - 7I\1 ADEBEEHERRBLHZE

OFARZT Y FEMXIEOREICLD T/ TIN\A
BB

e Multifunctional integration of 2D electron de-
vices

¢ Academia-industrial alliance study for graphene
devices application

e 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 ftb)

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, and diamond system
etc.) using newly developed super-higher or-
der 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/RAEVHBTINAR
S (RREER)

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)

OBEEEN— D T 7Y 2%
OBFHE/N\— Y T 7T 2%
OBEURRIBRINIES R T [\ BT B

e Brain computing hardware.

¢ Intelligent quantum hardware.

e Brainmorphic visual information processing
system

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
D E | AR

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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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
T2TCW3,

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
AWTER L7 /1 AOBSZSFHEOBEHRZHES ML T3,
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. EREZTOLR - FHME—BEBL SIRED SIME (L)
Fig2. A UHV-compatible process/analyses system and the STM
image of a § surface (inset).
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MREBHEENEREF T /A ROBRENISHT 2 & Thb, £/t
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The aim and target of the dielectric nano-devices laboratory
are developing the research on the dielectric measurement of
electronic materials using nano-technologies and applying its
fruits to high-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,/av
1L BRERE Y b 7 — 2 & B EERCRA

(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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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

BTOETHEREACVOEREAZHICHA LI LT
INAZDRBZBILIERAECY FOZI AMED—ERELT. B
A EVREAREDZENE AW T /A REEICHBIT 2 A E Tz
BRIEEDERBINZ ECAMET —<E LTV 5, @ilMEE
SEREICHIT AMAEAHOBRGEIC L 2EE 7/ 1 XAIE%E
BisLIcEREMARICLETF L—(b\%)o . B—REHEE XiR
S (XMCD) BIEIC K W MgO/Pt/Fe REICH I %
E?‘j‘ MEES ERHITE (VCMA) U)iﬁ%ﬁﬁﬁﬂ Lfco BEFEINPLR
DBEKNUEBRFHEICVCMA ITFEE LTV,

© IR AT | D

BEREEN CIENA R R, 5—RENFEICKVEST
W5, LD RIG. BEFEFHEEFRICED &RBEE
DAEEEMENFRA TN TS, KREMDEERBERL, T
FE—FIEFBIC L AIBEFRRFEOMARICEIVEATLS, &
%U@%E’&ﬁ%ﬂ:? COEERRF RSB CTEM CHBHT &

BINTHY. BEICRST . FIMARAER\DISHEEH
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I Electric
field
+

hole accumulation

hole deplation

= Materials Functionality Design (Prof. Shirai)

Our research interest is focused on “spintronics” to realize
new functional devices. The main topic is theoretical analysis
of spin-dependent transport properties in highly spin-polar-
ized materials. We extend our theoretical research to elec-
tric-field effect on magnetic anisotropy in ferromagnetic films
for realizing low power-consumption devices. We reveal the
origin of voltage controlled magnetic anisotropy (VCMA) at
the MgO/Pt/Fe interface by ab initio calculations and XMCD
measurements. The voltage-induced electric quadrupole of Pt
atom contributes to VCMA.

= 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: MgO/Pt/Fe RED Pt RFICEBEFRENBEFOHDE(L
Fig.1: Voltage-induced modulation of charge distribution of Pt

atom at the MgO/Pt/Fe interface
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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.
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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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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)

OfER « SR EES S OESILIRICET
238

OFI#2)ae—L > bPHBIEEHXENAILT
O FR—ILN\DRR

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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Information Storage + Computing Systems
(Prof. Y. Tanaka)

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

FIET AV LARY 7= 5il
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Advanced Wireless Network Technology
(Assoc. Prof. Kameda)
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¢ 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

ffFEsgaO A T—vay
RSB (Greaves EHIT)

Recording Theory Computation
(Assoc. Prof. Greaves)
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DR

OR ML=y éava—T7 1 7 DiEEIC
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e Information Storage System Architecture

¢ Advanced High Capacity Hard Disk Drives

e Close Integration of Storage and Computing
for Intelligent Systems

OBRAML—=—IFTNAADI A7 OHXY
Talb—r3av

OXHHRBEBREN—RT 1 A7 RS54 7|
T BHHE

OMSA R L—IITEVEAY RET A RID
BT

OZ DS A S L—IF 1N X

e Micromagnetic simulations of information
storage devices

e High areal density hard disk drives

¢ Heads and disks for magnetic storage

e Other magnetic storage devices
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Ultra-Broadband Devices and Systems
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Ultra-broadband Device Physics
(Assoc. Prof. Satou)
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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.

O7Z 7 I aM+HEEEANT OEEND
RS ZREVICETHAAESLUZDTZ
NIVYBEAR - BT\ ANDISA

OF 37z THF BTNV ENFFIEICE
TEHESLOZDT INIVY L—FDISH
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® 2D Plasmons in Graphene and Compound-Semi-
conductor Heterostructures and Their Applica-
tions to Terahertz Sources and Detectors.

e Terahertz Optical Gain in Graphene and lIts
Application to Terahertz Lasers.

