








RI E‘ﬁ, 2010 Laboratory for Nanoelectronics and Spintronics

Highlights of Research Activities in 2010

Atomically Controlled Processing and Nano Integration

@ Atomically Controlled Processing (J. Murota and M. Sakuraba)

In order to create atomically controlled processing for nanometer-order artificial
heterostructures of group IV semiconductors, following experimental results have been
obtained: (1) In P atomic layer doping, P segregation at a Si cap surface becomes more
significant in the case with tensile strain in Si than that without strain. Solid solubility of
P at the heterointerface becomes smaller with tensile strain. (2) Deposition rate of
Sio.55Geo.45 on Si(100) is reduced by tensile strain in Si(100) and increased by compressive
strain in Si(100). Moreover, electrical activity of B atoms in Si with tensile strain is
reduced. (3) By using SizHs in Si epitaxial growth on nanometer-order Sios2Geoss film,
roughness generation and mixing at the heterointerface are suppressed. Additionally by
applying the growth condition to resonant tunneling diode, room-temperature negative

differential conductance was clearly demonstrated.

@ Intelligent Nano-Integration System (K.Nakajima and S.Sato)

(1) We have analyzed behavior of a connected neural system by using a new concept
virtual particle dynamics, and we have designed and measured a hardware neuro-system
based on this concept. Furthermore, we have proposed a stochastic logic neuron for an
inverse function delayed model with high-order synapse connections, and we have
discussed the possibilities of it. (2) We measured switching current distributions of
stacked Nb/AlOx/Nb Josephson junctions, and studied the experimental technique for
evaluating coupling strength between dJosephson junctions from switching current
distributions. It has been confirmed that large difference is found between samples with
and without capacitive couplings, and the crossover temperature region between
quantum and classical regions becomes large in comparison with a conventional theory.
(3) We designed an 8-bit parallel multiplier for the large scale superconducting digital
signal processor. The operation of the designed multiplier up to 40GHz was confirmed by
the numerical simulation. The estimated power dissipation was 6.33mW. A neural
network using superconducting quantum interference devices for solving N-Queens

problem was designed and numerically demonstrated.

Semiconductor Spintronics and Information Technology

@® Semiconductor Spintronics and Nano-Spin Memory
(H. Ohno, Y. Ohno, F. Matsukura, and S. Ikeda)
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Our research activities focus on the establishment of fundamental technologies for
future spintronics devices. The outcomes in the last fiscal year are following. (1)
Fabrication of magnetic nano-dot ensemble from a (Ga,Mn)As thin layer by the
application of electric field. (2) Establishment of the relationship between the magnitude
of nuclear quadrupole interaction and spin phase relaxation time in nonmagnetic
semiconductor quantum structures. (3) Discovery of CoFeB/MgO interfacial magnetic
anisotropy and its control by the application of electric-fields. (4) Fabrication of
CoFeB/MgO based perpendicular anisotropy MTJs (p-MTJs) with TMR ratio over 120%,
high thermal stability at dimensions as low as 40 nm¢, and low Lo < 50 pA, after
annealing at 350°C. (5) Achievement of a TMR ratio of 100% in p-MTJs consisting of MgO
barrier and CoFe/Pd multilayer electrodes with CoFeB insertions after annealing at
350°C.

Research activities in "Research and development of ultra-low power spintronics-based
VLSIs" under "Funding Program for World-Leading Innovative R&D on Science and
Technology (FIRST Program)," initiated by CSTP. (1) Llo-ordered MnAl films showed
perpendicular anisotropy with a very large anisotropy constant of ~1x107 erg/cc. (2) Very
large TMR ratio of 350% at RT and 947% at 2 K was observed in MTdJs with
Co2MnSi/MgO interface and 0.8 nm-thick CoFe insertion. (3) Operation of 2T-2MTJ
bit-serial TCAM cell and a 1T-1MTJ binary CAM (BCAM) cell fabricated by a 0.14 um
and 90 nm CMOS/MTJ process and a 90-nm CMOS/MTJ process was verified. (4) Using
prototype reconfigurable spin processor, the data writing operation from the working
memory (SRAM) to the configuration memory (SPRAM) with the reconfigurable spin logic

block was demonstrated.

@ Ultra-Broadband Signal Processing (T.Otsuji and T.Suemitsu)

The goal of our research is to explore the terahertz frequency range by means of novel
electron devices and systems. Graphene has massless carriers and their peculiar
characteristics are expected to be useful as a candidate to realize such systems. Using an
epitaxial graphene formed on silicon substrates provided by Prof. Suemitsu’s group, we
have fabricated graphene-channel FET’s to integrate a complimentary logic inverter gate
and confirmed its normal operation at room temperature. We have also succeeded in
observation of stimulated emission of terahertz radiation from optically pumped
graphene, which proved our theoretical discovery of the possibility of the negative

dynamic conductivity and population inversion in optically pumped graphene.

® Quantum-Optical Information Technology (K.Edamatsu and H.Kosaka)
1. Investigation of optical nonlinearities at a single-photon level is essential in
realizing quantum info-communication technology. We have succeeded in measuring the

optical Kerr nonlinearity at the single-photon level in photonic crystal fibers and Si wire
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waveguides.

