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At Research linstiture of Electrical Communication(RIEC), we are engaging on research of information and communication technol-
ogy (ICT). Communication is the foundation of society. It plays a vital role at all levels from our interactions with the people around us
to science, literature, business and the operation of systems that keep our society safe and secure. This is more so with the ubiquitous
use of the Internet. Recent advances in loT, where “things” are being connected through the Internet, have enhanced our expectation
to revolutionize the society and industries through collecting, analyzing, and processing information from energy to food. To make
this and other expectations based on ICT a reality, we first have to meet a continuous need for higher speed, higher capacity, and low-
er energy. Second, we need make ICT, being a part of the social infrastructure, resilient and disaster tolerant; a requirement that was
demonstrated only too well by the impact of the Great East Japan Earthquake of 2011. Third, to solve real-world problems that involve
huge amounts of data yet require real-time intelligent response, we need to develop more advanced forms of information processing
and communication that can handle the “meaning” of information. Finally, there are questions as to how these technologies be im-
plemented to the society to make it better place to live.

Since its foundation in 1935, RIEC has made a series of pioneering achievements in laying the foundations of modern ICT, including
antennas, magnetic recording, semiconductor devices and optical communication, and has continued to play a world-leading role. To
build on this tradition, we will continue to research the scientific principles and applications of integrated science and technology to
meet the above-mentioned needs of society and realize a new paradigm of communications that enriches people’s lives.

In June of last year, we celebrated our 80th anniversary and the opening of our new main building. At the ceremony, a phrase spo-
ken during the 50th anniversary of the institute by then-director Professor Jun-ichi Nishizawa was shared with the audience, "Study in
research areas must begin while they still have no name.” Even today, where academic fruits have come to be evaluated by various in-
dices, this is the basis of our activities. What's well respected in university research outcome is the creation of new research areas and
new technology.

To meet this end, RIEC conducts research encompassing areas from basic materials and information science to integrated systems
comprising devices, circuits, architecture and software that generate, recognize, transmit, store, process and control information. RIEC
has been organized with four Research Divisions, two research facilities, and one center. We have been certified by the Ministry of Ed-
ucation, Culture, Sports, Science and Technology (MEXT) as a Joint Usage/Research Center for collaborative research in information
and communications technology and are engaging in joint research projects with outside researchers. Thanks to your support and pa-
tronage, we were ranked among the highest in a final evaluation for the 2nd term, and from this year, a 6-year 3rd term began. We are
soliciting a full range of joint research projects including those centered on collaboration with the industry, international development
or younger researchers.

In addition, we have been promoting the government-funded “Brainware LS| Project” since the 2014 fiscal year, which aims to cre-
ate LSls based on new concepts that are capable of human-like judgment. This program is creating advanced information processing
LSls such as of artificial intelligence that can be used to apply artificial intelligence to real-world applications.

Within the university, we are also expanding R&D projects centered around RIEC. In March 2010, Tohoku University established the
Center for Spintronics Integrated Systems, where RIEC members and others are working on a collaborative project between industry,
academia and government to develop low-power logic integrated circuits using spintronics technology with the support of the gov-
ernment’s IMPACT program. In October 2011, in response to the Great East Japan Earthquake, Tohoku University resolved to set up
the Research Organization of Electrical Communication under the leadership of RIEC. As one of the eight major projects under way
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 under collaboration between industry, academia, and government. RIEC also played a key
role in establishing the Center for Innovative Integrated Electronic Systems, in 2012 to develop and realize advanced integrated sys-
tems on a chip. Furthermore, in 2016, a project for handling the “quality” of information to meet the challenges of “beyond big data”
involving researchers from humanities and social sciences the "Yotta Informatics Research Center,” and the Center for Spintronics Re-
search Network, a center based on collaboration network amory University of Tokyo, Osaka University and Keio University, have been
established.

In the RIEC five-year action plan formulated in 2013, it was announced that we would further develop its research and development
capabilities by promoting international research as well as diversity through recruitment. Currently, this plan is progressing steadily,
and for example, 10% of the faculty is of foreign origin reflecting the ever-increasing global nature of the ICT fields. In addition, we
continue to go beyond the boundaries of traditional ICT research and incorporate knowledge from humanities and social sciences.
This way, we believe we can look into ways of transforming information technology to the next stage. We will continue to work hard on
our endeavors to open up a new era of academically rooted innovation befitting of a university.

This way, RIEC will respond to present-day demands, open up new worlds of communication for the future, create core technolo-
gies leading to the creation of new industries working together with industry, and, through these efforts we offer a world class educa-
tion environment. From here on out, we will contribute to the “Quality of Society” (proposed by Shunichi lwasaki, Professor Emeritus
of RIEC).

As always, your suggestions and comments are most welcome.
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Institute Vision

BRUBEHEMIE. ARADI v 3 YORRICAFIEMEFROLEY 3 v ERELE LI, 2OEY avidk BILKFED/O—/\b

EY3VICHI2HEE LTCDERERITHDTT,

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 (-2017)

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.

N
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3. Training researchers and engineers through state-of-the-art research

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

. Promotion of activities as a joint usage/research center

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

. Internationalization and promotion of international joint research

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

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

ration and Regeneration

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

. Promoting academia-industry collaboration

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

grams.
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Birth

Telecommunications research at Tohoku University began in 1919 with the
establishment of the Department of Electrical Engineering in the university's
School of Engineering. In that era, work was centered on strong-current elec-
trical engineering, but upon the establishment of this department attention
turned to weak-current electrical engineering.

In 1924, the Saito Foundation granted what in those days was a huge sum
to fund research by three professors, Hidetsugu Yagi, Heiichi Nukiyama, and
Shigetaro Chiba, into communication methods using electricity. As a result,
telecommunications related research was conducted systematically for the
first time in Japan. The department was subsequently strengthened by the ad-
dition of a succession of gifted young researchers such as Yasushi Watanabe,
Masatoshi Matsudaira, Kinjiro Okabe, Shintaro Uda, Kenzo Nagai, and Kat-
suichiro Kobayashi. The fruits of their research were considerable, as reflected
by the publication of numerous papers in journals both in Japan and overseas
that attracted widespread attention.

Along with subsequent advances in telecommunications technologies and
the spread of communications equipment, the importance of telecommunica-
tions related research became increasingly recognized, fueling a groundswell
of opinion in favor of setting up a research establishment to undertake tele-
communications research at the Tohoku Imperial University. The university's
statutes were revised and an affiliated telecommunications research institute
was established. Professor Heiichi Nukiyama was appointed as the first head
of the new institute, and he had a full-time staff comprising three assistant
professors, six assistants, and one secretary.

Given its intended evolution into an entity independent of the Department
of Electrical Engineering, this research institute was designed to function in
parallel with the School of Engineering, but shared premises with the Depart-
ment of Electrical Engineering, and its research facilities were conventional.
It maintained an arm’s length relationship with the Department of Electrical
Engineering and the number of people who functioned effectively as regular
staff was far larger than the number of regular staff prescribed by its statutes.
This strengthened both the organization and the content of its research, en-
abling it to produce noteworthy results.

Cradle and growth

In response to society’s need for telecommunications engineers, the De-
partment of Electrical Communication was established within the School of
Engineering in 1941. As part of a three-entity cooperative structure that includ-
ed the Department of Electrical Engineering and the Department of Electrical
Communication, the Research Institute of Electrical Communication (RIEC)
achieved considerable success in a diverse range of research projects and pro-
duced a large number of skilled personnel through its research and education
activities. In this way, it steadily built up a tradition of combined operations.

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

During the difficult circumstances of the postwar period, work continued in
the research facilities, which had narrowly escaped wartime destruction. As a
result of the promulgation of the National School Establishment Act in 1949,
Tohoku University was re-established with the status of a national university,
and RIEC became one of its integral research institutes.

f=))
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F Ll 1994 & (FR 6 %) ICERFERESLICE
OF IFMRHNOBESRVOEEIFEREEFTE
BEYHER - BEIFEREETIFERICHDH S
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MICBELT. ERLTIFOREEEIEYT. HHE
TOETIEMERIHRINTOET, Ffz 2012
F (P24 F) ICIEMRHOER - BEIFEK
NESIXNF—YRATLEREBEIFERICK
BHo5h% Lz,

Owing to the subsequent rapid progress made in the field of electronics,
there were successive increases in the number of research divisions with the
addition of one in 1954 and 1957, four in 1961, three in 1962 and 1963, and
one in each of 1965, 1969, and 1976. This saw RIEC develop into a major re-
search institute with 20 research divisions and some 100 teaching staff.

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

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

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

With greater emphasis being placed on graduate schools, in 1994 the
electrical, communication science, and electronic engineering majors in the
Graduate School of Engineering became electrical and communication en-
gineering and electronic engineering majors. With greater emphasis being
placed on graduate schools, in 1994 the courses in electrical, communication
science, and electronic engineering in the Graduate School of Engineering
were replaced with courses in electrical and communication engineering and
electronic engineering. A total of nine courses were instituted, including full-
time courses. In addition, four electricity related departments and the Depart-
ment of Applied Physics were amalgamated in 2007 to form the Department
of Information and Intelligent Systems, whose name was changed to Depart-
ment of Electrical, Information and Physics Engineering in 2015. In addition,
2008 saw the establishment of Japan’s first Department of Biomedical Engi-
neering, with the aim of fusing medicine and engineering with active input
from the electrical field. In 2012, the Department of Electrical and Communi-
cations Engineering of the Graduate School of Engineering was reorganized
as the Department of Electrical Engineering and the Department of Commu-
nications Engineering.
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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
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 sys-
tem has been put in place. In fiscal 2004 a reorganization was undertaken

o]
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that considered the research time scale, in addition to the research fields
themselves. Research was divided broadly into short-, medium-, and long-
term research, and we introduced flexibility to enable the organization to be
changed fluidly according to the progress of the research. A major role in
short term research is played by the Research Center for 21st Century Infor-
mation Technology, which facilitates the practical application of the excellent
research results achieved by RIEC within approximately five years through col-
laboration between industry and academia. We have also set up a Laboratory
for Nanoelectronics and Spintronics to engage in research over medium-term
spans of approximately 10 years. It undertakes comprehensive and intensive
research into material and device technologies based on nanotechnology. We
have also established the Laboratory for Brainware Systems, whose aim is to
build intelligent integrated systems that break down the barriers of present
day information technologies, conducting fundamental research with a view
to practical applications. To promote research at the Laboratory for Nanoelec-
tronics and Spintronics, in March 2004 we completed the Nanoelectronics and
Spintronics integrated research block, which is equipped with the latest tech-
nology.

Long-term research has been reorganized into four major research divi-
sions. The Materials Science and Devices Division and the Coherent Wave
Engineering Division, which developed scientific techniques for transmitting
large volumes of information accurately at high speed, are both in fields in
which RIEC has traditionally been strong. These units have been reorganized
into the Information Devices Division and the Broadband Engineering Divi-
sion, respectively. Moreover, to build an advanced information society in
which humankind and the environment are in harmony, we have established
the Human 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.

RIEC has structures for close cooperation in the spheres of research and
education with the School of Engineering (Electrical Engineering, Commu-
nications Engineering and Electronic Engineering), the Graduate School of
Information Sciences, and the Graduate School of Biomedical Engineering.

At the same time it welcomes researchers from within Japan and from
all over the world, and as a world center of excellence its duty is to engage
vigorously in research activities in a wide range of fields related to telecom-
munications. Construction of the new building of 13,513m?, 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. Build-
ing 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.

BXUBEHZERT - RIEC 2016/2017 | 9




EfER

Organization

EEWER
Advisory Council

1547/ \ A ZFZRERPT

Information Devices Division

BRI
Deputy Director

70— R\ R ITEHZEERFY
Broadband Engineering Division

H9EERPT

Research Divisions

g ANEEHRY AT LBHSER

Human Information Systems Division

40
Organization Chart
P&
Director
#IR=

Faculty Council

YRT I VT N T T HSEERRT

Systems & Software Division

T/« AV ERERTEER

Laboratory for Nanoelectronics and Spintronics

ML hEER

Research Facilities

TLA 2D THREFEREMES

Laboratory for Brainware Systems

21 iCEHREEMERE LY 2 —

Research Center for 21st Century Information Technology

w7 IL—7
Ad-hoc Research Groups

ZEBEEER
Management Office for Safety and Health

B ZT AR
Common Research Facilities

POOSDWERY AT LR —

Flexible Information System Center
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Fundamental Technology Center
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Administration Office
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MABIERRE L THZRAFPITY
BT/ \ A AHFEERFT

Information Devices Division

T/ - AEVRERER

Laboratory for Nanoelectronics and Spintronics

—F/ 74 FILY O RAER —EJ:E #¥— Y. Uehara
Nano-Photoelectronics FE M S. Katano

FEREFTEMRE —[Eki'ﬁ E# M. Suemitsu
Solid State Electronics BB {#— H.Fukidome

—AEBS/ TINA AHRE —F& B Y. Cho
Dielectric Nano-Devices

DRSS TSR E —BH# IEX M. Shirai
Materials Functionality Design

FAEY bOZ Y AARE —Ejﬂ'@} ®E H. Ohno
Spintronics 1285 S. Fukami

—F /ERTNAR - TOLARRE
Nano-Integration Devices and Processing
—HEE T\ ABRE

Magnetic Devices (Visitor Section)

—[{E’ﬁ Xl S. Sato
Bk M. Sakuraba
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70— R/\Y R TEHZEERR

Broadband Engineering Division

—EEECEENRE R IEBE M. Nakazawa
Ultrahigh-Speed Optical Communication B ZZ T Hirooka
HH EBEA M. Yoshida
SRR FHEHRE —Jj\Jk ¥ H.Yasaka
Applied Quantum Optics
R T A v L RBERATRRE —EEH"R FB N Suematsu
Advanced Wireless Information Technology 8 S.Kameda
—IERA L=V YR T LARE —[ﬁﬂ #BA  H. Muraoka
Information Storage Systems Simon John Greaves
70— R\ FMEBEHRRE Bit #&— T Otsuji
Ultra-Broadband Signal Processing —EEF% #F T Suemitsu
Stephane Albon Boubanga Tombet
—EFHERTIEMRE ## E— K Edamatsu
Quantum-Optical Information Technology =% & Y. Mitsumori
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—BRREERY AT LHIEE |BA & S Shioir
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Information Social Structure (Visitor Section)
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Project Planning Division
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Intelligence Archive Group (Visitor Section)
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Machine Shop Division
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Evaluation Division
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Process Division
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EFHE Administration Office
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General Affairs Section
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Cooperative Research Section
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Library Section
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Purchasing Section
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Support Division
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Faculty & Staff
Fpk28%5818IR1E/ as of May 1, 2016
E26] Professors 23
AT Associate Professors 19
Bh# Assistant Professors 23
FEHMRE Research Fellows EFEEEMEE 4
HEMEZRES 5
FrEE Specially Appointed Professors 1
R Specially Appointed Assistant 1
Professors
EHEE Administrative Staff 15
ES L0k =] Technical Staff 13
= Total 104
MR RZ AN CER274E)
Researchers (FY2015)
NEAHRE Foreign Researchers EEHE Visiting Professors 3
BEEALR Visiting Associate Professors 4
EEFHREMZEE Cooperative Researchers of Private Company etc 2
BAFMIRESSFRMIRE  JSPS Research Fellowship for Young Scientists 8
BHAEMIRESABEARER  JSPS Postdoctoral Fellowship for Overseas 1
RS Researchers
ZEERE Contract Researchers 10
ZEEHES Contract Trainees 1
a5 Total 29
E R
Students
TR28%F58 18R/ as of May 1, 2016
[E= | BATT ZTEY AT ZCR
T IEHRR | PP AN BREEH | A
. . Graduate School of Graduate school of
School of Engineering . . . . o RIEC Total
Information Science | Biomedical Engineering
FERAFLE 51 51
Undergraduate Students
B HIHAERAE
Master Course Students %0 ) 42 (6) S 137 (15)
LR HARE
Doctor Course Students 2 ) 10 (@) 1 39(12)
BRZERREERR SR 1 1
Institute Research Students
=i 169 (16) 52 (10) 6 () i 228 (27)
Total

# () NEANTHE/Foreigner
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S - B
Land and Buildings

Bt ALEMBEXATIT B1H 15 FRtXEHA
Site : Katahira 2-1-1, Aoba-ku, Sendai,980-8577, Japan

2t IR EE
TR

Total floor area

15491 m
42,291m
Building: Total building area  15,491m?
42,291m?

Trk2855818IR1E/ as of May 1, 2016

fey/E
Name of Building

Structure

BTEE JETERR

Year of Completion  Floor Area

BB ARV ) — b EORE. TR 1RE :
Main building Reinforced Concrete, 6 stories, 1Tbasement 2014 13,513m
1588 a1 o) — hAREE SHR 7772m
Building No.1 Reinforced Concrete, 4 stories Building-S : 1962, 1963 !
N#E
Building-N : 1959, 1960
2588 B> ) — MbgE .
Building No.2 Reinforced Concrete, 4 stories 1962, 1963 7,085m
F/ - RE VR k5 oREE 2
Laboratory for Nanoelectronics and Spintronics  Steel-frame, 5 stories 2004 7,375m
TLA > 17 KB #HEa> o) — b ERE 2
Laboratory for Brainware Systems Reinforced Concrete, 1 story 1967, 1968, 1972 525m
> v ) — b~ (—ERXE) 2k :
Reinforced Concrete(partly steel-frame), 2 stories 1986 1.553m
HETEE :
Steel-frame, 1 story 1996 578m
BENG2MEE :
Light-weight steel-frame, 2 stories 1999 147m
21t IBHREEM AR 2 — HEO> o) — b 3RE 1930 1343
Research Center for 21st Century Reinforced Concrete, 3 stories '
Information Technology
HKETEE 2
Steel-frame, 1 story 2002 435m
HE - D2 — e ) — b 2kEE 1981 790m
Evaluation and Analysis Center Reinforced Concrete, 2 stories
2 ~ 1) — IR E) Ip
AYY LT 4 — i%fﬁ:l/’7) b ( DBEE%E) ?EE )
: Reinforced Concrete(partly light-weight 1972 166m
Helium Sub-Center
steel-frame), 1 story
HETIE HHa> o U — b (—EREHS) TEE
. Reinforced Concrete(partly light-weight 1965, 1966, 1978 479m
Machine Shop
steel-frame), 1 story
Z Dt :
Others >10m
5t :
Total 42,291m
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Budget

BRUBEMRAICES T B FHEOHR W Budget Shift

B47 : B/ million yen

6,000
5,000
1,542
50
433
4,000 ——
3,000 —— » ol 360 20
2458 2,464 '
1,423 1,514
2,000 —— —
1,000 —— —— —
1,528 1,435 1,382 1,460 1,392
0
FY2011 FY2012 FY2013 FY2014 FY2015
EEERNE NERER MR REE
Operation Grants External Funds Expenses for Facilities Improvement etc.
FHERNER W Budget Summary B{I : FF/ thousand yen
£ I’E‘ FY2011 FY2012 FY2013 FY2014 FY2015
Categories
“ e A Personnel Expenses 835,898 770,443 723,507 791,174 724,798
EEBLS et P
Operation Grants | yues  Non-Personnel Expenses 687,253|  665038| 658590  668941| 667,582
B E
EEEX{T% st 1,523,151 1,435,481 1,382,097 1,460,115 1,392,380
Operation Grants Total
HNEMREEDE
Grants-in-Aid for Scientific Research 469,840 407,629 343824 399,311 422,846
ZETERZE
R . 1,122,944 1,344,071 1,890,012 1,007,060 1,076,220
Funds for Commissioned Research
NEPES SiRHZE B E S
External Funds FIRST Program 1 « NEXT Program 2 813,777 671,668 660,578 0 0
& Donations 54,167 40,714 38,100 16,890 14,490
(B18) BHEREE Indirect Expenses 311,801 326,869 336,037 212,669 219,886
HR> E
NEFES 5 2,460,728 2,464,082 2,932,514 1,423,261 1,513,556
External Funds Total
KEBIBEE Expenses for Reconstruction 432,607 4,993 0 0 0
BEEFERE Expenses for Relocation 0 0 49,632 359,770 20,011
SXEfwE Expenses for Facilities Improvement 0| 1,536,530 0 0 0
=k E
E ﬁ@ﬁmﬁﬁ% st 432,607 1,541,523 49,632 359,770 20,011
xpenses for Facilities Improvement etc. Total
PANE.
?—Otgr 4,416,486 5,441,086 4,364,243 3,243,146 2,925,947

%1 FIRST Program+-Funding Program for World-Leading Innovative R&D on Science and Technology (JSPS)

%2 NEXT Program--Funding Program for Next Generation World-Leading Researchers(JSPS)
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External Funds

NEBEEZ AR

47 BAMA/ million yen

2,000
1,890
1,800 ----
1,600 -
1,800 froromrmmemmemommenereee e 344
1,200 oo e R
123 1,076
1,007
1,000
814
IO RN | | eSS | SESEEEEISSETSRNGICIOOOSS |  SULEEEEIIOSRIMIMSSRILN | SNALMIELLELESCRSSSSSARN (RS
672 661
600 ook M B e d e
470 423
408
4001 % T 4 rm | ¥} 344 S 14 S S E—
200 |-SE - .- S - - S -]
54
‘ 41 ‘ 38 | 0 17 | 0 14
0
FY2011 FY2012 FY2013 FY2014 FY2015
RFEMrRERES SR E i e
|
Grants-in-Aid for Scientific Research Funds for Commissioned Research FIRST * NEXT Program Donations
SNEBESMER W External Funds B{i7 ¢ FF/ thousand yen
= IE FY2011 FY2012 FY2013 FY2014 FY2015
Categories
NEMTEHEIS
Grants-in-Aid for Scientific Research 469,840 407,629 343,824 399,31 422,846
=TIz
SR . 1,122,944 1,344,071 1,890,012 1,007,060 1,076,220
Funds for Commissioned Research
FoimZRBI R E S
FIRST Program 1 « NEXT Program 2 813.777 671,668 660,578 0 0
§M¢§ 54,167 40,714 38,100 16,890 14,490
Donations
a5t
_'F(');al 2,460,728 2,464,082 2,932,514 1,423,261 1,513,556

%1 FIRST Program---Funding Program for World-Leading Innovative R&D on Science and Technology (JSPS)
%2 NEXT Program---Funding Program for Next Generation World-Leading Researchers(JSPS)
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HET7OYV TV M

Nation-wide Cooperative Research Projects

‘M7 oY s MtREORE LB

AHZEFRIE BHEBE D EFICH TS COE (Center of Excellence) & LT ZDHRE L VLS HRICRBE L KEMAEREIZ 2271 —
DNESICERT BIHICHEFA - HEMATILSRE L TFRADIHAEE EHR7OY 7 MRREZFITL T\, AMRFOZE DR
F. BESFMEOHERFMATIEE . AARFAHE LOHRAEMEEFIRSE LTV ETAIIEEL G S, AMEFRO THE7OY Y
MEAZE) &lE. BRBERBICHITBEM - Y AT LICET 2R BOMELERNNDENEMAREDOHR DS LICERBE « O—7 1 %—
L. 7OV FARELTRELTWCEDTH S,

HE7OYV T FAEIE. FIRADOHAREEDERMEESH TEETN, TSICZOBREBHEBMES TREINDZENFETH S,
INE T, AMAZFROHRRE 7OV 17 MARORES KURMIE. FH - 2 - FITAE. B - AUHAEEERT. BEAE - BEE0H
EBRNUMREENRE LT RBICKVITDOATVLS,

EF7YaYy =7 MfREAES

HETOY 17 MARDEEDSHIC, HEZ7OYV 17 MHREZEESRCHRTOY 17 b EEERSR. HAT7OV 17 MEEEZS
SHRRBENTVS, HATOYV Y MARZERE. HEZ7OY 1Y NARICET 2EELFBAEFRT H/HICFIN 3 4. FH2
BEFN 5 BDOEF 10 BOFEICLYBRENTWS, HETOY 17 MAREEROMFEMIE. NARFATERITEIN TV EHERE
DFBZEERLENS. FIRADERZLIRG, ARFAOBENTH S TABMESAGIS 1 27— 3 V2 RIRT DHEEHREEEI
DFBESAOME] ORBICAAIRGEHRE IOV 17 M ARZEENIHET 5 £ILH D, INE T REAROARFRIROEE,
NEANDLER, BEOBMICET ERFICDOVTHERETOTCECH Y BICEEDBMICEL T, AF - ARZRA & L THEERN
BRBZET2TETCWNS, &H. HET7OY 17 MRROERICR LEEZERITTT O s, NEBEEZSSHLHERTOI T hhEE
EZERPREBEEINTL S,

e HE7OV 1Y FAROMBRGREZR D cdHic. AFABEDHEICKVEBETNTOSHETOY 17 FRBEERNRE
ThTWa,

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, 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 communica-
tion, 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.