® Photonics-Electronics Convergence Carrier
Converters.

EFNRBERIFEHMEE W Quantum-Optical Information Technology

BFHERIY
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Quantum-Optical Information Technology
(Prof. Edamatsu)

BFL—H—HT
BIESE (SHARED)

Quantum Laser Spectroscopy
(Assoc. Prof. Mitsumori)
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¢ Novel techniques for the generation and de-
tection of photon entanglement.

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

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

OFBEREBTF Fv MBI BBERAFIEED
%
OB NHAREF DI RV I DARER

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

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

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.

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

y closely unifying both data storage and processing.

O ERAN—Y - OVE1—FTAVIVRT A
MEDE | HHER

FRAENF CIE. 7T—2ZLH - REITDLEVDA ML —IDR
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Fig.1 Nano-scale analysis of perpendicular magnetic recording

= Information Storage + Computing Systems
(Prof. Tanaka)

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

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

= Recording Theory Computation
(Assoc. Prof. Greaves)

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

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

e v

& iR A
2 RAVOWXYZ2L—2 3 >0f
Fig.2 Examples of micromagnetic simulations
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Terahertz (sub-millimeter) coherent electromagnetic waves are
expected to explore the potential application fields of future
information and communications technologies. We are de-
veloping novel, ultra-broadband integrated signal-processing
devices/systems operating in the millimeter and terahertz fre-
quency regime.
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RN E | BEHEE
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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.

UTC-PD-top
HEMT

a3 T 1 L v
g | 82.dBm
2 g | @ 22.5 GHz
E 105+ 16dBm | i
2 @256H |
Tz ety I“-w-*" iyt
SPAN: 1 MHz SPAN: 1 MHz

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.

UTC-PD EEREFA HEMT BT RIS = F R F ORI
BYEMREE. I+ THOOAERER
Schematic view, SEM image, and measured mixing
output of a UTC-PD-top-integrated HEMT photon-
ics-electronics-convergence mixer.
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Current information and communication technology utilizes
macroscopic and classical physical quantities, such as volt-
age or frequency of electric fields. The classical technology
will reach the limit of information density and speed in the
near future. The quantum-mechanical counterpart, “quantum
information processing and communication technology”, in
which information is carried by microscopic and quantum-me-
chanical quantities, is expected to overcome the difficulty. Our
goal is to develop quantum information devices utilizing quan-
tum interaction between electrons and photons in semicon-
ductor nanostructures, to obtain further understanding of their
physics, and to apply them to practical quantum information
technologies.

O EFABRTY

MRDE | BARHE
BFEONELOROETFIERE L BT HRBEEIN. 377
K- SBEETBEEAVETRIREET/ (A, EREFEH
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Unpolarized -
Single-photon (e, Ly
emission %;_.-"

1. ZAVEY RRORFRNE (N L) &RV TREE—FHE,

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

Photon in Nonlinear crystal
alaser
pul‘—l——b

Nonlinear crystal

I_‘OE>°—I—’|]]]]]H]H]]HH]$."

Color entanglemant

o

] Horizontal (g, Vertical

2. EREBOEFL ONNFREFEDEERE,

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

Electromagnetic Bioinformation Engineering

EEERAE
W5e 5 (FFAEEER)

Electromagnetic Bioinformation Materials
(Assoc. Prof. Hashi)

OBsREMA T

OB B REH AR
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

OvA v L ARGV
ORRENMERRIERTRL
OIRIVF—FBHST /AR - BLER

TYRT I

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

VAN E:
ezt WESE

VAT A

"]

Human Information Systems Division

KRR IVE1—FT 0 VITHRR

Real-World Computing
RFIAVE1—T1VYT
MEDEHF (BRHER)

Real-World Computing
(Prof. Ishiguro)

RHRYEBETI VT
R DE (NNESER)

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

OBABHBEEY 7 FaRy kO
OEFPEX. RiT. H17. ETICEIT 38R
baxs Gl
OZ=LZFHIRZEVORBREREOHZHNRR
EORT 1 7 ANDISH

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

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

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

O@EY A7 LOBEDEGINICEET 2%
OBNORIBANZALOEBEEARY b
DIGFRICEEY 2%

e Study on autonomous decentralized control of
traffic systems

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




BIRBIEES 7 LR
BRERER AT L
MRS EF EAHER)

Visual Cognition and Systems
(Prof. Shioiri)

Visual Cognition and Systems

R Reitkae
W (RAHEHR)

Cognitive Brain Functions
(Assoc. Prof. Kuriki)

A% - FE
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Attention and Learning Systems
(Assoc. Prof. Tseng)

OREHTR DS & BRI IEDRIE
ORBESHIH & REEEMBOET /L
O3RTTEBHDT. P SREEF DA

® 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

ORBEGIRDA D XLEET IV
OZREMELFE
ORMEDFE L EBAN

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

LB ERY A7 LAZEE = Advanced Acoustic Information Systems

BR - @ARRERHYATL
MR EF CRAHEHIR)

