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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. From the earliest
telegraphs and telephones to modern-day electronic systems such as the Internet, telecommunications has transformed
the way people connect with each other, and has become an essential part of the fabric of society. Recently, in order to
revolutionize the industrial, business and social activities, "things" are being connected directly with each other through
the Internet. With the rapid growth in the number of sensors and other devices connected to the Internet, there is a grow-
ing need for electronic communication with higher speed, higher capacity, and lower energy usage. Another key attribute
of the social infrastructure is disaster tolerance; a requirement that was demonstrated only too well by the impact of the
Great East Japan Earthquake of 2011. Furthermore, to solve real-world problems that involve huge amounts of data yet
require real-time intelligent response, there are growing demands for more advanced forms of information processing
and communication that can handle the "quality" of information to discover meaning through autonomous intellectual
learning, which need to be built on the development of fast, high-capacity, energy-saving information processing and data
communication technologies.

Since its foundation in 1935, the Research Institute of Electrical Communication (RIEC) has made a series of pioneer-
ing achievements in laying the foundations of modern information and communications technology, 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. This year, we celebrate our 80th anniversary on the occasion of the opening of our new main building with
a space of over 13,000 m?, to look back on 80 years of activities, and forward to the next 80 years of innovation and discov-
ery.

Our research is progressing in areas ranging from basic materials and information science to integrated systems com-
prising devices, circuits, architecture and software that generate, recognize, transmit, store, process and control informa-
tion, on the basis of collaboration between researchers from RIEC and other organizations. Our organizational structure
consists of four Research Divisions (Information Devices, Broadband Engineering, Human Information Systems and Sys-
tems & Software), two research facilities (the Laboratory for Nanoelectronics & Spintronics, and the Laboratory for Brain-
ware Systems), and one center (Research Center for 21st Century Information Technology). We have been certified by the
Ministry of Education, Culture, Sports, Science and Technology (MEXT) as a Joint Usage/Research Center for collaborative
research in information and communications technology, and are engaging in joint research projects with outside re-
searchers. Thanks to your support and patronage, we were highly rated in an interim evaluation conducted last fiscal year.
This year, we will solicit a full range of joint research projects including those centered on international development or
younger researchers. We also draw up a plan for the next 6 year Joint Usage/Research Center Program.

Since the 2014 fiscal year, we have been working on the government-funded "Brainware LS| Project," which aims to cre-
ate LSls based on new concepts that are capable of human-like judgment. This program will create advanced information
processing LSIs that can be used to apply artificial intelligence to real-world applications.

We are also promoting other R&D projects centered around the 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 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 guidance of the RIEC. As one of the eight
projects under way at Tohoku University’s Institute for Disaster Reconstruction and Regeneration Research, research and
development for the construction of disaster-tolerant telecommunication networks is being carried out under collabora-
tion between industry, academia and government. In the five-year action plan formulated in 2013, it was announced that
the RIEC would further develop its research and development capabilities by promoting international research as well
as diversity through recruitment. This plan is now well under way. Universities are being increasingly expected to act as
sources of innovation to address the needs of society. To live up to these expectations, we must conduct research and
development that go beyond the boundaries of traditional research institutes and incorporate knowledge from other ar-
eas including the liberal arts. In addition to solving problems through the use of existing information and communication
technology, we should place emphasis on looking into ways of transforming the information technology to the next stage.
To open up a new era of academically rooted innovation befitting of a university, we are working on studies both within
and outside the RIEC.

In this way, the RIEC will continue to respond to present-day demands, open up new worlds of communication for the
future, create core technologies leading to the creation of new industries working together with industry, and, through
these efforts, promote the strengthening of education and human resource development.

As always, your suggestions and comments are most welcome.
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We draw up the RIEC vision based on the institute missions, which would contribute to the Tohoku University Global vision.
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Faculty's Vision (Basic Philosophy and Mission)

The Research Institute of Electrical Communication (RIEC) has a long tradi-
tion 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

5 | BRUEEHIZEFT = RIEC 2015/2016
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funding for new research positions.

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

We promote educational and professional development as an integrated
part of our state-of-the-art research activities, and we train top-level re-
searchers 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 or-
ganization, we support the Research Organization of Electrical Communica-
tions, 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.

BEUBEMFZERT = RIEC 2015/2016| 6
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Birth

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

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

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

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

Cradle and growth

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

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,

7 | BRUEEHIZEFT » RIEC 2015/2016
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Tohoku University was re-established with the status of a national university,
and RIEC became one of its integral research institutes.

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. In addition, 2008 saw the establish-
ment of Japan’s first Department of Biomedical Engineering, with the aim of
fusing medicine and engineering with active input from the electrical field. In
2012, the Department of Electrical and Communications Engineering of the
Graduate School of Engineering was reorganized as the Department of Elec-
trical Engineering and the Department of Communications 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 center
since 2010. In the mid-term 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
that considered the research time scale, in addition to the research fields
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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 vigor-
ously in research activities in a wide range of fields related to telecommunica-
tions. Construction of the new building of 13,513m?, named the main building,
was finished in November of 2014 and 15 laboratories have moved in. Open-
ing ceremony for the building is held on June 23 with the cerebration of 80th
anniversary. Building on the proud record of achievement of our distinguished
predecessors and colleagues, we are entering a new era in which we hope to
make further leaps forward amid the rapid development of information and
communication technologies and the rising tide of globalization.
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Faculty & Staff
TRE 27 %5 B 1 BIRTE/ as of May 1, 2015
6 Professors 22
R Associate Professors 19
BhE Assistant Professors 22
IERENAZEE Research Fellows EFEEHEMES b
BEMRZRES 9
RS Specially Appointed Professors 1
EBRBE Administrative Staff 16
B Technical Staff 1
=X Total 106
WM7ERZ ANE (PR 26 4:5)
Researchers (FY2014)
NEANHZEE Foreign Researchers BEHIR Visiting Professors 6
BB Visiting Associate Professors 2
RESEHAMEE Cooperative Researchers of Private Company etc 5
HAF MR BRI S JSPS Postdoctoral Fellows 7
SELHZRE Contract Researchers 5
SEEHES Contract Trainees 1
= Total 26
Students
FRK 27 &£ 5 B 1 BIRTE/ as of May 1, 2015
[E= 3 AT ZTEY AL ZCR
THE - TERGR | P D FLTER BREEFRT | 2%t
) ) Graduate School of Graduate School of
School of Engineering : ; . . . ; RIEC Total
Information Science |Biomedical Engineering
FER 4 FE
Undergraduate Students >2 2
B RIEARAE
Master Course Students 7709 36(7) 4 17(3)
B RHAERAE
Doctor Course Students 27 8(2) 36(9
BRZEPR SR
Research Students 503 503
= 157 (13) 44 ( 9) 4 5(3) 210 (25)
Total

¥ () HEANTHE Foreigner
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Land and Buildings

Bt LETEERATIT B 1E 1 SHFEIXEHA
Site: Katahira 2-1-1, Aoba-ku, Sendai, 980-8577, Japan

24 KRR EA 15,491m’
FEREETE 42,291m’
Building: Total building area  15,491m’
Total floor area 42,291m?

¥ 27 &5 8 1 HIRTE/ as of May 1, 2015

f=cy) BRTC BTHE JEmTE
Name of Buildings Structure Year of Completion  Floor Area
EN BEO o) — M 6B M 1 BE 2
Main Building Reinforced Concrete, 6 stories, 1Tbasement 2014 13,513m
1548 B> U— b 4 KR S i T 7902
Building No.1 Reinforced Concrete, 4 stories Building-S : 1962, 1963 !
N #3#
Building-N : 1959, 1960
2 58 BEO> o) — b AP 2
Building No.2 Reinforced Concrete, 4 stories 1962, 1963 7,085m
. o~ AL = e
¥/ ACURBIR . wmEsmER 2004 7 375
Laboratory for Nanoelectronics and Spintronics Steel-frame, 5 stories
i ~ -7 T = £ (owa ~ 1] — N2
JLA>vox7 E}F?‘L,Eﬁ%ﬁ@uﬂ f%sbj Vo) —bERRE 1967, 1968, 1972 595m?
Laboratory for Brainware Systems Reinforced Concrete, 1 story
B;Ema> o) — b (—EELE) 2 fEE 2
Reinforced Concrete (partly steel-frame), 2 stories 786 1,553m
=17
HETER 1996 598m?
Steel-frame, 1 story
=, =, (=9
BEHH 2 HE A 1999 147m?
Light-weight steel-frame, 2 stories
21 R BEETRER L 5 — #HI Y U— b 3R 1030 3437
Research Center for 21st Century Information Technology Reinforced Concrete, 3 stories '
=17
HBTER 2002 435m?
Steel-frame, 1 story
¥ - > 5 — $HI YU — 2R 1081 2o0m?
Evaluation and Analysis Center Reinforced Concrete, 2 stories
\ D 1 — _YmER S Ak E) 12
NIEIR s f%an:l/ﬁ) b ( ulﬁiif?&ﬁ) 15@ ,
8 Reinforced Concrete (partly light-weight steel- 1972 166m
Helium Sub-Center
frame), 1 story
. Reinforced Concrete (partly light-weight steel- 1965, 1966, 1978 479m’
Machine Shop
frame), 1 story
Z DAt 2
Others 510m
st :
Total 42,291m

=
==

SUB{SHITRT
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Budget

BRUBEMEMIC ST 5 FEDHETR W Budget Shift
7 1 B3/ million yen

6,000
5,000
1,542
50
433
4,000
3,000 —— R R —— Lol ®
2,471 2458 2,464 '
1,423
2,000 —— ] ] ] ] R
1,000 —— ] ] ] ] R
1,458 1,523 1,435 1,382 1,460
0
FY2010 FY2011 FY2012 FY2013 FY2014
EBEERE NEESR MEREHEES
Operation Grants External Funds Expenses for Facilities Improvement etc.
FHEEZENER W Budget Summary B © FF/thousand yen
C = IE? FY2010 FY2011 FY2012 FY2013 FY2014
ategories
EE%’}ZM@ AGE  Personnel Expenses 777,776 835,898 770,443 723,507 791,174
Operation Grants | g8 Non-Personnel Expenses 680,411|  687,253|  665038| 658,590| 668,941
ey =
EEETNE 5 1,458,187 | 1,523,151| 1435481| 1,382,097 | 1,460,115
Operation Grants Total
BEMRERDE
Grants-in-Aid for Scientific Research 418,680 469,840 407,629 343,824 399.31
==TrpoT
SSERE 962,712| 1,122,944| 1,344,071| 1,890,012| 1,007,060
Funds for Commissioned Research
NI E L SeimbZeBN A E &
External Funds FIRST Program 1 « NEXT Program 2 1,034,827 813,777 671,668 660,578 0
ZMi& Donations 55,085 54,167 40,714 38,100 16,890
(FB48) MR E  Indirect Expenses 275,547 311,801 326,869 336,037 212,669
HNERED 5t 2471,304| 2460,728| 2464082 2932,514| 1,423,261
External Funds Total
KETEIHZEE  Expenses for Reconstruction 432,607 4,993 0 0
BELEERE  Expenses for Relocation 0 0 0 49,632 359,770
TEEREE(RE  Expenses for Facilities Improvement 0 0| 1,536,530 0 0
e E
MR EERES 5t 0| 432607| 1541523  49,632| 359,770
Expenses for Facilities Improvement etc. Total
A =
l?l'otan[l— 3,929,491 | 4,416,486| 5,441,086 | 4,364,243 | 3,243,146

% 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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FY2010 FY2011 FY2012 FY2013 FY2014

| HEMRERHE ZEEHARE TR E S e

Grants-in-Aid for Scientific Research Funds for Commissioned Research FIRST + NEXT Program Donations

NEBELAER W External Funds B © FF/thousand yen

|

; FY2010 FY2011 FY2012 FY2013 FY2014
Categories

HERERS

Grants-in-Aid for Scientific Research 418,680 469,840 407,629 343824 399,311

ZEOARE

Funds for Commissioned Research 962,712 1,122,944 | 1,344,071| 1,890,012| 1,007,060

SrimtZe B E S

T NEXT Program = 1034827 | 813777 671668 660,578 0
AN

B 55085  54167|  40714|  38100| 16,890

Donations

L\%—I—

Total 2471,304| 2460728| 2464082| 2932514| 1423261

% 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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Nation-wide Cooperative Research Projects
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L. 7OV MIRELTEEL TV EDTH S,

HE 7OV 7 ARG FTANOHREDOEMNAESH TEBEEN. EOICZOBRBHEBINARTREEINE T EHHFETHS,
TNET. AAKRFOHERE 7O 7 MARDIRES KUREE. E - 2 - FAIIKFE. B - RIIAREBE LT, BBt - EEDH
BRNUOMARELTRE LT REICKIITHONTWVS,

70y =7 MIREEHA

HETAOY 17 MARDEED I, HETOY 17 MHREZEERRCHRTOY 17 bEHFEER. HRET7OV 17 MEZEEE
ROREEINTVD, HATOV 17 MIREZEERIE. HATOV 7 MARICRET 2EELGEIELERT ATOHICFIAN 6B, FA 3
BEFN4BDEF 13RBDESICKVBRENTVS, HATOY 27 MARESROMEGMIE. AMEICTFITEN TV DHERE
DRFEEER LGNS, FIRADERZLIRG, ARFAOBNTHS TABMENGEIZ 1 27— 3 Y ZRIRT SRR
DFBEEADOMEE ORBICRAIRGEHETOY 17 NHREEENTHET 5 £ICH D, INE T LEHRDORNEERIRDEZEE,
NENDILER. EEDBMICET Z2RFIC OV TCHERZT2CECH Y HICEEOSMITELTE. /F - REZREE L CEES
BERISETO>TECWND, GH. HBET7OV TV MARORRICE LEEZESICITO D, NMBEELZSHLERTOY T MEE
ZERDREEIN TV,

Kfe, HETOYV 17 MAROMABRGREZR D cHIC. ARFEEDHEICLVEBENTLST70OY 17 FRBEERNRBEEIN
TWa,

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.

[ A OAM
L Outline of the Operation Policy
0 (
>
HET7OY Y MARICET 2
BERE Type A
Act as a planning center for all operations
in cooperative projects research
— > Type B
(.
REOFE  FERE
Rating of applications / Adoption decision
‘ ) Type S
_—
(. (.
FRED/ BENRE

Budget allocation / Daily routine business
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Research Fields

RIUARFEBEMEMIE. IEARBBER IR —Y A7 LEH BELFFR. EFIETURUIEREZARRERERT
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R ARFEBE CEDMEMEH LB DT D,

L@%%U'Cbb\E@LJ\"F@ nE. BB,

—lT. YIEBIRREEDL LIc T /1ER T/ \ A ADRIAK.

%:LC\ HBIL=EEEDODRER T AT LRI,

BT, NBERBEZFNERSBMS AT LORIR.