[ | [ = ] EE 778 O A

Outline of the Operation Policy

-

[ e N
HEZ7OY Y MAKICET S

EERE

Act as a planning center for all operations

in cooperative projects research

e ™

—>
FOFE /RERE

Rating of applications / Adoption decision

@ N

—

THES/ BENRE

Budget allocation / Daily routine business
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Research Fields

RIAFERJBEMAEAIE. IFMERESIIRIF—Y AT LER, BEIFER. EFIFERNUIERBFARRHERERE
FER. VAT LBRHEFER, ICABERHMFERLE, AR - BEAEICSV GRVBABREZRSE. HEFA - KRR O
ERAREBCEDREGKH L OTL S,

ZDEEITODEDUTORE. BB,

E—lc, MEBRREFED LI /1ERT /1 ADAIRK.

BT, BLHEBEDRODRMAT X T LRI,

B=lc. ANBERRZFNEEDIFRY AT LDAIAL

BOC, FRHERZEXABS VAT LEV T T T T DRIK.

DIRRZHET B L= EHBLEL TV S,

TEHTINAL A

Information Devices Division

Ta— NV FI4%

Broadband Engineering Division

TR 7 R

‘I Materials Science and Device Science

|

‘HInformation Technology

EAFBEFIF Solid State Electronics s A v L A\BE Advanced Wireless Information
FEF/TINAR Dielectric Nano-Devices it 7 Technology B
BERIT _Ultrasonic Engineering * BHOETE * Electromagnetic Wave
BEEIF* Biomedical Engineering * Engineering *
YItERRERRET Materials Functionality Design :
MBS0 F14< Physical Fluctuomatics * ‘
TAVRER* ) R
AEZPR=72 Spintronics : 3 ﬁﬁﬁi&fﬁ:—:—e uency Engineerin
A>Tl b0 Spin Electronics * 1 g . q c_y 9 g
-2 * H#70— KF/\> FES  Ultra-Broadband
=7 . . ) n . )
TV = INT— Green Power Electronics * L}E Signal Processing.
ILybOzZyx* 7
BEFYETFNE * _Electronic Physics Engineering * }
+T/ERTINAX - Nano-Integration Devices and JOBIE - EFNHF
O+ Processing ‘1 Optical Communication / Applied Quantum Electoronics
S EHE * 'Development and Management HERLEE Ultrahigh-Speed
) ) ~of Technology * ) ) Optical Communication
HAEERY AT LF*  Intelligent Integrated Systems * ISAEFAT Applied Quantum Optics
BIEERETAIFE * Optical Physics Engineering *
; e * Microphotonics *
|B8F - REFHY
:IElectronics and Optical Quantum Science 3
+/7#bFIL%Z A Nano-Photoelectronics | TRHRECER - MERE

-52 Information Recording / Material Science
B{$EFIF * “Image Science and Information | BIMAML—YYRT L Information Storage Systems
Display * EFHIBERLIF Quantum-Optical Information
' ) ) “Technology B
‘ =PV _Algorithm Theory *
s s INAAETUVJ5*  Biomodeling *
N 7S ZA<REF : L J

BPlasma Science

IRIVF—45ER

Energy Generation System *

12855

VAT :
. 3 Visitor Section
‘ J0O— K\ F@EE Basic Technology for Broadband
3 BB Communication
NEEDE e :
‘M Visitor Section
BT INA X Magnetic Devices

18 | BXRUB{EHAZERT = RIEC 2016/2017




The Research Institute of Electrical Communication (RIEC) maintains a close cooperative relationship with the Graduate Schools of En-

gineering, Information Sciences and Biomedical Engineering in its research and educational activities, especially with the Departments

of Electrical and Communication Engineering, Electronics, Computer and Mathematical Science, System Information Science and Ap-

plied Information Sciences. This cooperation enriches the research activities of RIEC as a “Joint Usage / Research Center.” The research

fields of four divisions are:

(1) Information Devices Division:Advanced Nano-Information Devices Utilizing Physical Phenomena

2) Broadband Engineering Division:Next Generation Systems for Ultra-Broadband Communication

@
(3) Human Information Systems Division:Creation of Information Systems Harmonizing People and Environments
@)

4) Systems & Software Division:Advanced System and Software for Information Society

ABEH S AT A

Human Information Systems Division

VATA VT b T

System & Software Division

J EIER

I Bioinformation

EARBRLER Electromagnetic Bioinformation
Engineering

R E2—7 25 Real-World Computing

ISABRITX/IVF— Applied Electrical Energy System *

VATL .

IRIVF—ZH Energy Conversion System *

VATL .

RA7OIXIVF— Micro Energy Device *

TINAZ* .

HIEETFETIR “Neural Electronic Engineering *

JARSERR
‘I Human Information Processing
. BREEIE®RT AT L Visual Cognition and Systems

Ea1—<VAVE— Human Interface *
JI—R* )
LIHEERY AT L Advanced Acoustic Information
Systems
BFHIEIE * Electronic Control System *
SR B EREL T * Advanced Information Technology *
HMPEFERETE * Intelligent Electronic Circuits *
EIEIRT AT L% % Systems Bioinformatics *
BRIV 7Y Information Content
BHRBER TR * Information Technology *
1E#iBfEY 7 b7 *  Communication Software Science *
IERIEESF * ~Communication Science *
NERBEBFT/INAR
I Bioelectronics
T/ RFTINMA Nano-Molecular Divices

ToIARBTHEREF * Plasma Science Engineering *
LREFIFDE* “Biomedical Electronics *

LD

‘i Visitor Section
RIVFE—ZIVaV Multimodal Computing
Eai—Fa4>7

JEEERE

Computer Science

VI MU T TR Software Construction
av¥a—F+1v%  Computing Information Theory
TEHRIESR ) - B

BWEFa1 T 15> Information Security *

@1%1%?&5@%;[%“— * . Imra:ge Information:Communicat:i%)ns *
HEEY AT LR * Intelligent System Science *

‘/j b T 7EBRS Fthations of S:o:ftware Scierﬁ:ce *

Nr>rz2—xy bdzaz5—3>
:HInternet Communication

Bhxy bT—7 Electric Power Network System *
VAT LAE*

dZa=4—Yav " Communication Network Systems
2y FT—=7

&M%y F7—4%*  Information Network Systems *
BERMACF1T Environmentally Conscious
'E%E:/Z;—A ) “Secure Information System

JAVLSIY R T Ls

‘BIntelligent VLSI System

L FRVLSIY R T L New Paradigm VLS| System
Y7 RhAYE1—F4  Soft Computing Integrated

77%%:/7\7_-L\ ) System
StEER ~Comuter Structures *
|EESF
:IVisitor Section
Bt aEE _Information Social Structure
* RIBHEDMRDE

Laboratories in Graduate Schools
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F/74bILY bOZY AHMRRE

Nano-Photoelectronics

+/74#rTL VA=A
MESE (ERER#HIR)

Nano-photoelectronics
(Prof. Uehara)

F/RRFILY bOZHR
WS (L)

Nano-photomolecular Electronics
(Assoc. Prof. Katano)

Oz, TXIVF—. EERETOEL DERF
JREEDFE DD
OEIWDEEDAREED STM HADFEEDFR
OF / ZBEP TOHRL ZEHRIEZNNREZD
TEHISH
OBEMNETILEEDREN - FHEFORE

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

¢ 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.

¢ Development of efficient and broad-band light
sources and detectors.

OBE—RF « DFDIHiE

OB—DFOLFRIS « SR

OF /1BEeeRF L LTRIAYT 20 FIL
7hOZo X

® 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.

EFREFIHHARE
Solid State Electronics

EETIY

RS E CRICHIR)

Solid State Electronics
(Prof. Suemitsu)

BB FIIETS
B (REEID)

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

OSiEMx LSICERMEDRE LT

OSiEMR ESIC-MOSFETD %

OUZ7zr-Fv-2)AVEEERVE
BIETINA R

e Surface chemistry during formation of SiC films
on Si substrates.

® SiC-MOSFET on Si substrates.

¢ High-speed devices based on graphene-on-
silicon structure.

OMEMSH: i % 2 A L feDirac B F R D HiLHERD
REZHEEETET /\1 AR

OFA RS Y FEMDIEICLDHEEFT /TN
A AYEDORR

¢ Development of integrated multi-functional
Dirac-electron devices using MEMS-based de-
vice fabrication processes.

¢ Development of novel nano-device physics by
use of operando-microscopy.

TH ¥k
T3 A
Fenbl]

Information
Devices Division

BEST/ TN ARARE

Dielectric Nano-Devices

HEF/TINMR
MRS EHF (RHIR)

Dielectric Nano-Devices
(Prof. Cho)

OBEOfRE (RFDMREEEFED) EBRIHE
A BRIBMEBEDRE

OISR B EXRER A AV B RESBHK
SCERDHIZE

OF % - IS FBRBAEHALEIC K 2R
FHREESNORF DA (SNDP)
OIEFR A BEREHEF BV BFEME - £
BRI OFHEEDIZE

OF % - B ]IS AEREMSE LAV
feREHEEFHDOR—/\ b TB T 74)VET
AIDZE (Si%k, SiCfth)

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

¢ Ultra-high density ferroelectric recording sys-
tem using SNDM.

o Atomically resolved imaging of dipole-induced
local surface potential by newly developed
scanning nonlinear dielectric Potentiometry
(SNDP).

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

e Evaluation of dopant profile in semiconductor
devices (Si or SiC system etc.) using newly de-
veloped super-higher order scanning nonlinear
dielectric microscopy.




nTERERESRGTIIR R
Materials Functionality Design

Poirkaessst

MRS (BHEER)

Materials Functionality Design
(Prof. Shirai)

OF—REABICEDCHLLWRE #aertk
DIEEFRERET

OREY bOZY RARFITHIT 2BRURERFME
DIBFHERMT

OR@EICHITBF / HBERNK T O XD EK
Yzalb—v3v

OMH - RFkBEZRFA TSV IaL—Y 3>
FEDRE

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

® Theoretical analysis of transport properties in
spintronics devices

e Computational simulation of nanostructure-
growth process on surface

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

AEY bOZY AHER

Spintronics
AEVEETS
MEDF (KFHER)

Functional Spintronics
(Prof. Ohno)

T/ AEVIHETINA
HEDEF (%T%E/E#kﬁ)

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

OREY bOzZy R B

OREY bOZI AMETEITBEF - - R
s ZDISHICEE T 2R

ORM¥EH B LU ZDOEFEEDYMELISH
(B89 BHI%E

O£ BRMARDOHAL O & Z DHBERFISA
|CE8T B3R

OLBHMERFLEZDAE) - &
ADISHICET %%

TR

® Spintronics

e Electrical, optical, and spin properties of spin-
tronics materials and their applications

® Properties and applications of magnetic semi-
conductors and their quantum structures

® Spin control in magnetic metal and applica-
tions for functional devices

® Spintronic devices with metallic system and its ap-
plications for memory and logic integrated circuit

F/EBTINARX « TOLCRABFZEE W Nano-Integration Devices and Processing

F/&EB/TINA
HESE (Viﬁﬁﬁﬁ)

Nano-Integration Devices
(Prof. Sato)

EFANTOMERERILTOLR
R E (AR

Group IV Quantum Heterointegration
(Assoc. Prof. Sakuraba)

OFEETRBREME AT T\ RICET B3

OF i SEREAEE T/ \1 RICET BH%E

OBBRHERT /N\A ADBRERERMICEY
ZHE

OZEFHEET /N1 RICET BHE

* New structure non-volatile memory device

* New structure product-sum operation device

¢ High-density implementation of devices for
brain computing

¢ Intelligent quantum device

\'IV.

OBEZEV BEHFERIE2FY vIVRRDTH
DERBIEEARIEMEAT S XCVD At R(C

B9 B
OV EHFEFEEEEF T OEEDEERL
7Ot RICET BHE

O N FRHFEHREFATOF/ T\ ADBUEL
=R LICEE Y B

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

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

e Fabrication of high-performance nanodevices
utilizing group IV semiconductor quantum het-
erostructures
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e Dynamics of magnetic domain and domain
wall in nanoscale magnet

¢ Control of magnetization utilizing the spin-or-
bit interactions

¢ Development of high-performance spintronics
memory devices
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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.
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= 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.

KR STM Z B A e B RENITEE
Integrated Surface Analysis System with Low-temperature STM
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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. In power electronics, on the
other hand, higher effiencies are required of devices used in
power generation, transmission, and conversion. In this re-
spect, SiC thin films formed on Si substrates, and graphene
films formed thereon, are expected to solve these challenges.
To introduce SiC and graphene into Si technology, we are
studying their surface-related growth mechanisms, develop-
ment of device fabrication processes, and characterization of
their devices.
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SiC
Silicon Graphene
|
+ sic
Graphene -
|
SiC GOS (Graphene on Silicon)

1. $ROOI ST - A - 2DV
Fig1. The world-first graphene-on-silicon technology
carbon atoms

2. 7371V RERFOZRTHEDEEE
Fig2. Graphene: A two-dimensional network of

= Solid State Electronics (Prof. Suemitsu)

By using our original technology of organosilane-based gas-
source molecular beam epitaxy, we have succeeded in the
formation of qualified SiC thin films on Si substrates at low
temperatures (~1000 °C). Using this SiC/Si heterostructure,
we have further succeeded for the first time in the epitaxial
formation of graphene on Si sub-strates (GOS). We are now
studying the betterment of the SiC and GOS films to try to
fabricate graphene-based field-effect transistors working in
the THz regime and power devices based on SiC/Si.

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

By use of nano-scale characterizations centered on synchro-
tron-radiation analyses, we are investigating the device prop-
erties of SiC as well as of Dirac electrons and two-dimensional
electron systems such as graphene. In particular, our finding of
controlling the surface structural and electronic properties of
graphene in terms of the crystallographic orientation of the Si
substrate paves a way to industrialization of graphene. Use of

nano-fabrication is also investigated to realize further control
of graphene properties.

3. EREZE 7O HE—EEE L SIREDSTME (B.L)
Fig3. A UHV-compatible process/analyses system and
the STM image of a Si surface (inset).
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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.
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felsMREHME AN ERE L DD B,

Topography

1. BEE I EAE BT A B REM S
12 & BSi (111) 7X7H#E D M DR & WEF
E—AV Mg

2. HUNDBREE Y b T — 2Tk B RIERE
(4 Tbit/inch?)

= 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 measure 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 to fabricate an ultra-small do-
main inversion dot, which has the diameter of 2.8 nm in case
of single dot fabrication, and achieved the recording density
of 4 Tbit/inch in actual information storage, requiring an abun-
dance of bits to be packed together. (Fig.2)

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.3) 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 material and
semiconductor materials besides ferroelectric materials.

-8 F
ac/av

3. SiC/X7 — MOSFETD R—/X> 7O 7 74
JVDEHH
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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.
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(1)iE5. D0LEMnGat&ldmL Bt RE A E A %
BIAHTENBAREY FOZY AMHE L IEKABAMEE L
TEEBENTWS, TOMnGaERICTIVUERINT ST &lck
VHBSEEDA LT B E-REHEICKYERE LI, LWIh
DTREANL TEHLDEARRSNIEH, EHFREHDRD
TR —BREAEIRIVF—DDOITMNTEDPLTLE D, &
IZTi, VARINTIE AN RORLICAEVRBELTE Y. Mgo
FREEMIR bV RIVIEE DEBMIEE LTELETH 5,

2) PR B EENI-Mn-InDEFi18iE% / NIV 7 BUREXIGALE T
HEBE—REBHEICKUME L., COEETITEEEEERE
SWERICBVWTT TV EMAFEOREEEHLE L ED L.
B¥vv IHERENDTEEZRE LT, TOEEDOEEREERE
&, BEOMEE HOHIMNEF LInfiE % B L IcMnEF DR
IIF e S K WEKBMEEERORE L BBICEEL TWS T L%,
BEEEBICESHIT LTz, [S. Zhy, et al., J. Phys.: Condens. Matter
27,362201 (2015).]

L L
0.1 0.2 03 0.4
M concentration x

K1:  (a) DO,EMn,GaDiEERIBEEDREIE, Mn;,M,Ga (M =Ti, V, Cr)DE&1k(b)
E—HHREAMETRIVF— (K) (QDOMEBEKEFE,

Fig. 1: (a) The crystal structure of £0,,-Mn;Ga. Magnetization (b) and
uniaxial magnetic anisotropy energy (K,) (c) of Mn; M,Ga (M =
Ti, V, Cr) as functions of dopant concentration.

= Materials Functionality Design (Prof. Shirai)

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

(1) We investigated the magnetic properties of 20,,-Mn,Ga alloy
doped with Ti, V, Cr, by using first-principles calculations. While
the magnetization is increased by doping Ti, V, and Cr, the uni-
axial magnetic anisotropy energy is slightly decreased due to
the reduction of tetragonal distortion. In particular, the A, band
of Ti- or V-doped Mn,Ga is completely spin-polarized at the
Fermi level. Thus these alloys are promising candidates for elec-
trode materials of MgO-based magnetic tunnel junctions.

(2) We investigated electronic structure of shape memory alloys
Ni-Mn-In by means of hard x-ray photoelectron spectroscopy
and first-principles calculations. We found a sharp drop in the
density of states near the Fermi-level below the structural trans-
formation temperature. We clarified theoretically that the struc-
tural phase transition is related to a competition of magnetic
coupling between Mn atoms. [S. Zhu, et &/, J. Phys.: Condens.
Matter 27, 362201 (2015).]

Mn; 75Vo 25Ga Mn; 75Tip 25Ga
1.0 up-

il wpdans EElibery  rdoNn

Energy (eV)

B2: D0,BIMN, sV sGa (EB) & KTMN,sTigysGa (BRI D/ R,
FREA NV FERL. TR)LF— (s OFRRIET o)V I
m5NnTW3,

Fig. 2: Band dispersion of 0D0,,-Mn, sV, ,:Ga (left) and Mn,;sTig,sGa
(right), where red curves denote the A, band and the origin of
energy (vertical axis) is set to the Fermi level.
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Our research activities aim to deepen the understanding of
spin-related physics and to develop new functional materials
and devices in which electron and spin states are controlled.
We are also working on research and development of ad-
vanced technology for spintronics-based devices and integrat-
ed circuits, which are expected to realize high performance
and low power consumption owing to their nonvolatility.

L T/ - X & EERER) 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 LS|, and non von
Neumann architecture.

FEMIE T/ - > EERR) 25
For further details, please refer to the “Laboratory for Nanoelec-
tronics and Spintronics” section.
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Optical Transmission
(Prof. Nakazawa)

Ultrahigh-Speed Optical Communication
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Optical Signal Processing
(Assoc. Prof. Hirooka)
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High Accuracy Measurements using Optical Fibers
(Assoc. Prof. Yoshida)
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¢ Terabit/s OTDM transmission using a femto-
second pulse train

o Ultra-multi-level coherent optical transmission
toward the Shannon limit

® Multi-core fibers and optical fibers with new
functionality
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e Distortion elimination technique using time-
dmain optical Fourier transformation

e All-optical signal processing using nonlinear
optical effects and their application to ultra-
high-speed OTDM transmission
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® Frequency stabilized lasers and their appli-
cation to high accuracy measurements using
optical fibers

® Ultrashort mode-locked lasers and their appli-
cation to frequency standards and microwave-
photonics

Broadband Engineering Division
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Applied Quantum Optics
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Highly Functional Photonics
(Prof. Yasaka)
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¢ Ultra-high speed control of semiconductor
photonic devices by signal light injection

¢ Highly functional semiconductor light sources

¢ Highly functional semiconductor optical modu-
lators

* Novel functional semiconductor photonic inte-
grated circuits
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Advanced Wireless Information Technology
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Advanced Wireless Information Technology
(Prof. Suematsu)
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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
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e Joint terrestrial and satellite communication
network

¢ Digital signal processing for broadband wire-
less communication
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Information Storage Systems
(Prof. Muraoka)

Information Storage Systems
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Recording Theory Computation
(Assoc. Prof. Greaves)
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¢ High areal density hard disk drives

¢ Head/disk devices for high density magnetic
storage

¢ Digital signal processing for high density storage

¢ Network storage for large capacity file server

OREBECHEBERBOIYE1 -2V 30
L—23a VIt L3R

® Micromagnetic simulation for high density
read/write theory
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Ultra-Broadband Devices and Systems
(Prof. Otsuji)

Ultra-Broadband Signal Processing
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Ultrafast Electron Devices
(Assoc. Prof. Suemitsu)
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Ultra-Broadband Device Physics
(Assoc. Prof. Tombet)
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e Plasmon-resonant terahertz emitters/detec-
tors/modulators and their system applications

¢ Graphene-based terahertz lasers and ultrafast
transistors, and their system applications
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¢ InGaAs-based field effect transistors (FETs) for
ultimately high-frequency integrated circuits

® GaN-based FETs for high-power and high-
frequency applications

OV ALEMP TS T T /ICk BT INILYE
TIREVTINA DR

¢ [II-V and graphene based plasmonic materials/
devices and their terahertz applications.

BFRERIFHESR W Quantum-Optical Information Technology
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Quantum-Optical Information Technology
(Prof. Edamatsu)
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Quantum Laser Spectroscopy
(Assoc. Prof. Mitsumori)
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Quantum Nanophotonics
(Assoc. Prof. Sadgrove)
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* Novel techniques for the generation and de-
tection of photon entanglement.

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

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

OFGHEF Fv MBI ZBEEIHIEED
¥
OB NHIRER DB I DEERR

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

® Quantum optics of semiconductor microcavi-
ties.

OF /KT 74 1\ BB FHIRDBEFR
OF/ 74 FZUV AT INA RERVWEAHRT
DFENDIGF

¢ Use of optical nanofibers to produce novel
single photon sources.

e Control of cold atoms using nanophotonic de-
vices.
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Ultrahigh-Speed Optical Communication
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Experiment on ultrahigh-speed optical transmission

/) Keisuke Kasai

Assistant Professor |

Research Fellow

Research Activities

With the vast growth of traffic on the Internet from simple text
data to high quality voice, image, and real-time video content,
it has become increasingly important to realize an ultrafast,
high-capacity network to support the daily needs of modern
communications. Ultrahigh-speed optical communication
is the key technology for building such an interconnected
world. This laboratory aims to realize a global ultrahigh-speed
optical network by engaging in research on ultrashort pulse
generation and transmission. Our research areas include op-
tical solitons, high-speed mode-locked lasers, optical signal
processing, and the development of fibers with new functions.

= Optical Transmission (Prof. Nakazawa)

Ultrahigh-speed optical transmission is the driving force be-
hind attempts to realize advanced high-speed networks that
support ultrahigh-precision image transmission or ultra-real-
istic communication. At the same time, there is a strong need
to realize spectrally efficient optical transmission to expand
the transmission capacity for a given optical bandwidth. With
a view to achieving an ultrahigh bit rate exceeding 1 Tbit/s/
channel, we are actively engaged in realizing ultrafast optical
time division multiplexed (OTDM) transmission using ultra-
short pulse lasers. To expand the spectral density, we are
working intensively on ultra-multi-level coherent QAM trans-
mission technology in which the spectral efficiency is greatly
improved by encoding the information in both the amplitude
and phase of an optical beam. Another important aspect of
our research relates to the development of multi-core fibers
and their applications to ultrahigh-capacity space division
multiplexing.