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

OBERUESBREARIFRUBEEDHE
O3RTEEBEROBBRE YV VIV AT s
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OBERE
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TERILB(CED S EEBRY AT L

e Mechanism of multisensory information pro-
cessing including hearing

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

o Auditory information systems based on multi-
sensory information processing

SREFRASBNI AT LARE ————

Multimodal Cognitive System
ERERMASRM AT L
MEDE CRHHER)

Multimodal Cognitive System Group
(Prof. Sakai)

OKE - REZHLETHZEAEERME T R
T LODEERICES Y BT
OZREBRNEDOEECRICET HH%E

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

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

€1=XYaAVTVI4V859Y3Y
RRAE (RISERR)

Human-Content Interaction
(Assoc. Prof. Takashima)
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e Interactive Content Visualization with Emerging
Algorithms

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

3D Motion Sensing and Interaction

Novel magnetic 3D motion tracking systems using
multiple identifiable, tiny, lightweight, wireless and
occlusion-free markers, enabling dexterous interac-
tion and tracking in unexplored areas.

Interactive Drone Content for Entertainment /
Wildlife Symbiosis

New drone operation interface using multiple
viewpoint management that increases spatial
awareness during piloting and future unique us-
age scenarios such as entertainment and wildlife
symbiosis

Nano-Bio Hybrid Molecular Devices
T/ NMARERFTINMR
ARSI 5 (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

¢ Development of flexible devices using organic
transistors

OFy - BRI -1 27 1—X
ANDTEENHE L CZRRIDERI S 7 1 > & &)
WICEE T BT ENTELFIEEMN - BISH
B I—YA VR T T =AY AT LD -
SUE - SHMEICEE T A EED B,

Ot>4y7avy A2 71—2X
BROY A EEEFA BT ESR-
FEL. FHOBEOH DR ZE L THIRDIOER-
UBIREHEE > A T LODBIRAHED B,

ONDBEMITED A V257 3
BRIV T VNS B ADBEDRFEOR
FREEEL. JYBBETRERM V2503
VIR EEF OB AER Lixh S 2R
LTW5,

* Dynamic and Adaptive Spatial User Interfaces
We design novel spatial interfaces dynamically
adapting to users’ activities using sensors and
robotic display technologies.

e Sensor Blocks and Interface
We build novel block user interface with embed-
ded-sensors to classify children’s inner states for
behavioral assessments.

® Human Physical-based Content Manipulation
Techniques
We design optimal and most comfortable content
manipulation techniques based on human’s phys-
ical characteristics for various screen types (e.g.,
mobile, wall screen and virtual environment).
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Electromagnetic Bioinformation Engineering

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

W HAZEEE

Research Activities

FEREDBWIAZ 27—y avaERIL. SHROEDBERY X
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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
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INSRt >y  JICHIBRIREG . HEEIERIEAM R DFIFE->1F
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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

(8A ) (Satoshi Shioiri) I/RA  {E— Shuichi Sakamoto
E265] Professor IR Associate Professor

B IFZ! Zhenglie Cui

Bh# Assistant Professor

Jorge Alberto Trevifio Lépez Jorge Alberto Trevifio Lopez
B Assistant Professor

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.

v BR-EEREBRY AT A
eS| RAEHIR

HBREFENEP. BCEPTOFEFHMELZ L. BEBER. X
UEHOREBRMES L TFET SRE T COABOMEIER
IBEIEZ DI FMEHEZ AV THRIT 5L LB TD
MRZEAL, B3 REElt Y VIV AT LYV
FE-LIBELE Y AT LEDEFEBERY AT LOEE - 5E
{EICEXI FBATL B

157ch DBFARRAE—HY AT LERWET Y EY Z v 7 ABSHEEEEEBEY AT L
Accurate sound space communications system based on higher order Ambison-
ics by using 157ch loudspeaker array

= Auditory and Multisensory Information Systems
(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.

40
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A ROBEMERS, BEERIMIABICK > TRAMICEEL 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
e Professor HEHES Associate Professor
= & Chia-Huei Tseng PE B Yasuhiro Hatori
IR Associate Professor BhE Assistant Professor
£F Wk SaeKaneko BB = Yoshiyuki Sato
BhEL Assistant Professor FHEBNE

Specially Appointed Assistant Professor

W HAZEEE

Research Activities

FARZETIE BEREIC DV THICEERDEE DR L SERK
L. TNIEDCABIE. BRIFE ENDICENEREZ B
ELTWD, ANEDORERMZ NS e DOIBYIRFHISRER %
DICHEEERIE P O Ea—2EY 3 vHN7 JO—F&2RAEL
T BRICKZDZEEME, IAEEH. TRICKDRREEDET
VDB, BRERSHBICET 5MRZE LTS,

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.