B, BRHEREXAD VAT LEY T T 17 DRI,

DIRREHET D EZEBLE LTV D,

W T34 A Ta— KNy FL%
Information Devices Division Broadband Engineering Division
7 TINA AR | 1EEREE
Materials Science and Device Science i I Information Technology
_Solid State Electronics | SRR T A T L ABMERAN Advanced Wireless Information
i i _ .. Technology
| MPEMAERST  Materials Functionality Design L BB Application Technology
| F/&MT/NA R+ Nano-ntegration Devices Do DEVElOPMENT | Mobile Wireless
i JOotx  andProcessing | BHGRTF*  Electromagnetic Wave Engineering*

: ~ Solid State Electronlcs
HeEEE /7\7—Aff— o _Intelllgent Integrated Systems

| EERRTY
i | Ultrahigh-Frequency Engineering

| EE Development and Management of :
Technology* i #8870—F/\> FE5  Ultra-Broadband Signal Processing
=0t -Acoustlc Phy5|es” Engmeerlng - Lﬁ
%ﬁi7773‘12’77‘4 Physical Fluctuomatics* - L{E‘ﬁ_t i Communication System”
I A ‘
I §I%ﬁe-§¥%$
I N 7I5.2¥ﬂ% . . ' Optical Communication/Applied Quantum Electronics
Electronics and Optical Quantum Science : %E_IET S Ultrahigh-Speed
T/ T# b Nano-Photoelectronics Optical Communication
A L e J'J)EHE¥7‘5%'WﬂwmmApphedQuantumOpt|cs
e Quanturm-Optical Information R Physics Engmeenné B
i . ‘TeChHObgy SO -Opt|ca| Phys|cs Engmeermg
A \/fZL:ET U /7 *» ....Biomodeling™ P mOptlcal Physics Engineering* -
 EgEF TS Image Science and Information _pucalFhysics Engineerng™ .
' CDisplayt
| TRERECER - MHRFE

T AHE i I Information Recording / Material Science
. Plasma Science ¥%’W7\t oz ’77\ Semlconductor Spintronics
| JSBHII )L+~ Applied Electromagnetic Energy* 71
IxILF—4R Energy Generation System* 2 L—UR4iERE  Application Technology
L YATL o DEYEIOPMENt: Information Storage

- L2 l\ 0= ’77\7M7H * Sp|ntron|cs I\/Iaterlal*

gﬁﬁﬁ ﬁ,ﬁ.&ﬁaﬁ¥1 e Mlcroelectronlcs J ST
|1 Visitor Section Er=opn T Algorithm Theory .,
| BETNAR  MagneticDevices  { { EMF/YATLF*  Medical Nanosystem Engineering*

L AEVILy O ’77\* ‘Spin Electronics*

I 7"/%[] /XTL\* NanoInteIhgent System
L S )ST—T L4 I Green Power Electronics*

B e
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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

NETEHR S 27 4

Human Information Systems Division

VATA VT T
Systems & Software Division

EER

Bioinformation

D AERERIER Electromagnetic Bioinformation Engineering
7/(’7[]17\)1/:\: T/\/fX * Micro Energy DeV|ce
mﬂ%@é’—ﬁlx)b“—? /7\7'A* Apphed Electrlcal Energy System

E ‘Neural Electronlc Englneerlng
mﬂ/}fiﬂ'/7’77{\7‘4 4 Z* RF Nanomagnetics*

P IRIVF-BBRYZAT A *VEnergy Conversion System*

YN
i I Human Information Processing
PSR BIEI AT L Advanced Acoustic Information Systems
; /5@% |,;,§E/7\7-A V|sua| Cognltlon and Systems -
tl 7/’(/’)7 -J1— 7\* Human Interface*

, ??ﬁ' ﬁl]I Electronlc Control Systems

| SehmiEER R - Advanced Information Technology
SHREERETLS Medical Ultrasound*

| RAESEE * Development and Management of Technology*

IZ\)I/:F E?ﬁ‘ /ZTA * * Energy Conver5|on System
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ERBEFTINAR
Bioelectronics
T/ DFTINAR Nano-Molecular Divices
75 X?ﬁl? *  Plasma science Englneerlng
EREFIFE Blomedlcal Electronics *
ﬂ‘//\‘/]’j’[I Nano Biomedical Engineering *

i ta%ﬁ/XTAﬂ? * Systems Blomformatrcs
{"Rb#‘/ /XTAIZI * Bromedlcal Nanosaence

EYRE S AT L

Bio-inspired System
RFRIE1—7 1% Real-World Computing
ACFZRIRILF—* Ublqultous Energy *

BENF
Visitor Section
CRIVFE=ZIV Multimodal Computing

COAYEA—TAYY

SHEERE

'l Computer Science

YIEUTTER S
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| BRIES )

YT DT T ER ﬂff'— * Foundations of Software Science*
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ﬁ@%l %EJ\J.:.I ~ Network Theory*

Software Construction
Computmg Information Theory
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Internet Communication
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S

Communication Network Systems

Informatlon Content
' Electric Power Network System
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* ‘ Informatlon Technology
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|EJ§EZ\ v hT—75*  Information Network System*
7/9)1/3 ~F>'  Creation, Comprehen5|on and
MBI F * Distribution of Digital Content*
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F/74MILY FAZY AHARE

FT/7xFIL7FAZIR
MRS (EREER)

Nano-photoelectronics (Prof. Uehara)

Nano-Photoelectronics

F/RAFILY FOZH 2R
WSS (K E %)

Nano-photomolecular Electronics
(Assoc. Prof. Katano)

Oz, TxILF— BREETOE L DERS
/ BEDFR DD

OE IR DN ARRED STM FIEDICEDRIFE

OFf / ZEBRTORA GBHIAFLHNREZTD
IERGA

OB TILHEDIFN « RNEFDOHRFE

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

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

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

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

EFNBERIFMEE B Quantum-Optical Information Technology

EFRIFHRIY
MR EF (RALER)

Quantum-Optical Information Technology
(Prof. Edamatsu)

OB—RF « nFDIRhiES

OB—DFDILERIS - EiEmE

OF /& liERTE L TRHAT 29 FIL
JROZUR

e Optical excitation of a single atom and mol-
ecule.

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

e Molecular electronics based on the nano mo-
lecular assembly

Y = E AP a4

WEFEvRI"]

Information Devices Division

BFL—¥— RIS
S E (SRARR)

Quantum Laser Spectroscopy
(Assoc. Prof. Mitsumori)

EFF/7+0FZ0R
9 EF (Sadgrove AEE#R)

Quantum Nanophotonics
(Assoc. Prof. Sadgrove)

OFFEZRVRBFLONNFDOREE - B
FEDRFEEEBFIEREEDIGH

OXT 74\ JERE FEGEFEEZH
WeBFREREET/ 1 ADFHE

ONFERWBIRE F5HRL 8 FRERIHER
TDRFE LG

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

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

e Techniques for extreme quantum measure-
ment and quantum state synthesis using pho-
tons.

OFEHEBTF Ny MBI HBEEAHIEED
F%e
O G NHIRIER DRI DR

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

e Quantum optics of semiconductor microcavi-
ties.

OF /K7 74 N\ ERBW B FIRDOBEHE
OF /74 bZORTNA REBWATRF
DEFENDISFE

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

e Control of cold atoms using nanophotonic
devices.




B BT IR

Solid State Electronics

EBFIY
TET ESE o)

Solid State Electronics (Prof. Suemitsu)

EBFMIETS
RIS (RBEHID)

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

O Si Btk SiCERBEMEDERELFE

O Si EA#z E SIC-MOSFET MDBF

OvZ7x> -Fv-)aVigExEBOA
SET /A R

e Surface chemistry during formation of SiC
films on Si substrates

e SIC-MOSFET on Si substrates.
¢ High-speed devices based on graphene-on-
silicon structure

BES/ TINAAARE

Dielectric Nano-Devices

O MEMS £tz 4 A L fz Dirac BF R O#THEEE
BEtR & SHBEERE T/ \ 1 XBIR

OFARZY FBEHONEICLZHEEFT /TN
A AYEOFRHR

e Development of integrated multi-functional
Dirac-electron devices using MEMS-based
device fabrication processes.

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

BB/ FIAR
RS (R#1E)

Dielectric Nano-Devices
(Prof. Cho)

OBBNReE (BT NRERIFD) EBEIHE
A BERBHIBE DR
OHSHFER\EHEE BV B RES S
SCERDHIZE

OfF% - IS A ERBMTAIEIC K 2R
FHEEREBMOR T AR (SNDP)
O FBXRBEHEL AV CRFBEMH - £
B OFHEEDHZE

OfF% - BERIEGAFAEREHE AT AL
e EREFHROR—/N> N FOT 74 )Vt
BIOBFZE (Si%k, SIiCh)

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

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

¢ 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.

¢ Evaluation of dopant profile in semiconduc-
tor devices (Si or SiC system etc.) using newly
developed super-higher order scanning non-
linear dielectric microscopy.

IERERERRETRRZE R

Poiikeessst
MEDHF (BHEER)

Materials Functionality Design (Prof. Shirai)

OB—REHEICEDCH LWV VR
DIEFHRET

OREY bOZ YV RARTFICHIT HEXCEFME
DIBFHERMT
OXRMEICHIT 5T/ EEFM T O XD E#
vzalb—r3v

OMH - RFHEEERFTT 52— 3>
FEDFHE

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

e Theoretical analysis of transport properties in
spintronics devices

e Computational simulation of nanostructure-
growth process on surface

¢ Development of simulation scheme for mate-
rial/device functionality design
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Nano-Photoelectronics

LR - FEHARE

Uehara & Katano Group

Staff

R OF- FE @
BiZ IR

Yoichi Uehara Satoshi Katano
Professor Associate Professor

¥ HEEE

Research Activities

ROBFOMEERIET/ A — MIVEEICE T 2FREE - L%
REOFWRES /T IV bAZY T - TS ANDISHIC
HB. Flew BWROFHOFH LWFEOFEEELEBEL TS,

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

W/ JOANILZ7bOZOR
MEDE | EEHR

EA bV STM) OBHOSHEENS F > RIVEF
ik Y 7/ B BFRNICIE L Z DHFIEZRITT 2 &I
KW BLDF/IBEDL OIMIEEIREK - RET B, HEHRAICH
WTCIE BEDBIHETAIERGE Y ZECE SR MEEILE
SHEICLDEMERIT RV, /2T MRIED BV E-DE
RECHRBINMRE CHRRIND., £fce BF brblc kY THz b
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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 chemi-
cal reactions in them. The physical, chemical and electronic
properties of the species processed in such a way are inves-
tigated 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 electronic devices. smmmm

R STM Z R A TcEaREOTEE
Integrated Surface Analysis System with Low-temperature STM
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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-
mechanical quantities, is expected to overcome the difficulty.
Our goal is to develop the quantum information devices utiliz-
ing quantum interaction between electrons and photons in
semiconductor nanostructures, to obtain further understand-
ing of their physics, and to apply them to practical quantum
information technologies.
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= Quantum-Optical Information Technology
(Prof. Edamatsu)

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

EEEENR
e E Laser pulse
1.5/ .-Experiment A
5 1. RFOREAEICHT 5305 & BHO
N FHEEMHBMOSHARBR (Bh) &2
Y.\ Heisenberg HEEXOTRE (49, SHARKRI C. B.
1.0 —~ _ N INAE NIV DARER (RS 28«
< N\ RN L INE OR) BLUTIVT7—F (&
= N\ N \\:' - ) ORENEHIBEHICH S,
N " N Fig. 1 Experimental results (filled circles)
\Branmard'l\ N\, g and predicted lower bounds (curves) V B
05§ \‘\ \\ N ¢ of error-disturbance uncertainty rela- [ -
. v\ + ,/ tions (EDR) in photon polarization =
Ozawéi\ \ ,/ measurement. The Heisenberg EDR Z
™.\ Brarciatd2 (blue) is violated by the experiment
0'8 . _ ] Wil while the EDRs proposed by Ozawa 2. ¥EHET Y FROBETF - EANOAFHIE—L > MM,
0 0.5 1.0 1.5 (red) and Branciard (purple and Fig. 2 Coherent optical control of an electron-hole pair
€2) green) hold. in a semiconductor quantum dot.
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The strategy of scaling-based Si technology in electronics is
now facing several severe challenges, due to intrinsic physi-
cal 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 respect, SiC thin films formed on Si substrates, and gra-
phene films formed thereon, are expected to solve these chal-
lenges. To introduce SiC and graphene into Si technology, we
are studying their surface-related growth mechanisms, devel-
opment of device fabrication processes, and characterization
of their devices.

¢ BHBT IEHENT | ForsiE

MEICHEELIEEERY S VICEDHRAY AN FRIER2F
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SiC
Silicon Graphene
|
+ Sic
Graphene ‘
|
SiC GOS (Graphene on Silicon)

HRYDIZT > - F > - ) AVE
The world-first graphene-on-silicon technology

J57 1Y RERTFOZRTROB#EE
Graphene: A two-dimensional network of carbon atoms

= 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 substrates (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.  ..uwsw
= 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. TILL

ERHEZTETOCX -FHE—E8EEB L SIRED STME(HL)
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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Topography
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Dipole moment image
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2. WINABREE Y b T —2ICK BRIERBEH

= Dielectric Nano-Devices (Prof. Cho)

Our main area of interest is evaluation and development of dielec-
tric 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 polarization distribution
without the influence of the shielding effect by free charges and
it has already been put into practical use. The resolution of the
microscope has been improved up to atomic scale-order. There-
fore, it has a great potential for realizing the ultra-high density
ferroelectric recording system. Our recent research achieved to
fabricate an ultra-small domain inversion dot, which has the di-
ameter 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 abundance of bits to be packed together. (Fig.2)
Moreover, we have started to make a measurement and an evalu-
ation of flash-memory device and dopant profile in semiconductor
devices using SNDM. (Fig.3) Because SNDM can detect very small
capacitance variation, it can be a very powerful evaluation tool for
various materials. Now SNDM evolves into a new evaluation tech-
nique for insulator material and semiconductor materials besides

ferroelectric materials. smmmm

3. SiC/¥7— MOSFET @ K—/X> b 7007 7 4 )LDt
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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) BLEMLE —ESRESEEET 5 L1-FeNi iRRIGRIEL
TAZI T =M E L CEBEENTW S, L1-FeNi DR
USSR LDz, 8orEk B G0 No o O) AMNIC K2 HEMEAN
DR LTz, ZORR. B, G0 N ERFBYA M R—=7
LIRS TR EBHKEA OB EHEo NIz, MROKXE
Motz C (N) FANTIE. 2.6 at% FN0IC K Y —EiE R EA T
IRILF— (K) B55M/m’ 5598 (7.8) MI/m’ X LTz,
F£feo K, DEBIMNEETRANITK S Fe 3d BLED SEFIEMICHE
b5 L EBESIC LI

(2) TERDIABFHIETITEADREE TH > IIBE N8B
BEH S DAY DIREFREDEEIHSH TR LT, BHMES
BIEE EITERI LTz AuF v v TBICBIT2HABF DAL MKE
A5 Mott BRELE RIS 5T & T MRDAECVRHERERLND
TR BRI EFH AV DEBEE T 5 EARTEEICE S
feo R T /INA AFRITEBENTERBBEEMBEOIE Y DRETE
EEBRATH5FEE LTELECHA, [S Ueda, et al, Appl. Phys.
Lett. 104, 132402 (2014).]

K1 Fe (@) H7elENi (b) RFBEORFENEGRUIBICETRRFEZRMILE L1
FeNi &&DX—/\—1/LDEHK,

Fig. 1: Schematic of the supercell for the L1,-FeNi alloy doped with a light-
element atom at an octahedral interstitial site in the Fe (a) or Ni (b) atomic
layer.

= Materials Functionality Design (Prof. Shirai)

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

(1) We investigated the magnetic properties of L1;-ordered
FeNi alloy doped with light elements, B, C, N, F, and O, by us-
ing the first-principles calculations. The uniaxial magneto-crys-
talline anisotropy energy (K,) is enhanced by doping of B, C or
N at an octahedral interstitial site. By the 2.6 at% C(N)-doping,
K, increased from 5.5 MJ/m?® for undoped FeNi to 9.8 (7.8) MJ/
m’. The enhancement of Ku is related to the increased num-
ber of Fe 3d electrons by the light-element doping.