= Optical Signal Processing (Assoc. Prof. Hirooka)

We are engaged in the development of all-optical technolo-
gies using nonlinear optical effects by taking advantage of ul-
trafast optical properties, where optical signals are processed
without the need to convert them into the electrical domain.
Specifically, we are developing femtosecond pulse compres-
sion, pulse shaping, optical demultiplexing, and distortion
elimination techniques, which are indispensable for realizing
ultrahigh-speed OTDM transmission exceeding terabit/s.

= High Accuracy Measurements using Optical Fibers
(Assoc. Prof. Yoshida)

We are engaged in the development of frequency stabilized
laser operated at 1.55 pm and its application to high accuracy
measurements using optical fibers. Furthermore, we are de-
veloping ultra-short pulse lasers.

2048QAMIE—L > hHES (£) BLU19AT7 7 71 /\DHEATHE (A)
2048 QAM coherent optical signal (left) and cross section of 19-core fiber (right)
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Research Activities

Internet traffic has been increasing explosively and the
amount of information which should be processed has been
increasing. The capacity of information processing in optical
communication systems should be increased drastically to
cope with the explosive increase in the information traffic. It
is necessary to realize ultra-high speed and highly functional
semiconductor photonic devices and semiconductor photonic
integrated circuits to construct next generation highly func-
tional optical information communication network systems.

We are investigating novel, highly functional semiconductor
photonic devices, which is indispensable to realize new gen-
eration optical information communication network systems.
Furthermore, our research interests cover ultrafast photonic
devices, opto-electronic semiconductor devices and their ap-
plications to optical computing and signal processing areas.

= Highly Functional Photonics (Prof. Yasaka)

It is indispensable to establish highly functional light source
and photonic device technologies and novel functional semi-
conductor photonic integrated circuit technology for realizing
highly functional optical communication systems and novel
functional optical signal processing systems. We have been
studying highly functional semiconductor photonic 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 semiconductor
photonic functional devices based on novel principle to real-
ize innovative photonic information communication network
systems.

Modulation = 12 o 12
signal S 6 S 6 E 1
3 [}
£ 0 2 0
—— 2 . g
“— = H g - Il 051
; : H ; : ; (-80%) g 12 E 2 n=0 0:39
" DFBsection Loss modulation SOA section 28 i S -18 L
300 pm section 50 pm 0.1 1 10 100 % o041 1 10 100
150 pm Modulation frequency [GHz] Modulation frequency [GHz]
INAT)y RERASREREAFEEL — S OER L — Y BIREISE RO ERER(IR) L FFERFICL DAERRERN)
Schematic structure of a hybrid-modulation semiconduc- Frequency response of the laser; simulated results (left) and measured result by using fabri-
tor laserwith Low-temperature STM cated device (right)
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Advanced Wireless Information Technology
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Satellite
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Suguru Kameda
Associate Professor

Mizuki Motoyoshi

Assistant Professor
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Fig.1 AEF 21t - 70— RV MEDEG Ry T —7 Dk
Fig.1 Evolutional network for ubiquitousness and broadband

Research Activities

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.

= 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 (UHF/microwave/mm-wave)

MIMO I

Mufti HPA Tx Mixer
Antenna

4+

Joscillator (VCO)

[Criter TGO rner [P ave e
Rk Higna

Beam Rx Mixer

i De-
i
Forming 9= Heterogeneous/
E' Multi-band RF/mmWave CMOS IC ": Channel Estimation
B i i i Signal Processin,

Fig.2 [T 1 ¥ L &EF 1 F v TEZEHOME
Fig.2 One-chip modem LSI for Broadband wireless communication
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Our main interest lies in high-density information storage
technology. The core technology is magnetic recording with
fast data transfer and large storage capacity, which is applied
in hard disk drives and magnetic tape storage. Recently,
multi-media information, such as digital movies and music,
that requires very large storage capacities is used in broad
applications from internet to mobile communication. This
trend accelerates the areal density increase of magnetic re-
cording. Recording theories, devices, and systems based on
perpendicular recording are being studied in order to attain
ultra-high density information storage. Our target is terabit
storage (over 5 Tbits/inch2 areal density), in which the bit size
corresponds to an area of 10 nm by 10 nm.

O RABERANL—=IVY AT L
MRDE | MR

BB Y FEEET « X7 OMRETL. REICINS
I EDLE R RELREBEDRRNRS (K1) ZHEAT
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@ REERIE1I—F—YaY

EDEF | Greaves E#IS
RATVAR TR T 4 v 7 ABRICEDER—/NN—1—4%%
BLAOYE1—4YIal—YavEBMELTESBER ML —
I ARDEFEIB DT EIT O TN D,

1 BERBREHAY FEEET « A7 EBVERBEREOAE
Fig. 1 Read/write measurement using a single-pole head and a per-
pendicular medium.

= Information Storage Systems
(Prof. Muraoka)

Single-pole heads and perpendicular disks are investigated
through read/write experiments, as shown in Fig. 1, to im-
prove the recording performance. For extremely large capac-
ity storage systems, storage grids working on a network, as
shown in Fig. 2, are also explored.

= Recording Theory Computation
(Assoc. Prof. Greaves)

A computer simulation utilizing micromagnetics is being
carried out to obtain design guidelines for ultra-high density
recording.

2 ZEOUFH) HDDIC K B ENDAIREZ hL—F Y 27 s
Fig. 2 A large-scale storage system with parallel HDD operation.
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Ultra-Broadband Signal Processing
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Terahertz (sub-millimeter) coherent electromagnetic waves are
expected to explore the potential application fields of future
information and communications technologies. We are de-
veloping novel, ultra-broadband integrated signal-processing
devices/systems operating in the millimeter and terahertz fre-
quency regime.
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= Ultra-Broadband Devices and Systems
(Prof. Otsuji)

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

= Ultrafast Electron Devices
(Assoc. Prof. Suemitsu)

We are focusing on two important material systems for
high-speed and high-frequency devices: the indium gallium
arsenide (InGaAs) for ultimately high-frequency operation in-
cluding sub-millimeter-wave regime, the gallium nitride (GaN)
for high-power millimeter-wave applications. Our activities
include the design, process, and characterization of these de-
vices and their integrated circuits.

= Ultra-Broadband Device Physics
(Assoc. Prof. Boubanga Tombet)

We theoretically and experimentally investigate the physics of
plasmonics in Ill-V semiconductor- and graphene-based het-
erostructure material systems and their device applications.
Our main goal is to develop new and original plasmonic inte-
grated devices operating in the millimeter-wave and terahertz
regions for the next generation of imaging, spectroscopy, and
ultra-broadband communication systems.

oo
l’ump' B2

g0

‘amplification

Bias 108
Vg1=0V, fixed  10q
Vds, Vg2

Temperature
dependence l
Vds=2V, Vg1=0V,
Vg2=-0.55V, fixed

3
5

S

8
>

g

gy
22
:
]
88 %
b o

at 140K

¥

at 290K
— 5th at 290K
3rd at 240K
— 3rd at 140K

Max|
at 240K

E
8
5
g
2
€
s
%
&
]
s
E

100

Emission Intensity (a. u.

1.2 3 4

2 /T TS XEVHIBIMREFA LI InP ZNT OES
RICEBHLWT SNV HIZI VR - T4 77 4%
F (A-DGG-HEMT) DWiEEE. BEFEMBETE

Cross-sectional view and SEM images of an InP-
based asymmetric dual-grating-gate (A-DGG) HEMT.
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Record-breaking world-first coherent, mono-chro-
matic THz emission from the A-DGG HEMT.
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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 the quantum information devices utilizing
qguantum interaction between electrons and photons in semi-
conductor nanostructures, to obtain further understanding of
their physics, and to apply them to practical quantum informa-
tion technologies.
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Fig. 1 Experimental results (filled circles) and predicted lower bounds (curves) of
error-disturbance uncertainty relations (EDR) in photon polarization mea-
surement. The Heisenberg EDR (blue) is violated by the experiment while
the EDRs proposed by Ozawa (red) and Branciard (purple and green) hold.

= Quantum-Optical Information Technology
(Prof. Edamatsu)

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

= Quantum Laser Spectroscopy
(Assoc. Prof. Mitsumori)

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

= Quantum Nanophotonics
(Assoc. Prof. Sadgrove)

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

E Laser pulse

C.

V.B.

z
2. PEERETF Py MROBET - EAROKFHIC—L > M,

Fig. 2 Coherent optical control of an electron-hole pair in a semiconductor quan-
tum dot.
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Electromagnetic Bioinformation Engineering
(Prof. Ishiyama)

Electromagnetic Bioinformation Engineering

B
MEDEF IFEHR)

Electromagnetic Bioinformation Materials
(Assoc. Prof. Hashi)

OBBRERF Y

Om B R ERFETRIBAT
OAMVOKRT7 7 F1I—4
ORESF AR R EREEES

® Super high sensitivity magnetic field sensor

¢ High-frequency electromagnetic measuring
system

® Micro magnetic actuator

* New medical equipment using magnetic

OTAVLARBS Y VTV RT I
OREMEREMEAT R

® Wireless magnetic sensing system
® Functional magnetic materials

=2

BRERFRVATLHARE

Visual Cognition and Systems
BRRERR AT L
R (EAEER)

Visual Cognition and Systems
(Prof. Shioiri)

ORRATE DR ST & ZRISEORE
ORBGESHIH S RRTERIBOET )L
O3JTTRHDTA, FH, BRERFEOHE

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

* Modeling control system of eye movements
and visual attention

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

Pl 13 ¥ <

Y AT A
0/t

Human Information Systems Division

IR ISR AT LHFZEE W Advanced Acoustic Information Systems

FIRERMY AT L
R E (AR

Advanced Acoustic Information Systems
(Prof. Suzuki)

BR - ®REREFHRVAT L
I SRAHEHIR)

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

ORIWFE—ZIVEEDRRUICED3RTEZE
R BIZDAZER

OREENEEEY (active listening) LRITE D3R
TR T 4 AT LA HERFIEE ¥ AT g

OREHBREERICE D FHRESWERED
[

OS5 - BEMF OB RRME BRBHBED
fR2EA

 Spatial hearing process as a multimodal percep-
tion

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

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

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

OBRERUESRENRIBRLIBEREDHE

O3RTEEEEROBBER VY VIV AT
DIBE

OBEEREBRRLBICEDCEER/RI AT L
DIEEE

® Mechanism of multisensory information pro-
cessing including hearing

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

¢ Auditory information systems based on multi-
sensory information processing




R Reit e
MEDEF (RAEHR)

Cognitive Brain Functions
(Assoc. Prof. Kuriki)

BERLAIERHITEIY AT L
MERDEF R=HEHR)

Adaptive Cognition and Action Systems
(Assoc. Prof. Matsumiya)

HRRIVE1—T 4 VITHARE
Real-World Computing

RFRIVE1—FTaV5

MRS (RRER)

Real-World Computing
(Prof. Ishiguro)

ORRDEIEREIRICET BH%K
ORBIBROBN TODEE - HEICBIT HEHR

¢ Representation of color information in human
brain

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

OBRR MR ORERTREIBRZOME
ORME LTENDOBHRICET %
OBFTEIRDZE[MTIE T 2%

¢ Integration of visual and haptic information in
the human perceptual system

© Mechanisms in visual perception and action

® Spatial perception during bodily actions

ﬁ?ﬁfﬂ ‘/7_"‘/ “/C HARZE
AVR259747aAVT0Y
RETRR D (e #ER)

Interactive Content Design
(Prof. Kitamura)

OBABHREY 7 bORyY boffH
OEfTRlEk. M7, H17. ETICBIT 581
b2y Gl
OZEZFBIRZEVORRRED F AR
EART 1 7 ANDIEH

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

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

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

F/BFTINA RARARE

Nano Molecular Devices

TI/BFTNAR
R 5 (EFEER)

Nano Molecular Devices
(Prof. Niwano)

OFARTLAEIRTA VRSV
BEERLETHEESEREBERIVT VY
EWREICRTI BT A ATLIEBE. Th
S5 LEBLCAYT VY EFBYT 39
DIRTTA VRT3 VEMDOHZE

OREEIZT 25— a3 vERDKY
ANEARAZT 2275 —Y 3 v HETHEME,
AVTFVYRIT OH%EE>T. KUREICL
KD ETBHE, TDRic. ZEARADAD
SEEM - ESEMTEIR LYY VT - IR,
ZTORREEE LIV T VY DRTPER
THAVICE ST EEOESLLHIEE B
LT

OBz 0vavysiHa4y
KEE. 2vFINRI, SDRABEDETEE
FEBRETHENICZLDIVY T Y ERDS
TENTERLSBEMRIRT7 IV XLP
HFLWA V2SS 0avFEETHAVTS
3

OXEREIVRTA VAV IV ELI—T 0
A
IVRTAVAY OV EI—T 10 VT D
MEFILTC. SELTEBEPFOALEHBH
LHWENS. FHEMDAENERICDEIS
BEEBlT, 5% HRAPTLDOEETSZHL D
LNGEWKBICERWLTED LS. LWAWLS
BHREZZWERW. EHDDH B,

e Displays and 3D Interaction Technologies

We are designing original display systems to
show visual information accurately and effec-
tively, and interaction techniques to make bet-
ter use of these display systems.

Modeling and Controlling the “Atmosphere”
by Media Space

This research aims to stimulate the “atmo-
sphere” of a conversation space by spatial
media technologies.

Designing Novel Content Visualization and
Interaction techniques

This research focuses on designing novel
visualization and interaction techniques to
efficiently use a large amount of information
content in a variety of display devices.
Entertainment Computing for Creative Rejuve-
nation

We are researching novel entertainment com-
puting technologies that empower people and
industries in disaster-stricken areas with inter-
disciplinary collaborations.

OF /HBEERVIBRER/N\1 T v FXB
BHBDBARE
OBRERN\AT )y FREZBVHINTRE
> DRAF
O1FVBRAEEBWETLFTILER NSV
IR DR
OfB@hREmERWNNAF VI VTV RT
INolEE:S
Ol x v b7 —7 DESLERBOER
RIAREA
OrpiEiifa%z AU e AT R B ADIERE

¢ Organic/inorganic hybrid solar cells with nano-
structures

¢ Development of micro gas/pressure sensors
using organic/inorganic hybridized thin films

® Development of flexible organic electrochemi-
cal transistors with ionic liquids

e Elucidation of cell dynamics using a semicon-
ductor nanofabrication technology

¢ Clarification of information processing by neu-
ronal networks

e Fabrication of artificial neuronal networks

:‘3; [ ‘ka/
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Electromagnetic Bioinformation Engineering

Al - FREE

Ishiyama & Hashi Group

Staff
al ME B E—BR
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Shuichiro Hashi

Associate Professor

Kazushi Ishiyama
Professor

v HIREE)

Research Activities

FHREDEWIZI 2=y —avERIIL, £EHEDOEDERV R
TLELTDIETS EXZBRT BTHITIE. ERDRT BESZ
HOABTLITMAT, £EHRDET 2L GHEEZLEHTE
e LTRA. ZTNOERENICERT 2O DMRREILE
Thb, TDHICHMRETIFRE. EROET ZEHREZ IS
W2t > TRIESCICERICBENT ZTORIMICET S
MEZHEL TV D, INSDORKIMARZELC T, £EHREDREF
BAZ 27— avEMOEIIZBE L. FREELUICER
BUDFICERL T,

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

¥ EHEHIFRARDE | AILEE

FRARDF CHEIN . BOTRVHERIEEZET 55AK
F v )7RBEFRC YIS PR - BN TIEG - ERARES
LAl - RBEBERAG ES < ORMAFEICK Y. BEZETH
FI WAL E LTI HREROREZER L. £HERE
RET 2P ELTESIC—BORENMEDSN TS, T,
FEEICBEMNTETOOD—DDFEE LT, TAVLRTY
FI1I—2 -XZE1L—2—DRHEZHEEL TS, IhiFE
FERTEHET 50Ky b ZRRT S HDEELGEBRMD—D
THY . TORMD—EIZTEIEDAHEFEHA T OEANDEZ
HONRTA VL RARY TORFES. RIFHAATERENS AT
CIVBRNRBEZ HCERNTREE €2 ODFEE LTERRLH
ENESHSNT NS,

© ERBHUMBARDE | AR

ERPBUADTFICEVNTE BEPRE. JN\EUSEEHERLLS
T2 s, EEEN DIFEMTERANDRLGIFRCEITZ
TV A LICEUSAIREGEITDRENRCEEN TN D, KHK
DHETIE. BEVESZRE L. TOBREIFELR - IFEETE
D LT RRRICEREWEDSIEE b L —XZ /RIS 5. 7
AV LAWK LYY VIV AT LOREE#ELTWVD, T,
INSHESRtEY YV JICH ARG, BRI R DRI /F
REICBET BRI DV T EEY ATV S,

= 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.

- g
o |

BRAKRF v ) TESERHA T
High frequency carrior-type thin film magnetic
field sensor

FERIBHIAHAFH AT OBANE T A VL RARY T
o7ar2AT
A prototype of wireless artificial heart assist blood
pump

Fingers motion

\
A\
\

Motion of LC markers stuck on
each fingers

TAVLAHRE—2avF v TF YV AT
Wireless magnetic motion capture system
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Advanced Acoustic Information Systems

Staff

8K - IREKHERE #A FB— Yoiti Suzuki

26 Professor

Suzuki & Sakamoto Group

YA {E— Shuichi Sakamoto

R Associate Professor BhE
Jorge Alberto Trevifio Lépez Jorge Alberto Trevino Lopez
Bh¥ Assistant Professor

mEE  XZ Fumitaka Saito

=301 =] Technical Staff
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Assistant Professor

v HIREE)

Research Activities

FIHBBRY AT LAREG. BERRUOIIVFE-ZIVARRE
HRILIEBIZIC T 2ERMEL. TOMRZRVWTRELGSER
VAT LPREGEREZRIRT BHDME. BITEV AT
LEBOEREG ST« VZIVESLEOHRICEY A TL
%, INSOMKIF. BTEE - BREFLITEL BR-&E:
BFIF SOHICIIHRIY  BRELREIFDETEEELNE
P ER AR NERREOMONTFLLERER T HHEE
ICER D B E R R E RS LTV S,

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

W R EIERY AT LHARDE

IRAREIR

SROTBERMEZ T L& LICERIFRUIBBIZDMRERZ HEH
TW3, YD A\BDEENEEN G EDBEDEE IC K V&R
IS RTTE R EES Y 2 [BEBIRE REBICEDHREH
ELTWS, £ BONARICEDVWTRERSREEBEY
AT LPRELGIRTEEE ZRTT 5 HDEHEMIRTHE
TA AT LA DREEED TS, TNSDOMFEEBEL, fehic
THRETROIC, BEEIBEROPY &Y ZFRET I Z/\—
YIVEEY AT LFEOMEZBIEL TV,

@ BE - HAREERY AT L
WRNT | AR

RBEESHEMEL. BCEFHTOSTZEHMELG L. BEBR X
UHERHBDREBROIES L (FET SRE T COABONEIER
NIBEIRZ CEMEBEFNEFEZRAVTHRAT L LI TOD
MRZFERA L. BREMB3RATEEMELY Y Y IV AT LRIV
FE-ZIVBEEZE VXA T LEOEEERV AT LOBE - BE
{LICEIR WA TS,

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

= Advanced Acoustic Information Systems
(Prof. Suzuki)

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

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

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

Elevation [deg.]

Frequency [Hz] ' - 10:

A S ROEMHERL, BEFRMIABICE > TRAMICELL TV S,
Head-related transfer functions as a function of elevetion. Poles and zeros change
systematically with the rise of elevetion.
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Visual Cognition and Systems

Staff
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Shioiri, Kuriki & Matsumiya Group
EA —EB e —E 8F WK
AR AR HRE
Ichiro Kuriki Kazumichi Matsumiya Sae Kaneko

Associate Professor Associate Professor Research Fellow

% Satoshi Shioiri
Professor

W THZEEE)

Research Activities

AARDE Tl BEBEIC DVWTRICRERDEE DMEL SR
KLU, THUCEDCABIZ BRIFEENDISANERZB
WELTWD, ABORERFEZ NS fcdDORYEFHRERZ
FRDCIRERIE® O 1 —2EY a V7 FO—F&RIAL
T, BRICKZZEME, 1F8#. TRICKEREBOET
IVORBE, EHMEREEBICET 2R Z 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 functions to apply the knowledge to human
engineering and image engineering. Our approaches include
psychophysics, brain activity measurements, and computer
simulations. Our research field covers visual spatial percep-
tion, 3D perception, color vision, visual attention and visu-
al-haptic integration.

@ ERAEERY R T L
RN | AKE

REDZEMMBEZROIC, LA BEFBRICH S DRBMHERE.
REZHFERL. ZOETIVEEEBEL T, ABOREZEHE Th
ERIFITHVATLOBRZBET. £fc. MEDREFNAIE L
L. RigBamEoIsmezER L. E7/VteBEd. n
SOMRICEDE, BRIFROFTHE. EMER. REBOE
VAT LOBREADERT S, T5lc. REPHEDESHE
ROBEZFANDZ EHE. BRLABRFT TOABDRETH®
T8 TR T 2HDMZRICE Y A TS,

© HIEREREAZENE | EACEHIR

ABDHBEHERISHADEEFE S LTELTWVD, 2T Al
ROBROEBEHEZIZRT 5 LT, HADERKRRPHEROEIC
B 2MRIIEBICEETH S, Ele. MR TEIICKRIRTES
FOICRBEERZETT ZHICKY . BRBEICSVTETGR
REBEROETAEICETSITERELEZAZIENTES, TIT
HLalE. ARICEYT 2 0BEFMEMER LS. EEIOHAZ XS
LT 2HFEERAVSEICKLY . REICET ZHATOFRLIEIC
BT 5MRELTHE> TV, HIHEDRERMLE TH2EDM
BEROIT. MATORRKRRICET 5MEEZTo>TN S,
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EFIETERTVWBDN? £ FOBRABEHDLD E. ZDADMIICERKRERFS.,
AELESELTVRDDEVSEFIDN EEZ S, HL2OHRICKY, EREKUIED
BRERA MRS T EDDD > Te(BRIFEREK & BBERDRIARFIE). Tl BREKDHY
o, BEEEES CLICE > T FIRIENTESB T LETEL TS,

Where do humans gaze? The gaze direction provides cues with what gives an in-
terest to humans. We investigated whether head orientation influences the distri-
bution of eye positions. Experiments were performed using six displays arranged
in a hexagon, and eye movements were recorded by an eye tracker and head
movements were recorded by an electromagnetic motion tracking system (left
figure). This study showed that the distribution of eye positions was dramatically
biased by head orientation (right figure).

= 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 pro-
pose appropriate methods for evaluation of image qualities,
efficient way of image presentation and evaluation of visual en-
vironments 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 under-
standing the mechanisms of visual perception. Moreover, pre-
senting 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 brainactivity
measurement and analysis in relation to visual perception.

Perception and brain response.

Higher-order cortex
(categorical)

Retina I
LGN  Early visual cortex

“Missing link”
in the human color vision

KIGDIERRPEICE VW THEERIED L SHLHETRREENTWVS D, £IEEHENT
WL, DIBYPERREERR S BURESTRIIMRIZ) IR Z A EhE HHICL DT B
HNOREERIVEA D =X LEZBND, TORER. EOLSHERRROM (= AR
[CEDTRVPTUVD, EVDITENMESNS,

Representation of visual information in the early stage of human visual cortex is
still unknown. The mechanisms of visual information processing will be investigat-
ed 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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ATV R BOEFEZENMNLTNE T, TOHFTE,
ANEDRY ENICE>TRBENZ A VRSO T TAVT Y
I FIEEDPREBEELS TR BEPEERIFEPEVR
ELEEEEBRRIY T4 THRERZAICEZTNET, ZD&
STEAVEAZITA7AVTUVIEALT, TEEEHENHFDOAR
EFBNEMRZEDTNET,

Good media content has the power to enrich our lives. Con-
tent is provided to people through adequate output devices
such as displays, such that people derive profound pleasure
by interacting with it through an appropriate input device.
Through these interactions with content on a computational
device people can enhance their hedonistic feeling of satis-
faction, happiness and excitement. We systematically research
a wide range of interactive modalities and content to benefit
human-computer interaction. For example, we innovate dig-
ital content enriching and enabling daily-life communication,
work, and leisure.