¥ SRHRBEBERY AT LARDE | BABE
RROZMMREROIC, TR, TBRICH DR,
FEARRL. ZOEFUEEL T, AMORRERR. Zh
EART VA7 LOWREBIET, o, MEOEBIAES
L. BEEmsaeIERErER L. T7ILERET, ch
SORRICEDE, BREROME. HENDST, RBREOTE
S27 LORENDBBET 5, 5ic, REPIEOMEENR
ROBREANDT END, HaGRHET COAMDRRRHD
15 RIS B I OFRICRY A T,
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5T, AEHERT SERE—E LI ERE, ABOBEY 27 L
EO&SICHELTOBONEERL, ThEORRICEDE, i
EOEREFEOEER LY B BOISANEREERT 5,
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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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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
bR = Yoshifumi Kitamura SlE  F1F  Kazuki Takashima
£ Professor BT Associate Professor

B <z Kazuyuki Fujita
Bh# Assistant Professor

W HHAZEEE

Research Activities

loT DEREABE ST HEEEFDEY OEIZPEMLKILIER
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VRS T AT AV T VBT AR EED TWND,

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

WA RS T4 7T Y
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Tl Cigla C B HEATL D,

= Interactive Content Design
(Prof. Kitamura)

This team explores new technologies for interactive content de-
sign that significantly expand its design opportunities such as
novel 3D motion tracking system for various interactive spatial
content, interactive visualization method that flexibly manages
higher-dimensional content, and so on.

»tz YAV TIIIA VRT3
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= Human-Content Interaction
(Assoc. Prof. Takashima)

This team attempts to understand the relationship between hu-
man and spatial elements surrounding of them, and develops
spatial user interface that enables to enhance human'’s abilities
and interactions among them. We mainly work on adaptive and
flexible interfaces using virtual and physical displays to make
various interaction scenarios easier and more comfortable.
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Real-World Computing

Staff
HE =ZEX  Akiolshiguro AN B2 Takeshi Kano &R
Ee Professor HEBIR Associate Professor Bh#

Jt  Akira Fukuhara

Assistant Professor

W HHZEEE

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.
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Nano-Bio Hybrid Molecular Devices

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

NS A Maki Komiya
Bh# Assistant Professor

W HIRTEE)

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
CIHEBELESETANAAILY 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
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IS FE ARG CMERR & L b ey 210> T 7+
RT A7 ARV 2 —EDEELBEL VD, TRV b
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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
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¢ 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

AVE1—T« VT IERERARE —
B Computing Information Theory
AV Ea1—7 1 JERER
ARSI E (REFHER)

Computing Information Theory
(Prof. Nakano)

SIEEY I b TRRE
A5 (L FFE80%)

Reliable Software Development
(Assoc. Prof. Ueno)

OXMREEE SOOI 52> J 558 SMLE DRI%
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

OZazZ4H—rarvzxy b7—2H3ExE B Communication Network Systems ———————————

BHRRY b T—0T7—FT I F ¥
MRS E (RE)1HIR)

Information Network Architecture
(Prof. Hasegawa)

AVTVIIV bR T—Y
RS (LA AHER)

Intelligent Network (Assoc. Prof. Kitagata)

ORZBHB KOAKRA — b= b OEBIER
OOy 2 LZBEROTOY S LKRIE
OFEIRSERICK DRIEERDEIL
Ol FREICEGFEDTEFPIRR DA

e Theory of tree automata and tree transducers

¢ Program transformation and program verifica-
tion

e Formalization in proof assistants

e Elucidation of computational behavior over
combinatory logic

OBfE3E - geE - sRBE®RR Y b7 —7
OfR8lbRY 7= /2 AT LFRET - HIERGT
OXMRENAIVERY N D=0 T —FF0F %
O3y b7 — 2 EREEHE AT

e Highly reliable, high performance, and highly
available information network

e Design and control mechanisms of virtualized
network/system

* Next-generation mobile network architecture

e Performance evaluation techniques for ad-
vanced information network

i ko

OmMBERE XY NO—0Z )bz 7 /ISAY 7
N2y

OsMmExy T —F> 7 /"Ry b7 —F
i

OxERIAEF 2 I —EXER

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

e High tolerability networking / Intelligent net-
working

¢ Next generation ubiquitous service infrastruc-

ture




RIBEMEBELF 1 71ERY AT LHARE
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)

ISR 23Rk i ol g DA e b ol 9274
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OBRIBERCF 27 DEREIGH

® High performance/lightweight security com-
puting

e Hardware security for embedded systems

e Security systems conscious of usage environ-
ment and applications

e Electromagnetic information security

OMA 1+ 20 A% 7EA LTIIERWEVLSI>
AT LDOBFEEZDINAICEY 5%

ORALT A VLSIERORSEICEE S 25158
SIEREMESE Y X T LD LT DISAIC
ESERtTE

OFHBRORTRZ BIgTMIEVLSIZV X T LD
FFICEEY 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
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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
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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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BEEIOVIIVIEREERAL L. BWMEEELLEEEER
9BV VI TRERREERRT S, A2/ SOBR
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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 systems
is to develop a high-level programming language that can di-
rectly represent various resources and can automatically detect
potential inconsistencies. Based on this general observation,
our research aims at establishing firm theoretical basis and
implementation technique for a reliable and flexible program-
ming language. One direction toward this goal is to establish
logical foundations for compilation, such as a proof-theory that
accounts for the entire process of compilation.