2. We are developing a quantum media converter from a photon to an electron spin to
realize a quantum repeater, which is expected to extend the transmission distance of
quantum info-communication. We have demonstrated polarization transfer from a photon
to an electron spin and manipulation of an electron spin in a gate-defined quantum dot.
We have also theoretically shown that we can read out two-spin coherence and perform
the complete Bell state measurement of two electrons in a g-factor engineered double

quantum dot.

Nano-Molecular Devices

® Nano-Molecular Devices (M. Niwano and Y.Kimura)

(DFabrication of a PSHT organic transistor using ionic liquid and its characterization

We fabricated a P3HT organic transistor using ionic liquid and demonstrated that it
drived high output current at low voltage. Infrared spectra of the P3HT layer were in-situ
observed during operation. The infrared spectra of the PSHT indicated that the PSHT
organic transistor using ionic liquid was dominantly controlled by the electrochemical
doping to the P3HT active layer.

@Direct formation of titanium oxide nanotube film on a substrate by anodization

The metallic titanium film was deposited on a glass substrate by the DC magnetron
method. The titanium oxide nanotube film was directly formed on a glass substrate by
anodizing the metallic titanium film in an ammonium fluoride based organic electrolyte.
The diameter of the titanium oxide nanotubes was controlled by the applied anodic
potential.

(®Reconstitution of free-standing bilayer lipid membranes in Si substrates

Free-standing bilayer lipid membranes (BLMs) were reconstituted in micro apertures
fabricated in Si substrates. The mechanical and electrical stability of the BLMs was
remarkably improved compared with BLMs prepared by a conventional method.
Background current noise was reduced by coating the Si substrate with insulating layers.

@ Reconstitution of free-standing bilayer lipid membranes in nanoporous anodic
alumina films

Free-standing BLMs were formed in nanoporous anodic alumina films. The use of
porous anodic alumina reduced individual membrane size to improve the BLM stability
compared with conventional BLMs. On the other hand, total BLM area is still large to
facilitate protein incorporation. This approach is useful for designing highly sensitive

biosensors.
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Atomically Controlled Processing

Creation of Atomically Controlled Processing of Group IV Semiconductor and
Application to Nano Heterodevices

Atomically Controlled Processing Junichi MUROTA, Professor
Group IV Quantum Heterointegration Masao SAKURABA, Associate Professor

[Research Target and Activities]
Development of atomically controlled processing technology in deposition and etching is quite
important to fabricate future higher-performance ultralarge-scale integrated circuits (ULSIs) as well
as quantum devices for new functions and to create new materials with novel properties which are
different from that of conventional bulk materials. To overcome the limits of Si material properties and
device miniaturization and to achieve on-chip integration of ultimate charge control into Si ULSIs, this
laboratory aims to establish atomically controlled processing for nanometer-order artificial
heterostructures of group IV semiconductors with atomically controlled surface and interfaces and
nanometer-order three-dimensional patterning with molecular control to fabricate nanometer-order
heterostructure devices. (Fig. 1)

In this year, following experimental results have been obtained: (1) In P atomic layer doping,
P segregation at a Si cap surface becomes more significant in the case with tensile strain in Si than
that without strain. Solid solubility of P at the heterointerface becomes smaller with tensile strain. (2)
Deposition rate of SiossGeoss on Si(100) is reduced by tensile strain in Si(100) and increased by
compressive strain in Si(100). Moreover, electrical activity of B atoms in Si with tensile strain is
reduced. (3) By using Si2Hg in Si epitaxial growth on nanometer-order Sios2Geoss film, roughness
generation and mixing at the heterointerface Contact Resistivity Souree_ - Goc, O
are suppressed. Additionally by applying the  wetarsemiconductor sunction o
growth condition to resonant tunneling diode, = '}
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[Profile] heterostructure of group IV semiconductors.

Junichi MUROTA received the B.E., M.E. and Ph.D degrees in electronic engineering from Hokkaido
University in 1970, 1972 and 1985, respectively. He joined the Electrical Communication Laboratory,
Nippon Telegraph and Telephone Public Corporation in 1972. In 1985 and 1995 he became an
Associate Professor and a Professor, respectively, in the RIEC, Tohoku University. He was awarded the
3rd Yamazaki-Teiichi Prize (2003), the JSAP Fellow (2009) and the Commendation for Science and
Technology by the MEXT (2010).

Masao SAKURABA received the B.E. degree in electrical engineering in 1990 and M.E. and Ph.D
degrees in electrical and communication engineering in 1992 and 1995, respectively from Tohoku
University. In 2002 he became an Associate Professor in the RIEC. He was awarded Young Researcher
Award of Int. Conf. SSDM (1992) and 12th Research Encouragement Award of Tokin Foundation for
Advancement of Science and Technology (2001).

[Papers]

[1] K. Takahashi, M. Sakuraba and J. Murota, “Fabrication of High-Ge-Fraction Strained Sii-«Gex/Si Hole
Resonant Tunneling Diode Using Low-Temperature Si2He Reaction for Nanometer-Order Ultrathin Si
Barriers”, Solid-State Electron., Vol.60, pp.112-115, (2011).