(2) We successfully detected spin-resolved electronic structure
of a buried ferromagnetic film. Utilizing the forward Mott scat-
tering in Au capping layer on the ferromagnetic film, we can
resolve the spins of photoelectrons efficiently without using
any standard spin detectors. This method enables us to mea-
sure the spin-resolved electronic structure of buried ferromag-
netic materials in spintornics devices. [S. Ueda, et al., Appl.
Phys. Lett. 104, 132402 (2014).]
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Fig. 2: Uniaxial magneto-crystalline anisotropy energy (K,) of L1,-FeNi alloy
doped with light elements by 2.6 at%. A horizontal broken line denotes K,
of undoped L1,-FeNi.
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High Accuracy Measurements using Optical Fibers
(Assoc. Prof. Yoshida)
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e 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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Applied Quantum Optics
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Highly Functional Photonics
(Prof. Yasaka)
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e Distortion elimination technique using time-
domain 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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e Frequency stabilized lasers and their applica-
tion to high accuracy measurements using
optical fibers

o Ultrashort mode-locked lasers and their appli-
cation to frequency standards and microwave-
photonics
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Broadband Engineering Division
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Advanced Wireless Information Technology
FeisT 1 ¥ L @ EH i
MRS E (Rit#R)

Advanced Wireless Information Technology
(Prof. Suematsu)
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Advanced Wireless Network Technology
(Assoc. Prof. Kameda)
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e Ultra-high speed control of semiconductor
photonic devices by signal light injection

e Highly functional semiconductor light sources

e Highly functional semiconductor optical mod-
ulators

¢ Novel functional semiconductor photonic inte-
grated circuits
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¢ Broadband wireless on-chip transceivers

¢ Millimeter-wave/submillimeter-wave IC's

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

e L ocation and short message communication
system via QZSS

e Wireless system/devices for intra-body com-
munication
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OILHEHT AV L ABERT « V2 VESHE
DHE

TAVLRABEXY b

¢ Joint terrestrial and satellite communication
network

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

Ultra-Broadband Signal Processing
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Information Storage Systems Research Division
(Prof. Muraoka)

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

e Head/disk devices for high density magnetic
storage

e Digital signal processing for high density stor-

age
e Network storage for large capacity file server
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® Micromagnetic simulation for high density
read/write theory
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Ultrafast Electron Devices (Assoc. Prof. Suemitsu)
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Ultra-Broadband Device Physics
(Assoc. Prof. Tombet)

OFSREVHERFT SNV ENLR - B -
ZHATINA ADOERRALE > AT LISH

O%Mﬂ'7571>§ﬁmtﬁﬁﬁ?5«w
VBT T/ M RADEIHEZDY X T LIS

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

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

O NVAEB®Y S T T kBT I YE
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¢ |-V and graphene based plasmonic materi-
als/devices and their terahertz applications.
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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 in-
terconnected 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 optical soli-
tons, high-speed mode-locked lasers, optical signal processing, and
the development of fibers with new functions.
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= Optical Transmission (Prof. Nakazawa)

Ultrahigh-speed optical transmission is the driving force behind attempts
to realize advanced high-speed networks that support ultrahigh-precision
image transmission or ultra-realistic 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 multi-
plexed (OTDM) transmission using ultrashort pulse lasers. To expand the
spectral density, we are working intensively on ultra-multi-level coherent
QAM transmission 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. smmmEm

= Optical Signal Processing (Assoc. Prof. Hirooka)

We are engaged in the development of all-optical technologies using
nonlinear optical effects by taking advantage of ultrafast optical proper-
ties, where optical signals are processed without the need to convert them
into the electrical domain. Specifically, we are developing femtosecond
pulse compression, pulse shaping, optical demultiplexing, and distortion
elimination techniques, which are indispensable for realizing ultrahigh-

speed OTDM transmission exceeding terabit/s. EEEEE

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

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

Q
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Experiment on ultrahigh-speed optical transmission

2048QAM Jbe—L > bHES () LT 1927771/ \OWEER (H)
2048 QAM coherent optical signal (left) and cross section of 19-core fiber (right)
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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.
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= 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. -
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Schematic structure of a compact narrow linewidth Spectra for solitary DFB laser (red line) and for compact narrow
semiconductor laser linewidth semiconductor laser under feedback condition (blue line)
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Wireless communication systems, such as cellular phones, have of-
fered mobile voice/mail services to us. Nowadays, they begin to offer
mobile internet services which handle high capacity 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 com-
munications, dependable connectivity and green wireless information
technologies (IT) will be the key issues.
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ASV (advance safety vehicle) with DWS
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Fig.1 Evolutional network for ubiquitousness and broadband

= Advanced Wireless Information Technology
(Prof. Suematsu)

Toward the realization of a ubiquitous and broad-band wireless net-
work, we are actively engaged in the research work on dependable
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 an-
tenna technologies, we are developing RF/Millimeter-wave RF CMOS
IC’s, antenna integrated 3-dimensional system in package (SiP) trans-
ceiver modules, digital/RF mixed signal IC’s.

As the studies on MODEM and network technologies, we are focusing
on next generation mobile broadband wireless access (MBWA: mobile
broadband wireless access), dependable broadband wireless local
area network (WLAN) and ultra-broadband wireless personal area net-
work (WPAN).

We are also working for the next generation wireless communication
systems/devices which include a location / short message communi-
cation system via quasi-zenith satellites (QZS) and a fusion of various
wireless communication systems "dependable wireless system." ..

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

We are engaged in the development of wireless access technology
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. smmmm

Radio wave (UHF/microwave/mm-wave)

HPA Tx Mixer Signal

KK pAC s s -
Voltage controlled g1~ | Channel selector

| TxRX oscillator (vCO) | P
R PLL Synthesizer and estimation
LR Frequency’
domain De-
Filter Filter ADC i L
i Rx Hignal (FDE)
Rx Mixer didta

Heterogeneous/
Channel Estimation
Signal Processing

Multi-band RF/mmWave CMOS IC
Beam-forming Transmitter/Receiver

Fig.2 [T 1 ¥ L BER 1 F v TEZEROME
Fig.2 One-chip modem LS| 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 ap-
plications from internet to mobile communication. This trend
accelerates the areal density increase of magnetic recording.
Recording theories, devices, and systems based on perpen-
dicular recording are being studied in order to attain ultra-
high density information storage. Our target is terabit storage
(over 5 Tbits/inch” areal density), in which the bit size corre-
sponds to an area of 10 nm by 10 nm.
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Fig. 1 Read/write measurement using a single-pole head
and a perpendicular medium.

® Information Storage Systems Research Division
(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 Research Division
(Assoc. Prof. Greaves)

A computer simulation utilizing micromagnetics is being car-
ried out to obtain design guidelines for ultra-high density re-

COI’diﬁg. EEEE®m

2 ZHOUWHHOD ICK VBRENSKREA b L—V Y AT L
Fig. 2 A large-scale storage system with parallel HDD operation.
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Terahertz (sub-millimeter) coherent electromagnetic waves are ex-
pected to explore the potential application fields of future information
and communications technologies. We are developing novel, ultra-
broadband integrated signal-processing devices/systems operating in
the millimeter and terahertz frequency regime.
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= Ultra-Broadband Devices and Systems (Prof. Otsuji)

We are developing novel, integrated electron devices and circuit sys-
tems operating in the millimeter-wave and terahertz regions. llI-V- and
graphene-based active plasmonic heterostructures for creating new
types of terahertz lasers and ultrafast transistors are major concerns.
By making full use of these world-leading device/circuit technologies,
we are exploring future ultra-broadband wireless communication sys-
tems 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 including sub-millimeter-wave
regime, the gallium nitride (GaN) for high-power millimeter-wave ap-
plications. Our activities include the design, process, and characteriza-

tion of these devices and their integrated circuits. CEEEE

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

We theoretically and experimentally investigate the physics of plas-
monics in llI-V semiconductor- and graphene-based heterostructure
material systems and their device applications. Our main goal is to
develop new and original plasmonic integrated devices operating in
the millimeter-wave and terahertz regions for the next generation of
imaging, spectroscopy, and ultra-broadband communication systems.
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Human Information Systems Division

EREHIBHRZER B Electromagnetic Bioinformation Engineering
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Electromagnetic Bioinformation Engineering Electromagnetic Bioinformation Materials

(Prof. Ishiyama) (Assoc. Prof. Hashi)
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OB SF A E L se ¢ Wireless magnetic sensing system

e Functional magnetic materials

e Super high sensitivity magnetic field sensor
e High-frequency electromagnetic measuring
system

® Micro magnetic actuator
e New medical equipment using magnetic




SIREEIRY A7 LHIEE I Advanced Acoustic Information Systems
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Advanced Acoustic Information Systems
(Prof. Suzuki)
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e Spatial hearing process as a multimodal per-
ception

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

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

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

BXREEERY R T LHIEE = Visual Cognition and Systems
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Visual Cognition and Systems (Prof. Shioiri)
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Auditory and Multisensory Information Systems
(Assoc. Prof. Sakamoto)
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® Mechanism of multisensory information pro-
cessing including hearing

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

e Auditory information systems based on multi-
sensory information processing

R Rt ae
MEDEF (RAEHR)

Cognitive Brain Functions (Assoc. Prof. Kuriki)

ORBEHTROBSREIFIE & R IEDORIE
OBRIES & RREATBHBOETIL
O 3 RRHDME. PH BRERKFIEOH

e

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

* Modeling control system of eye movements
and visual attention

e Investigation of early, middle and late vision of

3D perception.

ORADEFEREIRICET DR
ORBIBERDODUA TODEE - HEIETT DA%

¢ Representation of color information in human
brain

e Separation and integration of visual informa-
tion in human brain
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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 approach-
ing action to the human body. We are focusing to realize the
communication technology with human body and to contrib-
ute information and communication systems and medical-
welfare spheres.
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High frequency carrior-type
thin film magnetic field sensor

FLBDHIAHEENA T OREA
NNUTAVLRRYTOTO2AT
A prototype of wireless artificial
heart assist blood pump

= 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. smmmm

= 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 sys-
tems for temperature and for hardness are studied as no con-
tact sensing systems. In addition, wireless magnetic motion
capture system is studied for the medical and welfare use. De-
velopment of functional magnetic materials and its fabrication
process are also studied to progress these magnetic sensing

systems. EEEEE

Fingers motion

Exciting
coil

Motion of LC markers stuck on
each fingers

TAVLAHRE—Y3VF v TF v VAT s
Wireless magnetic motion capture system
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We aim to develop advanced and comfortable acoustic com-
munication systems exploiting digital signal processing tech-
niques. To realize this, we are keenly studying the information
processing that takes place in the human auditory system.
Moreover, we also investigate the mechanisms for multimodal
information processing, including hearing. We mainly apply a
psycho-acoustical approach to study human auditory and mul-
timodal perception. In this sense, our research is characterized
by its high interdisciplinary nature which covers acoustics, in-
formation science, communications engineering, electronics,
audiology and psychology.
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i h \ .
157ch DBEAE—HY AT LERV
TYEY Iy ABREREEEEEY AT L
Accurate sound space communications system based on higher order Ambisonics
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 informa-

tion systems. ammmm

Elevation [deg.]
o
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Frequency [Hz] x10°

IBAROBERERE, BEBAMPAICL > TRAMICEL LTV,
Head-related transfer functions as a function of elevetion.
Poles and zeros change systematically with the rise of elevetion.
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Human brain is one of the most adaptable systems in the world. Un-
derstanding 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 ap-
proaches include psychophysics, brain activity measurements, and
computer simulations. Our research field covers visual spatial percep-
tion, 3D perception, color vision, visual attention and visual-haptic
integration.
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Dynamics of attentional shift revealed by the comparison of visual evoked poten-
tials. The right figures show the results. This study compared the two conditions:
one was for focusing attention on the target (stay condition) and one was for
shifting attention to the other location (shift condition). Participants were instruct-
ed to control attention after cue onset (see the left figures).

= Visual Cognition and Systems (Prof. Shioiri)

Modeling the processes of human vision based on the findings of the
strategies that the visual system uses, we plan to propose appropri-
ate methods for evaluation of image qualities, efficient way of image
presentation and evaluation of visual environments in general. We also
investigate dynamic selection process in vision with or without atten-
tion to realize prediction system of human perception and action in

the future. sEEEE

= Cognitive Brain Functions (Assoc. Prof. Kuriki)

Our perceptual experience arises from neural activities in the brain.
Studies of these neural activities are critical for understanding the
mechanisms of visual perception. Moreover, presenting visual informa-
tion in order that the visual information is suitably represented in the
brain can provide the way to display proper visual information in infor-
mation and communication technology. Here we investigate the brain
functions of visual perception (mainly on color perception) using brain-

activity measurement and analysis in relation to visual perception. 4 u »
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in the human color vision Perception and brain response.
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Representation of visual information in the early stage of human visual cortex is
still unknown. The mechanisms of visual information processing will be 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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e Development of SML#, a new ML-style poly-
morphic programming language

e Reliable and productive Web programming
framework

e Logical foundation for compilation

e Integration of databases and programming
languages

e Formal semantics for existing practical pro-
gramming languages

VAT AT b7
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Systems & Software Division

aAVEa—T 1 V7 ERERMAZEE B Computing Information Theory
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Computing Information Theory (Prof. Toyama) Computing Logical Systems (Assoc. Prof. Aoto)
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® Rewrite Systems
e Rewriting Theory ¢ Automated Theroem Proving
e Foundations of Softwares

e Automated Deduction
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Intelligent Communication (Prof. Kinoshita)

Communication Network Systems
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Intelligent Network (Assoc. Prof. Kitagata)
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e Software Infrastructure of Cyber society (Cy-
berware)

* Multiagent framework / Design methodology

* Knowledge-based communication services /
User-oriented networking

* Agent-based/Knowledge-based/Network-
based systems
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* Knowledge based network middle-ware / Ap-
plication software

e High tolerability networking / Intelligent net-
working

¢ Next generation ubiquitous service infrastruc-
ture
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Information Content
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Interactive Content Design (Prof. Kitamura)
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e Displays and 3D Interaction Technologies
We are designing original display systems
to show visual information accurately and ef-
fectively, and interaction techniques to make
better 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.

e Entertainment Computing for Creative Rejuve-
nation
We are researching novel entertainment com-
puting technologies that empower people
and industries in disaster-stricken areas with
interdisciplinary collaborations.
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Nowadays, a variety of software systems manage everything in
the world. Firm foundations for developing high performance
and highly reliable software are essential for continuous ad-
vance of our societies. We are focusing on programming
languages and database systems, which provide foundations
of software development and data management. The major
research issues include fundamental theories for reliable soft-
ware, design and implementation of a productive and reliable
programming language, and a software development frame-
work enabling seamless integration of programming languag-
es, databases, and distributed computational resources.
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Separate
Compilation

A
The LLVM compiler
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Executable

SML# 2>/ SHRIRY B FelEROtAE
SML#, a state of the art compiler

= Software Construction (Prof. Ohori)

Today's software systems are becoming more and more com-
plicated due to the need of integrating various data and com-
putation resources available in the Internet. A key technology
to enhance the reliability of such systems with controlling their
complexity is to develop a high-level programming language
that can directly represent various resources and automatically
detect potential inconsistencies among software components.
Based on this general observation, our research aims at es-
tablishing both firm theoretical basis and implementation
techniques for a flexible and reliable programming language.
One direction toward this goal is to establish logical founda-
tions for compilation, such as a proof-theory that accounts for
the entire process of compilation including code generation
as a series of proof transformations. We are also developing a
new practical ML-style programming language, SML#, which
embodies some of our recent results such as record polymor-
phism and seamless interoperability with existing practical

programming languages and relational databases. R —_—

calling convention compile _
'ke:o F"@Z(O’,b)
e N e N

fun f_optimal (g:(int -> int,BOXED)) =
(if isRigid? g

fun f (g: int -> int) =
g1l+2:int
val f = CLOSURE {env = {}, then #optimal(g) 1
func = f} else unpack(#generic(g) (pack(1))))
:int -> int +2
: (int,INT)
fun f _generic (g:(int -> int,BOXED)) =
pack (f_optimal g) : (int,BOXED)
val f = CLOSURE {env = {},
generic = f_generic,
optimal = f optimal,
isRigid = true}
¢ ((int -> int) -> int,BOXED)

A J A J/

MO LEHO A L7 )T AL BT Y > a— FO&ERL
Machine code generation by a calling-convention compile algorithm
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Equational reasoning is ubiquitous in many areas of computer
science such as automated theorem proving, formula manipu-
lating 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.
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= 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.