= Reliable Software Development (Assoc. Prof. Ueno)

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

SYNC1 SYNC2
: 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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Our ultimate goal is to fill a gap between humans and com-
puters. Humans describe a program for instructing computers
what they should do. However, there is a gap between humans
and computers. A human-readable description may put a bur-
den on computers due to lengthy and inefficient execution,
while a computer-oriented (well-tuned) description may put a
burden on humans due to lengthy and inefficient development.
Our research goals are to derive a well-tuned program from a
human-readable description and to certify that well-tuned com-
plicated programs work as humans intend.

W IVE1—T 1 U ERER
D E | hEFHE

ERHFTIE. TR7 T L EEMRE LIEBEIc DWW TELD
BREZR LTV BEAAREFERENRICHARZEH TN D, B
FIICIE. RSV AT 1Y EKRBNDABED S ABEND
T RT 2EREBE LERTED T LICKY BENGTO
ToLESH LY, TOVSIDEGHEOHEERIELLY
I OREIHDREFEICEI ATV S, Fle. EEEIARERE K
ENSAERICK O CRIFADEL EZBRET 5V AT LZRAV
HERLESDH TS,

Kfe. 7OYZ I VI EEERROAELTOCLV S, LD
XEBRMAENIISECTTOI S LO—EAEDHEMRT S
DI L. TESOFETIETOT S LOXENGEREZL TR

= Computing Information Theory (Prof. Nakano)

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

We also study semantics of programming languages. This gives
also a kind of abstraction of programs, which keeps all the se-

s, W0
2% mantical properties of programs, while the formal language
=3 F LIS ETTV. TNEHENICHINT 22 EICE Y. WR technique above abstracts just specific aspects of programs, de-
% Syp— ROgp—— — . .
L.A [ EHBABTOATSIVIEEOABEBESHICT D, EEMICIE. pending on purposes. Through the abstraction and further math-
v @ TREELEES . MRERYEEDLSS - NERIELES - EEApNEnEsA S ematical analysis, we clarify the essence of a target programmin
9. ZRNENESL it BRGm © NN R o P Y S R Em 5 E Y Y get prog g
Z ;g: Ré. FO5S SV SEOBRIR IO hOF st =Ems;  language. This includes denotational, operational, axiomatic,
"o DR EEEE TO5S LR EICSET 2, and categorical semantics; and is applied to a theoretical design
9 of programming languages, as well as to program verification by
E/;T 2} combining with the formal language techniques above.
% S
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s Proof. =i :
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Fig.1 Performance Improvement by Program Transformation Fig.2 Formalization of Mathematical Juggling in Coq
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Information network system is now ubiquitously spread in the
world to support everyday life and social activities of people,
and it becomes a key factor to create new life styles as well
as information society. This laboratory aims at research and
development of advanced information network systems from
theory to implementation.

W IERRY N7 —F TV F ¥
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= |nformation Network Architecture
(Prof. Hasegawa)

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

= Intelligent Network (Assoc. Prof. Kitagata)

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

BREROARELR(ICBET 2ECERRER Y hT—F2 7

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

v REEANELF 17 BR AT L
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High-performancellight-weight

= Environmentally Conscious Secure Information System
(Prof. Homma)

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

Hardware security for
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cryptographic computing

embedded s ystems

3%

Side-channel attacks &
countermeasures

crypto LSIs

Infra-
Factory Medical Vehicle structure Retail Avionics

el R

Security systems conscious of usage
environment and applications

NIST
C.CRYPTREC

Criptogr mhy Researoh and Evsuston CommiBees

Standardization work

RIBEMACF 2 718 A7 LIARORIE
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

P4 &L Takahiro Hanyu EH HE Masanori Natsui
Bi% Professor B Associate Professor
R BBk Naoya Onizawa $AR  K#E  Daisuke Suzuki
Bh# Assistant Professor Bh# Assistant Professor
] R Akira Tamakoshi

MEae Research Fellow

¥ HIEEE)

Research Activities

BAIRIEFEREREIRE (Very Large Scale Integration; VLSI) F v
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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.

EBRUBEHZERT = RIEC 2019/2020| 51

UOISIAI(] 21BMYOS % SWS3SA

A
=
IN
%
7
N
7
T
7
2]
%

i




BH RN\t

—

1) &

kb

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

e Control of magnetization utilizing spin-orbit
interactions.

e Dynamics of magnetic domains and domain
walls in nanoscale magnets.