[2] J. Murota, M. Sakuraba and B. Tillack, “Atomically Controlled Processing in Strained Si-Based CVD
Epitaxial Growth” (Invited Paper), 10th IEEE Int. Conf. on Solid-State and Integrated Circuit
Technology (ICSICT-2010), Shanghai, China, Nov. 1-4, 2010, Proc.No.I112_05.

[3] M. Sakuraba and J. Murota, “Atomically Controlled Plasma Processing for Epitaxial Growth of Group
IV Semiconductors” (Invited Paper), 10th IEEE Int. Conf. on Solid-State and Integrated Circuit
Technology (ICSICT-2010), Shanghai, China, Nov. 1-4, 2010, Proc.No.I12_07.
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Semiconductor Spintronics

Nanoscience and Nanotechnology for Spintronics and THz Lasers
[Research Target and Activities]

We are working on the nanoscience and Semiconductor Spintroni
nanotechnology to control the quantum states T e

in semiconductors, especially the spin-states

and optical transitions in the mid-infrared to Quantum _

THz. computing Spin memory
Materials of interest include GaAs/AlAs, Uc:tr:l‘:e;?t Spin Electrical controlled

InAs/(ALGa)Sb, GaN, and ZnO, with and switching | S2nerence __magnetism

without doping of magnetic elements, all

Spin
grown by molecular beam epitaxy. We are rel afation THz lasers

investigating electrical, optical, magnetic )
. . . Spin Quantum structures Intersuppand
properties of these materials and their injection transition

application to new functional devices, such as »
memories and logic devices using spin states Nanoscience / Nanotechnology I
as well as quantum cascade lasers (QCL) with
THz emission.

The outcomes in the last fiscal year are (1)
Discovery of CoFeB/MgO interfacial magnetic anisotropy and its control by the application of
electric-fields. (2) Fabrication of magnetic nano-dot ensemble from a (Ga,Mn)As thin layer by the

application of electric field. (3) Establishment of the relationship between the magnitude of nuclear
quadrupole interaction and spin phase relaxation time in nonmagnetic semiconductor quantum

structures.

[Staff]

Hideo Ohno, Professor

Yuzo Ohno, Associate Professor

Fumihiro Matsukura, Associate Professor
Keita Ohtani, Assistant Professor

[Profile of Professor Hideo Ohno]

Hideo Ohno received Ph. D. degree from the University of Tokyo in 1982. He was with the Faculty of
Engineering, Hokkaido University as a Lecturer (1982) and then as an Associate Professor (1983). He
moved to Tohoku University in 1994 as a Professor. He received the IBM Japan Science Prize (1998),
the IUPAP Magnetism Prize (2003), the Japan Academy Prize (2005), and the 2005 Agilent
Technologies Europhysics Prize. He is Institute of Physics (IOP) Fellow (2004), Honorable Professor at
Institute of Semiconductors, Chinese Academy of Sciences, and JSAP fellow (2007), Distinguished
Professor at Tohoku University (2008), and IEEE Magnetic Society Distinguished Lecturer for 2009.
He is a member of JSAP, JPS, JACG, IEICE, APS, IOP, IEEE, and AVS.

[Papers]

[1] M. Endo, S. Kanai, S. Ikeda, F. Matsukura, and H. Ohno, "Electric-field effects on thickness dependent magnetic
anisotropy of sputtered MgO/CoyoFe40B,/Ta structures," Applied Physics Letters, Vol. 96, 212503 (3 pages), May 2010.

[2] D. Chiba, F. Matsukura, and H. Ohno, "Electrically Defined Ferromagnetic Nanodots," Nano Letters, Vol. 10,
4505-4508, November 2010.

[3] H. Ohno, "A window on the future of spintronics," Nature Materials, Vol. 9, pp. 952-954, November 2010.
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Nano-Molecular Devices

Control of surface and interface of molecular informational devices and
development of novel nano-molecular devices

Nano-Molecular Devices: Michio NIWANO, Professor
Nano-Electron Devices: Yasuo KIMURA, Associate Professor

[Research Target and Activities]

Our application of
micro/nano-fabrication to semiconductor devices or many kinds
of biosensors. We have investigated development of 1) a
biomolecular sensing system using Si fabrication technologies
and 2) a nanofabrication method using electrochemical processes
such as anodization of valve metals.

1) Application of Titanium nanotubes to counter electrode for
dye-sensitized solar cells (DSC)

We have fabricated a porous titanium composite counter
electrode for a DSC. The counter electrode increased the fill
factor and short-circuit current, resulted in improvement of the
performance of the DSC.

2) Characterization of Organic Field Effect Transistor (OFET)

We have investigated the influence of carrier injection on the
characteristics of an OFET using a rubrene single crystal.

3) In situ monitoring of ATP synthesis in mitochondria by surface
infrared spectroscopy

A real-time and label free method for monitoring of ATP
synthesis and hydrolysis in mitochondria has been developed.

research aims at semiconductor

[Staff]

Professor: Michio NIWANO, Dr.
Associate Professor: Yasuo KIMURA, Dr.
Assistant Professor: Yuki AONUMA, Dr.