= Computing Logical Systems (Assoc. Prof. Aoto)

We are developing techniques for verifying important proper-
ties of rewriting systems such as the Church-Rosser property
and the termination property. We are also interested in prov-
ing inductive properties of rewrite systems and lemma gen-
eration methods for this. We are trying to extend these tech-
nigues to higher-order rewriting systems which are amenable

for modeling more practical functional programs. P —

EHHERICLDAA-BERZI VAT LICLSHE
Fig. Proof by Equational Reasoning — Computation by Rewriting Systems
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People expect that various networks exist everywhere in the
society and information systems over such networked envi-
ronment support everyday life and social activities of people
and create new life styles as well as information society. This
laboratory aims at research and development of advanced
network-based intelligent systems.
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= Intelligent Communication (Prof. Kinoshita)

It becomes an important problem to develop intelligent sys-
tems, which can cooperate with various people as the human-
friendly, easy-to-use, intelligent partners, in order to support
various creative activities of people in an active and 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.
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L Senic
Interactive Design Environment of Agent system: IDEA Administrator

AIR-based Network

Aggregation

: Data .“ E—t
Accumulation | A [@@

Envim'nmemal data ; ‘Pulse data

{@gg

| Vitaldata | ' Gas data

Motion data

K-AIR

7 Jsratn v_ata_ T Fetic owerddle___
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| Envwanmm‘ Accelerﬂhon Vital sensor  Power meter Water meter

Support Functions

. Heuristics.

System (AIR-NMS)

Gas meter Motion sensor

I VIV RIVFI-VIV b YRTLEZDGA
Agent/Multiagent System and its applications

BEFNBEREREEA LR Y T —VBBYRT L
Network Management System based on
Active Information Resources

RIVFI—Y 1z MeBEDCE VY ERER
Multiagent-based Sensor Management Infrastructure

5 SUB{EMIZTAT = RIEC 2015/2016 | 44

UOISIAI] ©1eMOS % SWSISAS

A
=
IN
v
P
N
>
T
7
il
%=
=i
F3




UOISIAI] 21BMYOS 13 SW1SAS

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

BRIV TV UHRE

Information Content

AR E

Kitamura Group

Staff
It B =ils 3k tH BF
Bz B B

Kazuki Takashima
Assistant Professor

Yoshifumi Kitamura
Professor

Hiroko Kamide

Assistant Professor

W HEEE)

Research Activities

ATV R B0EEZEMNCLTINE T, TOHFTE,
ANEDPY EVICEO>TREEND AV EZ VT4 T AV T
I FIEEPRBIELIT TR BBPEERIFEPEOR
ELEFEFBRYT A THRBERZEANICEATNE T, TDX
SIEAVEZITATAVTUVICEELT, EEEEENFDH
EEBENEREEDTNET,

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. Thus, we are conducing
comprehensive research on a variety of interactive content
which creates new value through interactions with humans.

WA RS 7AVT Y
RETDE | IR

AT VNET A AT LA EBEEDENEBZN L TAICRR
TN, FEAEASHOBERGEEAANEBEAN LTIV E 21—
BICEZBZEICELT, AvT vy EXYFECELARYFEA
LIcWTBCERNTELET, TOESBETVEa—2 DOV T
VY ENDEDA VRT3 ERDTEICELDT. AFTER
BOEZREAELIBOHEHTENTEELYT, THIC, ATV
BFLE T ATELGED TR, BET—RITRLEELEL<
HVET, TOXIBEHBEITIEEBHD AL NS IPZFNICLS
THMEND TR EWVo b DEEETDZRENHY T,
BLIOYF vk 5] #HEE. ZNICE > THAFREICE S
fe) BOEEASIT ST EEZWNNIHBEEZISNEHSTY,
ZZTRIeBIE. AL AVvEa—2 DOV Ty AHDESB
A VERTTTIAVITMAT,. TNEZERUEL 5] © Mg
FTCEEBELC A VRS0 T4 7 AV T VICET R AE
BHTVET,

e, TOESHTILIVAOAVT VRS, kBT
FTOJAVTYTE SETFERIXRTA V27074 7%
AMLT, DTV ELTDBNEEBZS LT ERFEEESN
£9, feBlE. TOKDICBDENA VY EZZ 0T« TAVTY
VD

- BB, ED. BAICT BIedDEMEEZ S
- NEDBEREEZ S
-HOFTERLTESDHEEEZSD
BEDHEREEDTNETY,

Virtual Interaction Space

Position of users
viewpoints

Physical Space

(2) Transfer ext-acted
3D shope

(1) Real-time extraction of 30 shape
using embedded magnetic markers

(5) Transferthe
manipulations

(6) Projection

= Interactive Content Design (Prof. Kitamura)

Content is not always enjoyed alone but often in the company
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 the
content and human. In this context, the focus of our group is
in researching new and innovative techniques to interact with
novel forms of content with the goal of enhancing the impact,
effectiveness and hedonistic feelings of the content to im-

prove and enrich people’s lives. [ —_—
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Laboratory for Nanoelectronics and Spintronics
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Nano-Integration Devices (Prof. Sato)

Nano-Integration Devices and Processing ————

EFATOBESERL7OLR
MERE (BEEHR)

Group IV Quantum Heterointegration
(Assoc. Prof. Sakuraba)

OFIBENBRMEA T 7/\1 XICET B

OFSEFIER T /\1 RITHET 2H%%

ORBEERT /INA ADBBERERIMICEY
B

OB THEET /N1 XICEAT BT

® New structure non-volatile memory device

e New structure product-sum operation device

¢ High-density implementation of devices for
brain computing

¢ Intelligent quantum device

OBEE VEFERTIE2F vILERD®
DIEFBGERIENH TS A< VD FOL R
SRt

OV RHEfsEEEF T ABEDSERL
TO4 XY B

O N BFEHREFATOF/ T/ XDEUEL
S A LICREY 2 H%E

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

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

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




FEERAEY bOZ Y AHZEER - BZEE B Semiconductor Spintronics
AEVHETF
R EF (KEHIR)

Functional Spintronics (Prof. Ohno)

OREY tOZY RICEIT BHAE

ORXE>Y bOZIZAMBICEBITHETF - - X
E s ZDISHICEE YT 298

OB EAS LOZFDEFEEDYIELISH
|CRET 5T

O BRIEARDBALDFIE & Z DHEEERFISA
|CBE9 BH%%

O&BHMAERFEZFDATE - RIEBEFRELIE
ANDIGHICEEY 5T

e Spintronics

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

e 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

F/DFTINA AEAZEEB « BAZE= B Nano Molecular Devices

FT/BFTINA
MEDEF (BFHER)

Nano Molecular Devices (Prof. Niwano)

OF /BEZBVILBRER/ N\ T U v FX%G ] /
BIMODIAE i
OBREBE/N Ty FIREAVHNIRAL -
> DRAF
O AV BREZERBWE T LF TIVERES >
DAL DRRE
O¥EB@HRXEEBWNN\AFT LYY VIV T
LDRFE
OmfiEfiiax v b7 —7 DESNEREBOER
HURZER

OfEifez AL e AT FE R DR

e 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

e Clari.cation of information processing by neu-
ronal networks

e Fabrication of artificial neuronal networks
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Michio Niwano
Director, Professor

@8R Cooperation Section

ZFHA FEW lori Morita N A Rikima Ono
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FERAARBEE  Youtaro Nishimura

HERa Research Fellow

Laboratory for Nanoelectronics and Spintronics

[/« AEVEERMHER ] 1&. NAZFAHEMZEMR & L TFER
16 F 481 HICRESNe, TOEMIE. BHRBEEZZA ST
JILYMAZVR - RAEY VOZY ARBRMERAIET ST &
ICHB, TNAERBT S, T TATSLICHT DI
HEDRODREBERER] ICK>TER/INZST/ - AEVKE
TREZDEERBERANT. AARFAH LOFFEBEZHER
ICHBHAFER « BRADEMERETFEHICSH /T /0T —I(C
BEOWEBETDER - ALV ERET BB 7/ N1 ARl
DOHEFFEEED. EHIC2E - EROBIUBEDTFOHIEED
mAAEEE LR 7OV 17 N ERET 5,

BE. 7/ - AEVBEREETIE [/ - AE > RERRER )
DHEET B /ERBT/N\A R - TOLA, FEELC Y MOZY
Ao FIDFTINA ADEEBRMAIEY T SHERIITE & ek
H@EE. RUBT7O— FN\Y MESHERRENAB LEE LT
MBEEDTWND, TNODEAT, LEREBEmMERAIEL. &
JILYFAZOR - REY FOZ Y RICH T BHEFRD COE &
GAHCEEBEELTWVA,

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 collabo-
ration 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, nation-
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, Semiconductor
Spintronics and Nano-Molecular Devices; together with the
group of Ultra-Broadband Signal Processing. 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

Dimensional ity
Control

Functional control of electronic and
nuclear spins in semiconductors

Semiconductor
Spintronics

Compound Semiconductor
Magnetic Metals

[Nanostructures]

Thz electronic device

Charge rol XXXX

technology

Ultra—Broadband
Signal Processing

Over-Gbit wireless
communication technology

Organic

Advanced Wireless T
Information Technology

Biomolecules

Semiconductor 5
devices Organic Molecules 3

Integrated
Spintronics

Nano-Spin Memory

1/’ Nano-Molecular Devices '

High density
spin memories

3%1
. & &
253
"'

Nano-biochip

Control of molecular functions
Organic-inorganic hybrid devices
Organic devices
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COE of International Research Collaboration

F/ILY A2 AEBREBEMRERRAIHESR (P17 £E
~ 21 FERHIHEMRREL LTEIR) Z88L LT, 21 i
IEROOSNZBEGIBERBEZRITT 27cdd. [F ./ ERIEI
DIBREERMI. TRV HERIN O & FEEANDIGA L (9
FF/BEICK B BERVIBORIFBEIGH] O3 FZEICHER. 7
JILYZ PAZIRERTINARE TNERWIBERY AT L
DIBREHET DL LBl INSERRT 2T ODEFHFH
FRHIZEHERL. 7/ T FAZ I ARHOMRICHIT 22>
B—ATITU LV ADHEIIZBEL TV,

International conferences
have been organized with
research groups in LNS.

imec
(Belgium

University of
Vigo (Spain)

CNRS
(France)

University of

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”.

Research collaboration
with visiting professors

State University
of New York(USA)

Massachusetts
Inst. Tech. (USA)

Harvard
University (USA)

Princeton
University
(USA)

Stuttgart(Germany)/| g

IHP & Berlin

Institute of

Technology Polish Academy of | | Chinese Academy
(Germany) Sciences (Poland) | | of Sciences (China)

National Sun MRS,
Yat-sen(Taiwan)| | California (USA)|| Laboratory (USA)

Academic Exchange Programs

University of || Argonne  National

IHP-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), U.S.A

T/« REVRBRMR CRE LIERY VRI T L
RIEC SYMPOSIUM ON SPINTRONICS

213 :2005%F2889H
$£3[@:2007FE10831H-1181H
253 2009 F 10 B 22-23 H
%70 :2011E2H834H

%96 :2012F5831H-6 B2H
FIE203F1831H-281H £12[:20145F6 8 25274

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

220620062 81516 0
25416120084 10 B 9-10 H
£6[0:2010F2AH56H
#8[E:2012F2H2-3H
£10ME:2013F 181516 H

INTERNATIONAL WORKSHOP ON

NANOSTRUCTURES & NANOELECTRONICS
BI1E:2007€11821-228 %26 :201043811-128
£308:201243821-228 2482013538780
H5E: 2014538570 #6ME 2015438240

1st: November 21-22, 2007 2nd: March 11-12, 2010
3rd: March 21-22, 2012 4th: March 7-8, 2013
5th: March 5-7, 2014 6th: March 2-4, 2015

RIEC-CNSI WORKSHOP ON
NANO & NANOELECTRONICS,

SPINTRONICS AND PHOTONICS
%1081 :2009F 10 8 22-23

1st: October 22-23, 2009

International Symposium held in LNS, RIEC

RIEC INTERNATIONAL SYMPOSIUM ON

BRAIN FUNCTIONS AND BRAIN COMPUTER
E1E:2012411 815160  H26:201442821-228
23002015428 18198

1st: November 15-16, 2012
3rd: February 18-19, 2015

2nd: February 21-22, 2014

2nd RIEC Symposium on Spintronics- |
MgO-based Magnetic Tunnel Junc-
tion- Left: Albert Fert (2007 Nobel
Prize Laureate in Physics); Right: Rus-
sel Cowburn
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Research Activities

EROBREPARBEMICNA. BERFHIEHRNBIT TEEEEEY®
KEFTLENFT 20/ MG ESHEERITTIE CE S RERIFRE
EEBEEMOBREICAET T, 3Xm)/ TOe RAEMERELS U aY
REGERT I\ ZADBHEE - B L E. TNSZERVRRIEERRIR
DEBHBELGRECH B, 7/\1 ADBHEE - BHERILICELTE #
MRRIEEBEEBA LI b SV IRAERT - FIAETVERFORKE. 2
FARE EH LWRIBICE - TEFT HERIEENFT /N7 ADFF. <h
SBT3 RTTT A AR DERE D D, T 3 RTEMHLR
ERMORFE, 77 « TIRET A NV T )VABEERERORR, I
JARYT—F T F v DRBICEVIES,

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 sub-
jects. We study the subjects such as new transistors and memories us-
ing 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 sig-
nal LSI, and non von Neumann architecture.

O T/ ERTINA AAEDEF | e

TEBEEATY ERE - MEREZE T 2R/AEET/\( XD, B
WG EZB T HRMEERMET /\ 1 ADFEFK. RUINST /N1 ADEEH
ERE WOICBFHFOREEFAB LT\ ADFHFEZ HEDE
BET D FERMITIE, NS T/\AARIMD. MEFTERZIRS ET S
B/ AR VEETERADISHZR S,

¥ EF\TOBEESERL7OEX
RN | BEARR

EIBEERIEMNA TS X< VD RERISHEZBMELTF/ A — LA —
SLEBEEICHT 2BEENT DIEEHMORFREEREEZIEICT 2L
Lble, BFRRZSOHLEHOBHRRZZENICERL L. FRE
I ZRERT 2. FlsIc. VEFEREFANTOT /BEICSVTREL
THETREEGML. SiEBERNOXIRBRER(LO RIS IV RFEE
DEFANTOWESELUBMEST /#ET /1 ADERHEZR S,

MBS EROTONATERIZHITT

KHERITHIELS DB FEH O TFHERBOHIZF. BRI 570+
R TN R By, BB, WRISFHERT —FTOF v DR
RRARTHY . ARRETIE, B S FREWAT SO BRET/F

LT OER TN REMORAREMIC. COHFITHTE GRS
ERIZIAAREHEDTNEES

. ARAag
N ALAI

Arithmetic
Control Logic
U .

Accumulator

N\

T JARIE
T—®TIFx

i 0 ek i 16 15

R R =a—aFvy7

BUBLET D T O~ 2 A TRIBICEIF T

Towards the Realization of a Prototype Brain Computer

= Nano-Integration Devices (Prof. Sato)

Our short-term research subjects are the development of a product-
sum operation device having non-volatile storage, multiplication, and
addition functionalities, the development of a high-functional thresh-
olding device having self-excitation functionality, the high-density im-
plementation of these devices, and the development of an intelligent
device utilizing quantum mechanical property. Also, we make efforts
to apply these device technologies to non-von Neumann computers
including a brain computer in future. CEEEE
= 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 re-
action at low temperatures without substrate heating, (2) Systematic
investigation and control of charge transport phenomena including
quantum phenomena in the highly strained group IV semiconductor
heterostructures to find out novel electronic properties, (3) Heteroin-
tegration of the group IV semiconductor quantum heterostructures
and high-performance nanodevices into the Si large-scale integrated
circuits.