O (VBT FATAYTY
AR E | dN S

AVTVET A AT A EBLGEDHAEBEEN L TAIRTR
T, FREAZASHOERGEZANEEZN L OV E 21—
RNCHEZBTEICK2T, ATy EKYECRLARYFIE
LIcY9BTEDNTEEY, TDESEIAVEa—2EDOVT
VYENDEDA VRS 3 ERBIEICE DT, AIKHER
BYOZEBRELVEDHBIENTEET, THI. AVTUVIE
MBTLBIATERLEEDTIEEL, BETRBICRLEEHELC
HVET, TOXSBEHEITIE EBEDADNBIFIPZFNICEL S
THMEND TR LWV cbDEHEEET IREN DY ET,
BLWaryrovik g1 #MEE. 2K > TEAFREITE >
). BWEERZITATILEEZWVIHBEEZSNDEHDS T,
ZTTHBIE. AL OAYE1—42EDaVTrY, AHDEE
ARSI IVICNMAT. ThoZRUEL 5] P &)
FTCHEBLTC A V2974707 YICEAT A
HTVWET,

T, TOKSHTILIVBROIAVTUVICRST, RO
FTAa7aAVTFYTE, TESEEIRTI V2SI T4 7%
MLT. IvFVELTDBHEEZS LETDEHFERESN
£9, FfeBld. TOKSITEBDENA VRS0 T4TAVTY
320

- BB, ES. FERICTBIHDOEMEEZRD

- NEDHEMH DILENEREEZ S

OB TERLTESSHEEZERD
HEDHREEDTVET,

= Interactive Content Design
(Prof. Kitamura)

Content is not always enjoyed alone but often in the compa-
ny of others (e.g., friends, family, and so on) simultaneously.
In these cases, it is necessary to consider the “environment”
in which groups of people enjoy the content and “atmo-
sphere” which is generated by the “environment.” We focus
on non-traditional content areas other than movies, music,
and games, by considering the atmosphere including physical
space, content and human. In this context, the focus of our
group is in researching new and innovative techniques to in-
teract with novel forms of content with the goal of enhancing
the impact, effectiveness and hedonistic feelings of the con-
tent to improve and enrich people’s lives.
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Research Activities

SRRV E1—T 4 VIHMRETIE. EMDK S I LizehHh
DR VICRERERIBIGBEISARRE EEEEL LV ATLI D
RETREOEREZ BIE LIMRZED TV S, TOHRRKREL S
20 TEEDEBEIE THs, BEDEEIEE S, LR EL
SRE0 - YT - EEMREEEROER (BRE HSHEEL. TH
SHEEERT 5T LIC& 2T AL DEROEMIED 5IFIEEK
LTERVIEERAGAENE () zaRESREANSAIFKSE
E2EWD TZAFNREXHFOME] ZEEICHTOCLS %
FIHAERCH S, AARETIE. ART 1 7 APHERE, £
. MERLVO T T EREMBEIHEMBERITITERLE
5. TN=FTRSA] GYRTLEEBRET HEERIMCIE
ALTHELEGEWERDESBE TLAIEE IR TLhELTET
fetBRE ) TEEZFE) LV ZEBT S VI hTUTY
b AT Za7 L) BHMATHY X7 LORIRZBIET

Living organisms exhibit surprisingly adaptive and versatile
behaviors in real time under unpredictable and unstructured
real world constraints. Such behaviors are achieved via spatio-
temporal coordination of a significantly large number of bodi-
ly degrees of freedom. Clarifying these remarkable abilities
enable us to understand life-like complex adaptive systems as
well as to construct truly intelligent artificial systems. A promi-
nent concept for addressing this issue is “autonomous decen-
tralized control”, in which non-trivial macroscopic functional-
ities are emerged via spatiotemporal coordination among vast
amount of autonomous components that cannot be explained
solely in terms of individual functionality. We study the design
principles of autonomous decentralized systems that exhibit
life-like resilient behaviors from the viewpoints of robotics, bi-
ology, mathematics, nonlinear science, and physics.

FME [T L1 >0 T TR S5
For further details, please refer to the “Laboratory for Brainware
Systems” section.
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Research Activities

INET TINARONEYE, BHREEILEIR. 74 UV I ST«
Rffic AR EN 2 FERMMIN TRAMICEASNTER, k.
WEEDF/ T/ A=A F T/ OV —DERIE. TERD
FECIRHETH o fc. BN - AENFHEE T 2E(DFP
BAFELUS /BEERDER - FIRERRFAIEELOE LT
%o INSOEMPHRMEZRET BT Lick Y. SRIFRL
BERIREICT BT/ AT —Ib. DFRAT—IVORRZEFT/I\A
ADRR=ZHIET .

Development of the semiconductor nanofabrication tech-
nology as typified by photolithography has miniaturized and
sophisticated electronic devices. On the other hand, the
progress of nanotechnology and biotechnology enables us to
synthesize and use biological molecules, supramolecules, and
nanostructures with electrically and optically unique features.
By combining these technologies, we are aiming to develop
molecular scale devices which allow advanced information
processes.

FIL T/ - REERR) 25
For turther details, please refer to the “Laboratory for Nanoelec-
tronics and Spintronics” section.
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Software Construction
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Software Construction
(Prof. Ohori)

OXRMARBEBT OIS 2V EEMEDRER

OBEEWeb 7OV I I DfcdD T L— L
7=

OaAVINA IV DRIEBF M ERE

OF —aR=RETRT S I VI EEOKE

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

® Reliable and productive Web programming
framework

e Logical foundation for compilation

e Integration of databases and programming
languages

VAT A

aAVEa1—T 1 V7 ERERARR

Computing Information Theory
AYEa1—7« V7 160RER
MRS EF (FhLEER)

Computing Information Theory (Prof. Toyama)

SEEY I THRE
Az S5 (LB E52)

Reliable Software Development
(Assoc. Prof. Ueno)

OXMRBEBTOT S I I EESMUEDREH
O7877 2 v SBBRDORES M
ORB70Y 32V SBORANEKSR

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

¢ Implementation technique for programming
languages

® Formal semantics for practical programming
languages

V727
R

"]

Systems & Software Division

AZa=45—ravxy b7—27H%EE B Communication Network Systems

20 P 4 i e Ry e D
MRDE (K THER)

Intelligent Communication (Prof. Kinoshita)

o P2 al P o = SV
RIS EF (LA A 8R)

Intelligent Network (Assoc. Prof. Kitagata)

OFEMA Y AT LOERER
OV 7 b7U 7 DEBEARE
OFEBBEIIEDETRER

® Rewriting Theory
® Foundations of Softwares
e Automated Deduction

OY A N—HEDERERE (VA/1N\—-D17)

ORWFI—VIVbTL—LT—7 /F5HH
ER

OMBE T2 r—raryy—eX FEE
fBARy hT—F27

OI—Yzr NSH/M#SH *Y hT—7
ISAY AT I

¢ Software Infrastructure of Cyber society (Cy-
berware)

* Multiagent framework / Design methodology

® Knowledge-based communication services /
User-oriented networking

* Agent-based/Knowledge-based/Network-
based systems

OM#AIR Y NT—2 2RIV 7 /ISBY 7
[N 4

OBfERy b7—F2 7 /8%y b7 —F
i

ORERIEF 2 A —E XEHE

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

¢ High tolerability networking / Intelligent net-
working

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

RERNEtF 17880 AT L
MRS HF (FHEEEER)

Environmentally Conscious Secure Information
System (Prof. Homma)

OBHEE - BERESDO/N\—RFUz77IVIUR LA
OMIAHY AT LD F2) T3R5t « FHEEAl
OBHEREF 1T+ DEREISAH
ORIFITHIM L e FRILIERSiT

* Hardware algorithms for high-functionality/
lightweight cryptography

¢ Design and evaluation of embedded system
security

e Electromagnetic information security

e Environmentally conscious information pro-
cessing technology

VIMAVEI—TAVTEEI AT LRE

Soft Computing Integrated System

YIbAVE1I-TAVTREVAT s
RS E (REEER)

Soft Computing Integrated System (Prof. Horio)

OEM A1 F 27 A% EA LI BRILIERVLSIY
AT LORFEEZDISAICEYT 505

OEY7 F0 I VLSIEER DRSS 25158

OB MREMESHE Y X7 LD & ZDIBAIC
BT HHR

OFHBRDERRZ BIETMEVLSIY X T LD
FRFEICET 2%

¢ VLS| information processing systems based on
complex dynamics

¢ Brain-inspired neuromorphic analog VLSI cir-
cuits

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

® Brain-inspired VLS| system with consciousness

LR VLS| R 7 LR E

FBLZVLSIV A 7 s
RS (PEHR)

New Paradigm VLSI System (Prof. Hanyu)

New Paradigm VLS| System

FELRVLSITH 1>
MRS E (BHAEHIR)

New Paradigm VLSI Design (Assoc. Prof. Natsui)

OFREBERMEOAYV Y IA VAT T —FT0F %
EZDOBEEAVLSIZOv Y YISBICEYT %
F3e

OFNARETIWR=ZFROEa—T
VOT—FTUF v I B

OZEIRHREKE - IRBHRAFEICED < B
NoCIZRE9 B HiZE

ORERMWERICEDBEEEEILICET S

%

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

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

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

o Low-power VLS| design technology based on
stochastic logic

OPVTIZE5DET U —VISIER/7—FT 0 F v
IR 2%

OBERBEEISE B ERVSIER/7 —F 77
F v IR DA%

ORBL7 IV TV X s & Z DVLSIFREH IS A
|ZRE9 2%

OFRERVLSIY X7 LOREHHATICBE S BH%

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

o Self-adaptive system for resilient VLS|

¢ Optimization algorithm and its application to
VLSI design methodology

¢ EDA/CAD algorithms for new paradigm VLSI
systems
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Ohori & Ueno Group

Staff
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Atsushi Ohori Katsuhiro Ueno
Professor Associate Professor

|

W TSRS

Research Activities

REHE TR ZOHEEBOFBRNSRTREREY 7 U1 7
BlcLoTEbNTWS, BfEHE - BTV 7 vz 7ZB0
EEMTHET BOOEBKIMIE. COLDGHEIMERE -
FEEZBRRLGEDNSHKBL T ODIRB®EZRER T, NAKRE
Tl VI FU I THREBOPRTHBTATIIVIEES
KUBAG T —2BOESERT T —2N—R &AL, V7
b T 7 EREEROWHRZTOTCVS, Flee TNSHERMRD
EXNR[ZEEL. ERMED SEONTEREZERT S
RERBERTOY S IV T EEMUHDRFEICRYBA TS,

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 ITEBERARDE | KIEHE

BEEY 7 M7 ENERLCERET ZEMOBIZEEL. T
DHEBSSEETOV I VI SEBOERERPS LURER
MOMEEIT>T NS, ERFZRE LT, I/ )ViIEBTE% R
ZHWERZ BT EICEBOVNAIVT7IVT) RLBED-HDH
EEWEROMZE. KEDBERE T —2X—XITHELTOT S
IVUEBNSY—LLRITERIEY B IERIVBEROMZRE EIC
BRJEATWS, T5IC, EFEEZBLT. XK TOI53
> EBOEENISRICE T BHZRICER Y BA TW S,

@ BEEY T h YT PER
WZRDE | LE R

BEEIAIIIVIEREERALL. BWMEEELLEELER
TRV T VI TREREERRT B, AV/\1 S DEE
i, KAV 7 bU T 7HRERA D SEMEICET %%
ToTW3, BHMICE. BEETRISI VIV EETTILFO
TIOYZIVIERRTZEBNAT U EBHADOME. i
SETCEMETOTILRT—2EY—LLRICEEEES
HEEREOHE. SLURBARKEOTOT S IV I EEOER
IEPRERODIZL G EICE WA TWN S,

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

end
fun join t = pthread join (t, ref (Pointer.NULL ()))
val r = ref 0
val t = spawn (fn _ => r := fib 42)

SMLEDSEIRIRE : RILF AT LEDRA T4 TAL Y FHR—
SMLi# feature: native thread support on multicore CPUs

= Software Construction (Prof. Ohori)

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

tion.

= Reliable Software Development (Assoc. Prof. Ueno)

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

SYNC1 SYNC2
snapshbt r°°tset. |
| barrier / enumeration [ /
M1 — : . >
snooping | | |
| barrier | | f
/ R1 / |
| I
M2 : >

|
| object «‘f segment
| trace  |reclamation

[ |
/ J

| | |
PRESYNC1 PRESYNC2 MARK ASYNC

A7V M- LEVWERLETGCT IV X
Highly efficient fully concurrent non-moving GC algorithm
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Computing Information Theory

FLBAZE=E

Toyama Group

Staff
Al BA B fRRER
Bz B

Kentaro Kikuchi

Assistant Professor

Yoshihito Toyama

Professor

v HIEEE)

Research Activities

ERIc K 2HEmd. TEAHEA. HIVNE, SR, A
5. REASHELSHERRZOTETEENF CLIEDN
TV, ERHERICHEDNWT, FIEV AT LRV AT L%
BAICERT 2IcHDERDEERI VAT LOERHTH S, B
TRV AT LICEDFE « SN S 21 LOERNE L UR
EREVBRZE &S, #TLUVETE - SRIE - AEEE Y X T LOEREE
RO Z BI5Y .

Equational reasoning is ubiquitous in many areas of computer
science such as automated theorem proving, formula manip-
ulating systems, algebraic specifications, and functional and
logic programming languages. Rewriting is a mathematical
formalism which can offer both flexible computing and effec-
tive reasoning with equations. We aim at developing a unified
theory of computational-logical-algebraic systems based on
the theory of rewriting systems combining computations and
proofs.

W11 —7T 0 VT IERER
D E | LR

APHTIE FEERI VAT LOTEEEHEMNZMEE, FiE
M. Fr—F -OvHH EV15ULGEORFEELCT. &F
BAVAT LOBEBEROEIIZBEIEL TV S, . BEHI
VAT LICEDCBBRSEENRIC. BEBRAVAT LOBEEK
BT075 LOMENGERITA D Z A LEEEEBEHY X7 L
DRPGRITAHZALOME Y. EEBFEAICEDTOY
S LOBEIREEE P BEEHNEAICE ) ATV B,

= Computing Information Theory (Prof. Toyama)

Our research focuses on important theoretical features of the
rewriting paradigm, such as the Church-Rosser property, the
termination property, and the modular property. We are also
interested in design and analysis of automated deduction sys-
tems which can offer both effective computation of functional
(or logic) programming languages and flexible reasoning of
automated theorem provers. We are investigating program
verification and transformation systems based on automated
theorem proving techniques.

FRHRIC KL BAP->EETMA I AT LICLBEE
Proof by Equational Reasoning — Computation by Rewriting Systems
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Kinoshita & Kitagata Group

Staff
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Kazuto Sasai
Assistant Professor

Tetsuo Kinoshita
Professor

Hideyuki Takahashi

Assistant Professor

Gen Kitagata

Associate Professor

W TSRS

Research Activities

HEDOBAETREL CERKRABRY NT—T VAT L KU
INSZDL LICBRENSEZEEY AT LIE. ARDBEEEFEDL
EEXEL. FILLSATRZAIPHREEHHT L TEER
"B ZES VAT LELTREFEINTWS, KHRETIE. TD
SRR e EBED SISBICESMZRICE YT,

People expect that various networks exist everywhere in the
society and information systems over such networked envi-
ronment support everyday life and social activities of people
and create new life styles as well as information society. This
laboratory aims at research and development of advanced

network-based intelligent systems.

O YFUYTY AT~y
ROEF | KTFEER

ARICEDTEIET, LB Fley BRel/N\—rF—&LT
AL EBWCHH - BHFELENS, ALlc&kdaz21=29—> 3
VPORIERER ZREEINICKIR T AN AT LRI B cd
e, ZRRGEDER Y TV RECEENICHES 5T —Y T
bRIVFI—Y Y bV RTLEMEERELE LT ARDSHK
BTAZ2ZT—Y3av. TLTALEHNY R T LOWBESIEIC
By 5MEZTD.

@AVFUITYRRY FT—Y
RAE | TR

FAEERPEEOEHICSC. *v bT—IPH—EXBEN
BENICESZEBR, BElAEET 51TV bRy b
J—y0ORKCAF. IT-Y Vb RIVFI-Y Y g
BRELIexy bT—0 VT o7 Ry bT—F 2T,
RO —EXEBICEHT BMEETD,

Network system
1

External Network
ok

= Intelligent Communication (Prof. Kinoshita)

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

= Intelligent Network (Assoc. Prof. Kitagata)

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

Subnet A Router
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Network Management System based on Active
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Multiagent-based Sensor Management Infrastructure
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Environmentally Conscious

Secure Information System
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Homma Group

Staff
AR HX
26

Naofumi Homma
Professor

W HEEE

Research Activities

T/ DAV EZ—%v k (ntemnet of Things) IcRERETNZIHER
ERBEEERIE. FAMEZAIHL. BLhGHEEE5TT
EMAFENTWS, —AT. Z5 LEHLWCTORBREEIC
BFcLF2)70H BERERMOBMEZERICKYEREINS
EIERSEWV, T—RFFRC LD T 7 r— 3 v OEMBEL®
TIHBOEEFIEBFERORE &L W o e, BESNBDFEBEIENK
BICWEEHEL, ARRE TR, IMABEREEEEEHED
ZOLTHATE., ZOREBEARLICERTERHRVRATLD
BEEEIELTC. BEHNAGLF 17 BRI AT LOEREREZ
DREFMEHTRLTWNS,

The emerging information and communication infrastructure
such as Internet of Things is expected to generate a new val-
ue and bring us a more fruitful society. On the other hand, it
brings a new type of security risks that we have never met and
solved before. The new risks include the nullification of appli-
cations by data forgery and the falsification of critical control
information in factories. These risks are not always addressed
by conventional technologies and their naive extensions.
We are studying future information systems from theories
to implementation technologies for constructing advanced
information and communication infrastructures in a safe and

secure manner.

@ BB v 1 TIBRY X7 L
WA | AR

KHETIE. ZY bT—=I0PV T T 7DEF21 )T 1« DHER
DHGESY . WA DEHEBHRAEER (L FHEREEDT/N
AAN=FT 7)) DLNIVHSReE EREZRRT 5+
TEREREY AT LOBREMZRFE L TS, el HRaH>
AT LDEF 2T« ERAY AT LBBONBERRIFE L ERIR
RICKEHKFT B LEDS. T3 LIAERDRRICHIFZDVR
TLDYF )T 1 i FHERMOREDLITLTIT 2TV,
EHl, LEEDHRFARDLSFSNIHROBBNGHEREIC
HETBHE LD RERECRNEERTOESZE L TRE
Lz HEEL T D,

High-performance/Light-weight
cryptographic computing

Ultra high-
performance/
light-weight
crypto LSI

g
1.86m
3) .
|

Security analysis method Visualization of EM leakage Standardization work

= Environmentally Conscious Secure Information System
(Prof. Homma)

We are studying theories and technologies for developing
secure information and communication systems to ensure
security and reliability from the level of vast and diverse in-
formation sources (i.e., embedded devices such as sensor
terminals), not only to ensure the network and software secu-
rity. We are also studying the security analysis and evaluation
technologies for embedded systems that heavily depend on
the information and electromagnetic environment where the
system is placed. In addition, along with the challenge to the
social implementation of the above research results, we are
promoting the standardization works through the activities in

various standardization committees.

Security design and evaluation of
p embedded systems

B annnu,
Side channel attack &
countermeasures

NIST
C.CRYPTREC

Cryptography Research and Evaluation Commi

Evaluation platform

Analysis of system security using EMC techniques

REGAIA L 2 7188 AT LIAROBIE
Overview of environmentally conscious secure information system research
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RO, FERBICEMTIEIHEID—EDEEEF >TeB LUV
DEFAENSRB XY FT—UDSERENT VNS, TOXIR
BWEYE - tZ2RICKZ2BERBROEL. REOTVZIVETE
HWEIFEEGBZREBTITONTE Y. BMid. 7I2)VETEED
AEFLITZMBICHLT. BEODMENICEZZHT LD
TED, TOLSGHOFERNICE Y FEE. Flc. F8HKE
BERFICLD WMEBELACFIHILTOLRAICKBIEROIE] (T
HEL. NEITEEBEENTH Y BHS. REROEF AL EREEIC
BRI TES, FLORKE I E1—%2/\— Rz 7 DRI
ZHIET.

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.

ML (7L 1 >0 T TR S5
For further details, please refer to the “Laboratory for Brainware
Systems” section.

BLRVLSIS A 7 LR =E

New Paradigm VLSI System

PE - EHARE

Hanyu & Natsui Group

Staff
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Takahiro Hanyu Masanori Natsui Naoya Onizawa Daisuke Suzuki Akira Mochizuki Akira Tamakoshi
Professor Associate Professor Assistant Professor Assistant Professor Research Fellow Research Fellow

v HHES

Research Activities

BAIRR I E(ALEFAER (Very Large Scale Integration; VLSI) F v
7. BRUZNEISELRVLSIV AT Lk, EFHEE30 T5ER ]
ELTHEELTEY., BRHRDH 5P ZEXMBDUHRERD
BERELTWS, LHLEHS, VSIZZATLOBEL - &
Belb AR Z ZME - 7N AOWHEII T AT, YEERRFUTIAED
EDDHB, ARRETIE. ERFE TOCMOSN—RVLSIFRETT
RDIHAKEFELZWL THBER) OVLSIV AT L7 —F 70 F vk
STICZDRIBRIFARICK Y, ERFFEMOBERZFTH L.
ABDBERE & EE T HEEEIERLIEEZRIRT VLSV AT LA
ERRT B EEWMEENET B,

Very Large-Scaled Integrated (VLSI) processors and their ap-
plications to electronics systems, where VLS| processors are
used as a "brain” for intelligent control like human beings, are
the key components in the recent information communication
technology (ICT) society. In this research division, we explore
a path towards a new paradigm VLSI processor beyond brain
utilizing novel device technologies and new-paradigm circuit
architecture such as logic-in-memory architecture.