[Profile]
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Michio NIWANO 1998 — present RIEC, Tohoku University, Japan, Professor, Doctorate of Science

Memberships:

The Electrochemical Society (ECS), The Material Research Society (MRS),

American Vacuum Society (AVS), The Japan Society of Applied Physics (JSAP)
Yasuo KIMURA 2010 — present RIEC, Tohoku University, Japan, Associate Professor, Ph. D. Eng.

Memberships:
The Surface Science Society of Japan

[Papers]

The Electrochemical Society (ECS), The Japan Society of Applied Physics (JSAP),

[1] M. M. Rahman, R. Kojima, M. El Fassy Fihry, Y. Kimura and M. Niwano. “Formation of Porous
Titanium Film and Its Application to Counter Electrode for Dye-Sensitized Solar Cell.” Japanese

Applied Physics Letter, Vol. 49, No. 12, (2010) 122302.

[2] Y. Kimura, T. Oba, T. Shimakura and M. Niwano. “Influence of Carrier Injection on Characteristics of
an Organic Field Effect Transfer.” Journal of the Surface Science Society of Japan, Vol. 32, No. 1 (2011)

pp. 21-26.

[3] R. Yamaguchi, A.Hirano-Iwata, Y. Aonuma, Y. Yoshimura, Y. Kimura, Y. Shinohara and M. Niwano.
“Real-time monitoring of mitochondrial adenosine 5'-triphosphate synthesis and hydrolysis by surface
infrared spectroscopy.” Applied Physics Letter, Vol. 98, No. 13 (2011) 133703.
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Nano-Spin Memory
Research of spin based device and memory

Nano-Spin Memory Shoji IKEDA, Associate Professor

[Research Target and Activities]

We are developing technologies to realize
advanced spin memory and logic devices using
magnetic tunnel junctions (MTJs). In our group,
the following results were obtained.

1) We found that perpendicular magnetic
anisotropy resulting from interfacial
anisotropy between CoFeB and MgO is large
enough to enable high-performance
perpendicular anisotropy MTJs (p-MTJs) at
reduced dimensions. The p-MTdJs annealed at Schematic of perpendicular anisotropy CoFeB/MgO-based
350°C show a tunnel magnetoresistance (TMR)  magnetic tunnel junction (MTJ).

ratio > 120%, good thermal stability at

dimensions as low as 40 nm¢, and low Lo < 50 pA, all at the same time. This approach promises to
become an essential building block for future spintronics-based nonvolatile VLSIs.

2) By reducing the Pd layer thickness, we achieved a TMR ratio of 100% in the p-MTJs after 350°C
annealing. The resulting solid solubility of B in the layer adjacent to CoFeB is the key factor for the
high annealing stability.

[Staff]

Associate Professor : Shoji IKEDA, Ph.D.
Research Fellow : Katsuya MIURA, Ph.D.
Research Fellow : Hiroki YAMAMOTO

[Profile]

Shoji IKEDA received the B.S., M.S., and Ph. D degrees from Muroran Institute of Technology,
Muroran, Japan, in 1991, 1993 and 1996, respectively. He was a Research Associate with the
Department of Electrical and Electronic Engineering at the Muroran Institute of Technology from
1996 to 1999. He was with Fujitsu Limited, Atsugi/Nagano, Japan, from 1999 to 2003. He joined
Tohoku University, Sendai, Japan, in 2003, where he is currently an Associate Professor. His current
research interests include magnetic metal devices with nanostructures and their application. He
received the Magnetics Society of Japan Distinguished Paper Award in 2003 and the APEX/JJAP
Paper Award in 2009.

[Papers]

[1] K. Mizunuma, S. Ikeda, H. Yamamoto, H. D. Gan, K. Miura, H. Hasegawa, J. Hayakawa, K. Ito, F.
Matsukura, H. Ohno, “CoFeB Inserted Perpendicular Magnetic Tunnel Junctions with CoFe/Pd
Multilayers for High Tunnel Magnetoresistance Ratio,” Japanese Journal of Applied Physics, Vol.49,
No. 4, 04DMO04 (4 pages), April 2010.

[2] S. Ikeda, K. Miura, H. Yamamoto, K. Mizunuma, H. D. Gan, M. Endo, S. Kanai, J. Hayakawa, F.
Matsukura and H. Ohno, “A perpendicular-anisotropy CoFeB-MgO magnetic tunnel junction ,” Nature
Materials, Vol. 9 No.9 pp.721-724, September 2010

[3] K. Mizunuma, M. Yamanouchi, S. Ikeda, H. Sato, H. Yamamoto, H. D. Gan, K. Miura, J. Hayakawa, F.
Matsukura, and H. Ohno, “Pd Layer Thickness Dependence of Tunnel Magnetoresistance Properties in
CoFeB/MgO-Based Magnetic Tunnel Junctions with Perpendicular Anisotropy CoFe/Pd Multilayers,”
Applied Physics Express, Vol. 4, No. 2, 023002 (3pages), February 2011.
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Laboratory for Brainware Systems
Research Targets and Activities of Laboratory for Brainware Systems

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

We aim at establishing scientific and technological foundations for Real-World Computing (section), New Paradigm VLSI
System (section), Intelligent Nano-Integration System (section), Microarchitecture (section), Cyber Robotics (planned section),
and Next-Generation Human Interface (planned section). The Laboratory for Brainware Systems consists of the above six
sections which cooperatively carry out the research. At the same time they serve as a laboratory for nation-wide cooperative
research in the field of Brainware systems.