EEEER
< 400 T r . Low-Energy Ar Plasma
= 3 p*Siy gGe, , 50 nm!

g | Moduated f G Yo%9%%
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g8 ST # P CH,-.
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BINTOEESERL T O XOBEICEIF T
Towards Establishment of Process for Group IV Quantum Heterointegration

ol
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Research Activities

ERRDOEF LAY DREZFIEH L TFERNICSAT 57
HLORL - IBEDRFE & T DA I DIERE &U%hb@
AEY FOZI ARFADIGRICET 5MRZEIT O TN, &5
IS0 REREICKY TLY bOZ 7 ADEHKeE. EEEEL
PEREND ALY FOZ I RAERF. ROAEY FOZ Y A&HE
OB DMEFEFEZETT > T %,

Our research activities cover the areas of preparation, charac-
terization of new classes of solid state materials as well as their
structures, in which electron and spin states can be controlled,
and applications of our findings to realize new spintronic de-
vices as well as functional devices. Furthermore, we are work-
ing on research and development of advanced technology
for spintronics-based devices and integrated circuits, which
are expected to realize high performance and low power con-
sumption owing to their nonvolatility.

W A VERIFHENT | KEFHR

EHARDRAE Y EBEODBREZFE LB TRILVED DB
AEY FOZIARFADIGALE, ThITKYEREEG2H LY
SRIBETERIR R OBEREENEY R T LOXRREZBNE LT, #
B BEFER SBEMEHEICBIT 2 AEYVRR RUOZTNS
ERIA LR A VMR, FiRAEY tOZ 7 ZAKF DA
LT DMRET O VS, BENICIE. HFHRIEZFIP
2Ny B2 ) T EERBW ALY FOZY ARPREEDER.
BRPENZE BV b RERE E DR E WA D ST & IBA7
(ER). ThoZRBLIFRAEY FOZIXRFORKE.
W EEHESESN b RVESER TMR) EFOSHL.
X nm LUFOBHHEA > b O =0 AR FEREITORS - Bt
REDFHmEER (BR) ZEDH T D,
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= Functional Spintronics (Prof. Ohno)

We are working on spin-related phenomena in semiconduc-
tors, magnetic semiconductors, magnetic metals, as well as
novel functional spin materials and devices in order to realize
low-power functional spintronic devices. In particular, we are
tackling the following challenges; development of functional
spin materials and structures by using molecular beam epitaxy
and sputtering, understanding and characterization of spin-
related phenomena such as electric field-induced and current-
induced magnetization reversal (left figure), development of
their new spintronic device applications, development of high
performance magnetic tunnel junctions (MTJs) consisting of
ferromagnetic metal electrodes with in-plane or perpendicular
magnetic easy axis and insulating barrier, fabricating spin-
tronic devices with small dimension of less than 1X nm (right
figure).

__MgO
CoFeB

dol—Ta_|
%/ CoFeB
MgO

CoFeB
| _Ta_|
ColPt

diémete' 11 ﬁm

- 1200

multilayer

\Ta/Ru/Tai
Si/SiO, suo.

(O%) ¥

- 1100
-100 0 100
pH (MT)

11 nm

() TERDBE—BE/YVAZAWATUREFE () CHLICERLEZBR/UVAZEBW AT VREFE OF) IINT 2Bt REBEDANEBE

RS (= AT RIEEERE) K7F M. (Applied Physics Letters 2014)
(B) RSN (BER

11 nm) @ MT) DERK & EELBFEHSER. BXLUTDORFEHERFL.

(Left) Comparison of switching probability as a function of pulse duration (~switching time) between switching schemes with conventional
single voltage pulse (green) and developed two voltage pulses (red) (Applied Physics Letters 2014)
(Right) Schematic illustration, scanning electron microscope image, and properties of device operation for the world’s smallest MTJ with 11 nm

diameter (Applied Physics Letters 2014).
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Research Activities

INE T 7\A AN BERRIEEIL. 74 UV IS T«
FIcR EN 2 FERMMAN THRAMICEA SN TE, Tt
WEDF/TU/AT=PNAF T/ AT —DERIE. ERD
HETCIRETHofc. BXH - AENBHER I 2EEDFP
HBAFEIOT /EEEDOER - FAZXRRETEZLOE LTV
Do INOSDEAMPFRIIEZRET BT Lick Y. SRIFRL
BEAIREICT BT/ AT —Ib. DFAT—IVORLIZEBF7/\(
ADRREBIET .

Development of the semiconductor nanofabrication technol-
ogy 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.
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Fig. 1 Organic/inorganic hybrid solar cell with nanostructures

l Cell culture
mediam

Nanotube film | jying cell
(A1,05,TiO,)

Bacteria
=)

Biomolecules

Si prism

Infrared light

Multiple internal reflection

2:Si bF/EEERAWVERNNA AT
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 technolo-
gies 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 1 EREHERE A AU e A TR RE AR

Fig. 3 Artificial neuronal networks with living neurons.
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Visual Cognition and Systems (Prof. Shioiri)

Recognition and Learning Systems

EICHIERHIITEN Y A T L
MRS EF R=HEH8ER)

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

BR - SERERRVATL
D E CRAAHEHR)

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

ORBH IR DR BT EZRERFEORIE
OREESIHIH & REHERHBOET I
O3 RFTHBHDMA. P BRRERFEOH
Pas)

et

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

* Modeling control system of eye movements
and visual attention

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

e
N HFUATN]

—

1) 4

i
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ORHR L1TEDBERICETT 2558
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e Integration of visual and haptic information in
the human perceptual system

® Mechanisms in visual perception and action

e Spatial perception during bodily actions

ORERUESRENRIBRLIBEREDHE
O3B z=fEROBBEHAL YV TV R T
LD
OBEEREBRUBICED(EEBRI AT L
DIFEE

® Mechanism of multisensory information pro-
cessing including hearing.

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

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

Laboratory for Brainware Systems
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New Paradigm VLSI System (Prof. Hanyu)

Brainware LS| Systems
New Paradigm VLS| System
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New Paradigm VLS| Design
(Assoc. Prof. Natsui)
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* Nonvolatile logic-in-memory VLSI architecture
and its application to ultra-low-power VLSI
processors

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

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

e Low-power VLSI design technology based on
stochastic logic

OPVTIESEDETU—VISIER  7—+7 7
F v BT HH5E

OBEREESE S ERE VLS B8/ 7 —F+ 77
F v BT B3R
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e PVT-variation-aware VLS| architecture and its
applications

e Self-adaptive system for resilient VLSI

® Optimization algorithm and its application to
VLSI design methodology

® EDA/CAD algorithms for new paradigm VLSI
systems

BRED IS R 7 LEHEER
HRRIVE1—T A VITHARE

RRIVE1—-Fo T
HAESE (AEHE)

Real-World Computing (Prof. Ishiguro)
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OEfTeilEk. A7, H17. ETICHF28%
pax: Gl

O%ELF GRSHEVDOERRREDNF IR
EART 17 ANDIEA

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

e Autonomous decentralized control for various
types of locomotion, e.g., slithering, swim-
ming, flying, walking, running.

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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P& &5k Takahiro Hanyu
TR E (%) Director, Professor

Laboratory for Brainware Systems
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Physical and Adaptive Hardware Environment

*Brain—Like Computing

(Brain Architecture)
b

* Real-World Dynamical
Intelligence

(Real-World Computing)

The Laboratory for Brainware Systems of the Research Insti-
tute of Electrical Communication was established in 2004 and
renewed in 2014. Its purpose is to contribute to the research
and development of advanced information science and tech-
nology for Brainware systems which realize a seamless fusion
of the changeable and complex real world and the cyber
space.

We aim at establishing scientific and technological founda-
tions and at exploring human-like brainware computing ap-
plications for Adaptive Cognition and Action Systems Division
(Recognition and Learning Systems Group), Brainware LSI
Systems Division (New Paradigm VLS| System Group), Au-
tonomous Decentralized Control Systems Division (Real-World
Computing 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 co-
operative research in the field of Brainware systems.

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

Seamless Fusion of Real World

and Multi-Modal Computing

= Higher-Order Multimodal Perception
and Information Generation

E

(Recognition and Learning Systems)

Hardware Environment with Massively Parallel Brain LSI

* Asynchronous Network-on-Chip Platform
(New Paradigm VLSI System)

¥

* Nonvolatile Logic and Its Applications
(New Paradigm VLSI System)
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Recognition and Learning Systems
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Shuichi Sakamoto

Associate Professor

Satoshi Shioiri Kazumichi Matsumiya
Professor Associate Professor
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Research Activities
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To create computational models of the process that the human 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 measure-
ments, and computer simulations.
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Adapt

= Visual Cognition and Systems
(Prof. Shioiri)

Modeling the processes of human vision based on the findings of the
strategies that the visual system uses, we plan to propose appropri-
ate methods for evaluation of image qualities, efficient way of image
presentation and evaluation of visual environments in general. We also
investigate dynamic selection process in vision with or without atten-
tion to realize prediction system of human perception and action in

the future. EEEEE

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

Humans can perform various actions based on the recognition 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 psy-
chophysical experiments. On the basis of the experimental evidence,
we aim to establish design principles for constructing qualitatively
different information and communication environment through vision

and touch. EEEEE

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

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

information systems. T
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We are easily aware that our seen hands are part of our own body, but how does our
brain recognize our own body parts? Our research reveals that the integration of visual
and haptic information in the brain generates the recognition of our own body parts,
and that this integration induces efficient perceptual spatial representations that are
useful for guiding our body parts toward objects.

Fixation
point

Test
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New Paradigm VLSI System
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Hanyu & Natsui Group Takahiro Hanyu
Professor
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Daisuke Suzuki

Assistant Professor

Akira Mochizuki

Research Fellow

Naoya Onizawa
Assistant Professor
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Masanori Natsui
Associate Professor
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Akira Tamakoshi

Research Fellow
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Research Activities

BAIREFERETREREIRE (Very Large Scale Integration; VLSI) Fv 7. &
KOTNEZISA LI VLS Y AT Lld. BFH#ERD E8MM) & LTHEEL T
B BRAR0OH 5P EEXERROHREROBEZRE L TS, VLI
JRATLDOBEL - Bl - BERLIE. SHICESET. EITHR -
TINA ZADBBRAAMN THRAMIC K U HEEENTET, LA L. Ot
BEii—DEIC L 2R EIE. WITNRAIGET BLFRENTVS, &K
FZE= Tld. fEFE TOD CMOS N—Z VLS| FREHA DIk LIz 57
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Very Large-Scaled Integrated (VLSI) processors and their applications
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, while the
demands for improving power-efficiency and system-reliability with
maintaining their higher performances are still getting increased in
the recent nano-scaled era. 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.
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NoC Platform for Car Control

High speed

High performance LSI
e for mobile applications
(Nonvolatile TCAM chip)

Asynchronous router

= New Paradigm VLSI System (Prof. Hanyu)

We are studying a "new-paradigm VLS| computing" concept that in-
vestigates the optimal design through all the VLS| design layers from
a device/material design level to an application-oriented algorithm

level. The use of "logic-in-memory VLS| 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 asynchronous network-on-chip (NoC), and low power VLS| de-

sign technology based on stochastic logic. ammmm

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

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

Nonvolatile logic-in-memory VLSI. smmmm

Low Power Video Coding LS|

Motion vector
prediction unit

Reconfigurable LSI
(Nonvolatile FPGA)
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= 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.

BRAEGIEOMR TENETIVEMEBZHEIENR  BEMEER AZTF —7 & LTRELIER2BED N @NBRENE L MR EEE S 2 \C80RY f0g
LR HTERENY 577 A—/\kORY b

B EHIE

True slime mold as a good living organism for study- : Soft-bodied amoeboid robot driven by a fully decentral- : Ophiuroid robot that enables omnidirectional locomo-

ing autonomous decentralized control

ized control scheme extracted from true slime mold. tion

RIFLPHHE(CICS CTECAERNICHTENZL
ERllnb A
Quadruped robot driven by a fully decentralized

e bFRORY b

Bz BRENITREINIE L 2B RBEHREE Y

Autonomous decentralized control of a
control snake-like robot that exhibits highly adaptive
and resilient properties.
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Research Center for 21st Century Information Technology 2 1

FRZERAFER M Technology Development Division
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Mobile Wireless Technology Group ﬁa

OFARVET IV TTDfeHDTO— /N> ‘
FESRIBE - v T — U ENCEY 0%

OBERFRHRICERT 2 15HRBERBMERXE
BBIEEY 1 —/VICE T BT
® Broadband wireless communication technolo-

gies for Dependable Air

e Development of high-efficient transmission % )
power amplifier module contributing to the
low-carbon society

3 »
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Storage Technology Group ;
OR ML=V Y X7 LOFRER EICEET 2

e

ORAML=Y Y AT LA 7 T r—2 37
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e Development of highly-available storage sys-
tem

e Development of application for storage sys-
tem
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EFEEEMIE  Research Fellow

Suguru Kameda
Associate Professor*

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

Hiroshi Matsuoka

Visiting Professor
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B EPIDSES T-21 £ 42—

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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Suguru Kameda
Associate Professor*
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Fig.1 5GHz # 324Mbit/s £E4% LAN 57K
Fig.1 5GHz-band 324Mbit/s wireless LAN termi-
nal

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
manufacturers and Japanese type | carrier, the mobile wire-
less 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
transmission power amplifier module contributing to the low-
carbon society." In addition, our group would like to contrib-
ute to the local industries in Tohoku area including the estab-
lishment of venture companies based on our developments. .
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Fig.2 Ultra-small-size 3D SiP millime-

ter wave wireless terminal for uncom-
pressed HDTV

Fig.3 MBWA EEEEER (EitH5%10H)
Fig.3 MBWA field test (Base sta-
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Technology Development Division

PFETAER

Storage Technology Group

Staff
R BE miE & RHE F#H
B BEFER EFBEEERRE

Takaki Nakamura

Associate Professor

Masachika Harada

Research Fellow

Hiroshi Matsuoka

Visiting Professor

BH CFE
o=
Hitoshi Kamei

Research Fellow

T

TIRIAATTIROTEEED 7 711U, Frv MEET—E
ADT—ZRN—XEDBFBREAZIRT HA ML —TIE. BR
Y—ERADETH S, AL—Ild FFRERICEREZET S
FELELT BEICBVWTEH, KRICBWCHTOEERIZED
5750

AREMPEEETIE. A ML—IRIMICET 2MRHRLTEFLEE
ETRSERICHEEL TW 5, FR 14 FEHSFR 18FEELTD
S5EMTIE T A0 5L TRNEARE/N\N— R 71 X7 DFFE]
. FRIOEENSFEMN 23 FED S5 F-TIE. I IT EE
BROOHOMERE BERABREA N —IVXTL] &BZ
NENHEDETFHEE LTHEL. KEGHRE BIFTE

FE HRYRAT L BRY AT LOEMBICHN A=Y
DRRDBFIETINA A RSATITA T Y AT LOHELNE
TEITEZICBEO2TWVD, TDRIBTERDIEDN ZKHHIE%%E

TIFHRIT, A IT BEBBROCHDIREHRFE [SiEsH
MIEWA b L—IBBFMORK | ZXREDOEFTEEL L‘(\
FRL 24 FELY S FRDFTETHET %,

FEAZRIE. BERBEMERAONMMRE. KEHRE. &4
MREEHATHET 5, FA N —ITVRTLEERELD
BETEHILET M ELYEZ—D2y Y3V THHMERMRD S
FLRDERBZBIET.