FEMIIE T L1 >0 1 THIZRIR R £
For further details, please refer to the “Laboratory for Brainware
Systems” section.
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Laboratory for Nanoelectronics and Spintronics

ZAEY bFAZ Y AHAEER - BAZFEE W Spintronics
AEVHEIF
RZe 5 B (KEF &%)

Functional Spintronics (Prof. Ohno)

FT/AEVHHETINAR
MRS EHF RRARR)

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

ORE> tOZY RICET BHE

OREY bOZ YV AMBUCHBITHEF - K- X
EVEE Z DISHICET BH15E

OB ERES LU ZDOEFEEDOYME &L ISA
B89 BHI%E

O£ BRMARDOHAL DHIE & Z DBERTFISA
(CB8T B3R

O£BHMERFELZTOAT - HEEREIR
ADAICET B3

® Spintronics

e Electrical, optical, and spin properties of spin-
tronics materials and their applications

® Properties and applications of magnetic semi-
conductors and their quantum structures

® Spin control in magnetic metal and applica-
tions for functional devices

e Spintronic devices with metallic system and its
applications for memory and logic integrated
circuit

OF / BHEPOHX PRED S 1+ X 7 T
Y B

OREY - B\EHBEEERZ BV ZRUE DOHIEIC
B9 HHi%E

OBMEEREY FOZ I X AT EFDREHE

¢ Dynamics of magnetic domain and domain
wall in nanoscale magnet

¢ Control of magnetization utilizing the spin-or-
bit interactions

¢ Development of high-performance spintronics
memory devices
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Nano Molecular Devices (Prof. Niwano)

OF /BEEBWTEERER/ N1 7 )y FXB
BHDHZE

OBKEE/ N1 7)) v FEREBW Nt
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HIARRA

OmiZimfa%E AU e A TR R EDEE

¢ Organic/inorganic hybrid solar cells with nano-
structures

® Development of micro gas/pressure sensors
using organic/inorganic hybridized thin films

® Development of flexible organic electrochemi-
cal transistors with ionic liquids

e Elucidation of cell dynamics using a semicon-
ductor nanofabrication technology

o Clarification of information processing by neu-
ronal networks

e Fabrication of artificial neuronal networks

Nano Molecular Devices

FT/ER/TINA R« TOLRAHAEE

T/ ER/TINA
HESE (Viﬁﬂ?ﬁ)

Nano-Integration Devices (Prof. Sato)

B« BAEE

Nano-Integration Devices and Processing

EFNTOBESERIL7OLR
RS E (BREEHR)

Group IV Quantum Heterointegration
(Assoc. Prof. Sakuraba)

OFBERBRMEAT ) T/ XICBT 2038
OFBERBIIER T/ \1 RICEY B0
ORBSHERT/\ 1 ADBBERERKIMICEY
SR

OEFHEET /N1 XICEAT B3

* New structure non-volatile memory device

® New structure product-sum operation device

¢ High-density implementation of devices for
brain computing

¢ Intelligent quantum device

OBEZEVEHERIERFY vIVERD&
DIERBREERIFMEAT S XCVD At RI(C

B9 SR
OVIE+EGFSEEEFNT OBEDHERL
7Ot RICBY B3

OV EHEEFANTOTS/ TINA ADREL
=MERE(LICET BEA%

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

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

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

BEE 18X Michio Niwano
HERE  (%dZ) Director, Professor

H3&ER Cooperation Section
HHE FR
Bifra

H#& fRIE Michimasa Musya
frd0iniza=] Technical Official

/N SJEE  Rikima Ono

53014 Technical Official

lori Morita
Technical Official

Laboratory for Nanoelectronics and Spintronics

M/ «- ALV KRB (&, ANARPAMEIZERER & L CFER
16EF4A1HICERBE N, ZTOEMIE. BHRBEEEZASFT /T
L7 hOZo R« REY FOZ I RBERMZAET BT EIcH
%, TNERRT BRSO, (ITT7OT7S LICE T BHEEE#E
DIHDBRBEEE K> TEgINF/ - AEVBEHZER
EZDEERBEEAVT. AAKRFH KUAPT &S BEGBRICH
LHAFER - BRADEWEDEF LIS/ T7/BY—ICED
WeBFDER - AEVZRET BB T/ N1 X EAT DB
RHEEZED. THICEE - HEROBXBEDFOHZEE DR
ERELERIOY IV MRSEHET S,

BE. 7/  RAEVBEMERETIE T+ / - AE YV RERHER
DHEET 2+ /EBTNA A - 7OCA, AEY FOZV AL+
JRFTINA RDEZEREMAZBL T 2HEMER L. ERER
trE2—70Y v bE ERLES. RUBTO— RN\ FME
SMIBARZE, VI bV 1—T 4 VIERY AT LHEED
ABLEELTHERZES TS, INSDERT. LiiERE
ffixgIEL, F/ILY bOZIRA - REY FOZT RICHTS
HREDCOELHB T EABIZELTWS,

The Laboratory for Nanoelectronics and Spintronics of the Re-
search Institute of Electrical Communication was established
on 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 collab-
oration between the RIEC and electro-related laboratories of
the Graduate Schools of Engineering, Information Sciences,
Biomedical Engineering, Tohoku University, R&D of nano-
technologies of materials and devices in Nanoelectronics and
Spintronics will be continued extensively. Furthermore, na-
tion-wide and world-wide collaboration research projects will
be conducted to build a systematic database in the electrical
communication research area.

The Laboratory for Nanoelectronics and Spintronics mainly
consists of research groups which promote following sections:
Nano-Integration Devices and Processing, Spintronics, and
Nano-Molecular Devices; together with the project office of
the Center for Innovative Integrated Electronic Systems, and
the groups of Ultra-Broadband Signal Processing and Soft
Computing Integrated System. 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 Nanoelectronics and Spintronics

High functional and high performance
Si-based semiconductor devices

Nano-Integration
Devices and Processing

Group IV
Semiconductors

THz electronic device
technology

Ultra-Broadband
Signal Processing

Charge

Organic

Brain LS| Based on Sen;mo_nductor

Analog Neuro-Dynamics

Soft Computing
Integrated System

Dimensional ity
Control

Nanostructures

Functional control of electron spins

Compound Semiconductor
Magnetic Metals

%o

Integrated
Spintronics

‘ Nano-Spin Memory Logic ‘

Industry-academic-government
collaboration

¢/ Nano-Molecular Devices ‘

Project Office of the Center

Nano-biochip

=, -
3 Control of molecular functions

Organic devices

for Innovative Integrated
Electronic Systems
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COE of International Research Collaboration

F/ILY O AEBRERMENSAIEEE (FRI7TEE~
DN EESRBEMEREES LTI 288L LT, 21Tk
HENZBERBRBELZRIRT SH. [/ ERBEEMDE
KEERMI TREHIEREM O & FEEADSAL [9FF
/IBEICL B BEROEBORBLISA] D3REZRICEA. /T
L7 bOZI RERTINAZXE. INERWIBERY AT LOWE
BEWET B EEEIC. INSERBT BHDOEBHEFHZEE
BIEEEL, S /I FAOZ7 ADBFBOHRICHS T E 2 —
FTILI LV ADENEBIEL TV,

International conferences
have been organized with
research groups in LNS.

imec
(Belgium

COE of International V
Research Collaboration

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”.

S .
Ly
¥

Research collaboration
with visiting professors

State University
of New York(USA)

Massachusetts
Inst. Tech. (USA)
Harvard
University (USA)
University of -
Stuttgart(Germany, Pnpcetqn
IHP & Berlin ?{Jrg/:)rsny
Institute of
Technology |/ [Polish Academy of | [ Chinese Academy || National Sun || University of = i Argonne ~ National
(Germany) | [Sciences (Poland) | | of Sciences (China) || Yat-sen(Taiwan)| | Califormia (USA)| Laboratory (USA)

Academic Exchange Programs

THP-Innovations for High Performance microelectronics, Germany

Berlin Institute of Technology, Germany

Interdisciplinary Center on Nanoscience of Marseille (CINaM)-CNRS
Institute of Semiconductors, Chinese Academy of Sciences, China

WINLAB.Rutgers University, USA

Institute of Physics, Polish Academy of Sciences, Poland
University of California, Santa Barbara (UCSB), USA

Harvard University, USA
University of Vigo, Spain

State University of New York, College of Nanoscale Science and Engineering (CNSA), USA

National Sun Yat-sen University, Taiwan

Research and Educational Center “Photonics and Infrared Technology” and Institute of Radio
Electronics and Laser Technology, Bauman Moscow State Technical University (BMSTU), Russia
Research Laboratory of Electronics (RLE) and Microsystems Technology Laboratories (MTL),
Massachusetts Institute of Technology (MIT), USA

T/ - AEV RERMEER TRl LTKERY Y RY U L

RIEC SYMPOSIUM ON SPINTRONICS

%1 [E : 200552H8- 98 5528 : 20065£2815-16H
%3 [E : 2007410A318-11A1H % 4[5 : 2008510H9-108
2 5[5 1 20094£10822-23H %6 [E :20105285-6H
%75 :2011F2H3-4H 28 [E : 201252H82-3H
%98 : 201245H31-6852H £510/E : 20135F1815-16H
£11E 1 2013%F1831-281H #12[8] 1 201456825-27H
£13= : 2015%11818-20H

1st: February 8-9, 2005 2nd: February 15-16, 2006
3rd: October 31-November 1, 2007 4th: October 9-10, 2008
5th: October 22-23, 2009 6th: February 5-6, 2010
7th: February 2-3, 2011 8th: February 2-3, 2012
9th: May 31-June 2, 2012 10th: January 15-16, 2013
11th: January 31- February 1, 2013 12th: June 25-27, 2014
13th: November 18-20, 2015

INTERNATIONAL WORKSHOP ON
NANOSTRUCTURES & NANOELECTRONICS
%18 : 2007FE11821-22H %200 : 2010FE3811-128
%310 : 2012%3821-22H 24109 : 2013FE387-8H
2510 : 20144385-78 $ o6 2015F382-48
710 :2016%E381-30
1st: November 21-22, 2007
3rd: March 21-22, 2012
5th: March 5-7, 2014
7th: March 1-3, 2016

2nd: March 11-12, 2010
4th: March 7-8, 2013
6th: March 2-4, 2015

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

%118l : 2009%10822- 23H
1st: October 22-23, 2009

International Symposium Held in LNS, RIEC

RIEC INTERNATIONAL SYMPOSIUM ON

BRAIN FUNCTIONS AND BRAIN COMPUTER
18 1 2012411815-168 20 1 201452821-228
30 : 201522518198 #5438 : 201652523-24H

1st: November 15-16, 2012 2nd: February 21-22, 2014
3rd: February 18-19, 2015 4th: February 23-24, 2016

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

Staff
N7 o B
x5 - Zamrs B
Ohno & Fukami Group Hideo Ohno
Professor
£H B Justin Llandro AtE BZ
EUE2 Bh# MEE
Shun Kanai Justin Llandro Chuji lgarashi
Assistant Professor Assistant Professor Research Fellow

RE K
e

Shunsuke Fukami =
Associate Professor

®EE M

MRE

Kazuhiko Goto

Research Fellow

W THZEEE)

Research Activities

EERHDEBF LA Y DREZHIE L TENITISAYT BTl
FLOMH - BEORKEZORAEVIEDER. RUZThS5D
AEY FOZI RZFADIGAICET 5MEETO NS, &5
I REREICKVILY bAZ7 ADEHKE. EEEEL
PHRFENBAEY FOZVRARF. RUAEY FOZY R&ERK
AR MOARFEREEIT > TS,

Our research activities aim to deepen the understanding of
spin-related physics and to develop new functional materials
and devices in which electron and spin states are controlled.
We are also working on research and development of ad-
vanced technology for spintronics-based devices and integrat-
ed circuits, which are expected to realize high performance
and low power consumption owing to their nonvolatility.

@ AEVHEETFHR DT | KEFHR

ERRDORAEY EBRODBREZFE LA IRIVF D DEHES
AEY POZIRZFADIGRE. ThITKVAJREE R HHLL
RIS R IEREENEY X T LORRZENE LT, B
MG - RRICBIT2AEVICEELYE. RUZNEFIA
LR AEBEME - RFORIEICET H2MEZITO>TW

o BRI, MEMHLST b > RIVIESRTF DR SRR,
BRVERZ BV CRHHEMCEERN. 2FRICZ2FIPX
Ny 2V TEERVHRAEY bOZ 7 AMBORREE E%Z
ESHTWD,

@ 7/ AEVHRTINA R
WENE | RRABE

EHEREEEEHALY FOZ I/ REBEROXRRZEEL. &
MICE BT/ HERF DR RERKMOBR, RUZ D
DBBROHL LA+ IV ADERERET S5 LZBIELT
W3, FRAEY FAZIVRRFERVEHLWI T 75— 3
> DOFFRICERY ATV S,

Switching energy (J/bit)

AR 6.3 fJ/bit

1 2 3
two (nm)

BRICK BHLHIEZGA LTe. HARNDBATHES ALY AEVEREF
Spintronics device with the world's smallest switching energy with electric
field control of magnetization.

= Functional Spintronics (Prof. Ohno)

We are working on the investigation of spin-related phenom-
ena in magnetic semiconductors and metals, as well as the
development of novel functional materials and devices in
order to realize low-power functional spintronic devices and
integrated circuits. In particular, we are tackling the following
challenges; development and characterization of ultrafine
magnetic tunnel junction devices, establishment of novel
technologies to control magnetism utilizing current or electric
field, and preparation of functional spin materials using mo-
lecular beam epitaxy and sputtering.

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

For the realization of high-performance and low-power inte-
grated circuits based on spintronics, we are working to de-
velop technologies for fast switching of magnetization using
currents in nanoscale devices through material developments
and investigation of magnetization dynamics. We also aim to
open up new applications utilizing spintronics devices.

Hall resistance

-40 -30 -20 -10 O 10 20 30 40
Current

THATEICENMEY BB G E RV ALY X B RF

Spintronics device with antiferromagnet that has an analogue function.
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Nano Molecular Devices

FEEFHIRZE

Niwano Group

Staff
Bz B

Michio Niwano
Professor

Ma Teng

Assistant Professor

¥ HIEEE

Research Activities

INET 7I\A ADNEHE BBEEEIR. 74 FUV IS T o«
Blc AR EN S FERMMIN TERMICEA SN TER, &k
HEDF/ T/ AT—RNAF T/ AT —DERIE. ERD
HETIERETH > fe. BRI - AFNRFHEB T 2EEDFP
BAFELUOT /EEEROER - FIAZXRRFTEAELOELTW
%, INSOEAMPHBRRZRET ST LickyY. BRFERL
BEARICT BT/ AT —Ib. DFRT—IVORRIZEFT/I\A
ADRBZEIET .

Development of the semiconductor nanofabrication tech-
nology as typified by photolithography has miniaturized and
sophisticated electronic devices. On the other hand, the
progress of nanotechnology and biotechnology enables us to
synthesize and use biological molecules, supramolecules, and
nanostructures with electrically and optically unique features.
By combining these technologies, we are aiming to develop
molecular scale devices which allow advanced information
processes.

W T/ DFTINARAAERE | EEFHIT

T/ EERTRER (BSEMRSR) ORB. XU, FEIE
BRI LRI DERIC L 57/ BERREDRHEZTTS>. 7 /18
B OREEDRIRE BEHEHZRRICRRT 2R TOEX
wifizmEL. LW/ BF 7N\ ADRRZEET. &l
BRFEAVRIG EOFHRME & F/ BiEhE EArEhE o/
Ty R/ EGEERL. RELTOEHE  SRELD.
BEERER/ T )y FRBEMOXRFEZBEY, Si 8K
Kifizf B L THEBFREEMI. §HBL. ZOXREEZFHRTS
TEITRY . DNAPA YNV BEZIFLHETBERDFD LY
VIV AT LORREETD. EHIT. HIEMEEOLEEHRD
EfFxRE EERT BRI ERARE I S Lick, #E
RRE EICATEMER Y b7 —7 DBEL. MEEEREE:
SIEHAB DERBR%Z B89 .

Fullerene derivative
(PCBA)

Fullerene derivative

(PCBA)
TiO, : ‘° S

P3HT ~PEDOT Glass
Charge separation /PSS

0)

CROCO00ERG)

—_

BT/ EEE RO TTERER 1 T v FXIGE

Fig. 1 Organic/inorganic hybrid solar cell with nanostructures

l Cell culture
mediam

Nanotube film | iving cell .= Bacteria
(ALO;TIO) . =

Infrared light Muiltiple internal reflection

B2 :Si EF/EEEAWNERNANA F eV

Fig. 2 Infrared bio-sensing using nanostructures on Si

= Nano Molecular Devices (Prof. Niwano)

We are studying the formation mechanism of nanomaterials
(self-organization phenomenon) and are developing technol-
ogies for structure control of nanomaterials. We are aiming to
fabricate novel nanoelectronic devices through development
of a fabrication process which can control structures of nano-
materials keeping their unique features. In addition, by com-
bining new materials such as organic molecules with inorganic
nanomaterials, we are aiming to develop various types of
sensors and to improve the performance of organic/inorganic
hybrid solar cells. We are developing sensing devices of bio-
logical materials such as DNA, protein and bacteria through
control of semiconductor surfaces by the Si technology. In
addition, we are developing assay technologies of not only
biological materials but also living cells such as neurons. We
are aiming to elucidate the mechanisms of signaling between
neurons and information processing by them and to build up
artificial neuronal networks by utilizing surface modification
technology and a cell culture technique.

Infrared microspectrometry
Stimulating electrode
Action potential
monitoring

Substrate

3 : iR E AU e A D4R el 284

Fig. 3 Artificial neuronal networks with living neurons.
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+/ERBTI\AL X « 70O+t AHZEZE Nano-Integration Devices and Processing

1EiE - 1BREARE

Sato & Sakuraba Group

Staff

e X HE BER ME 2
iz HHIE B

Shigeo Sato Masao Sakuraba Hisanao Akima
Professor Associate Professor Assistant Professor

W THZEEE)

Research Activities

TEROBEEPABEMICNA. BRELESRRNEI ERE
BAMPKERTLEMFT 20/ X MEG EZREERITHET
EHRMABRBEEERMOBREICAIT T, 3T/ 70t
At fRE Lfc > ) AV R¥EHT I\ AD S - SEREL
& NS ZRAVRARESBRBORBENEELZRETDH 5.
TINA ZADZHERE - BMERRLICH VTR, FIMRIPILFEEZ S
AL F SV IRZERF - AT URTFORE. EFHRELE
FLWREBICK > TEMEY 2HREBIET /N1 RADFEHE. Ih5
ISR EIZ3RT T O AKMORHEZESH S, HE T 3RTER
LREEIRORFE. 77 « TIRET « NV X T IVAIREEERE
BORR, /A7 —FT77F v DRFICWIES,

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 AREDE | e

TEBREEAT LFEE - MEHEEZE T 2BEMEET /N1 ADFH
. BTG EZ2BT SR MERET /1 ADRHE. RUIh
S5TN\A ADBEERE, LOICEFHFOREBERNA LB
TINA ADFERZLHEDEIRLET B, FRAICIF. TNS5T/NT
ABATD, BAFTEMZEIRG & T BIE/ A< VEEEEADISA
ZX%,

¥ EFN\TOBERERILTALX
DS | BREEARIR

ERGERIEMEA T S ACVDRARGGEEZRMELTFH/ X —
MVA —SEEEEIC B BREENT OBERRDOR FREER
HZRREICT B L LB, BFRRZSHRBROBHRRZF
BICERIE L. FREFIMEZRERT 5. R IVIRFEE
BFANTOF/BEICBVTERELT 2EFRREHME L. Sitk
BERANOKRREB LT REIVEEEFROEFAT OBES
KUBMEES /1BET N\ RDEFZERS,

EHFISHIELS BB HH O THEHEROOICIE. BRI HT0E
ABT TN R BB AT W PISFHEET —FTOF v ORREA

EFRARTHY  ARARETIE, B THERR T SO BELS /%
LT OER - T3 R ORMFEZE I, COHFISH L TEEMLRE
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ZERI-T AKRAREHEDHTVETS,

Al;n.hn[eﬁc
Control |~ (o
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T—¥T0F% EHEERTE

BBUEH B D T A~ 2 A TRRICAIF T

Towards the Realization of a Prototype Brain Computer

"

—a—aFyS

= Nano-Integration Devices (Prof. Sato)

Our short-term research subjects are the development of a prod-
uct-sum operation device having non-volatile storage, multiplica-
tion, and addition functionalities, the development of a high-func-
tional thresholding device having self-excitation functionality, the
high-density implementation of these devices, and the develop-
ment of an intelligent device utilizing quantum mechanical prop-
erty. 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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Towards Establishment of Process for Group IV Quantum Heterointegration
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Visual Cognition and Systems
(Prof. Shioiri)

Recognition and Learning Systems

BRLAIERHITEIY X T L
MRDE = #HR)

Adaptive Cognition and Action Systems
(Assoc. Prof. Matsumiya)

BR - RERRERRVATL
MR EF ORAFAHEHIR)

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

ORRATE DR BT & ZRFFEDRIE
OREGESHIHE & RRANEEHBOET UL
O3RTTRHADHIEA. FH. BRERRFIEDIHARE

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

* Modeling control system of eye movements
and visual attention

¢ Investigation of early, middle and late vision of

3D perception.

OHRR LMREORERTMEIBRZOME
ORME LTENDOBIRICET %
OBFTEIRDZE[MMTIEET 2%

¢ Integration of visual and haptic information in
the human perceptual system

® Mechanisms in visual perception and action

e Spatial perception during bodily actions

BB LS| & 27 LFRZRER
VIPAVEI—TAVTERY AT LAER

YI7PAVE1—-TA VT ERVAT L
AR REHIR)

Soft Computing Integrated System (Prof. Horio)

OEMZ 1 F 27 A% EA LI BRILEVLSIY
A7 LORFELEZDISHICEY 553

OREY7” 0 JVLSIEIER DRI T 2 B%E

OB MEMEHEY X7 LD LT DISAIT
SRRt

OFHBIRDERRZ BIETMEVLSIZY AT LD
FRFEICET 2%

e VLSI 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

® Brain-inspired VLS| system with consciousness

ORERUESRENRIBRUIBEREDHE
O3RTEEHEROSHEM LV VIV AT L
DIEEE

OBREREBRRUBICED(BTERE AT A
DIER

® Mechanism of multisensory information pro-
cessing including hearing.

* Development of high-definition 3D sound

space acquisition systems

e Auditory information systems based on multi-
sensory information processing.

Brainware LS| Systems
Soft Computing Integrated System




BBY LS| 27 LNFZEER
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RS (PEHR)

New Paradigm VLSI System (Prof. Hanyu)

Brainware LS| Systems
New Paradigm VLS| System

HBZVLSIT Y 1~
MRS EF (BEHAEHIR)

New Paradigm VLSI Design (Assoc. Prof. Natsui)

OFREBERMEOAY Y IA VAT T —FT0F %
EZFDOBEEAVLSIZOv Y HISBICEYT S
[

OFNARETIWR=ZFRaEa—T 1
VOT—FTIF v I BHR

OZBIRHREKE - IRBHRAFEICED < EMHEE
NoCIZREd B HiZE

ORERMWERICEDBEEEEILICET S
[

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

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

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

¢ Low-power VLS| design technology based on
stochastic logic

OPVTIESDET ) —VLSIEIE/ 7 —F TV F+
|CBE9 BHI%E

OEREBEEIGE S ERAVLSIER/ 7 —F 77
F v BT B

Ot 77 )L 31 X L& F OVLSIEREH I B
ICRE T BH5E

OFRVLSIS R 7 LRI T B %R

® PVT-variation-aware VLSI architecture and its
applications

e Self-adaptive system for resilient VLS|

¢ Optimization algorithm and its application to
VLSI design methodology

e EDA/CAD algorithms for new paradigm VLSI
systems

BRI R 7 LD
SR~ VI HER

XHRIVE1—FT1T
MRS (RRER)

Real-World Computing (Prof. Ishiguro)

OBABHREY 7 bARyY boffH

OBERBEEISHEBERVSIER/7 —F 77
F v ICEY DA%

OZEZFBIRSEVORRFRED AR
EART 4 7 ANDIEHA

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

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

¢ Optimization algorithm and its application to
VLSI design methodology

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

Autonomous Decentralized Control Systems
Real-World Computing
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PE &sh Takahiro Hanyu
MERE (%) Director, Professor

Laboratory for Brainware Systems

(LA s 7THEMEIER) (&, AR EMERERE L
TER165E4B DM ZAEBOYHE - BifREARICTI LAY T
KERIER S L THREIN. TO%. TR6EEHMEERDOFIRE
IS, FRR6EABICT LAY T THRERRERELMEEL
fe. ZDBEMIE. B R EBAR LEBMHICELT 2REREY —
LLRICEET BHMERBRY X7 L%E, HRICKERT TRIBT
LEBRRMOAME ZDISANBTEERT ST L THD, TDI:
BT, FHAEFARUAF & BEEBERICHIEFES - BRRD
BHAEDBFORERRELEDT LA VT 2 7 HBOHZEEDR
MAEREE L THEETD.

T ORESRIE. EISHERATTEIY AT LIRS (R - BV R T
LHIER) . BEOBHIEY X 7 LIRS (RtRIVE21—7 1
Y UHERE) BEILSI AT LFRZEER GIBERVLSIS A 7 LFZEE.
VI AVE1—Ta VTERY AT LHARE) D3MAEIHER
ICMAT. LAY T7—F 77 F v RAEBOEBEHNFTEINTSH
Y. BEKHEIFOHRAIDTIC. HERUHERDEEE1TD,

Physical and Adaptive Hardware Environment

* Brain—Like Computing
(Brain Architecture)

= Real-World Dynamical
Intelligence

(Real-World Computing)

The Laboratory for Brainware Systems of the Research Institute
of Electrical Communication was established in 2004 and re-
newed in 2014. Its purpose is to contribute to the research and
development of advanced information science and technology
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 Computin,

* Higher-Order Multimodal Perception
and Information Generation

(Recognition and Learning Systems)

Hardware Environment with Massively Parallel Brain LSI

V1,2, V4 (viual oonsi)

= Brain LSI Based on Analog Neuro-Dynamics
(Soft Computing Integrated System)

= Stochastic computation for Brainware LSI system

(New Paradigm VLSI System)
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Recognition and Learning Systems

BBA - T - REMRE

Shioiri, Matsumiya & Sakamoto Group

Staff
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iz HHIE IR

Satoshi Shioiri Kazumichi Matsumiya Shuichi Sakamoto
Professor Associate Professor Associate Professor

W TSRS

Research Activities

FAEDF CTlE. AR5 ANENZ KL GIERE ABHHEL
BELUMA CERsE - BT 5BEEHESMcLTETIMEL, BB
LSz E iRz B T 2/ \— FU L7 ICRET 5T L &2 B
LTHRZESH 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.