The technology developed in the Laboratory is expected to enhance the research carried out in the four Divisions of the
Institute, and the research conducted in the Divisions, in turn, is expected to provide scientific basis for the information
technology developed in the Laboratory.
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[Research Target]
Real-World Computing Section: Our main aim is to understand highly harmonic and autonomous

biological-information systems, and to propose principles for designing new systems. For carrying out
any purpose or any function, the biological system must solve inverse problems in the real-world. Since
the inverse problem is an ill-posed one, the system has to create an appropriate constraint for solving
the ill-posedness by itself, and autonomously satisfies the created constraint in real time. Clarifying
logic and basic mechanisms of “Constraint Self-Emergence and Self-Satisfaction”, we create artificial
systems for pattern recognitions and motion controls that work well in the real-world.

New Paradigm VLSI System Section Section: Performance degradation of SoCs due to wiring

complexity, power dissipation and characteristic variation of materials/devices is increasingly getting a
serious problem in recent era. Our research activity is to solve the above problem by the following
two ways: the use of logic-in-memory architecture based on nonvolatile logic, and the use of
asynchronous data-transfer scheme based on multiple-valued current-mode logic, which would open
up a novel VLSI chip paradigm, called a “new-paradigm VLSI system.”

Intelligent Nano-Integration System Section: Our research activities cover the fields of architectures

of Brain computing systems, characterization and application of artificial neural networks, computer
aided designs and fabrications of intelligent integrated circuits, and exploitation of new devices for
neural circuits. At present research is focused on the large scale integration of Brain computing system
and exploitations of new neural devices proposing a neuromorphic quantum computation.
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Microarchitecture Section: The research activities in microarchitecture lab. include architecture and

circuit design of mixed-signal SoC applicable to sensor network system to explore brain activity
research along with mixed-signal topdown design methodology.

[Research Activities]
Real-World Computing Section (Yano Laboratory): We obtained the following two main results. In
natural scenes, objects are often partially occluded. Nonetheless, our visual system can readily

complete an object shape from available information and perceive it as a whole, a process known as
amodal completion. Although implementation of this completion process is an important issue, visual
computation for completion, based on both the local continuity of contours and on global regularities,
such as symmetry, has received little attention. We showed a novel neurocomputational model based
on recent physiological findings, in particular those in visual area V4. The model enables amodal
completion through the evaluation of a global constellation of features describing a shape’s contours.
Complex behavior of animal is organized by complex neuronal networks in the brain. Recent
theoretical studies suggest that such networks can exhibit many dynamical states, and have a
capability to switch from one state to another. Increase in fluctuations of available measures in many
complex systems serve as symptoms for such state transitions. We analyzed the firing variability of the
prefrontal neurons of monkeys, and revealed that it was enhanced right before the neurons showed a
switching of neuronal coding for behavioral goals.

New Paradigm VLSI System Section (Hanyu Laboratory): As this-year research results in
nonvolatile-logic area, we have succeeded the chip fabrication of MTJ (Magnetic Tunnel
Junction)-based typical logic components, such as a nonvolatile LUT (look-up table) circuit chip with
PVT-variation resilience and a nonvolatile binary bit-serial CAM cell array chip with a 1T-1MTJ
structure. We have also developed a highly reliable link for asynchronous Network-on-Chip (NoC),
which enables open-fault detection, link recovery and QDI with less energy and less wire counts in
comparison with those of a conventional approach.

Intelligent Nano-Integration System Section (Nakajima-Sato Laboratory): (1) We have analyzed

behavior of a connected neural system by using a new concept virtual particle dynamics, and we have
designed and measured a hardware neuro-system based on this concept. Furthermore, we have
proposed a stochastic logic neuron for an inverse function delayed model with high-order synapse
connections, and we have discussed the possibilities of it. (2) We measured switching current
distributions of stacked Nb/AlOx/Nb Josephson junctions, and studied the experimental technique for
evaluating coupling strength between Josephson junctions from switching current distributions. It has
been confirmed that large difference is found between samples with and without capacitive couplings,
and the crossover temperature region between quantum and classical regions becomes large in
comparison with a conventional theory. (3) We designed an 8-bit parallel multiplier for the large scale
superconducting digital signal processor. The operation of the designed multiplier up to 40GHz was
confirmed by the numerical simulation. The estimated power dissipation was 6.33mW. A neural
network using superconducting quantum interference devices for solving N-Queens problem was
designed and numerically demonstrated.