BEARA =YV AT LEBEBHRDOBEFHEFIRIATKT 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 cam-
eras 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. . 44«

Land S —
BEAA N =YY AT LERIERBOKT
A Snapshot in Field Test of Highly-Available Storage System
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Ad-hoc research groups
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DIERIC E SON RIS NSRRI IL—T TH 5,

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

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

Satoshi Shioiri (Group Leader)
Yoiti 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 hu-
man’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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Flexible Information System Center

ORBIROIEE - ML - FIAE - RERUHRX
RRIBOME

Oxv V=V DBERRT - BF - A

OMEFRDERRY N T =V BLOBERV AT
LB 2RI IE

e Information collection, organization, dispatch-
ing, utilization and research support environ-
ment.

e Advanced maintenance, management and
operation of network.

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

Flexible Information System Center

w2 Y/A%

B ATAEY & —

REHEEER

Management Office for Safety and Health

OMEFADZLEEERAF]. FERERE
DRR. BLUHEDIE

OR2eBHEBROERDRES LULRLHEE
HICEIT B IBIRDUNE

OBHEDLREEBIELHEANDT F/\A XAPE
RO

OBEBIUFEZRNRE LEEBLZEHED
ESi

OFADMEE PEEE BT & DERERHE

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

e Investigation of laws related to safety and
health and collection of information regarding
safety and health management.

e Provision of advice and information to safety
and health personnel in each department.

¢ Implementation of various types of safety edu-
cation targeted at staff and students.

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

MREREM > 2 —

Fundamental Technology Center

OMMMT. BFeHE. MRINTI. BREE
DfcDRRA TR

OB—AIxy hT—2 DIRSF

OMEROR LI T B2 iE

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

e Maintaining of the in-house network of the
institute.

e Technical supports for safety and security of
the institute.

If7E Fe

it ¥ —

Fundamental Technology Center

Management Office for Safety and Health

BEMTEEE
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Staff

KT BE Tetsuo Kinoshita
tra—k &R Professor

S BA Yoshihito Toyama
iR Professor*

B8 X Takuo Suganuma
iR Professor*

f T Gen Kitagata
HEHE () Associate Professor*
B —A Kazuto Sasai

B (3 Assistant Professor*
ki 1EE Masahiko Sato
Esna=) Technical Staff

AH FA Kenji Ota
Esna=) Technical Staff

BAEDIOVE21—2ICRERINZER AT L. 51> TRD
SNTeEWAS CTERIENGNECIHEDH TR T 20 D5 [H
TEW Y RTLTH D, A 2—DEHIE. TNETDIHTZLN
BHRUEFREABZ (. ABOBMPREICEDLE CRNTIEHR
SIBE ATV R ABDRBEICHIETES LD [PhohL
BHRNBDEZ FICEDE, BHFTNOMBEMFESN A X 5
fedDER*Y bT—0 BLOBHRY AT LEEE - EHATS
zElTHdB,

e, BREXY M7= BRUBERY X7 LOEREENDEA
@ CCE/ DN\vEER L. FiiEROsERER. FIA.
BE - ER. BELEDODIENT Y AT L= HRET - BRE
ToTW\W5,

h Y

TV VE—ENE

Printer Room

Flexible Information System Center

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

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

TERIsERE

Server Room
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Staff

FE F— Yoichi Uehara

&2 —F (#IZ)  Director, Professor

g 5z Nobuyuki Sato

BhEL Assistant Professor

EF B— Koichi Shoji

frdiiniza-] Technical Staff

Kk &R Tamotsu Suenaga

frdiiniza-] Technical Staff

Fa[ER  EiR Maho Abe RE @1E
s 1= Technical Staff HHEE
FIER A Kento Abe A Z=FB
s 1= Technical Staff HHEE
sl B¥F Yuko Maruyama FIRE
s 1= Technical Staff HHEE

Fundamental Technology Center

Takenori Tanno
Technical Staff

Yasuaki Maeda
Technical Staff

Katsumi Sagae
Technical Staff

BRUBEMZEAICEWNTIE, EREZED SIERABELRICLN S
BIEWFREEHIC BN TRENEMEDN CNE TITHEENTE
foo EHAVICIE. BifEIFE L IcRBEEREBLTINDS
KB L CE e RICAD > CIDX O GEMMIIRENS
BT, 2T OIS & —RDBED D o R iR >
2—H 2007 FTHRIIEN e 2 2 —IE T D AFATERZE L T\
B TAE®. BFFHAL MBI, BREEDOHDORL T
iRt L T\ 2,

TRERIFEN M TFRMZRE L T2, IREDEKE
mic R (K1) OREDFIRETH S, Fie. WHIIFE
TOHEBEPEENDIEEST OV 5, FHEERIE. XAREHTEE
B (K 2) PEFE—LE/XRTREDITEE (K 3) DL S 55T
FHARBORMETIT D, AT ATIERDRELAIETH D, k.
HERIOHHREZITR/FO> TV S, TALAEIE. 7/ - AEVER
MEsRIBE LB LT 7/ A =2 —AT—IVDEFRIV IS
T R ERHEL TV D, e HFEZEFROHER PAERE
I51cHDORIBEFIBRIBETH D, FEREAEBE. PHESHOVE
RYRAT LAREY2=EMAL T ARFAADR Y hT—0 %
BETY 2 EHITHENBOBRESEDOEEEZT > TV %, AT,
AR CEEN =N EEIMEHFICHE L TORICER
5. FMEICEE T 2 IERORELBRITRE LTV D,

1 JIVFUTILFVT
Figure 1 Multi well structure

2 X #REHTEERE
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 tech-
nology division operates the in-house network of the institute
and manages commonly used information equipment in co-
operation with the Flexible Information Research Center. In
addition, this division engages in the collection and manage-
ment of intellectual property-related information.

3 BFE—L
HIEXRITEDM
B

Figure 3 Electron
Probe X-ray Micro
Analyzer (EPMA)
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Staff

BA  E# Satoshi Shioiri

=R &® Manager, Professor

+tBE F—  Yoichi Uehara

BIERE #) Deputy Manager, Professor
kB {§<  Nobuyuki Sato

BhEL Assistant Professor

(= U]
)

Maho Abe
Technical Staff

Management Office for Safety and Health

ZEBEEERIMEMCHCBEPEEDRE LRRZMITT
B EEBNE LTEBTH D, MIEICHIT DMFREERIcBL
T E&. BEARA. BEREEHNMMEDNTEY . ERIEZH
STEENDE LBV, R2BEERE CIEFN COREEIH 2
ENDMBICITONS L DIT. RIEEHZ 8 L CHIREPEERE
& DSE0REBEEEDOT R—FET2TV 5,

IEFrOOMERIE. BEEM CH LIRS JUHEA, HUED %
IO TV B RIARE. TOZEBM CTHL2ERBRPNBISES
LUSEBEED 555, RS LOBERDMAEMLEDEEE
BV, B2 OMRESLOBREDESERITIERIELET
HEHFE, EEZERBENMTOCL S,

ZEFEERICHBVTL FrR. ARFOEA. EXRED SHEM
ENHReFEZERDNFINOREEHEERAFDERPRE2E
LICHEIZEETEELFEEBE L. IRBIOUBERICBHEE
115, TES LOEERIFBEDRBIC LA > THEZERE L.
BMRE. MREEHNTLBEEERDREOIFEZTOILITE
o

ZeFEEREISAERF CORTEB O LN DREITTHNS
LOEHL TV B,

LEHEHEBR

Safety and health seminar

REARART

BEAARRRES

BEARORSWE

FmAE

i JRVE
ol
BEAARTHER
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 chemi-
cals, 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, experi-
mental 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.

ISRFLHBR

First aid seminar
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Research Activities

FAL R GB R W 7E i L &

RACRFEBRREMIEFT. KERTEMZREL BHREFHITRL
BLUEIFHRBOBRER « L1BRHLZANDHRE.
BATEDMBEICER L. BHLED T Llck > T2 &K
EEEERRL. MERREZHEET 2 E2BNE L TIFHMR
EORIENTWVD, TDes. FPIDAFITISCTRDL D%
DHRZERIT T ARROERINNGEHBEIC OV TER. H%z
12TV %, ERENTCHARD—EHIRILAF ERBAFERLIRIC
PIRENTV S,

MERICE. 2EDSKFOMERERZLELA. BRFTEZD
PSSR, EERTEOBRENHE L. MRERLFHEZER
{72 TV %, HIERE. TOMICOVWTEOERNZH DR
DL LTVS, BUOEDEREKRD T LICDVTIFFEEE.
PREOBBRICOVTEZTNENDDREIERICFE 5N
(A

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.

LEIFMRER
Electromagnetic and Optical Waves Engineering

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

FEIFMRR

Acoustic Engineering

ERILY FOZ7 MRS

Ultrasonic Electronics

e "TIRXI T+ —TL" (IBEH T AIHER) TLAY I 7 ITEHER
Sendai "Plasma Forum" Brainware
EMCALEEY = +—)b 155 - BT R

Sendai Seminar on EMC

Mathatical Physics and its Application to Information Science

IVE1—2T ATV AMRR
Computer Science

EiE - EIFEHRR
Biocybernetics and Bioinformatics

VAT LR E

Systems Control

T/ - AEVIEMRR
Nanoelectronics and Spitronics

BN A Oy xRS

Information-biotronics

FHEMFRBELFHRER
Advanced Information Communication Engineering

AEZY AMARR
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.

RIDLELZEEE LT,

BRUBEMRMERY VRI D L

International Symposium organized by the Institute

1

SREEEEFEEOEEY 37V VRE THZz & 75 XIRE)
Intrinsic Josephson Effect and THz Plasma Oscillation in High Tc Superconductors

Feb. 23-25, 1997

2 BOBRREICEDSTLA YT —F77F v DRst - GME Mar. 16-18, 1998
Design and Architecture of Information Processing Systems Based on The Brain Information Principle

3 S UMNEHEAG & T DISA Dec. 14-16, 1998
Novel Techniques and Applications of Millimeter-Waves

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

5 T4 bZvURSREERRRE Mar. 8-10, 2000
International Workshop on Photonic and Electromagnetic Crystal Structures

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

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

8  IJFRESRE TDIGH Oct. 28-Nov. 1, 2001
Nonlinear Theory and its Applications

9  Za-—NFEALVSIaAVEI—FTa VY Dec. 12-14, 2002
New Paradigm VLSI Computing

10 HBeEBEAEZYIXML—IYXTLA Oct. 23-24, 2003
Ultra High Density Spinic Storage System

11 B3EISiGeCERT—7> 3T Oct. 12-13, 2004
3rd International Workshop on New Group IV (Si-Ge-C) Semiconductors

12 BIESERIAI7OTNAR - MHERT - 3v T Apr. 11-12, 2005
3rd International Workshop on High Frequency Micromagnetic Devices and Materials (MMDM3)

13 HBARSITEZF I —ENTOBEICET 5EEZE (CSIH4) May 23-26, 2005
4th International Conference on Silicon Epitaxy and Heterostructures (ICSI-4)

14 BIEEIVERESGRS /ILY bOZ o RERT -0 3 v May 27-28, 2005
1st International WorkShop on New Group IV Semiconductor Nanoelectronics

15 BRIEAFEBRBREAERERS VRIYTVL FRAOBRESE (. 0B&01HR Sep. 26-27, 2005
GSIS International Symposium on Information Sciences of New Era: Brain, Mind and Society

16 FIEAEY MOZVXEBRT—0 a3y Feb. 8-9, 2006
The 1st RIEC International Workshop on Spintronics -Spin Transfer Phenomena-

17 BARBAERRAVOBSTNNAX - HRERT—7>ayv 7 May 8, 2006
4th International Workshopn on High Frequency Micromagnetic Devices and Materials (MMDM4)

18 BARERICHIF 2 AV EERROYIELCHICET 5ERRH Aug. 15-18, 2006
4th International Conference on Physics and Applications of Spin-Related Phenomena in Semiconductors (PASPS-1V)

19 BAREAVEFSMGES / ILY SOZVAERY -0 3w Oct. 2-3, 2006
2nd International Workshop on New Group IV Semiconductor Nanoelectronics

20 B2EREVFOZVZRERT—OY3vT Feb. 15-16, 2007
2nd RIEC International Workshop on Spintronics

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

22 7IVAVXLGHNFBERS LORKERAICET 20RERFRHE Oct. 1-4, 2007
International Conference on Discovery Science / International Conference on Algorithmic Learning Theory

23 BIEREYFOZVRERT—IYavT Oct. 31-Nov. 1, 2007
The 3rd RIEC International Workshop on Spintronics

24 BIEEINVERESES /ILY FOZORERT V3T Nov. 8-9, 2007
3rd International Workshop on New Group IV Semiconductor Nanoelectronics

25 BIES/BE&FT/ IV MAZVAERT -3 v Nov. 21-22, 2007

International Workshop on Nanostructures & Nanoelectronics

BRUBEAEMERY VRV LORS
The 7th International Symposium
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26 F18E7IVIVXLEABICET EERE Dec. 17-19, 2007
The 18th International Symposium on Algorithms and Computation (ISAAC2007)

27 KBRS XRICET AFBENERY Y RY D L Sep. 5-6, 2008
International Interdisciplinary-Symposium on Gaseous and Liquid Plasmas (ISGLP 2008)

28 FBAREIVERFEGS /ILY VOZVXERT—V 3 v Sep. 25-27, 2008
4th International Workshop on New Group IV Semiconductor Nanoelectronics

29 BALQREVNOZVAEERT—OV3v S Oct. 9-10, 2008
The 4rth RIEC International Workshop on Spintronics

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

31 RIVFE-FIVNBICEAT @M= _—T7—0>av ) Apr. 24-25, 2009
Mini R.I.LE.C. workshop on multimodal perception

32 FAEBERTA FZvo T/ OV—ICETREEY VRV YL Aug. 4-5, 2009
The 4th International Symposium on Ultrafast Photonic Technologies

33 B20BN—=VHIL. BEA. BEMEEGEEY VRV DL Sep. 13-16, 2009
PIMRC2009 (Personal Indoor and Mobile Radio Communications Symposium 2009)

34 B2ERECGINSIF/ILY MOZYR-AEY MOZY R T4 b2/ AICET BERT 7Y 2y T (ESEAEY FOZIAERT -7 3v ) Oct. 22-23, 2009
2nd RIEC-CNSI Workshop on Nanoelectronics, Spintronics and Photonics (5th RIEC Symposium on Spintronics)

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

36 BSEETNVEYEBMGS S/ ILY FOZIRT—0av S Jan. 29-30, 2010
5th International Workshop on New Group IV Semiconductor Nanoelectronics

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

38 B2EF/BEESS/ILY MAZIRICETBERTY -3y T Mar. 11-12, 2010
2nd International Workshop on Nanostructure & Nanoelectronics

39 U570 TINAASAICETY 2BHRERS Y RY T L Oct. 27-29, 2010
2nd RIEC International Symposium on Graphene Devices (ISGD2010)

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

41 BI/ERECREY FOZVRERT—7>3v T Feb. 3-4, 2011
The 7th RIEC International Workshop on Spintronics

42 BR2LERESREMET 4 —Z 4 Oct. 17-20, 2011
12th International Multisensory Research Forum (IMRF 2011)

43 FBERECAEY FOZVRERT—V>av ) Feb. 2-3, 2012
8th RIEC International Workshop on Spintronics

44 BORERYVRITL ATAHIVINAF - F/ILTFAZTR Mar. 8, 2012
6th International Symposium on Medical, Bio-and Nano-Electronics

45 BIEF/EEEF/TLY MOZVRICET2ERET -7 3y S Mar. 21-22, 2012
3rd International Workshop on Nanostructures and Nanoelectronics

46  HBIMRECAEY FOZIREERT—Vav ) May 31-Jun. 2, 2012
9th RIEC International Workshop on Spintronics

47 BIEAR—b7V/BVERT—IY3v 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 B CIREEE L NEETERICET 2 BMERS VR U A Nov. 15-16, 2012
The 1st RIEC International Symposium on Brain Functions and Brain Computer