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

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

T/EBTINMR
RS B (EREHIR)

Nano-Integration Devices (Prof. Sato)

EFATORESERL7O0ER
37 5 (EREEHIR)

Group IV Quantum Heterointegration
(Assoc. Prof. Sakuraba)

ORBSETE/N— RO T 7Y B3
OEFHEE/N\— RO T 7Y BH%E
ONBUREIERNEY R 7 LICET BHI%E

e Brain computing hardware

e Intelligent quantum hardware

e Brainmorphic visual information processing
system

OBEZEN BRFEFRIEZ2F v )VEREDH
DIERABEERIEME TS X< VDT ORI
B9 503
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OWVFRFBHEBFATOF/ TINA ZADEEL
SR LICRE T BH3E

® 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

[/« AEVRERIEHR ] ($. AAKRPANEHAEER & L CER
16F48 1 BIcRESNT, TOENK. FREEEZAST
JILYMAZY R - AEY MOZY ABBEMERAIET ST &
ICh B, INERRI SO, [ TTOVILICHIT2HEH
HUEED D DR R | J;D‘C%ﬂ‘*htf/ AEVBE
Eﬁ%ﬁ&%@igmr%ﬁﬁb\'& RBFEFTE K OAFT & 7
RICHDAEER « BRAODEMENFLHICS /77./0T—

ICEDWETF @T“ s AT ERMET B EMAVE T\ AR
TOMERFEZED. EoICeE - HROBIUBEDHFOMEE
PES I i A ﬂ7°l:l I 17 MAREHET .

BE. 7/« AEVEREMEETIE. T/ - RE U REREE
DHET 2T /ER/T/INA A« TOVR AV b OZI R F
S INAFREDFTINA ADKZEBR M AR LT DR E
s BRERtE Y 2—70Y 0 MR, BERLES. RUBT
O— KN\ RMESIIBIRZE. V7 a1 —T0 v TERY
ATLHRE. 8F7 /1 AMBREHEE L THEEESH T
%, TNSOEAT. LEEBEMEAEL. F /Iy Oz
XAV MAZVRICBTAHHADCOE EG5T ExBERE
ELTWA,

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, Soft Computing Integrated System
and Quantum Devices. These groups cooperatively carry out
the research aimed at establishing a world-wide COE in the
research area of nanoelectronics and spintronics

Nanoelectronics and Spintronics for Information Technology
Laboratory for Nanoalectronlcs and Spintronics

High functional and high performance
Si-based semiconductor devices
Nano-Integration
Devices and Processing

up IV
Scllu'zuuductars

THz electronic device
technology

Ultra—Broadband | Charge
_Slgnal Processing

Brain LS| Based on
Analog Neuro-Dynamics

Dimensioal it
Control

Nanostructures

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

Functional control of electron spins

| Spintronics

Functional devices
ontrol utilizing quantum effects

| Quantum Devices

Industry-academic-government
collaboration

Soft Computing

| Nano—Bm Hybrid Molecular Devices |

Project Office of the

Integrated System

a1l [ 2

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
REER) o TAEVHEEMOMI & FEFEADIEA) « [DF
T/ BEIC LB BRIVEORF LGB D3FZRITEA. 7/
LY hOZ I ABRTINARE. TNEBWVIBERY AT LOE
REHET DL LI, INSERFT 2 HDEBEHLFMAEE
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
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 =
(Spain) ‘
University of
Salamanca
(Spain)
The University of

Kaiserslautern
(Gemmany)

G Gutenberg  University of
University Mainz Regensburg
(Germany) (Germany)

Polish Academy
of Sciences
{Poland)

Academic Exchange Programs

COE of International
Research Collaboration 55

§ Harvard
" University (USA)

Purdue
University (USA)
University of
California (USA)
of Sciences (China)

S
Spintronics
Bauman Moscow Consortium

State Technical (Singapore)
University (Russia)

Moscow State
Universi
(Russia)

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

Umversity of Salamanca, Spain

The University of Kaiserslautern, Germany
Johannes Gutenberg University Mainz, Germany
Umversity of Regensburg, Germany

Institute of Physics, Polish Academy of Sciences, Poland

Bauman Moscow State Techmeal University, Russia

Singapore Spintronics Consortium, Singapore

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

Purdue University, USA
Harvard University, USA
Moscow State University, Russia

T/ - AEVRERMER TR LIERY Y RY U L

RIEC SYMPOSIUM ON SPINTRONICS

% 1 [B: 20054288-9H % 2 [@:200652815-168
:20074E108318-1181H % 4[5 : 2008%1089-108

International Symposium held in LNS, RIEC

RIEC INTERNATIONAL SYMPOSIUM ON
BRAIN FUNCTIONS AND BRAIN COMPUTER

12009410H22-23H
120114283-4H
1201245831H-6A2H
12013%F1831H-2A1H
12015%11818-20H
12017512813-14H

% 1 [E:2012511815-16H
% 3= :201582818-19H
% 58 :201742H27-28H
% 7 [=:201982H822-23H

% 6 [8]: 20108285-6H

% 8 [5:201242H2-3H
5108 : 201341815-168
%128 : 201446825-278
$14[@ : 20165%11817-198
%16[E : 20194E189-108

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

% 2 [@:201442821-22H
% 4[5 :201652H523-24H
% 6 [E:2018%E281-2H

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

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

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

9 th:May 31-June 2, 2012 10th:January 15-16, 2013
11th : May 31-June 2, 2012 12th :June 25-27, 2014
13th : Novembe18-20, 2015 14th :Novembe17-19, 2016
15th : December 13-14, 2017 16th :January 9-10, 2019