Microarchitecture Section (Masui Laboratory): We have been investigating architecture and circuit
techniques for low-power and low-cost CMOS transceiver ICs applicable to wireless sensor network,
and high-speed A/D converter applicable to vision sensing. We have been explored a low-power
fractional-N PLL synthesizer design with a proposed self-dithering scheme, which can minimize the
fractional spurious without hardware overhead, and a high-speed setup circuit supported by
CMOS-compatible nonvolatile memory. In terms of design productivity enhancements, we have
established a gm/Ip lookup table design methodology for low-power OTAs (operational
transconductance amplifier), and have successfully implemented a low-power bandpass filter with an
active gm-RC architecture to reduce the power consumption from 23.5mW to 2.7mW.
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Real-world computing
Toward principles for adaptation in indefinite real-world
~Studies on flexible information processing in the brain and body~
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Koji NAKAJIMA Professor

[Research Target and Activities]

It is unclear how biological systems behave adaptively in the real world, even though the
environment is inherently indefinite and unpredictable. To clarify the adaptive mechanism underlying
the brain, we study it in various fields including vision, audition, motor control and memory.

We made progresses in two directions as follows in 2010.

In natural scenes, objects are often partially occluded. Nonetheless, our visual system can readily
complete an object shape from available information and perceive it as a whole, a process known as
amodal completion. Although implementation of this completion process is an important issue, visual
computation for completion, based on both the local continuity of contours and on global regularities,
such as symmetry, has received little attention. We showed a novel neurocomputational model based
on recent physiological findings, in particular those in visual area V4. The model enables amodal
completion through the evaluation of a global constellation of features describing a shape’s contours.

Complex behavior of animal is organized by complex neuronal networks in the brain. Recent
theoretical studies suggest that such networks can exhibit many dynamical states, and have a
capability to switch from one state to another. Increase in fluctuations of available measures in many
complex systems serve as symptoms for such state transitions. We analyzed the firing variability of the
prefrontal neurons of monkeys, and revealed that it was enhanced right before the neurons showed a
switching of neuronal coding for behavioral goals.

[Staff]
Professor: Koji NAKAJIMA, Dr.
Assistant professor: Yoshinari MAKINO, Dr., Kazuhiro SAKAMOTO, Dr.

[Profile]

[Papers]

[1] K. Sakamoto, T. Kumada and M. Yano, “A computational model that enables global amodal completion
based on V4 neurons,” ICONIP 2010, Part I, LNCS (Lecture Notes in Computer Science), Vol. 6443, pp.
9-16, 2010

[2] K. Sakamoto, T. Kumada and M. Yano, “A neurocomputational model for amodal completion in
ambiguous figures,” Neurosci. Res., Vol. 68, sppll, p. e217, 2010

[3] Y. Katori, K. Sakamoto, H. Mushiake, K. Aihara, “Representational transition in a multi-stable
attractor model of the prefrontal cortex,” J. Phyisiol. Sci., Vol. 60 sppll p. S64, 2010
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Intelligent Nano-Integration System
Basic Technology of Integrated System for Intelligent Processing

Intelligent Nano-Integration System, Koji NAKAJIMA, Professor
Integrated Superconducting Quantum System, Shigeo SATO, Associate Professor

[Research Target and Activities]
Our research activities cover the fields of architectures of Brain computing systems, characterization
and application of artificial neural networks, computer aided designs and fabrications of intelligent
integrated circuits, and exploitation of new devices for neural circuits. We have presented an FFT and
a neural system operated by using a flux quantum logic in superconducting integrated circuits. At
present research is focused on the large scale integration of Brain computing system and exploitations
of new neural devices proposing a neuromorphic quantum computation.
Research Activities in 2010 : (1) We have analyzed behavior of a connected neural system by using a
new concept virtual particle dynamics, and we have designed and measured a hardware neuro-system
based on this concept. Furthermore, we have proposed a stochastic logic neuron for an inverse function
delayed model with high-order synapse connections, and we have discussed the possibilities of it.
(20 We measured switching current distributions of stacked Y EED
Nb/AlOx/Nb dJosephson junctions, and studied the experimental
technique for evaluating coupling strength between Josephson
junctions from switching current distributions. It has been confirmed
that large difference is found between samples with and without
capacitive couplings, and the crossover temperature region between
quantum and classical regions becomes large in comparison with a
conventional theory.
(3) We designed an 8-bit parallel multiplier for the large scale
superconducting digital signal processor. The operation of the designed
multiplier up to 40GHz was confirmed by the numerical simulation.
The estimated power dissipation was 6.33mW. A neural network using
superconducting quantum interference devices for solving N-Queens
problem was designed and numerically demonstrated.

PPOFEENARNAN

Figure A 4-bit parallel
multiplier using SFQ logic

[Staff]

Professor : Koji NAKAJIMA, Dr. Associate Professor : Shigeo SATO, Dr.
Assistant Professor : Takeshi ONOMI, Dr.

[Profile]

Koji NAKAJIMA was received his B.E. M.E. and Dr. Eng. from Tohoku University, Sendai, Japan, in
1972, 1975, and 1978, respectively. Since 1978, he has been working at the Research Institute of
Electrical Communication, Tohoku University. He is a professor at the same institute of Tohoku Univ.,
and is currently engaged in the study of VLSI implementation of neural network, and Josephson
junction devices for digital applications.

Shigeo SATO was received his B.E. and Ph.D. degrees from Tohoku University, in 1989 and 1994,
respectively. In 1996, he joined the Research Institute of Electrical Communication, Tohoku University.
Now, he studies brain computer and quantum computer as an associate professor.