50 BIKE-N—N—FKRFEVaArhrT—02avT Jan. 15-16, 2013
Tohoku - Harvard Joint WorkshopNew Directions in Materials for Anoelectronics, Spintronics and Photonics (10th RIEC International Workshop on Spintronics)

51 FNERECAEY FOZIVRERT—V >3y S Jan. 31-Feb. 1, 2013
11th RIEC International Workshop on Spintronics & 3rd CSIS International Symposium on Spintronics-based VLSIs

52 AT ARV -NAF - F/ILY NOZIRE T BERY VRI DL Mar. 7, 2013
7th International Symposium on Medical, Bio- and Nano-Electronics

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

54 2 IS IXAISTRIRICET S@MER S VR T LA Feb. 21-22, 2014
The 2nd RIEC International Symposium on Brain Functions and Brain Computer

55 AT ABIV-NAF - T FOZV B SEEBES VRI DL Mar. 6-7, 2014
8th International Symposium on Medical, Bio- and Nano-Electronics

56 BSES/EEES/ILY MAZIRICETAERT -3y T Mar. 6-7, 2014
5th International Workshop on Nanostructures and Nanoelectronics

57 B1RERECAEY  OZVRERT—V3v Jun. 25-27, 2014
12th RIEC International Workshop on Spintronics

58 BFLYIRYIRT v 2014 (BT % IEEE EREE Jun. 29-Jul. 2, 2014
The IEEE International Conference on Microwave Magnetics 2014

59  RECEBYYARYTUL HEEIZ2ZI/—Y 3> Jul. 24,2014
RIEC International Symposium on Perception and Communication

60 2014 7V TRIFERA U DR Nov. 4-7, 2014
APMC 2014(2014 Asia-Pacific Microwave Conference)

61  BEEECS N> E 2 —RICEIY 55 3 B RIEC EFY 2RI L Feb. 18-19, 2015
The 3rd RIEC International Symposium on Brain Functions and Brain Computer

62  TLAYUIT LSBT 2EBEY VRY T L Mar. 2-3, 2015
International Symposium on Brainware LS|

63 BIEATAAIL - NAF - F/ILY FAZVRICEHT 2ERY VRITL Mar. 2-4, 2015
The 9th International Symposium on Medical, Bio- and Nano-Electronics

64 HOES/HEELILY FOZIRICEIBERT -3y Mar. 2-4, 2015
The 6th International Workshop on Nanostructures and Nanoelectronics

65 RIECER> VY RY DL £33 58 Mar. 20, 2015

RIEC International Symposium on Vision and Cognition

J
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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.

ﬁ SRETE
v EEEE
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Educational Activities

BILAFEREEMZANE. AFEDHE S THEEENCH
WTH. AEFRTEAEREL BREFHAER S S UEIZMAER
DER, - BRREBELCHNIBERER>THY. HBIFES - 15
RARBEORBHEL LT, AERBLUERZEDHBICE
BILTW2, SAERDFICIE. BX - ERADKERE L FE 4
FEDFB L THRZIT> T\ 5, REMEFAICFIEL TV X
PR ISR HAEIE 36 4. BUHARREIR 117 &2, FHWAEEITS2 4
Thb.

T M, ZEEHISEE. HAZRFTEMRE. BARFMIRES DR
AR B CAEARRIMARE. BEFOREEMEEDHIEFDE
FHcbH>TW5,

RIEC is keeping close contact with the Graduate School of Engi-
neering, 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 2015, 52 undergraduate students, 117
master course students, and 36 doctor course students are study-
ing at RIEC.

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

D=0 3y T TORKRER

Presentation scene at a workshop

HRELI

Seminar scene at a laboratory
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International Activities

FARFROBEIE. EFNENEOREZELL VU — EHIF
RFOEHEE PHRYEE. HLOVIEEREY v —FILADHXIR
Wal. ZROEFNHFCEHAODIELHNEDERICEMLTL
%o AIRRFHEFLF. BELF. BRIFERLICHISHHR
DEYB—-FT-TUEL VA (COB) £B2TVERHFEHEL.
BADSHRECBREENAMEFROERISEL TV 5, i,
BADKFPREHEE & EMORBEZBO. HBED Dt
ICIEIRACHE, AHEEME. HRRG CaEL TV B,

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.

AR LT RE
International academic exchange programs
BRI E
University Level Agreements
B % W E ® ERETES R
Country Institution Date of Signing
7 AU AT AIZTREY D ZIN=INTR 1990.3.15
U.S.A. University of California, Santa Barbara
AFZ ERFN-2 2004.6.7
U.K. The University of York
N FLRTVIRAE 2006.6.26
Germany The Technische Universitat Dresden
% Ny IRAF 2009.8.26
Germany Berlin Institute of Technology
=p) ETBEARS 2009.12.2
Taiwan National Tsing Hua University
T7AUA N=/N=FKRF 2010.7.22
U.S.A. Harvard University
K1 HAY =R U7V ITRARE 2012.2.1
Germany The University of Kaiserslautern
K1 ANRRT =T NIV ITKRF 2012.2.6
Germany Johannes Gutenberg University
BEMZEMZRIHE
Department Level Agreements
E % W E ® ERmEERS B
Country Institution Date of Signing
R—=Z2F R=2> FRIZET AT = —YBFER 1976.8.3
Poland Institute of Physics, Polish Academy of Sciences
% TAIAFE— 2001.1.22
Germany IHP-Innovations for High Performance Microelectronics
TR EUREARFARIVEA IS/ TA IV RER Y 2 — 2005.10.24
France The Interdisciplinary Center on Nanoscience of Marseille, National Center of Scientific Research
P PER S LB 2007.4.12
China Institute of Semiconductors, Chinese Academy of Sciences
7AUR T EA—RAKRETA VLA b T —VBREM 2009.12.9
U.S.A. WINLAB, Rutgers University
ANA EdxF 2011.2.25
Spain University of Vigo
TAUA Za—3A—UMNIKFE - F/RTIVRERIT ALY D 2011.9.30
U.S.A. State University of New York, College of Nanoscale Science and Engineering (CNSE)
=0} ETILAREER 201358
Taiwan Department of Physics, National Sun Yat-Sen University
m NORY - BRYVEUINAR T4 hZ9R  FNIERREE € 4-bLUERETIE - LY -T5H%R 2014.6.26
Russia Research and Educational Center *Photonics and Infrered Technology” and Institte of Racio Electronics and Leser Technology, Bauman Moscow State Technical University (BMSTL)
TAUA RYF 21—ty VIRKFEFIFREAE RO AT O AT LEAMHAZER 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

a b w N =

23 0 ®~ o

Acoustical Science and Technology

Advanced Robotics

Applied Intelligence

Chinese Journal of Acoustics

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

|IEEE Magnetics Letter

|IEICE Electronics Express

International Journal of Distributed Sensor Networks (IJDSN)
International Journal of Energy, Information and Communication
Japanese Journal of Applied Physics

|IET Microwaves, Antenna & Propagation

AWFFEIT R AHIREZ B 2D & o 72 il o B &

International Conference programmed by a staff in RIEC

a b w N =

10
"
12

13
14
15
16
17
18
19
20
2
22

14th European Conference Physics of Magnetism 2014 (PM'14)

32nd International Conference on Physics of Semiconductors (ICPS2014)
ACM Conference on Human-Agent Interaction (HAI 2014)

ACM SIGGRAPH Asia

ACM SIGGRAPH Asia 2014:

The 7th SIGGRAPH Conference and Exhibition on Computer Graphics
and Interactive Techniques in Asia 2014

ACM SIGGRAPH Asia 2015:

The 8th SIGGRAPH Conference and Exhibition on Computer Graphics
and Interactive Techniques in Asia 2015

ACM Symposium on Satial User Interfaces (SUI 2014)

ACM Symposium on Virtual Reality Software and Technology (VRST
2014)

ACM Symposium on Virtual Reality Software and Technology (VRST)
APMC: Asia-Pacific Microwave Conference

Asia-Pacific Conference on Vision (APCV) 2015

Asia-Pacific Workshop on Fundamentals and Applications of Advanced
Semiconductor Devices (AWAD)

EUMC (European Microwave Conference)

Eurographics Workshop on Virtual Environment (EGVE)

European Conference on Optical Communication (ECOC)

European Solid-State Device Research Conference (ESSDERC)

|EEE Global Conference on Consumer Electronics (GCCE2015)

|IEEE International Microwave Symposium (IEEE IMS)

|IEEE International Symposium on Asynchronous Circuits and Systems
IEEE International Symposium on Multiple-Valued Logic

|IEEE Symposium on 3D User Interfaces (3DUI)

IEEE Symposium on 3D User Interfaces (3DUI 2014)

12
13
14
15
16
17
18
19
20
2

=

23

24

25
26

27
28

29

30

3

=

32

33
34
35
36
37
38
39

40
4

Journal of Magnetics, Korean Magnetics Society
Journal of SPIN

Nature Communications

Neural Networks

Nonlinear Theory and Its Applications, ZEZCE
NPG Asia Materials

Optical Fiber Technology

Optical Review

Scientific Reports

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

IEEE/WIA/ACM International Joint Conference of Web Intelligence and
Intelligent Agent Technologies (WI-IAT2015)

IFIP (International Federation for Information Processing)

TC-13 (Human-Computer Interaction)

INTERMAG

International Conference Industrial & Eingineering Applications of Arti-
ficial intelligence & Expert Systems (IEA/AIE-2015)

International Conference on Atrtificial Reality and Tele-existence (ICAT)
International Conference on Electron Dynamics in Semiconductors,
Optoelectronics and Nanostructures (EDISON)

International Conference on Indium Phosphide and Related Materials
(IPRM)

International Conference on Recent Progress in Graphene Research
(RPGR)

International Conference on Superlattices, Nanostructures and
Nanodevices (ICSNN)

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

International Symposium on Compound Semiconductors (ISCS)
Magnetism and Magnetic Materials(MMM)

Opto-Electronics and Communications Conference (OECC)

SPIE International Conference on Defense, Security, and Sensing
Spintronics Workshop on LSI

Technical Committee of Multiple-Valued Logic, IEEE Computer Society
The Tenth International Conference on Intelligent Information Hiding
and Multimedia Signal Processing (IIH-MSP-2014)

The25th IEEE Semiconductor Laser Conference (ISLC)2016

Topical Workshop on Heterostructure Microelectronics (TWHM)

i
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Publicity Activities

A 2 B

BRUBEMEMATCIE. [LHR, ZFEE. BEXR. ZROFE
PEEDS ZICHZE - HEEE A - CEL £olcEE T—HRR
Bl ZToCTVET,

TRE 26 FEIF 10 B4 H (£).5 B (H) OZHREIC. 2% =.
M. L2 — WEIS  EEECS LI/\TLy hoTE
VAN L= 3 v EEE L TR ZE DY P CERRLL
FLle, e BHOBEEHMRTHS [DEIGEBT X SO>I,
MEEAMKIRS T OB, [HOMN TCIEREZ XS EERN
BEFMLTATOEE DAV LATEOE ! WA 25 071
TAVT oV EEHEBRLES I THOBEDELL S B XaE
TTEERBEDZEVEZEEDIT THL D] HEDSIRNRHER
HEFWVESIC TZ9FD 5] | L THEEL OIS L&D
THED I [CD RHBEEAF> T ER THE D). [FERICHKEL
BEDTIERRBRAEITV. HerxBLE LT,

BHA—RARIE. BERERLET, NEEOBMEIITN 27
F10H10H (). 1MH (A OZHEZFELTCVET, &
RO KIS ZBIRE[HFELTHYET,

5B BAREODH U RTWVBNAHTELED Web XR—T £ET
BICRABEINTHEIETDOT. N—F v VBN EHELH
&L,

http://www.riec.tohoku.acjp/koukai/

RIEC News

BRUBEMEMOLRED—IRE L TZ2—A L% — [RIEC
News| ZFH)I7LTWET,

IRIEC News] (&, BRUBEMERMAILL 75 BFEZ2L R LATIE
NcEDOT. BXUBEMEANO BRORERMOFERNDEHIC
DWT, BREHDHELPFIRNDBREEZEBNT 2HDTT, F
23 FE3RICAIT L. FR 26 FEICIEE 115, 125, 135
EHETLE LI, 85 ARTOY 7 FOERIHBERREDS
BIFEL (. BHORBANY FEBNTS Y X R
EPELYZ—DRBN MEIRE. BARE EDBIEL Y.
AR SZE T O S APEFEEMRE Y F I T 7 R
AYSLEEDZA L) —HEREBNLTVET, Tk 26 F
3AIKE. TOEEBRLAITIENE Uiz, /. RIEC News DF
TEA—IVTEMSET AT —ERAP. TNETHETLERIEC
News DEFHr%Z. T2 URLICTRELTWVWET,

http://www.riec.tohoku.acjp/riecnews/

B RIEC Open Day

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

In 2014, the RIEC Open Day was taken place on Saturday 4th
and Sunday 5th of October. All the research laboratories, research
centers, and machine shops of RIEC exhibited various types of
demonstrations focused on their research fields.

The exhibitions included some historical devices and instru-
ments developed in RIEC, such as magnetron tubes and steel
recorders, historical milestones of RIEC activities. On the other
hand, experiments on cutting-edge researches were also demon-
strated, such as ultra-high speed optical fiber data transmission,
wireless artificial heart assist blood pump, interactive contents,
light color decomposition, and 3D sound space. Furthermore,
visitors were able to join handicraft courses for some simple elec-
tronic gadgets such as germanium radios, programming for draw-
ing, CD spectroscope, and illusion game.

In 2015, the RIEC Open Day will be held on Saturday 10th and
Sunday 11th of October. Your participation is greatly welcomed.

In addition, please enjoy virtual RIEC Open Day on the follow-
ing Web page. http://www.riec.tohoku.ac.jp/koukai/

NFIRER - THRAEZRLEGENE

Visitors having fun during handicraft courses

B RIEC News

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

With the 75" 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 2014, 11th, 12th and 13th issues were pub-
lished. Every issue introduces special topics such as large scale
projects and Specially-Promoted Research, etc. RIEC News also
includes current information about each laboratory and center, all
kinds of RIEC events, research exchange meetings, laboratories
open to the public (RIEC Open Day), etc. English version was also
launched in March 2014. Further, RIEC News offers a notification
service by mail whenever a new issue is released and an electronic
version of every issue published so far can be downloaded by fol-
lowing the link below.