@ BRAEERY X7 L
MR | EAHIE

REDEMMEZ R OIS, ITER, EERICHIT HREMEEE.
FREZHERL. ZOETIVMEEBLT. ABDREZEE. Zh
ERFTHVATLOBRZEET. £fc. MEOEBHNAIEE
L. RigEoHEorEmeeEZg L. E7/U1LEBEY. h
SOMRICEDE. BRFEROTME. HENER, RREOTM
JAT LOBREANDERT S, ET5lc. REPHEDESHIE
ROBEEFANDZ EH5. BRABRET TOABDRETH
T8 FRY 2 HDOMIICEY A TS,

W BEIGHYERRTTEIY AT L
=~ w3

MEDE | INEHEBIR
AHE. BEORTHEEICBSODFARUEZENLEHS. HE
BRPMBBEREVOIERORREBROONAZRHL. ZD
REICE DWW CEM TEREITHEERNL DBISHICITOTL
DNTEB, CDXIIZANBEDRHITEIY X T LHR T BIGH X ER
SIRRIREZF DOMEE R RERMICARRAL. ZOMRICE DWW TThE
TLIRENICRG O BHRBERIRZEBRT 2O DREIERRE
TOFRTREZEI T 57 BIRE LIEMRICEVEATLS,

@ BE - HAREERY AT L
WENE | FAERED

RBEREEENEL. HOEPTOSTZEHMEL L. BRER &
UERHBOREBRIES L THFET SRE T COABDOMEER
WNIBEIRZ DEYEBEFHNEFEZRAVTHREAT L LB TO
MREEALI. BBE3RTEE[MEY Y VIV AT LRIV
FE-—ZIVBEEXEY AT LEDOEEERV AT LOBE - BE
{LICER A TS,

Visual learning Haptic learning

1
Incongruent hand Haptic force
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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.

= Adaptive Cognition and Action Systems
(Assoc. Prof. Matsumiya)

Humans can perform various actions based on the recogni-
tion of the outside world that is constructed through multiple
sensory inputs such as vision and touch, even though they
frequently move their own body parts in the environment.
Here we investigate the adaptive-process and functions of the
human cognitive system for action through psychophysical ex-
periments. On the basis of the experimental evidence, we aim
to establish design principles for constructing qualitatively dif-
ferent information and communication environment through
vision and touch.

= 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.

HAEBEDERICBELTIE, RELMBOMARRO DL TCNBTLERRL
feo COMBERRIG. BEAEIRITBRRTHOfc. THIc. Hald, ZDEER
AEICEEF LEVRERROERICIF. ERICREINLRBRZELT. BBNEH
ENBETHBLZASHIc Lz (BR).

We found that there are separate representations of visual and haptic move-

T T T
0 920 180 270
Rotation angle (deg)

ments, and the haptic representation is independent of rotation for move-
ments. In addition, we found that active haptic movements generate the rota-
tion-independent representations for haptic movements (right panel; The left
panel shows the stimuli and procedure for the experiment).
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Yoshihiko Horio

Professor
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Research Activities

BADRIG. EBICEM TR SN —EOBEZR OB LWL
DR SHD R Y FT—UDhOBRENTWNS, TOXR
RGWE - (EFRICKBBELBRLEL. REOTI2IVEE
BEFELEBRZFBTITDNTE Y. Bid. 7 2/LEERD
FMEFLT2MEICH LT, RO DMENICEAZLET LD
TED. COXSBEMDFFEFNICE Y FZ/J. B, FEHFE
BREIEEFICLS MEBLAFIHILTOERICLZIEROE] I
AEL, NUTEEEBNTHIBH 5. REROERA GRREIC
RIS TES, HLOKE AV E1—2/\—FU T 7DXRR
=BEY.

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.

WY bV —TFT A VITERV AT A
e | IEEHIR

RADIERIVEERERICF AL, BHEETHERN, RRTONR M
BROBEBCTHS KBV E1—%2] ORFEZBELTHE
ZHEDH TV D, FiT. MOSHOMEBROEMERY FT—7
THBHIEITEE L MEBENERRTEMEZ (T IVRICELSTT
At RICEZEROE] 2. 7HOJERBERERE LIETEY
ATLELTRET B, TDfs. BRITHF AEERPARHIR
BHMRDOERDBRERMP. BEBSEENTEHFEIT 2IERAH
Za—32ibxy b7 -V SBERERN. MET/NARICLD
N> TARERN R E. MOV E1—2DN—FU T 7R
ROHDERFEIMDEFREZTO> TS, INEREFIT, /ERD
TYUZIVETEREIZRGES, BRIV a1 -2 —F 77
Fv EZDRBIKDVWTEAREZESH TS, Tfeo F4F3y
TITREPERONEL T 28X Y bT—7IckY . BEPEH
EROBEMNGREIVE1-2DORFLEERL TV S,

= 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.

Cnaoric Neuro-ComPuTER

B () AFRZa—AFv7 () 1HEOZ1—OY & MEEDS + T A THERRE
GARBEARAAA R Z2—0aYEa—2N\— U7V AT L\

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.

B2 : (k) #EROTI2IVAVEI—2HABEGEESERE(LRIEE. HF RANGE®
WEERTEREICECHFAZ1—0aYEa—4270ba(7 (B) EO7OrA
TN - B L TR G RAMRBEICHE CEBELIICT BTedDVLSIFvT

Fig. 2 (Left) A chaotic neuro-computer proto-type system for quadratic assign-

ment problems, which uses chaotic wanderings and inspirations to find
solutions. (Right) A dedicated VLSI chip for a fast and practical large-scale
chaotic neuro-computer system which can solve real-world problems.
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New Paradigm VLS| System
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Takahiro Hanyu

Professor

Hanyu & Natsui Group

SR Bk

7 NV 28 #
I B

EFEERHREE

Akira Mochizuki

Research Fellow

Daisuke Suzuki
Assistant Professor

Naoya Onizawa
Assistant Professor

Associate Professor

EFEEEMES

Akira Tamakoshi -

T A il
HEHE 8 | L]
. . m!léll:kﬂf‘-lfi(ﬂ%?;ﬁiu

Masanori Natsui ¥ . i )

T =R

Research Fellow

v HIEE)

Research Activities

BARIEFE(AEFRDIE (Very Large Scale Integration; VLSI) F v
7. BRUENEIGALRVLSIY A7 Llk, EFHE330 M58
ELTHEELTEY., BRHRDH S5 ZEXERMGBDUMRERD
BERELTWVWS, LHLEHAS, VISIRTLDOBEL - &
B EZ A B - 7/ RO T HAE. YEERRICGED
EDDH B, RARETIE. REKE TDCMOSN—RVLSIERETA
RNDIAKIFELEW THBLR) OVISIV AT LT —F 77 F v i
STICZDRIEEI[ARICE Y. EREFETHMDRFZFTH L.
AEDERE L ER T 5BEERRLEZRITT ZVLSIV AT L
EHEET B EEMARENET D,

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 VLS| processor beyond brain
utilizing novel device technologies and new-paradigm circuit
architecture such as logic-in-memory architecture.

W HBLRVLSIS A7 L

MERDE | PEHIE
FREDETIE. FRERVSIOAYE2—FT 4 VTN ZA LDR
REBEL. TERDER EITIEHEVHFHLOEZFICEDN—F
VITT—FTIFvOMREITOTCND, BEMITIE. RER
VISIAYEa—7 4 VJIe B BEHEHEZ AT 52ERE—F
SEFEREAT —F 7 U F v, REMREZZRRERRICOBLEE
TEAGAEVNY FEZRRT ATy 742 X EYVLSIT—
FTIF v RS URIVES MT) T/ RIG EDHEERE -
SHERE « NEHT N\A R%ZER LI 7 /N1 RETILN— LR
VISIAYEa—F 4 297 —F 70 F v, BENERICEDE
EHBEBALSIEE, RIVFAT « 7ISHEBMREVLSIZTOL Yy D
RETES SFURIAICET MR EITO> TN 5,

@ FEASIZH A
MRS | SR

7O+t X OmRMHM LIRS HVLSIOHAER _EDRR &5
HOETOMEZFRRT S5 L2BNE L. AARDFTIE I
ROBRZIRAD S EZ B LWVLSIEREHRMNICET 2K %
T2TCW3, BHENICE, PVTIESDET ) — VLSIER/77—F+7
T F v BERBESESEREVSIER/ 77—+ 77 F v, KBS
BICE D &@L77 /b ) XL EZ DVLSIEREHANIGA. 55T
ICRERMEOY Y 74 7 AT UVLSIES MG S, MilbDRE
ERARITENLDD. D OBELGRETICEVLWTHLEEREE
ZEM T BVLSID e DREHRAMNICET 5 ZT 2T 5.

Context-driven search-engine LS| system

(1) Search Keyword, Name, Year, etc.

(2) Send
File IDs

CPU  Memory

1 (3) Read Files

= New Paradigm VLSI System
(Prof. Hanyu)

We are studying a "new-paradigm VLS| computing” concept
that investigates the optimal design through all the VLSI
design layers from a device/material design level to an appli-
cation-oriented algorithm level. The use of "logic-in-memory
VLSI architecture,” where storage elements are distributed
over a logic-circuit plane, makes global wires reduced greatly.
To implement a logic-in-memory VLS| compactly, we utilize
multi-functional and nonvolatile devices such as ferroelectric
devices, magnetic tunnel junction (MTJ) devices and phase-
change devices. We are also focusing on other challenging
research subjects such as low power VLSI design technology
based on stochastic logic.

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

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

PVT-Variation-Aware VLS| Architecture

Hybrid of CMOS and magnetic tunnel junction technologies

Stochasic computation for BLSI (brainware LSI) systems

Stochastic Gabor filter for feature extraction

V1, V2, V4 (visual cortex)

Correction

Brain-inspired
self-adaptive system

Brain-Like LSI with Flexible Ct

Y es for NV-FPGA
Ex Seffterminated (ST) mechanism
Powar
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Akio Ishiguro Dai Owaki Takeshi Kano
Professor Assistant Professor Assistant Professor
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HTEFEWIEERZAEMNSE (K8 ZBRESAL, SRR
EBEVD TZAFNEXHOME] AETICHTOC L D%
FIAECTH D, AARRTIE. ORT 1 7 APKIERZFE. £
. MBEELV ST T EEMER L MEERICITER L
B5. IN=RFTRSA] GIYRTLEER LT ZEEHMTIE
RLTELEEVWENDOELSB TLREET IR ITLIfehE LT
fensgE ) I2E2FE) LV MAEET S VI TUTY
b OYTaZa7 L] THHAIYY AT LDORIFRZBIET.

= Real-World Computing (Prof. Ishiguro)

Living organisms exhibit surprisingly adaptive and versatile
behaviors in real time under unpredictable and unstructured
real world constraints. Such behaviors are achieved via spatio-
temporal coordination of a significantly large number of bodi-
ly degrees of freedom. Clarifying these remarkable abilities
enable us to understand life-like complex adaptive systems as
well as to construct truly intelligent artificial systems. A promi-
nent concept for addressing this issue is “autonomous decen-
tralized control”, in which non-trivial macroscopic functional-
ities are emerged via spatiotemporal coordination among vast
amount of autonomous components that cannot be explained
solely in terms of individual functionality. We study the design
principles of autonomous decentralized systems that exhibit
life-like resilient behaviors from the viewpoints of robotics, bi-

ology, mathematics, nonlinear science, and physics.

X1 BROBGEIHOMR TENLETIVENEGZEE K2 EEREERAZEF -7 & LTRELICR2BESD BB ENcREEGHEMEEEZETHA\ERORY b

HEZERAR BHEIETEREIT 27 A —/\RORY b DB EEIE
Fig1. True slime mold as a good living organism for | Fig2. Soft-bodied amoeboid robot driven by a fully Fig.3. Ophiuroid robot that enables omnidirectional
studying autonomous decentralized control decentralized control scheme extracted from true locomotion
slime mold.

4. BEFPLHHELICIS CTHSHEBNICHITEED 5. Bix BRMICREIDIBE L T2 B RBERIE
2 BmEoRy b GUEENTFRORY b

Fig4. Quadruped robot driven by a fully Fig5. Autonomous decentralized control of

decentralized control a snake-like robot that exhibits highly

adaptive and resilient properties.
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Research Center for 21st Century Information Technology

HAZERIHER W Technology Development Division

ENIVSDE

Mobile Wireless Technology Group

OF4RXVATIV - TT7DfeHOTO— /N
FESRERE - v MU — 7 EICET S

OEREHRICERT 2ERBEASHRXE
EBHEIBEEY 1 —)VICEET BEFZE

® Broadband wireless communication technolo-
gies for Dependable Air

¢ Development of high-efficient transmission
power amplifier module contributing to the
low-carbon society

AML—I535H

Storage Technology Group

ORRL—I2 R 7 LRI AR LICET 55
ORAL—=IY AT LA 77V r— 3 vic
EY SR

¢ Development of highly-available storage sys-
tem

¢ Development of application for storage system
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N a8 Hiroaki Muraoka

-k &® Director, Professor

{PERFES  Project Planning Division
o] = Makoto Furunishi
BEEHE Visiting Professor

FIZEREFEE  Technology Development Division
ENAIVDEF Mobile Division
KR FA Noriharu Suematsu &M/ =}
RE-HR FH) Project Leader, Professor* HHIS (3R)
AML—Y93FH  Storage Division
B RE Takaki Nakamura N =
SRR Associate Professor EEHIS
FEH E#H Masachika Harada
FEFEEEATE Research Fellow

Suguru Kameda
Associate Professor*

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

Hiroshi Matsuoka

Visiting Professor

BXUBEMEMD INE TIcER L CEIBREERM (T) I
BT BRER. ESEEESICKY. SEROBREAEUTEAL
i LTRMEE 2 EZBNET 2. KEDRET 5%
A7 ELTRERUVEERDOEMZRE L. HRDRDHBZT T
F—avERBEL. BRNEISTRERARNZETREES
TEICK Y HAREORMBARZEIEY, RER. 270917
hEFIE L. ENAIVDE - R L—IDBFERRHEREICRE
L. BENELZEE L (REREZET 2. V2 —IFR
TRHER. RRSFEOERHE L. EEORFEELSDEEH
BEBBNICRIT AN, AMOREMEZR S, AR
KUBENTR - MNP EEIE. BENICEERNERT %,
TOY 1Y b OEEICE. EERDLSDOEMEELRIFAN
KFEDRE Y Bl - FinaRiez HERRERSICTHRRT S
LT BEFRMEOHE - HEARMEOBHE L 2—L L
TOREZERT,

B1:m21ers—

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.
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Noriharu Suematsu
Project Reader, Professor*

Suguru Kameda
Associate Professor*

A—HEXy bT—VICERT 7 7t AR E LTOEN
AIWTA YL RBERMIE. X771 NCKDBEER/ NN Y 7 R—
xRy D=7 EEBI, ICT HEDRB AL X B IEREBFM
THb, HROBENRED ) —HL T v T%EBS OHEDBENEE
Hiffld. BARBEEELZZSDEHNE L TETEITERT 2LED
HB,

IT-21 €22 — - ENAIDHFTIE. RELCK. BRBBEERE
HA—H—PE-BBEEEXELOEFEE OV T MK

REBELER - KAEBEZMILL. D OAFRKERIC
BVTHRE LIBERROREZEIRERETET ANV T )b -
I7 DRERFEZEITOCEL,

INETIT, (1) 324Mbit/s 5GHz H AR LAN IR DREHE. (2)
NAED 3 VISR 3D SIP ERTVATL A2
Ny r—2) 2 VURERIEROBAEZTL. e 3) LEE
NAIWTA=RFNRY FTA4YLRT7 72X (MBWA) RIERER
&Y, BEEBEHROY—LLR/N\Y FA—/\{ ERLAN &
MBWA EDEBRY b T— Uy —LLAY AT LNV FF—
NERIHEETER, THIT. INS DM ERERBEARDH
BOTEXRBHREY AT LEEOFEBEAREMETSHILET
BIRBERY N T—VDTARNVAC) T4 ZRBELDIREE
T2CER,

ER27EL DI, EFEETOY T b THB ISTA-STEP MER
FHRICERT S BHRECHENEEEEIEEEY 1 —IVOMH

] 2112 TW3, E5lc. DHAEDBEEBERMDER S HRE
ML Eblc. BRERIRMICKSRIBMX TONYF v —
R

75 EMEIREANTIY 5.

Fig. 1 5GHz # 324Mbit/s #E4% LAN tR
Fig. 1 5GHz-band 324Mbit/s wireless LAN terminal

Fig. 3 MBWA SR3FRER (B ith/55%10%)
Fig.3MBWA field test (Base sta-
Fig.2 Ultra-small-size 3D SiP milli- tion)
meter wave wireless terminal
for uncompressed HDTV

Fig.2/\1 EY 3 v kEMITER
/AU 3D SIP = U SREERRIRR

Mobile wireless communication technology is one of the sig-
nificant communication technologies that support the ICT so-
ciety, connected with the high-speed backbone network using
optical fiber. Evolution of the mobile wireless communication
technology in Japan is indispensable to keep the leadership
in this technology area in the world.

With the partnership of Japanese major mobile wireless man-
ufacturers and Japanese type | carrier, the mobile wireless
technology group of IT-21 center has been proposing the
concept of “Dependable Air,” which is a heterogeneous and
highly-reliable wireless network. The Dependable Air is able

to work even in the event of a big disaster.

As a result, so far, (1) 5GHz-band 324Mbit/s wireless LAN ter-
minal, (2) ultra-small size 3D system-in-package (SiP) millimeter
wave wireless terminal for uncompressed high definition tele-
vision (HDTV) transmission have been successfully developed,
and (3) seamless handover technology for wide area broad-
band mobile wireless access (MBWA) and seamless system
handover technology between MBWA and wireless LAN have
been successfully demonstrated by field tests. Moreover, the
Dependable Air with satellite communication systems such as
Quasi-Zenith Satellite System (QZSS) have been proposed for
improvement of dependability of wireless network.

From 2015, the mobile wireless technology group will start the
JST A-STEP type project “Development of high-efficient trans-
mission power amplifier module contributing to the low-car-
bon society.” In addition, our group would like to contribute
to the local industries in Tohoku area including the establish-
ment of venture companies based on our developments.
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Fig. 4 Dependable Air
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Research Fellow
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TlIFrlc, RERITERBEOHOMEFRR BkEEIA
HEBRR ~ L —VERBRIMORE ] ZXREDEFREL LT,
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FEFAFXIE. BERREARFONEMEZ. KEARE. A
MREEHRATHET B, FAML—ITVRTLEERELD
BHETHILET, MEYZ—DZ v 3V THIMEHRDS
FUROERABLZBIET.

BRAR ML =YY R T LEBEHHRDBEFHEFIRATKT T
Application on Smart Phone Working with Highly-Available Storage System

One of the key components in information services is storage.
Electronic information, such as images taken by digital camer-
as and huge databases must be stored in a fast and efficient
manner. The importance of storage will remain high in the
future, viewed from the perspective of a channel to pass valu-

able information to the next generation.

The Storage Technology Group continue to be engaged in
the research and development of storage technology in a col-
laboration between industry, academia, and government. Our
group successfully completed two national projects commis-
sioned by the Ministry of Education, Culture, Sports, Science
and Technology from FY2002 to FY2011.

Recently, as social and information systems become more
complicated, one of the urgent research areas in storage, in
addition to “devices” and “drives”, is the "system”. Because
of this our group started a new national project “Development
of Storage Platform Technology with High-Functionality and
High-Availability” in FY2012. The project will continue until
FY2016. Our group is working on the project in collaboration
with the Muraoka, Ohori, and Suganuma labs. Furthermore, in
collaboration with the storage system industry, we will focus
on bringing the results of our research into practical use within

five years, which is the prime mission of the IT-21 center.

BEAA =YY AT LEIERBOKT
A Snapshot in Field Test of Highly-Available Storage System
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Ad-hoc research groups
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Taking advantage of the wide range of research expertise in the institute, ad-hoc research groups are formed outside of the formal
organizational structure to investigate challenging exploratory topics and needs-based, cutting-edge subjects.
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Group of multimodal attention

Satoshi Shioiri (Group Leader)
Yo6iti Suzuki

Shuichi Sakamoto

Kazumichi Matsumiya

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

Next-Generation Nitride Electron Device
Research Group

Tetsuya Suemitsu (Group Leader)
Takashi Matsuoka

Tomoyuki Tanikawa

Takeshi Kimura

Gallium-nitride-based transistors have potentials to save the power con-
sumption in many application fields such as high-speed telecommunication
and automotive systems. Combining the advanced material technology de-
veloped in IMR* and the device technology developed in RIEC, this group
explores break-through technology to realize high-frequency and high-power
transistors that helps save energy in many kind of electronics systems.

* Institute for Materials Research

Time salon:
research group investigating the concept of time

Atsushi Ohori (Group Leader)
Kazumichi Matsumiya

Kazuto Sasai

Masafumi Yano

The ultimate goal of this research group is to discover the principles of
human’s time construction, and to develop a model of human cognition and
control. To approach this goal, the group attempts to develop a model of
time construction that underlies human perception through philosophical ob-
servation and neural scientific experimentation.
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Yotta Informatics Research Group

Hiroaki Muraoka (Group Leader)
Jiro Gyoba

Yéichi Suzuki
Satoshi Shioiri
Noriharu Suematsu
Takahiro Hanyu
Simon Greaves
Toshihiko Hirooka
Tetsuo Endoh
Shin-ichiro Omachi
Shin Saito
Mitsuyuki Nakao
Nei Kato

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

Kyoko Haga

Yuko Murakami
Nobuhiko Terui
Yasumasa Matsuda
Tsukasa Ishigaki
Mariko Nihei

Created world-wide information is rapidly growing. It is projected to reach
to a yotta-byte scale information in 2030. In order to manage the gigantic
information, new criteria of quality, property, and value have to be taken into
account for the next generation ICT technology. Interdisciplinary research by
the experts from humanities and social science, and ICT engineering is carried
out.
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Flexible Information System Center
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e Information collection, organization, dispatch-
ing, utilization and research support environ-
ment.

* Advanced maintenance, management and
operation of network.

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

DO P
B AT 7 —

mREERITE> 2 —

Flexible Information System Center

Fundamental Technology Center

OMWMT, BFEHA. MEMI. FREE
DI DIRA xR IR
Oon—A)bxy b7 —29 DIRSP

O EFRD L2 B iE

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

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

¢ Technical supports for safety and security of
the institute.

REMEETER

Management Office for Safety and Health m ’ . ‘ _:EAJE_[[[[‘ : : : : —
yd \ -
ORRFANDE L EEEDAS. (FRREGL |} / \—
DFE, BLUREDZIE

OR2FEBROESDAES S ULRLFLEE

BT HERONE N

CEHBORSEBASENDT [/ AP Fundamental Technology Center
OBEBSLUREERRE LIEEBREHBED

K

OFNOMERFEPEEET & DEEREE

e Inspection of and assistance in improving the
safety and health management system and
working environment within the institute.