[Papers]

[1] S. Sato, A. Ono, M. Kinjo, and K. Nakajima, “Performance of Adiabatic Quantum Computation using
Neuron-like Interconnections,” Proc. 2010 Int. Symp. Nonlinear Theory and its Applications, pp. 39-42, Sep.
2010.

[2] T. Sota, Y. Hayakawa, S. Sato, and K. Nakajima, “Discrete Higher Order Inverse Function Delayed
Network,” Proc. 2010 Int. Symp. Nonlinear Theory and its Applications, pp. 615-618, Sep. 2010.

[3] R. Nakamoto, S. Sakuraba, T. Onomi, A. Martins, S. Sato, and K. Nakajima, “High Throughput Parallel
Arithmetic Circuits for Fast Fourier Transform,” IEICE Trans. Electron., vol.E94-C, pp.280-287, Mar. 2011.
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Microarchitecture Laboratory
Mixed-Signal Platform Design

Microarchitecture Shoichi MASUI, Professor

[Research Target and Activities]
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Ubiquitous society has been established by the deployment of various wireless systems ICs, and it
demands advances in mixed-signal (analog and digital) design technique as well as higher integration
through SoC (System on a Chip). Our research activities include architecture and circuit design of
mixed-signal SoC applicable to sensor network systems for the investigation of brain activities
researches as well as design automation of RF/analog circuit. We propose a mixed-signal platform to
maximize the design creativity by utilizing IP-based digital design methodology to various RF/analog
and mixed-signal circuits. Moreover, we have been researching on the development of RF/analog
design optimization flows by using gm/Id based lookup table methodology.

[Staff]
Professor: Shoichi MASUI, Dr.
Visiting Associate Professor: Takana KAHO, Dr., Research Fellow: Illani Mohd NAWI

[Profile]

Shoichi Masui received the B. S. and M. S. degrees from Nagoya University, Nagoya, Japan in 1982,
and 1984, respectively, and received the Ph. D. degree from Tokyo Institute of Technology in 2006.
From 1990 to 1992, he was a Visiting Scholar at Stanford University, Stanford CA, and a Visiting
Scholar at University of Toronto, Toronto ON, Canada in 2001. Since 2007, he is a professor in
Research Institute of Electrical Communication, Tohoku University. He was the recipient of a
commendation by the Minister of Education, Culture, Sports, Science, and Technology, Japan, in 2004
for his research achievements on FeRAM.

[Papers]

[1] D. Su, M. Loinaz, S. Masui, and B. Wooley, “Experimental Results aand Modeling Techniques for
Substrate Noise in Mixed Signal Integrated Circuits,” Journal of Solid-State Circuits, vol. 28, no. 4, pp.
420-430, 1993.

[2] S. Masui, et al., “Ferroelectric Memory Based Secure Dynamically Programmable Gate Array”, IEEE J.
of Solid-State Circuits, vol. 38, no. 5, pp. 715-725, 2003.

[3] H. Nakamoto, D. Yamazaki, T. Yamamoto, H. Kurata, S. Yamada, K. Mukaida, T. Ninomiya, T. Ohkawa,
S. Masui, and K. Gotoh, “A Passive UHF RF Identification Tag LSI with 36.6% Efficiency CMOS-Only
Rectifier and Current-Mode Demodulator in 0.35//m FeRAM technology, ” IEEE Journal of Solid-State
Circuits, vol. 42, no. 1, pp. 101-110, 2007.

Contact to Professor Shoichi MASUI : shomasui@riec.tohoku.ac.jp 5]
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New Paradigm VLSI System Research Group
Realization of a New-Paradigm VLSI-Computing World

New Paradigm VLS| Computing: Takahiro HANYU, Professor
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Fig.1: Nonvolatile binary bit-serial CAM Fig.2: Nonvolatile look-up table circuit Fig.3: Highly reliable asynchronous
cell array chip with a 1'T-1IMTJ structure chip with PVT-variation resilience transmission link.

[Research Target and Activities]

Rapid progress in recent deep submicron regime has led the capability to realize giga-scaled
embedded systems on a chip (SoC), while performance degradation of SoCs due to wiring complexity,
power dissipation and device-characteristic variation are increasingly getting serious problems in the
recent VLSI chip. Our research activity is to solve the above problems primarily by the following two
ways: the use of logic-in-memory architecture based on nonvolatile logic, and the use of asynchronous
data-transfer schemes based on multiple-valued current-mode logic, which would open up a novel
VLSI chip paradigm, called a “new-paradigm VLSI system.”

As this-year research results in nonvolatile-logic area, we have succeeded the chip fabrication of
MTJ (Magnetic Tunnel Junction)-based typical logic components, such as a nonvolatile binary
bit-serial CAM cell array chip (Fig.1) with a 1T-1MTJ structure and a nonvolatile LUT (look-up table)
circuit chip (Fig.2) with PVT-variation resilience. We have also developed a highly reliable link for
asynchronous Network-on-Chip (NoC) (Fig.3), which enables open-fault detection, link recovery and
QDI with less energy and less wire counts in comparison with those of a conventional approach.