INTERNATIONAL WORKSHOP ON

NANOSTRUCTURES & NANOELECTRONICS
%1 [8:2007FE11821-22H % 2 [@:2010F3811-12H
%5 3 [ :201243821-22H % 4 [@:20134387-80
2 5 [g:2014FE385-7H % 6 [a: 2015F3H2-4H
% 7 [0 :20165E381-3H % 8 [8:20174386-7H
2 9 [g:2018FE3H1-2H 2100 : 2019FE3H6-7H
1st :November 21-22, 2007 2nd: March 11-12, 2010
3rd :March 21-22, 2012 4th: March 7-8, 2013
5th :March 5-7, 2014 6th: March 5-6,2010
7th :March 1-3, 2016 8th: March 6-7, 2017
9th :March 1-2, 2018 10th: March 6-7, 2019

RIEC-CNSI WORKSHOP ON
NANO & NANOELECTRONICS,
SPINTRONICS AND PHOTONICS
%1 [3 1 2009%10822- 23H
1st: October 22-23, 2009

7 th:February 22-23, 2019

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

Staff

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,

30 nm g
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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 K/t Daisuke Tadaki
E2e) Professor BhEL Assistant Professor
NS WA Maki Komiya

JEUE Assistant Professor

@ 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
CHEBRLESETH/IAAILY FAOZY ADHEREHESD 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
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Fig.2 Reconstruction of neuronal circuits using living cells
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Nano-Integration Devices and Processing

Staff

£ X Shigeo Sato #E Bk Masao Sakuraba
5 Professor HEEID Associate Professor
& &  Kwansoo KIM

[riean=1 Research Fellow

@ HRIEE)

Research Activities

EROZREPABEMITNA., BEREERRBENAT 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

TERGDEREPEER - NEHEEZE T MAHET /N1 XD
. INSTN\A ADEERERE, TOICEFHFDREZHA
LIcHgeT N1 ADBEEZEEDERET 5, FRNITIE. Th
57N AR D, HEEtERERD £ T2/ A< VEEER
DISAZEH S,

¥ EFN\TOBESERLTOER
MEDEF | BEARR

EIBREEMRIEMB T S A (VD RARSGEZTMEL TFH/ A—
ML — 2SR D BEENT OBIEL DR FHEES
HZrIEIcT L Lblc, BFREZESDHIEFDOBRHRRZS
BIRICERIE L. FHRBFMEZERET 5. A, IV EFEE
EFNTES/BEICBVTHEEL T 28FRRZHML. Sigk
BEIEANDARREBOPIERE VIR EEROEFANT OBIEH
KUBMREF /BET A ADERFER S,

R HROIOFEATRBICRITT

R CHELI LN FRO T PMRBOLHIZE, BETSI0E
AR, ToAAAEWN. BREH. SUICHRRT —+ToFrOMEN D
EFAIRTHY . ARRETIE, BUHTMERAT SL0ICBEGT /%

L7 oA - TR ABHOMREERIC, COSF L TARNLTER

ERLTACHRREADTEET .
- AEaaa
T T e - ARRE

[gea | [ |

T ST ORI
T—%FOFY = 11 3

BUEUETE D T 0 b 2 A TRIRICEIF T

Towards the Realization of a Prototype Brain Computer

Za—p¥Fyd

= Nano-Integration Devices (Prof. Sato)

Our short-term research subjects are the development of brain
computing device having functionalities such as non-volatile
memory, multiplication, and addition, the high-density implemen-
tation 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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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

e 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

e 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

ST DR
N HENFUSTN]

—

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

OZEERKIE - FFRAAFEICED Bk
NoCICBSd BHi7E

OFEZRNERICED CBEHEEILSICET 2
[5iea

¢ 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

e Low-power VLSI design technology based on
stochastic logic

Brainware LSI Systems
New Paradigm VLSI System

BB 2 5 LHIZEE
SRV 171 HPHEE
EHBRIAVELI—-FaVY
HRES S (REHR)

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 VLS| architecture and its
applications

e Self-adaptive system for resilient VLS|

® Optimization algorithm and its application to
VLS| 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.

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
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TLA >0 TR

Staff

P4 &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
=) OIPREERICMA T TLA2T7—F7 7 F v HRER
DEFBHIFEENTCEY .. BESHEIFORIDTIC. R
ROTERDEZET1T D,
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The Laboratory for Brainware Systems of the Research Insti-
tute of Electrical Communication was established in 2004 and
renewed in 2014. Its purpose is to contribute to the research
and development of advanced information science and tech-
nology for Brainware systems which realize a seamless fusion
of the changeable and complex real world and the cyber
space.