¢ Investigation of laws related to safety and
health and collection of information regarding

. Iiar];e\‘/ti};izzdo?eaa;tvhicrzaannadgeir:?s?raation to safety Management Omce for Safety and Health

and health personnel in each department. ) | > —a *A
¢ Implementation of various types of safety edu- /\ "ﬁ‘

cation targeted at staff and students.
e Liaison and coordination with the supervisory I':

authority and other departments on campus.
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Staff

AT HE Tetsuo Kinoshita
-k &® Professor

Al BA Yoshihito Toyama
BiE Professor*

EAR X Takuo Suganuma
BI% (GR) Professor*

b6 7T Gen Kitagata
I () Associate Professor*
BH —A Kazuto Sasai

B (G Assistant Professor*
e 1EE Masahiko Sato
Esna=] Technical Staff

AHB FA Kenji Ota

= Technical Staff

Flexible Information System Center
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Printer Room

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

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

1B

Server Room
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Fundamental Technology Center

Staff

LR F— Yoichi Uehara

tra—K &%) Director, Professor

kg 52 Nobuyuki Sato

Bh# Assistant Professor

EF BR— Koichi Shoji

5300y =] Technical Staff

Fk R Tamotsu Suenaga g @EE Takenori Tanno
BATEE Technical Staff ST A=) Technical Staff
Fa[ER  EMR, Maho Abe B Z=AH Yasuaki Maeda
HAfRE Technical Staff Biga Technical Staff
FIER A Kento Abe mE B Hiroyuki Yagyu
KAfiE Technical Staff BiEe Technical Staff
Al BF Yuko Maruyama AT ®E Katsumi Sagae
= Technical Staff Bie Technical Staff
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B E=07 LAF+¥VIN—
Figure 1 PEEK array chamber

B2 XARETEEE
Figure 2 X-ray diffractom-
eter (XRD)

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

The machine shop division focuses on advanced machining
techniques and supplies the experimental apparatus (e.g., see
Fig. 1.) that are required by different laboratories. This divi-
sion also provides machining instructions to the students and
faculty members who pursue machining independently. The
evaluation division offers various evaluation and measurement
instruments such as X-ray diffractometer (see Fig. 2) and elec-
tron probe X-ray micro analyzer (see Fig. 3). Glass processing
techniques can also be provided. In addition, this division
is responsible for supplying freezing media. The processing
division offers nanometer-scale electron beam lithographic
techniques in cooperation with the cooperation section of the
Laboratory for Nanoelectronics and Spintronics. Instruments
for accumulating and testing optical multilayered thin films are
also available in this division. Finally, the information technolo-
gy division operates the in-house network of the institute and
manages commonly used information equipment in cooper-
ation with the Flexible Information Research Center. In addi-
tion, this division engages in the collection and management

of intellectual property-related information.

B3 EFE—LEK
XHRTTEDTRE
Figure 3 Electron
Probe X-ray Micro
Analyzer (EPMA)
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Staff

PE &b Takahiro Hanyu

=R (H®) Manager, Professor

ER F— Yoichi Uehara

BER #H®) Deputy Manager, Professor
kg 122 Nobuyuki Sato

Bh# Assistant Professor

&S BN Maho Abe

Esna=] Technical Staff

Management Office for Safety and Health
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REMEFBR

Safety and health seminar

RAARBARA

BENAGRRIRES

BEAZAORZED

FRE

BEARREZHER
High-pressure gas seminar

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

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

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

First aid seminar
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Research Activities
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W3, ERENTCARO—MITRIEAEBBAFRCRICHERS
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MRRICIE. £2EHSKFOMEEEELEEEA. BERFEZTD
ARHES. EXRGEOBRES/HEL. MRARETREZEHR
I T2 TW2, FARKA. TOMICDWTELZERNZH DR
RELDLTWD, BOEHLEIIERDTEICDVTIIHERE. 2
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MR

Title of Sub-Group

B Study Groups on Electrical Communication

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

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

REIFMER
Electromagnetic and Optical Waves Engineering

Za-IN\SEA LAV EI—TAVITHRER
New Paradigm Computing

FEIFMRR
Acoustic Engineering

BEREILYbOZY MRS

Ultrasonic Electronics

WE TSR T7+—5L" (IBEH#H : TSAIHER)

Sendai “Plasma Forum”

TLA Vo7 TEHES
Brainware

EMCAlBEZF—Ib
Sendai Seminar on EMC

B4R - BiRR

Mathatical Physics and its Application to Information Science

A=Y A IV AHRS

Computer Science

R - AR TEMER

Biocybernetics and Bioinformatics

VAT LHIEHRRS

Systems Control

T/ - AEVIEMRR
Nanoelectronics and Spitronics

BRNAA O IHRES

Information-biotronics

TENBREEIFARE

Advanced Information Communication Engineering

AEZVARER
Spinics
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B Symposiums Organized by the Institute

This Symposium is planned to exchange relevant information
on current important topics concerning Electrical Eng., Electrical
Communications, Electronic Eng., and Information Eng. Many re-
lated researchers inside and outside Tohoku University participate
in the Symposium and stimulate discussion.

BRBEFRFAERS RIY L

International Symposium organized by the Institute

1

SRBCEEEEROBEEY 3 7Y VR ETHZE 7S5 ARS
Intrinsic Josephson Effect and THz Plasma Oscillation in High Tc Superconductors

Feb. 23-25, 1997

2 BOBERRBICEDST LA YT —F T 7 F v DRKE - HIfF Mar. 16-18, 1998
Design and Architecture of Information Processing Systems Based on The Brain Information Principle

3 ZUREHRITE ZDGA Dec. 14-16, 1998
Novel Techniques and Applications of Millimeter-Waves

4 SITEZFI—ENTORBEICET 2ERERRH Sep. 13-17, 1999
The International Joint Conference on Silicon Epitaxy and Heterostructures

5 Tx by iRERIBEERSE Mar. 8-10, 2000
International Workshop on Photonic and Electromagnetic Crystal Structures

6 FEEKACEDRREEISH Sep. 13-15, 2000
Physics and Application Spin Related Phenomena in Semiconductors

7 EERREEEICHIT2EEMARE Oct. 25-27, 2001
Rewriting in Proof and Computation

8 IFRERE T DA Oct. 28-Nov. 1, 2001
Nonlinear Theory and its Applications

9 Za—N\FIEAALVSIOAVYE1—-FT1VT Dec. 12-14, 2002
New Paradigm VLSI Computing

10 BEBEAEZYIAML—IYRTLA Oct. 23-24, 2003
Ultra High Density Spinic Storage System

11 EB3ESiGe(EART—7> 3y Oct. 12-13, 2004
3rd International Workshop on New Group IV (Si-Ge-C) Semiconductors

12 BEBARIAIVOTNAR - BRERT—V >3y 7 Apr. 11-12, 2005
3rd International Workshop on High Frequency Micromagnetic Devices and Materials (MMDM3)

13 BB4ESI TEZFY— AT OMEICET 2EERE (CSIH4) May 23-26, 2005
4th International Conference on Silicon Epitaxy and Heterostructures (ICSI-4)

14 BIEFHIVEEEGS /ILY FAZ I XERT -3y T May 27-28, 2005
1st International WorkShop on New Group IV Semiconductor Nanoelectronics

15 HICAFBHRREARRERS VRTI UL FRROBRES . OBIUHE Sep. 26-27, 2005
GSIS International Symposium on Information Sciences of New Era: Brain, Mind and Society

16 HIEAEY FOZIAERT—723v T Feb. 8-9, 2006
The 1st RIEC International Workshop on Spintronics -Spin Transfer Phenomena-

17 SBARISARE< A 7 OBKT /A X « HRERT—7>av T May 8, 2006
4th International Workshopn on High Frequency Micromagnetic Devices and Materials (MMDM4)

18 BBARIFEIRICHIF 2 AV EERROYIE L SHICEET 2ERRH Aug. 15-18, 2006
4th International Conference on Physics and Applications of Spin-Related Phenomena in Semiconductors (PASPS-1V)

19 BAEBIVEXEHS /ILY b AOZVRAERT -3y Oct. 2-3, 2006
2nd International Workshop on New Group IV Semiconductor Nanoelectronics

20 EEREY FOZSIRERT -V 3y Feb. 15-16, 2007
2nd RIEC International Workshop on Spintronics

21 HhEFEFRE2007 Jun. 4-6, 2007
Japan-China Joint Conference on acoustics, JCA2007

22 7Y RLHHNFEBERS SURRERZICET 26RERRE Oct. 1-4, 2007
International Conference on Discovery Science / International Conference on Algorithmic Learning Theory

23 FERAEYVIOZIRERT—Iav T Oct. 31-Nov. 1, 2007
The 3rd RIEC International Workshop on Spintronics

24 FBEEFIVIEFEGRS /ILY FOZ I RERT -3y T Nov. 8-9, 2007
3rd International Workshop on New Group IV Semiconductor Nanoelectronics

25 FIEF/BERF/ILY FOZIVRAERT -0 3 v Nov. 21-22, 2007
International Workshop on Nanostructures & Nanoelectronics

26 18[E7 VT XL EEEICET SEIERE Dec. 17-19, 2007
The 18th International Symposium on Algorithms and Computation (ISAAC2007)

27 SHE-RIET S ARICET ZFEBNERS Y RI DL Sep. 5-6, 2008

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

BRUBEMRMERS Y RI Y LORS

The 7th International Symposium

BRBEHZRA
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28 FALEEIVIERFEGS /ILY FOZY ZEBRT -3 v T Sep. 25-27, 2008
4th International Workshop on New Group IV Semiconductor Nanoelectronics

29 FAEREYFOZVZRERT—IY3v T Oct. 9-10, 2008
The 4rth RIEC International Workshop on Spintronics

30 SURYVRIYTL Apr. 20-22, 2009
GSMM 2009 (Global Symposium on Millimeter Waves 2009)

31 RIVFE—HIVARICET @A _7—0>av Apr. 24-25, 2009
Mini R.I.E.C. workshop on multimodal perception

32 FALMBERT7 4 bZv o7/ OV—|CEIBEEY VRIYT A Aug. 4-5, 2009
The 4th International Symposium on Ultrafast Photonic Technologies

33 B0E/N—VFIb. ER. BEREREEY VRY UL Sep. 13-16, 2009
PIMRC2009 (Personal Indoor and Mobile Radio Communications Symposium 2009)

34 BABRECINSI/ILYMOZSR - AEVIOZIR » T4 Z Y AT BERT Y3y 7 (BSEALY MAZIAERT—7>3v7) Oct. 22-23, 2009
2nd RIEC-CNSI Workshop on Nanoelectronics, Spintronics and Photonics (5th RIEC Symposium on Spintronics)

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

36 FESEFIVEREEAS /ILY FOZV AT~ 3w T Jan. 29-30, 2010
5th International Workshop on New Group IV Semiconductor Nanoelectronics

37 FOERECREY FOZVREBRT—V 3y Feb. 5-6, 2010
6th RIEC International workshop on Spintronics

38 BEIF/HBELF/ILY MOZVRICEATBEBT -3y Mar. 11-12, 2010
2nd International Workshop on Nanostructure & Nanoelectronics

39 U270 7N\A RSRICET ERER S VRIT L Oct. 27-29, 2010
2nd RIEC International Symposium on Graphene Devices (ISGD2010)

40 FIEBEERETS /HEEY VRI DL Nov. 15-16, 2010
9th Japan-Korea Symposium on Surface Nanostructures (JKSSN9)

41 FI/ERECREY FOZ Y XAERT—7>3v T Feb. 3-4, 2011
The 7th RIEC International Workshop on Spintronics

2 BFREEERSEEHRET +—F 4 Oct. 17-20, 2011
12th International Multisensory Research Forum (IMRF 2011)

43 ZE8EIRIECREY FOZ YV AERT—V ¥ 3v Feb. 2-3,2012
8th RIEC International Workshop on Spintronics

44 FOEEM VRITL ATAAI - NAF - F/ILTFAZIR Mar. 8, 2012
6th International Symposium on Medical, Bio-and Nano-Electronics

45 BIEIS/EEE S/ ILY POV RICETEEET -3y Mar. 21-22, 2012
3rd International Workshop on Nanostructures and Nanoelectronics

46  FIERIECAEY FOZVAEERT—0>av > May 31-Jun. 2, 2012
9th RIEC International Workshop on Spintronics

47 FIEAR— 77/ OVERT -3y T Oct. 18-19, 2012
The 1st International Workshop on Smart Technologies for Energy, Information and Communication (STEIC2012)

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

49 PBIEMkEEE & AT EIICR T S @MEIR Y 2RI T L Nov. 15-16, 2012
The 1st RIEC International Symposium on Brain Functions and Brain Computer

50 RALAFE-—N\—N\—RREIaAV I T—U23vT Jan. 15-16, 2013
Tohoku - Harvard Joint WorkshopNew Directions in Materials for Anoelectronics, Spintronics and Photonics (10th RIEC International Workshop on Spintronics)

51 ZBNERECREY AV AERT—V3v T Jan. 31-Feb. 1, 2013
11th RIEC International Workshop on Spintronics & 3rd CSIS International Symposium on Spintronics-based VLSls

52 AT AAIVNAF - F/ILY FPOZ Y XBETEERS VRI U L Mar. 7, 2013
7th International Symposium on Medical, Bio- and Nano-Electronics

53 HOEIZ UKYVRITL Apr. 21-23, 2013
6th Global Symposium on Millimeter Wave 2013

54 EE2EIMARE & BELSTERICEE T 2 BIIER S >V RD U A Feb. 21-22, 2014
The 2nd RIEC International Symposium on Brain Functions and Brain Computer

55 AFAAIL - N\AF - ILY FO=S RBBEIERS Y RI T L Mar. &-7, 2014
8th International Symposium on Medical, Bio- and Nano-Electronics

56 SESEI;/HEEES/ILY POZIRICETBERT VY 3v T Mar. 6-7, 2014
5th International Workshop on Nanostructures and Nanoelectronics

57 ZB12ERECREY FAZYRERT -V 3v T Jun. 25-27, 2014
12th RIEC International Workshop on Spintronics

58 BFLYIRYURT 1y U2014BY BIEEEERSE Jun. 29-Jul. 2, 2014
The IEEE International Conference on Microwave Magnetics 2014

59 RIECEERYYRY YL MEEIAZ1Z7—23> Jul. 24,2014
RIEC International Symposium on Perception and Communication

60 20147 VT RFERA Y ERE Nov. 4-7, 2014
APMC 2014(2014 Asia-Pacific Microwave Conference)

61 BHREE B> 1 —RICEY HE3ERIECERY > RI D L Feb. 18-19, 2015
The 3rd RIEC International Symposium on Brain Functions and Brain Computer

62 TLAYIITLSNCET 2ERY VRID L Mar. 2-3, 2015
International Symposium on Brainware LSI

63 FEOEATAHIV/I\AF - F/ILYFOZIRIETBERES VRIT L Mar. 2-4, 2015
The 9th International Symposium on Medical, Bio- and Nano-Electronics

64 FOREIF/BELILY FOZIRICETZERT -3y Mar. 2-4, 2015
The 6th International Workshop on Nanostructures and Nanoelectronics

65 RIECEREYVRYTL EYI3vEFRM Mar. 20, 2015
RIEC International Symposium on Vision and Cognition

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

67 AVE1—BIZITAvIREAVETY T 1 TEMOHER Sep. 26-27, 2015
RIEC International Symposium on Computer Graphics and Interactive Techniques: New Horizon

68 ZHEI3ERIECAEY bAZYRERT—7> 3y Nov. 18-20, 2015
13th RIEC International Workshop on Spintronics

69 BMEREL B> 1 —RICEIY HBAERIECEREY >R D L Feb. 23-24, 2016
The 4th RIEC International Symposium on Brain Functions and Brain Computer

70 TLAYUITISICEAT BERS VRI D L Feb. 26-27, 2016
International Symposium on Brainware LSI

71 BIOEIATAAIV - NAF - F /I OV RACETZERY Y RI T L Mar. 1-3, 2016
The 10th International Symposium on Medical, Bio- and Nano- Electronics

72 HI/EF/iEEEST/ILY PAZV RICETBERT -3y T Mar. 1-3, 2016
The 7 th International Workshop on Nanostructures and Nanoelectronics
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B Periodicals Published by the Institute

1 The Record of Electrical and Communication Engineering
Conversazione Tohoku University

This journal aims at providing an opportunity to publish re-
search results of the Institute as well as the result of the Graduate
Schools of Engineering, Information Sciences, Biomedical Engi-
neering. Since the journal also aims at publishing general research
activities of the Institute and of the Graduate Schools such as
records of the final lectures of retiring professors, records of the
Institute Symposium, and reviews.

The name of the Journal ‘Conversazione’ is attributable to the
‘Tuesday Conversazione” at the Department of Electrical Engineer-
ing, which had been held once a week on Tuesday since around
1920. Minutes of the meetings had been distributed to research-
ers outside of the University via various routes and therefore some
of them had been referred to as "Records of Tuesday Electrical
Engineering Conversazione Tohoku University” with the result
that they came to be treated as official publications. Though the
meeting was once interrupted by World War Two, it was restarted
in 1947. In 1952, the publication of the records was succeeded by
the Institute and the records have been published as periodicals,
two times a year recently, since No. 1 Vol. 21 was published in July,
1952.

2 The Annual Report of Research Activity at the Research
Institute of Electrical Communication, Tohoku University

Published annually since 1995. This report details the activities
of each research division and research facility. Also included are
reports on nation-wide cooperative research projects, internation-
al symposium and seminars organized by members of RIEC, and
the reports and evaluation on the RIEC advisory board members.
English version is also available since 2007.
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Educational Activities

RILAFERBEMEFIE. HEBOHESTHEEENICH
WTh, AERIFMER. BHREZHAERBIUCEIEMER
DNER - BRREEZLCEHNBRER>THY. HEFER 1B
RERBEOFHBHBL LT, KERBLUEBREEDHEBICE
BLTW, EMESTFICTE. BR - BRIEOAERELFE4E
EHFBL TR EIT> TS, RIEMAEFRICATEL TV SR FE M
4 ITBHAERIR30%. FIHAERAR 1374, FEAELIIS 1R TH D,

TOfhlc, ZEEMEE. HAREMEE. BAFMRESOR
AAREPHEARRIMEE. BRREEOHEMEENHEFRDE
<> TV,

RIEC is keeping close contact with the School of Engineering,
Graduate School of Information Sciences, and Graduate School
of Biomedical Engineering. All faculty members of RIEC hold
positions in these schools and have courses for graduate and
undergraduate students. Students also have chances to join the
research groups in RIEC. In 2016, 51 undergraduate students, 137
master course students, and 39 doctor course students are study-
ing at RIEC.

RIEC also receives many visiting professors, visiting scholars,
visiting students, and postdoc researchers from all over the world.

T—0 3y TTORRER
Presentation scene at a workshop

AREL
Seminar scene at a loboratory
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International Activities
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Many of the staff in RIEC contribute to the development of
technology and science in the world by serving as editors of refer-
ees of international journals or by chairing or programming inter-
national conferences. In some fields in electronics, electrical com-
munications, or information engineering RIEC serves as a Center
of Excellence (COE), which attracts researchers and students from
all over the world every year. Several academic exchange pro-
grams with foreign colleges or institutes are in operation.

PSR
International academic exchange programs
E AR E
University Level Agreements
% W E R BEREEAR
Country Institution Date of Signing
TAIA HITAIVZTREY Y ZIN—INTHR 1990.3.15
U.S.A. University of Calfornia, Santa Barbara
AFUR I—UKF 2004.6.7
U.K. The University of York
Ky FLRTVIRKZE 2006.6.26
Germany The Technische Universitét Dresden
K1y NIV IRARZFE 2009.8.26
Germany Berlin Institute of Technology
=V EIEEAF 2009.12.2
Taiwan National Tsing Hua University
7 AN IN—IN—FRE 2010.7.22
U.S.A. Harvard University
1y HAF—=RZT7 IV IRAE 2012.2.1
Germany The University of Kaiserslautern
KAy ANKRT-TUN|VTKEZ 2012.2.6
Germany Johannes Gutenberg University
BRRERMRRIGE
Department Lavel Agreements
% W E & MEMEFERR
Country Institution Date of Signing
K=K RSV FRZT AT I BRI 1976.8.3
Poland Institute of Physics, Polish Academy of Sciences
N7 TATAFE— 2001.1.22
Germany IHP-Innovations for High Performance Microelectronics
TSVR EIREREFARILEA T/ ATV RER LY 2— 2005.10.24
France The Interdisciplinary Center on Nanoscience of Marseille, National Center of Scientific Research
B ealEFRIC R SN A 2007.4.12
China Institute of Semiconductors, Chinese Academy of Sciences
TAIA SEA—AKRETA VLAY N T—VH5ERH 2009.12.9
U.S.A. WINLAB, Rutgers University
ANA> [y =2 2011.2.25
Spain University of Vigo
TAIA Za1—3A—UMNILKE - S/ AT —IVRERTAL YD 2011.9.30
US.A. CNSE, State University of New York, College of Nanoscale Science and Engineering
Bz EIr L ARFIERR 201358
Tiwan Department of Physics, National Sun Yat-Sen Univesity
07 NI - BRYTENIRKE T4 IR - FAIERRBE L 2—BLUEREFTY - L——T¥WEmM 2014.6.26
Russia Research and Educational Center "Photonics and Ifrared Technology" and Institute of Radio Electronics and Laser Technology, Bauman Moscow State Technical University (BMSTU)
T7A)H RYFa1—tv YV IRAKFEFIEMEAE LU A7 OV AT LM 2015.1.9
US.A. Research Laboratory of Electronics (RLE) and Microsystems Technology Laboratories (MTL), Massachusetts Institute of Technology (MIT)
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International Journals in which a staff in RIEC participates as an editor

Acoustical Science and Technology
Acta Acustica Sinica

Applied Acoustics

Applied Intelligence

IEEE Magnetics Letter

IEICE Electronics Express

IEICE Trans. Commun.

IEICE Transactions on Information and Systems

o NN WwWN -

-
[@3e)

Interdisciplinary Information Sciences

-
-

International Journal of Energy, Information and Communication

-
N

Japanese Journal of Applied Physics

AR R ERZ D L O mE D E &

Frontiers in Virtual Environments (a section of Frontiers in Robotics and Al)

13
14
15
16
17
18
19
20
2
22
23
24

=

International Conference programmed by a staff in RIEC

13th RIEC International Workshop on Spintronics

13th Workshop on Fault Diagnosis and Tolerance in Cryptography
15th Smart Card Research and Advanced Application Conference
17th International Multisensory Research Forum (IMRF2016)

a b wN =

Systems (EAIS2016)

6 2015 IEEE International Symposium on Radio-Frequency Integration

Technology(RFIT2015)

7 21st International Conference on Electronic Properties of Two-Dimen-
sional Systems (EP2DS) and the 17th International Conference on Mod-

ulated Semiconductor Structures (MSS)

8 40th International Conference on Infrared, Millimeter and THz Waves

(IRMMW-THz 2015)
9 ACM SIGCHI
10 ACM SIGGRAPH
11 ACM SIGGRAPH Asia 2015:

The 8th SIGGRAPH Conference and Exhibition on Computer Graphics

and Interactive Techniques in Asia 2015
12 ACM Symposium on Virtual Reality Software and Technology (VRST)
13 Asia-Pacific Microwave Conference (APMC)

14 Asia-Pacific Workshop on Fundamentals and Applications of Advanced

Semiconductor Devices(AWAD)
15 EGVE: Eurographics Workshop on Virtual Environment (EGVE)
16 European Conference on Optical Communication (ECOC)
17 European Solid-State Device Research Conference(ESSDERC)
18 Hiding and Multimedia Signal Processing (IIH-MSP2015)
19 |EEE International Conference on Web Interlligence(WI)
20 [EEE International Symposium on Asynchronous Circuits and Systems
21 |EEE International Symposium on Multiple-Valued Logic
22 |EEE NEMS 2016

23 International Advisory Committee, 8th International School and Con-
ference on Spintronics and Quantum Information Technology (SPIN-

TECH-8)

24 International Conference Industrial & Eingineering Applications of Arti-

ficial Intelligence & Expert Systems (IEA/AIE)
25 International Conference on Artificial Reality and Tele-existence (ICAT)

26 International Conference on Cryptographic Hardware and Embedded

Systems

27 International Conference on Electron Dynamics in Semiconductors, Op-

toelectronics and Nanostructures(EDISON)

28 International Conference on Indium Phosphide and Related Materials

(IPRM)

1st International Conference on Enterprise Architecture and Information

29

30

3

=

32
33
3
35

5

3

o~

37
3

[ee]

39
4
41
42

o

43
4
45
46
47

N

48

49

50
51
52
53
54

Journal of Cryptographic Engineering

Journal of Magnetics, Korean Magnetics Society
Journal of SPIN

Nature Communications

Nature Scientific Reports

Neural Networks

Nonliner Theory and Its Applications, IEICE
NPG Asia Materials

Optical Fiber Technology

Optical Review

Scientific Reports

The Journal of Computer Animation and Virtual Worlds
(John Wiley & Sons, Inc.)