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

75 | BEUBIERTZEFT = RIEC 2015/2016




BE (Em27E5810)

Staff (as of May 1, 2015)

FE ),/ #i%

Director, Professor

Hideo Ohno

FZEERrg Research Divisions

Information Devices Division

15387/ \ 1 ABFEES
B/ T4 IV NAZ T AARE

Nano-photoelectronics

B Professor B F — Yoichi Uehara

HOR® Professor* B o I X Hideo Fujikake

HEHE Associate Professor I B Satoshi Katano

HHE G Associate Professor* Vo) I Takahiro Ishinabe

= EFHIERIFEMEE Quantum-Optical Information Technology
E ] Professor oM E — Keiichi Edamatsu

E =) Professor* == == A Mitsuyuki Nakao

BT Associate Professor = % E = Yasuyoshi Mitsumori

BT Associate Professor Mark Paul Sadgrove Mark Paul Sadgrove

HEHIR R Associate Professor* A o % o3| Norihiro Katayama

DA =] Research Fellow B H E ®B Masahiro Yabuno

n ERETTERRE Solid State Electronics
= Professor x N E F Maki Suemitsu

BEHIR Visiting Professor £ 2 8\ = Hiroyuki Nagasawa

H OB ® Professor* 2 EBE B B Katsuyoshi Washio

A Associate Professor g g — Hirokazu Fukidome

FEHIS &) Associate Professor* NB® % A Koji Kotani

i =] Research Fellow Sai Jiao Sai Jiao

m FES/ T/I\AAPRERE Dielectric Nano-Devices
B ) Professor . B Yasuo Cho

OB @® Professor* B N BB Shinichiro Umemura

H OB ® Professor* 7 N S - ) Tetsuya Kodama

FEHIS () Associate Professor* F E =1 Shin Yoshizawa

By # Assistant Professor ¥ ox B B Yoshiomi Hiranaga

By # Assistant Professor X #H F Kohei Yamasue

B JORXREFIFHRE Plasma Electronics
E e E ) Professor* 7 B 2 Akira Ando

HEHE G Associate Professor* Rk = = Satoru lizuka

BT @ Associate Professor® 2 B M & Kazunori Takahashi

Y ERRERRGTIIRE Materials Functionality Design
= Professor H H F X Masafumi Shirai

H OB @ Professor* BH + M z Kazuyuki Tanaka

IR B Associate Professor* mRrR 58 A Yuji Waizumi

B # Assistant Professor fo] &5 #Zm Kazutaka Abe

By # Assistant Professor T Il A Masahito Tsujikawa

70— R\ R TEHZ8EP

Broadband Engineering Division

= HBEECEEMEE

Ultrahigh-speed Optical Communication

B Professor R IE R Masataka Nakazawa
E e SE ) Professor* (NS = Hirohito Yamada

H OB ® Professor* /NI | Yuji Matsuura
BT Associate Professor E M| ®B ZE Toshihiko Hirooka
HEHEE Associate Professor F H B A Masato Yoshida
TEHES &) Associate Professor* X F BE X Yasuo Ohtera
T @ Associate Professor* O = % Takashi Katagiri

Bh # Assistant Professor B2 A B2 N Keisuke Kasai
A= Research Fellow X fr IE BB Masaaki Inutake
=] Research Fellow * 158 BT Yixin Wang

A= Research Fellow = E Piid Yukio Miura

B SHEFEFHRE Applied Quantum Optics
= Professor A3 =3 Hiroshi Yasaka

By # Assistant Professor # H E = Nobuhide Yokota
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Advanced Wireless Information Technology

E ] Professor * 0 F A Noriharu Suematsu

HOR® Professor* & 58 Qiang Chen

AR Associate Professor g8 0 ==l Suguru Kameda

By # Assistant Professor X B I #& Mizuki Motoyoshi

mERX LIV X T LAEE Information Storage Systems
] Professor N M #% BB Hiroaki Muraoka

E ) Professor* & i3 Xiao Zhou

HEHE Associate Professor Simon John Greaves Simon J. Greaves

HEHE GO Associate Professor* R OB f#E ¥ Takehiro Ito

B BT 0O0— K/ RMEESNIBEHEE Ultra-Broadband Signal Processing
] Professor B i & — Taiichi Otsuji

BEHE Visiting Professor Victor Ryzhii Victor Ryzhii

E ) Professor* T E X = Fumiyuki Adachi

EHIE Associate Professor * A B B Tetsuya Suemitsu

AT Associate Professor Stephane Albon Boubanga Tombet Stephane Albon Boubanga Tombet
BN # Assistant Professor i 2] Akira Sato

e Research Fellow Adrian Catalin Dobroiu Adrian Catalin Dobroiu

e Research Fellow E OO OB oz Takayuki Watanabe

m 70— R\ NBEERETMERE &8 Basic Technology for Broadband Communication (Visiting Section)
EEHIT Visiting Professor E M & X Atsufumi Hirohata

EEHIT Visiting Professor B R M Yoshinobu Nakatani
BEMEHE Visiting Associate Professor FE B = Akinori Taira

ANEIEER> A T LHHZEERPT
" EREHIERIRE

Human Information Systems Division
Electromagnetic Bioinformation Engineering

ES G Professor A L oxE Kazushi Ishiyama

OB @ Professor* —/B8 izl Osamu Ichinokura

H OB ® Professor* W O E Masahiro Yamaguchi
OB @® Professor* == b2} Makoto Tsuda

B OB ® Professor* E B2 g5 T Takashi Watanabe

BT Associate Professor = f&—ER Shuichiro Hashi

TR &) Associate Professor* == I Sy R = — Kenji Nakamura

HEHE G Associate Professor* =Bk o Yasushi Endo

IR B Associate Professor* EE N Daisuke Miyagi
BRI AT LARE Advanced Acoustic Information Systems
] Professor 0w oK B — Yoiti Suzuki

E Q- E ) Professor* & yit Hiroshi Kanai

H®@® Professor* F B = 8 Akinori Ito

HEHE Associate Professor R X B — Shuichi Sakamoto

HEHE G Associate Professor* JIr O — Masakazu Kawashita

E OB @® Lecturer* BE B 3 Takashi Nose

B # Assistant Professor Jorge Alberto Trevifio Lopez Jorge Alberto Trevifo Lopez
EFEESENTRE Research Fellow =3 E 2 Zhenglie Cui

BERRE Technical Staff m B o #E Fumitaka Saito

m STEBIERY AT LIRE Visual Cognition and Systems
B Professor B A B Satoshi Shioiri

OB Professor* =5 =2 B Makoto Yoshizawa
HOR® Professor* N X B i Masayuki Kawamata

BT Associate Professor I K — B8 Ichiro Kuriki

HEHR Associate Professor* 2 B B X Norihiro Sugita

TR & Associate Professor* Pl E§ OIF = Masahide Abe
EFBEERE Research Fellow P B B @ Yasuhiro Hatori

A= Research Fellow Val L Fong Yu

B FE-ZIVAVE1—T 1 VIHER &8 Multimodal Computing WVisitor Section)
BEEHIR Visiting Professor B Toshio Ogino

BEHR Visiting Professor x B N Hutoshi Asano

BEHIR Visiting Professor m AN B — Ryoichi Nishimura
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AT I\ - VT T T T HRGRERPS Systems & Software Division
m VT MY I T ERMRE Software Construction
5 = Professor x I = Atsushi Ohori

HOR® Professor* & R iR Ayumi Shinohara

H OB ® Professor* F H RS Eijiro Sumii

BT @ Associate Professor® w H — = Kazutaka Matsuda

By # Assistant Professor +F T M K Katsuhiro Ueno

B OV —T 4 VU IERERRE Computing Information Theory
OIS Professor ool F A Yoshihito Toyama

=€) Professor* oA B Hiroki Shizuya

E N E ) Professor* K B BE—H Shinichiro Omachi

ERE Associate Professor 5 F 5 A Takahito Aoto

FEEES & Associate Professor* B OH OE Ok Masao Sakai

JEHIR 3 Associate Professor* W 2 F 7 Shuji Isobe

By # Assistant Professor oM EERER Kentaro Kikuchi

m a2 —>3rvxy NT—UHEE Communication Network Systems
E g Professor N " B Tetsuo Kinoshita

H B @ Professor* = B & B Hiroumi Saito

OB ® Professor* 2 R F B Hideaki Sone

E = E ) Professor* =12 fEAER Kentaro Inui

JERS Associate Professor it T Gen Kitagata

HEIE 3 Associate Professor* M g B &8 Naoaki Okazaki

HHER Associate Professor* K K B BH Takaaki Mizuki

iz e E ) Associate Professor* % B 3 BB Hideaki Goto

FEBETR & Associate Professor* iy M K & Daisuke loka

By # Assistant Professor 5 B £ = Hideyuki Takahashi

By # Assistant Professor T HE — A Kazuto Sasai

m BRIV T VVHARE Information Content
= Professor It & 5 X Yoshifumi Kitamura

E = E ) Professor* o B = Nei Kato

B OB ® Professor* B A th X Takuo Suganuma

FEEES 3 Associate Professor* Ba R = Toru Abe

JEHIR G Associate Professor* 5 K & B Terumasa Aoki

JEES 3 Associate Professor* m oL Kk Hiroki Nishiyama

Bh # Assistant Professor B B A % Kazuki Takashima

Bh # Assistant Professor r H B F Hiroko Kamide

n FRUSHEEARE F8) Information Social Structure (Visitor Section)
=] Visiting Associate Professor B W Z= B Hideaki Touyama

MBS/ - AE > RERER Laboratory for Nanoelectronics and Spintronics
ERE B, HIR Director, Professor BE O OE X Michio Niwano

= HEER

IR ERE Mt 2— Hif#E Technical Staff & H # & lori Morita

HERE Technical Staff N B B Rikima Ono

Disan=1 Research Fellow B N BKER Yotaro Nishimura

B S UERTINA X - TOCRAARE Nano-Integration Devices and Processing
HO® Professor e B X T Shigeo Sato

H T ® Professor* g W 7 B Michitaka Kameyama
HOE® Professor* A ) o F Shigetoshi Sugawa
M Associate Professor B OE B X Masao Sakuraba
HEHIR R Associate Professor* ® L 2 # Masanori Hariyama
FEHIS (3@ Associate Professor* E H B A Rihito Kuroda

By # Assistant Professor B E < Nobuyuki Sato

By # Assistant Professor OB OF A Hisanao Akima
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B HERZEY O AFRE Semiconductor Spintronics
] Professor X F = B Hideo Ohno

E Q=) Professor* mw B X il Fumihiro Matsukura

E e E ) Professor* Z B R K Yasuo Ando

E e E ) Professor* = B B R Tetsuo Endo

E = E ) Professor* E 2 ® 1 Takehito Simatsu

BB ® Professor* 7= & e Shin Saito

E Q= E ) Professor* MHE E Z Shoji lkeda

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

HER Associate Professor* K % & B Mikihiko Ogane

B # Assistant Professor & H B Shun Kanai

EFEEEMEES Research Fellow Eli Christopher Inocencio Enobio Eli Christopher Inocencio Enobio
B S/ DFTINA AR Nano-Molecular Devices
B Professor FE B B *x Michio Niwano

E: ) Professor* = & E X Tatsuo Yoshinobu

HOR® Professor* X T EBE B Kengo Kinoshita

OB @® Professor* & F &R Toshiro Kaneko

IR G Associate Professor* T H E 5 Ayumi Hirano

Vo6 lE) Associate Professor* K K 2y Takeshi Obayashi

FEEES & Associate Professor* = N === Koichiro Miyamoto

HEETR & Associate Professor* bz )= Makoto Kanzaki

EER 3 Associate Professor* m B & Toshiaki Kato

By # Assistant Professor 5 i Tang Ma

Mg 7 LA > T SRR S Laboratory for Brainware Systems
TR E b Director, Professor P & & 5l Takahiro Hanyu

m 5T - FEURT LRE Recognition and Learning Systems
E Q=) Professor* =5 A B Satoshi Shioiri

HEHE G Associate Professor* R K B — Shuichi Sakamoto

I Associate Professor W E — & Kazumichi Matsumiya

m FER VLS| 2 X7 LSRR New Paradigm VLS| System
] Professor P o4& & 5k Takahiro Hanyu

E =N E ) Professor* 5 K =% X Takafumi Aoki

HEIT 3 Associate Professor* X B B X Naofumi Homma

HEHE Associate Professor 2 H M @ Masanori Natsui
EFEEETRE Research Fellow X B O X Masafumi Yano
EFEEERE Research Fellow £ A ] Akira Mochizuki
EFBEENRE Research Fellow £ # 2 Akira Tamakoshi

B EHROVE 1 —T 4 VIOHEE Real-World Computing
E Professor A E B X Akio Ishiguro

B @® Professor* m oK WO Hidetoshi Matsuki

Bh # Assistant Professor R X — B Kazuhiro Sakamoto

Bh # Assistant Professor X B X Dai Owaki

By # Assistant Professor moA Rl se Takeshi Kano

MR 21 tHiCIERRE S 2 —

v R—E @ HE Director, Professor M M % BB Hiroaki Muraoka

= PEEFEE Project Planning Division
BEEHIT Visiting Professor &= A B Makoto Furunishi

= PRZTRARER Technology Development Division
ENAIVDE Mobile Wireless Technology Group
H B ® Professor* x W E A Noriharu Suematsu

#HEE® Associate Professor* 2 H 2 ___SuguruKameda
AML—=I9% Storage Technology Group
BEEHIT Visiting Professor NI bt Hiroshi Matsuoka

BT Associate Professor oA OBROE Takaki Nakamura
EFEEENEE Research Fellow B H E B Masachika Harada

79 | BXUBEHTIZEFT = RIEC 2015/2016



i
|
B

BHEEEE

Management Office for Safety and Health

= E 3 //#3E Manager, Professor B A B Satoshi Shioiri

BEE & #HE Deputy Manager, Professor B F — Yoichi Uehara

B #H & Assistant Professor 1 B 5 2 Nobuyuki Sato

BRI RS Common Research Facilities

PHOSNMERV AT Lt 2 —

o a—F G0 HIE
B g ®
B g ®

Director, Professor
Professor*
Professor*

m & >+

E
i ot o

N

> o8

Flexible Information System Center
Tetsuo Kinoshita

Yoshihito Toyama
Takuo Suganuma

RZEE Rt > 2 — Fundamental Technology Center

- 6 HiF Director, Professor B F — Yoichi Uehara

MERMEE (FEhE) Technical Staff E F B — Koichi Shoji

= TEER Machine Shop Division
REMEMBE (JIL—TR) Technical Staff X K 1= Tamotsu Suenaga

RiiT—RE e Technical Staff f 28 @E A Kento Abe

Hii—Asa Technical Staff B H ZT BB Yasuaki Maeda

u SFMRES Evaluation Division
EMEMAEE (JIL—TR) Technical Staff fo] &5 & IR Maho Abe

HiT—hAREE Technical Staff 5 @#E & Takenori Tanno

B O R Process Division
BMEFEE (J)IV—7F&) @ Technical Staff xR K 1 Tamotsu Suenaga

HiT—iE e Technical Staff & H F & lori Morita

Hi—iEE Technical Staff N B B Rikima Ono

BEARS Technical Staff 2T % B Katsumi Sagae

u (EEREAER Information Technology Division
FEREMERME (JIV—7&) @ Technical Staff E F B — Koichi Shoji

Hi—iEE Technical Staff 1k B F = Masahiko Sato

HifT—ASEE Technical Staff Foh B OF Yuko Maruyama

HiT—iEE Technical Staff X H T A Kenji Ota

BEAKES Technical Staff m Bk X E Fumitaka Saito

EREHEEE Office for the Promotion of International Relations
FHEEUR Specially Appointed Professor I B B &K Yasushi Sakanaka
EFEEEHE= Cooperative Research and Development
RS Specially Appointed Professor * @ s, & Hiroki Shoji

B Administration Office
EHE General Manager R B R B Yasuharu Ito

ERRAEE Deputy-General Manager F IE F — Shuichi Terashima

ISR E Chief of General Affairs Section X A = Takashi Onuma

M IRE Chief of Research Cooperation Section LI I & 3£ Hiromi Yamazaki

MERE Chief of Library Section A F — Yoichi Uchigasaki

BB %E Chief of Accounting Section Ko B OE Hiroaki Nagayama

AERE Chief of Purchasing Section w8 B A Akihiro Matsuya
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Access

From Sendai Airport
By taxi: About 60 minutes from Sendai Airport to

owwony “iejusd ABojouyds) |euswepuny
N
/i

— A Katahira Campus
WETS zﬁﬁﬁ By Sendai Airport Line: About 25 minutes from
———————————————————————————————— Machine Shop 5 i Sendai Airport to JR Sendai Station
IT-21 £ 2 — Bk 3
g From JR Sendai Station

\\ On foot: About 20 minutes from JR Sendai Sta-
tion

By taxi: About 5minutes from JR Sendai Station

Xabo/ratr,y’for IT-21 Center

BRUBEMFZEFT = RIEC 2015/2016

81




\\ SILAS B SOBEFSCAR

Research Institute of Electrical Communication Tohoku University

T980-8577 ALEHmEEXAFZTH1-1
TEL : 022-217-5420 FAX : 022-217-5426
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