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

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

Seamless Fusion of Real World
and Multi-Modal Computing

S
I

The stimuli

Physical and Adaptive Hardware Environment

*Brain-Like Computing

(Brain Architecture)

M
>

A flash is briefly presented on one
of the four disks.

The indicates the

» o of the arrow
when the disk was flashed. Time

* Higher-Order Multimodal Perception
and Information Generation

* Real-World Dynamical
Intelligence
(Real-World Computing)

Hardware Envir with M

(Recognition and Learning Systems)

ively Parallel Brain LST

Chaotic Neural Network Reservoir
s e
for Brainware LSI system
(New Paradigm VLSI System)

* Brain Computing Based on Analog Neuro-Dynamics
(Soft Computing Integrated System)
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Recognition and Learning Systems

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

v HHES

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.
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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 does the visual system achieve 1o visual stability, and to the relative weight of retinal and extra-

visual stability across saccades?  retinal inf

in target localization across d
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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.
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= 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.

X1 () AFRZa—0F v (H) 1 AEO=1—AY% VEEDY T T A THEERIRE
BARIIENAAF A 1—0aAY =2\~ R I 7V AT s

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

®2: () #ROTIZIVAVE1—2HNEEGHEEERBEE. HF AEGE®
CERTERICECAARZ2—0avEa—4702147 (B) Eo7ara47
YL - Bl L CAIRIE G RAEBICHIE TED L SICT 27D VLS Fv 7

Fig.2 (Left) A chaotic neuro-computer proto-type system for quadratic assign-
ment problems, which uses chaotic wanderings and inspirations to find
solutions. (Right) A dedicated VLSI chip for a fast and practical large-scale
chaotic neuro-computer system which can solve real-world problems.
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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” concept 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 stor-
age elements are distributed over a logic-circuit plane, makes
global wires reduced greatly.To implement a logic-in-memory
VLS| compactly, we utilize nonvolatile devices such as magnetic
tunnel junction (MTJ) devices and focus on other challenging re-
search subjects such as stochastic logic.

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

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

1LENCRBEEGEZE T 2AERORY hOBRE 2. BRIBPBARELICE CCHSEBNICHITEL 3. BARD—ERDHIRICENEEIBIG L CHEERTRES 7 &

BRI HEAT BN RY b ErFRORY b
Fig.1 Autonomous decentralized control of a snake-like Fig.2 Quadruped robot driven by a fully decentral- Fig.3 Ophiuroid robot that can immediately adapt to
robot that exhibits highly adaptive properties. ized control. physical damage.
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= 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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¢ Broadband wireless communication technolo-
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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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Interdisciplinary Collaboration Research Division

Research project of Spintronics/CMOS-hybrid
brain-inspired integrated system
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Wireless loT Technology for a Safe & Secure
Medication Management System



21 IEHREEM AR 2 —
(IT-21€>%-—)

Staff
K BA Noriharu Suematsu
tra—fk (BE) Director, Professor
EYEMZEEHEE  Industry-Academia-Government-Collaboration
Research and Development Division
Ry FA Noriharu Suematsu
KT -BR B Project Leader, Professor*
FIEIERZSER  Interdisciplinary Collaboration Research Division
BA B Satoshi Shioiri PE  &Esh
KX -#E H Project Leader, Professor* KL - #HE &

BEEFRZTER  Challenging Exploratory Research Division

It BX 20 =
& - 598 3P = - C )

Yoshifumi Kitamura
Project Leader, Professor*

Takahiro Hanyu

Project Leader, Professor®

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

Suguru Kameda
Project Leader, Associate Professor*

BRUBEMRAD I NE CICER L CERBREERM (T) I<
By oRiaE. EFEEEFIcLY. SFEROMEZLITRAL
BifE LCRMER DI EZENET D, KEDRET HHii%
A7 ELTRERVEEROK N ZHRE L. H2dRHZH7 T
T=2avERBEL. BeNESHREERARME RS Y5
LKLY HFREDORMBAREZBIE . SEMZBLICEDS
NDRBIBMAREICIVEONTCHR - MNP EREIL. TEREY
ICEERNBHT S, 7OV T bOHEEICIE. EERDSDR
MrEZ%Z CRIFAN. KREDRET 25Tl « SinRmz s
FRRGICTERRY 2 LT BEFRINEDOHE - HRAKIE
DBHEBELYZ2—L LTOREERT.

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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Fig.1 5GHz 75 324Mbit/s #EAR LAN imzR
Fig.1 5 GHz-Band 324 Mbit/s Wireless LAN terminal

Fig.3 MBWA SRAES2ER (EtE51% )
Fig.3 MBWA field test (Base sta-

Fig.2 /\1 £ 3 >V IEEMRmEE/NE 3D
SiP = 1) IR ARG

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

meter wave wireless termi-

nal for uncompressed HDTV

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 de