International Conference on Recent Progress in Graphene Research
(RPGR)

International Conferences on Modern Materials & Technologies(CIM-
TEC)

International Federation for Information Processing (IFIP) Human-Com-
puter Interaction (TC-13)

International Symposium on Advanced and Applied Convergence
International Symposium on Compound Semiconductors (ISCS)
International Symposium on Frontiers in THz Technology (FIT)
International Technical Conference on Circuits/Systems, Computers and
Communications

International Workshop on Constructive Side-Channel Analysis and Se-
cure Design

International Workshop on Security Proofs for Embedded Systems
International Workshop on Synthesis And System Integration of Mixed
Information Technologies

International Workshop: Spintronics VLSI

Optical Fiber Commnunication Conference (OFC)

Opto-Electronics and Communications Conference (OECC)
Russia-Japan-USA-Europe Symposium on Fundamental & Applied
Problems of Terahertz Devices & Technologies (RJUSE)

SPIE International Conference on Defense, Commercial, and Sensing
Technical Committee of Multiple-Valued Logic, IEEE Computer Society
The 11th Asia-Pacific Conference on Vision (APCV 2015)

The 11th International Conference on Intelligent Information

The 23rd Symposium of the International Colour Vision Society (ICVS
2015)

The 25th IEEE International Semiconductor Laser Conference (ISLC)
2016

The 28th International Conference on Indium Phosphide and Related
Materials (IPRM)2016

The Fourth Asian Conference on Informatino Systems (ACIS2015)

The Magnetic Recoeding Conference 2017

Topical Workshop on Heterostructure Microelectronics(TWHM)

VLSI Circuits Symposium

York-Tohoku-Kaiserslautern Research Symposium on “New Concept
Spintronics Devices”
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Publicity Activities
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http://www.riec.tohoku.ac.jp/koukai/

RIEC News
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http://www.riec.tohoku.ac.jp/riecnews/

B RIEC Open Day

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

In 2015, the RIEC Open Day was taken place on Saturday 10th and
Sunday 11th of October. All the research laboratories, research cen-
ters, and machine shops of RIEC exhibited various types of demon-
strations focused on their research fields.

The exhibitions included some historical devices and instruments
developed in RIEC, such as magnetron tubes and steel recorders,
historical milestones of RIEC activities. On the other hand, experi-
ments on cutting-edge research were also demonstrated, such as ul-
tra-high speed optical fiber data transmission, “the so-called dream
material” graphene, interactive contents, and sound transmission
out of doors. Furthermore, visitors were able to join handicraft cours-
es for some simple electronic gadgets such as germanium radios, bi-
zarre pendulums, avatar drawing, an illusion game, and an electrical
music box. In addition, The Tohoku University student chapter held a
science café ~the strongest magnet and the world at -200°C~.

In 2016, the RIEC Open Day will be held on Saturday 8th and Sun-
day 9th of October. Your participation is greatly welcomed.

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

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

NFIRER - TIFZE 2R L GENE

Visitors having fun during handicraft courses

B RIEC News

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

With the 75th anniversary of the establishment of RIEC, RIEC
News introduces cutting-edge’s research and the vision of the
future from RIEC's contributions to the progression of science and
technology in Japan. RIEC News was first launched in March 2011,
In fiscal year 2015, 14th, 15th and 16th issues were published.
Every issue introduces special topics such as large scale projects
and Specially-Promoted Research, etc. RIEC News also includes
current information about each laboratory and center, all kinds of
RIEC events, research exchange meetings, laboratories open to
the public (RIEC Open Day), etc. English version was also launched
in March 2014. Further, RIEC News offers a notification service by
mail whenever a new issue is released and an electronic version of
every issue published so far can be downloaded by following the
link below.

http://www.riec.tohoku.ac.jp/riecnews/
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Staff (as of June 1, 2016)

FRE W /Hi%

Director, Professor

Hideo Ohno

BRZRERFT

Research Divisions

Information Devices Division

SR T/ \ 1 AFFZEERFT
B F/TJF ML FOZARRERR

Nano-photoelectronics

= Professor F E F — Yoichi Uehara

B R ® Professor* B OB I X Hideo Fujikake

RIS Associate Professor i # Satoshi Katano

HEHIE Associate Professor* A 8B R = Takahiro Ishinabe

n EREFIEMERE Solid State Electronics
G Professor X B F Maki Suemitsu

REHE Visiting Professor E 2 3, = Hiroyuki Nagasawa

B OB ® Professor* 2 B B A Katsuyoshi Washio

SERIE Associate Professor g g — Hirokazu Fukidome

R 3@ Associate Professor* A | Koji Kotani

it =] Research Fellow AN z = Park Goonho

EFEEERT Research Fellow ERKR X #E Fuminori Sasaki

B FES/TINAARER Dielectric Nano-Devices
o= Professor = B O Yasuo Cho

E = E ) Professor* B N E—BR Shinichiro Umemura

5B OB ® Professor* N E H 4 Tetsuya Kodama

TR @ Associate Professor* = = = Shin Yoshizawa

By # Assistant Professor Iz ox B B Yoshiomi Hiranaga

By # Assistant Professor L ok # OFE Kohei Yamasue

HEEENZL Specially Appointed Assistant Professor L B B % Yuji Yamagishi

= AR RE RS TIIZEE Materials Functionality Design
2] Professor H # F X Masafumi Shirai

E Q€ ) Professor* B + f1 2 Kazuyuki Tanaka

E= = ) Professor* T Bk 2 Akira Ando

EBIE 3 Associate Professor* fy I} Eoy Satoru lizuka

HEIE 3 Associate Professor* 2 B M & Kazunori Takahashi

B # Assistant Professor (1= 1| Kazutaka Abe

By # Assistant Professor T Il A Masahito Tsujikawa

B Y FOZY AHARE Spintronics
o Professor X FHF T B Hideo Ohno

H T ® Professor* m A X il Fumihiro Matsukura

E = E ) Professor* 7 B B X Yasuo Ando

Ex /=€ ) Professor* = B B BB Tetsuo Endo

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

H /@ Professor* 7= P& e Shin Saito

= = ) Professor* M HE E = Shoji lkeda

HERTZ Associate Professor F R B & Shunsuke Fukami

EBIE 3 Associate Professor* A H E & Masakiyo Tsunoda

EEEE 3 Associate Professor* X F OB OE Mikihiko Ogane

By # Assistant Professor £ H E2 Shun Kanai

By # Assistant Professor Justin Llandro Justin Llandro
ESEEEfzte Research Fellow fE AN & Butsurin JInnai

n F/ERTINAR - TOCLRHARE Nano-Integration Devices and Processing
H & Professor o X Shigeo Sato

B OE® Professor* A )l Ak F Shigetoshi Sugawa

RIS Associate Professor 2 E B X Masao Sakuraba

HEHIE ) Associate Professor* i’ W B H Masanori Hariyama

ERIT 3@ Associate Professor* E H B A Rihito Kuroda

By # Assistant Professor ik B £ » Nobuyuki Sato

By # Assistant Professor O == | Hisanao Akima

82 | BRUE(SHIZEAT = RIEC 2016/2017




70— K/\> K TFHHZEER
= EEEBEMEE

Broadband Engineering Division
Ultrahigh-speed Optical Communication

= Professor fh R OIF [ Masataka Nakazawa

5B @® Professor* W B # = Hirohito Yamada

H O @® Professor* W H th B Yuji Matsuura

RIS Associate Professor EOE B = Toshihiko Hirooka

ERIT Associate Professor F H B A Masato Yoshida

HEHIE @) Associate Professor* X F E X Yasuo Ohtera

HEEFE &) Associate Professor* F =2 % Takashi Katagiri

By # Assistant Professor B/ =2 N Keisuke Kasai

A= Research Fellow B F L K Kodai Harako

B SHETFNEE Applied Quantum Optics
2] Professor A ] pES Hiroshi Yasaka

By Assistant Professor % B E = Nobuhide Yokota

m ST A L OB ERMEE Advanced Wireless Information Technology
E= ] Professor * 0 F B Noriharu Suematsu

B g ® Professor* i3] 58 Qiang Chen

RIS Associate Professor & H =) Suguru Kameda

By # Assistant Professor X B I Mizuki Motoyoshi

B [FERAML—IVRTLHEE Information Storage Systems
E= ) Professor N M %% B8 Hiroaki Muraoka

HOE® Professor* &l 1553 Xiao Zhou

HEBE Associate Professor Simon John Greaves Simon J. Greaves

R 3@ Associate Professor* F OB @# Takehiro Ito

e =} Research Fellow Z iR EmEF Mariko Nihei

= HB70— /Y MESNEREE

Ultra-Broadband Signal Processing

= Professor B T &= — Taiichi Otsuji

EEE Associate Professor *x X T W Tetsuya Suemitsu

B Associate Professor Stephane Albon Boubanga Tombet Stephane Albon Boubanga Tombet
By # Assistant Professor £ B& iz Akira Sato

IS =] Research Fellow E I B oz Takayuki Watanabe

B EFMERITEHEE Quantum-Optical Information Technology
E= ) Professor BN E — Keiichi Edamatsu

HOE® Professor* b B Y 2 Mitsuyuki Nakao

SERIE Associate Professor = &% B B Yasuyoshi Mitsumori

SERE Associate Professor Mark Paul Sadgrove Mark Paul Sadgrove

HEHIE ) Associate Professor* F W &% @ Norihiro Katayama

= J0O— RNV FBEERRITMAE (F8)

Basic Technology for Broadband Communication (Visiting Section)

Ed=E:¢:] Visiting Professor BE W & X Atsufumi Hirohata
=3¢ Visiting Professor Hh B R {# Yoshinobu Nakatani
Ed=E:5¢: Visiting Professor Victor Ryzhii Victor Ryzhii

NGRS A T LHZRERPT
" G GEHERAEE

Human Information Systems Division
Electromagnetic Bioinformation Engineering

B = Professor

E S E ) Professor*

E = E ) Professor*

B OBE® Professor*

H OB ® Professor*

H B @® Professor*

IR Associate Professor
RIS @) Associate Professor*
HEHET @) Associate Professor*
EOED @ Lecturer*
EFEEERE Research Fellow
D= Research Fellow

a W foxE Kazushi Ishiyama
—/B b Osamu Ichinokura
g E F Masahiro Yamaguchi
Z H b3 Makoto Tsuda

E B8 5 & Takashi Watanabe
=T S = Kenji Nakamura
il &—ER Shuichiro Hashi
=B #5 Yasushi Endo
A N Daisuke Miyagi
B B B oM Hiroki Goto
H 5 Kaoru Arai

% M E Yoshiaki Hayashi
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B IEEIERY AT LR E Advanced Acoustic Information Systems
= ) Professor 8% K B — Y6iti Suzuki

H O ® Professor* & H & Hiroshi Kanai

Q=€) Professor* # B = A Akinori lto

TERIT Associate Professor R K 1B — Shuichi Sakamoto

RIS 3@ Associate Professor* N T ¥ — Masakazu Kawashita

= 6 G Lecturer® ) 3 Takashi Nose

E OB @® Lecturer* g B X Hirofumi Taki

By # Assistant Professor Jorge Alberto Trevifo Lopez Jorge Alberto Trevifo Lopez

By # Assistant Professor = E 23U Zhenglie Cui

HERES Technical Staff = O Y = Fumitaka Saito

B SREEERY AT LHARE Visual Cognition and Systems
2 Professor | A Bl Satoshi Shioiri

E Q€ ) Professor* T = B Makoto Yoshizawa

E Q) Professor* I X B 1E Masayuki Kawamata

R Associate Professor | K — BB Ichiro Kuriki

EEE Associate Professor w = — & Kazumichi Matsumiya

HEHEE & Associate Professor* ¥ H #H X Norihiro Sugita

EHIZ @ Associate Professor* f 2R OIE =W Masahide Abe

B BRIV TVYREE Information Content
= ) Professor It & & X Yoshifumi Kitamura

HOE® Professor* & = Nei Kato

HOE® Professor* = 8 | X Takuo Suganuma

R &) Associate Professor* fa  EZR = Toru Abe

R 3@ Associate Professor* F K B B Terumasa Aoki

RT3 Associate Professor* m oL ok & Hiroki Nishiyama

By # Assistant Professor g B 1 % Kazuki Takashima

By # Assistant Professor +t B B F Hiroko Kamide

B RERIVE1—T 4 VIHRE Real-World Computing
E ] Professor 7 B & % Akio Ishiguro

By # Assistant Professor X B X Dai Owaki

By # Assistant Professor S Takeshi Kano

5 S/ DFTINA ARER Nano-Molecular Devices
G Professor EFE B & X Michio Niwano

HOE® Professor* = 1E E X Tatsuo Yoshinobu

B OB ® Professor* X T B B Kengo Kinoshita

= E ) Professor* £ F B BB Toshiro Kaneko

ERIR 3@ Associate Professor* T K5 B 3 Ayumi Hirano

HEHER @) Associate Professor* X =y Takeshi Obayashi

HEETE &) Associate Professor* = A E—ER Koichiro Miyamoto

HEHET @) Associate Professor* b B Makoto Kanzaki

EEEE 3 Associate Professor* n B £ @ Toshiaki Kato

By # Assistant Professor -3 i3 Tang Ma

B QIVFE-LZINAVELI—TAVIRRE (FE) Multimodal Computing (Visitor Section)
REHE Visiting Professor m N B — Ryoichi Nishimura

REHIT Visiting Professor E A B ® Yoshifumi Chisaki

AT s -V 7 b T 77 HZRERPY

Systems & Software Division

Software Construction

B VI UL THERARE

HHR 3

Professor
Professor*
Professor*
Associate Professor

Associate Professor*

B bWt
H ¥ ¥ 5w &

RTER
H® K

Atsushi Ohori
Ayumi Shinohara
Eijiro Sumii
Katsuhiro Ueno
Kazutaka Matsuda
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B OVEa1—T 1 V7 IERERAEE Computing Information Theory
= ) Professor Nl BOA Yoshihito Toyama

E Q) Professor* oA K Hiroki Shizuya

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

HEEE 3 Associate Professor* B OH OE X Masao Sakai

BT ) Associate Professor* M oE £ 7 Shuji Isobe

HEHIE ) Associate Professor* B A E B Yoshihiro Sugaya

By Assistant Professor B M EAER Kentaro Kikuchi

B O3 24523 Ry NT—UVHEE Communication Network Systems
E= ] Professor X T & B Tetsuo Kinoshita

E = lE ) Professor* = B &% B Hiroumi Saito

Ex /= E ) Professor* = B F 1B Hideaki Sone

B /@ Professor* 72 fEAER Kentaro Inui

HEHTZ Associate Professor it IT Gen Kitagata

TR &) Associate Professor* g B & Naoaki Okazaki

HEHET @) Associate Professor* K K B BB Takaaki Mizuki

EEEE 3 Associate Professor* % BB o= OB Hideaki Goto

HEEE 3 Associate Professor* fk M K & Daisuke loka

By # Assistant Professor B B T = Hideyuki Takahashi

By # Assistant Professor " H — A Kazuto Sasai

n RIEAMRE L 1 VIERY AT LAEE Environmentally Conscious Secure Information System
E= ) Professor A B B X Naofumi Homma

B VI IV Ea—TAVITERY AT LRE Soft Computing Integrated System
2] Professor i B = E Yoshihiko Horio

u FEERVLSIY X7 LHARE New Paradigm VLS| System
= ) Professor P £ & 5l Takahiro Hanyu

H O ® Professor* HF K # X Takafumi Aoki

HEEE Associate Professor E H K #H Masanori Natsui
ESEEEte Research Fellow X B ¥ X Masafumi Yano
ESEEEte Research Fellow ¥ A BE Akira Mochizuki
ESEEEfze Research Fellow £ # 52 Akira Tamakoshi

B [FRASEBENEE (BE) Information Social Structure (Visitor Section)
REAAENIT Visiting Associate Professor B B O — Yuichi ito

MEs/ - A RETER Laboratory for Nanoelectronics and Spintronics

Michio Niwano

HEELE W B Director, Professor E %

-
o

= HOEER

= ERT it 2 — FHERE Technical Staff = [E: I lori Morita
HiTE Technical Staff N B o B Rikima Ono

bt A= Technical Staff B & 1E Michimasa Musha
. XY OZO ARERE Spintronics
2] Professor K H = B Hideo Ohno

B /@@ Professor* W A X 7 Fumihiro Matsukura
E Q€ ) Professor* 7 B R X Yasuo Ando

E= = ) Professor* = OB T OER Tetsuo Endo

H O ® Professor* B 2 K - Takehito Simatsu
H O ® Professor* = 1R Shin Saito

B OE® Professor* M B E Z Shoji lkeda

RIS Associate Professor R B B Shunsuke Fukami
R 3@ Associate Professor* A HE B Masakiyo Tsunoda
B @) Associate Professor* K F B E Mikihiko Ogane

By # Assistant Professor & H B Shun Kanai

By # Assistant Professor Justin Llandro Justin Llandro
EFEEEMEE Research Fellow RN Butsurin Jinnai
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n S/ DFTINA ARERE Nano-Molecular Devices
= ) Professor FE B B X Michio Niwano

H O ® Professor* = & E X Tatsuo Yoshinobu

H O ® Professor* X F B E Kengo Kinoshita

E =€ ) Professor* £ F £ B8 Toshiro Kaneko

RIS 3@ Associate Professor* T B B 3 Ayumi Hirano

HEHIE ) Associate Professor* X = Takeshi Obayashi

HEHIE @) Associate Professor* = A E—EBR Koichiro Miyamoto

HEEFE &) Associate Professor* b B Makoto Kanzaki

HEEFE & Associate Professor* m B 2 8 Toshiaki Kato

By # Assistant Professor -3 i3 Tang Ma

B S/ERTINARX - TOCAHRE Nano-Integration Devices and Processing
2] Professor £ B X I Shigeo Sato

E Q€ ) Professor* A ) O F Shigetoshi Sugawa

HEHTZ Associate Professor # RE K X Masao Sakuraba

HEHET @) Associate Professor* Bk U B 5% Masanori Hariyama

EEEE 3 Associate Professor* E B B A Rihito Kuroda

By # Assistant Professor 1k B 1§ <2 Nobuyuki Sato

By # Assistant Professor R 2N Hisanao Akima

MB 7 LA > 7 x 7R Laboratory for Brainware Systems
HsRE ) SHIE Director, Professor P £ & 3l Takahiro Hanyu

= R FBVRTLMARE Recognition and Learning Systems
o= Professor | A Bl Satoshi Shioiri

RIS Associate Professor R K 1B — Shuichi Sakamoto

ERIT Associate Professor W = — & Kazumichi Matsumiya

B VI NIVEL1—T o VITERY AT LHER Soft Computing Integrated System
= Professor T B E E Yoshihiko Horio

= FBERVLSIY R T LR E New Paradigm VLSI System
2] Professor P & & 3k Takahiro Hanyu

=l E ) Professor* F K £ X Takafumi Aoki

HEHZ Associate Professor B H ¥ H Masanori Natsui
EXEEEEE Research Fellow X H ¥ X Masafumi Yano
EFEEERE Research Fellow ¥ H BA Akira Mochizuki
EFEEEEE Research Fellow £ & 2 Akira Tamakoshi

B RERIVE1 TV ITHARE Real-World Computing
2] Professor A B Z % Akio Ishiguro

By # Assistant Professor x B X Dai Owaki

By # Assistant Professor m M [ sk Takeshi Kano

MB2 1 B HE Szt > 2 —

Research Center for 21st Century Information Technology

tor—F B KT Director, Professor N mE o w BA Hiroaki Muraoka

= {PERERER Project Planning Division
REHE Visiting Professor i) =1 Makoto Furunishi

= IAZRRARED Technology Development Division
ENAIVDE Mobile Wireless Technology Group
Ex /= lE ) Professor* * W E A Noriharu Suematsu

R 3@ Associate Professor* & H =) Suguru Kameda

A b L—I5R% Storage Technology Group
REHE Visiting Professor ) /NI & Hiroshi Matsuoka

R Associate Professor fh KN O =E Takaki Nakamura
EFEEERE Research Fellow B H E B Masachika Harada
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|
H-l\
B

SFEETEE

Management Office for Safety and Health

= £ & /g Manager, Professor P £ & 5l Takahiro Hanyu

BERE @ EF Deputy Manager, Professor r ® F — Yoichi Uehara

By #H &® Assistant Professor* ik B 2 <2 Nobuyuki Sato

B hEER Common Research Facilities

POSOWVMERY AT L2 —

LUE—E & SHIE
B OB @®
B OE®

Director, Professor
Professor*
Professor*

m 2
0N E
B o o

5
A
x

Flexible Information System Center
Tetsuo Kinoshita

Yoshihito Toyama
Takuo Suganuma

bRZEERRE T > 2 — Fundamental Technology Center

v R—E &) SHIE Director, Professor B ¥ — Yoichi Uehara

FIERMEFE FEiNE) Technical Staff E F B — Koichi Shoji

® T{EER Machine Shop Division
WMEMAEE (VIV—TE) Technical Staff R K 1R Tamotsu Suenaga
FifT—AREE Technical Staff faf =R & A Kento Abe

i —iREE Technical Staff Bl H T BB Yasuaki Maeda

= EEEER Evaluation Division
BEMEMAEE (JIL—T7R) Technical Staff 2 B MR Maho Abe

FitT—iREE Technical Staff B f@# @& Takenori Tanno

FiiT—AREE Technical Staff £ B = Hiroyuki Yagyu

= SOt XER Process Division
Hitt—iEeE (JIV—T7E) Technical Staff H*" H F O lori Morita

i —iRE e Technical Staff N B h B Rikima Ono

BiiT—AREE Technical Staff R & & IE Michimasa Musha

BHEAKES Technical Staff =T 2 B Katsumi Sagae

B [EERRIEATER Information Technology Division
IERMEFAE (JIV—7E) & Technical Staff E F B — Koichi Shoji

i —iRE e Technical Staff ik B F = Masahiko Sato

i —iRE e Technical Staff LW B F Yuko Maruyama

BiiT—AREE Technical Staff X H F & Kenji Ota

HERRES Technical Staff = B o = Fumitaka Saito

E L HEESR Office for the Promotion of International Relations
e e Specially Appointed Professor i B oE E Yasushi Sakanaka
EFEEERER Cooperative Research and Development
BEEEE @ Specially Appointed Professor* F 7 54 fat Hiroki Shoji

EIEER Administration Office
ERE General Manager B & F &F Yasuharu Ito

EREMIE Deputy-General Manager F B F — Shuichi Terashima

WERE Chief of General Affairs Section X B == Takashi Onuma

R IRE Chief of Research Cooperation Section |l I & 3% Hiromi Yamazaki

HMEFZE Chief of Library Section RyrlE F — Yoichi Uchigasaki

BRI GE Chief of Accounting Section oW B = Hiroaki Nagayama

AEGE Chief of Purchasing Section N & B = Yoshiaki Kawamura
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Access
From Sendai Airport
By taxi: About 60 minutes from Sendai Airport to Ka-
tahira Campus
By Sendai Airport Line: About 25 minutes from Sendai
Airport to JR Sendai Station

From JR Sendai Station
On foot: About 20 minutes from JR Sendai Station
By taxi: About Sminutes from JR Sendai Station
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Research Institute of Electrical Communication Tohoku University

T980-8577 (LEHHFEEXKFF-TH1-1
TEL : 022-217-5420 FAX : 022-217-5426
http://www.riec.tohoku.ac.jp