[Staff]
Professor: Takahiro HANYU, Dr. Assistant Professor: Atsushi MATSUMOTO, Dr.
Assistant Professor: Masanori NATSUI, Dr. Research Fellow: Naoya ONIZAWA, Dr.

[Profile]

Takahiro Hanyu received the B.E., M.E. and D.E. degrees in Electronic engineering from Tohoku
University, Sendai, Japan, in 1984, 1986, 1989, respectively. He is currently a Professor in the
Research Institute of Electrical Communication, Tohoku University. His general research interests
include nonvolatile logic and its application to high-performance and low-power SoCs.

[Papers]

[1] S. Matsunaga, M. Natsui, K. Hiyama, T. Endoh, H. Ohno and T. Hanyu, “Fine-Grained Power-Gating
Scheme of a Metal-Oxide-Semiconductor and Magnetic-Tunnel-Junction-Hybrid Bit-Serial Ternary
Content-Addressable Memory,” Japanese Journal of Applied Physics, Vol.49, No.2,
04DMO05-1--04DMO05-5, 2010.

[2] N. Onizawa, T. Hanyu, “Highly Reliable Multiple-Valued One-Phase Signaling for an Asynchronous
On-Chip Communication Link,” IEICE Trans. on Information and Systems, Vol.E93-D, No.8,
pp.2089-2099, 2010.

[8] N. Onizawa, A. Matsumoto, and T. Hanyu, “Interconnect-Fault-Resilient Delay-Insensitive

Asynchronous Communication Link Based on Current-Flow Monitoring,” Design, Automation & Test in
Europe (DATE'11), 2011.
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RIE‘@, 2010 Research Center for 21st Century Information Technology

IT-21 center
Research and Development of the IT-Based Practical Technology
by the Industry-Academia-Government Collaboration

[Research Target and Activities]

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 University.
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 Industry makes practical technologies with availability for the commercial
products. The center actively accelerates to obtain the intellectual properties generated from the
development of practical technology to the Industry. From 2007, the new 2 projects were started.

1. Development of Dependable Wireless System and Devices

Our new project “Development of Dependable Wireless System and Devices” was accepted in 2007
as the Japan Science and Technology Agency (JST) CREST type research program “Fundamental
Technology for Dependable VLSI System.” The project has been executed by the collaborations
between RIEC including IT21 mobile wireless technology group, major Japanese mobile terminal
manufacturers and other universities. In this project, concept of Dependable Air, which is
multi-mode and multi-band dependable wireless network, is proposed. The targets of this project are
(1) all IP dependable wireless network which can realize a communication speed of 1Mbit/s~10Gbit/s,
(2) all Si CMOS mixed signal LSI with frequency range of 500MHz~70GHz, (3) LSI development of
frequency domain equalizer technology, and (4) scalable AD converter.

2. Development of Low Power Consumption Mass Storage HDD Systems

A new project “Development of super high-speed mass storage HDD systems” started in 2007 under
the collaborations between RIEC including IT21 storage technology group, major Japanese HDD
manufacturers and other laboratories within Tohoku University. The goals of this project are to
develop the perpendicular recording technologies required for higher than 2 Tbits/inch? recording
density and, based on these technologies, to develop the system architecture for realizing large
capacity, high performance and low power consumption storage systems; (1) Development of
fundamental technologies for the recording densities over 2 Tb/inch?; high sensitivity sensors, high
recording resolution SPT writers and high-density media including patterned media, (2) Development
of a system architecture for high performance and low power consumption storage systems.

[Staff]
Director: Hiroaki MURAOKA, Professor

Project Planning Division
Makoto FURUNISHI, Visiting Professor

Technology Development Division (Mobile Wireless Technology Group)
Kazuo TSUBOUCHI, Visiting Professor
Tadashi TAKAGI, Visiting Professor

Technology Development Division (Storage Technology Group)
Kazuhisa FUJIMOTO, Professor
Hajime AOI, Visiting Professor
Takehito SHIMATSU, Associate Professor
Kiyoshi YAMAKAWA, Visiting Associate Professor
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RIE‘@, 2010 Research Center for 21st Century Information Technology

IT21 Center Mobile Wireless Technology Group
For Realizing Dependable Air

Kazuo TSUBOUCHI, Visiting Professor (Project Leader)
Tadashi TAKAGI, Visiting Professor

[Research Target and Activities]

“Development of Dependable Wireless System and Devices” project was accepted in 2007 as the Japan

Science and Technology Agency (JST) CREST type research program.

1. All Si CMOS RFIC: For realizing DWS, we have developed a 5GHz- and 60GHz-band RF circuits
using 90nm Si-CMOS technology.

2. Digitally Assisted Compensation Technology: We have developed a novel frequency domain
equalizer (FDE) technology implemented to an application specific integrated circuit (ASIC). We
have demonstrated a transmission test under multipass fading environments. Due to the FDE,
we have realized to improve bit error rate (BER) characteristics. Conventionally, FDE technology

has been evaluated by simulation. Here, we have been able to realize it by experiment.

3. Adaptive and Scalable ADC/DAC (Analog-to-Digital Converter/ Digital-to-Analog Converter): We
have devised a current mode pipeline ADC, which is suitable for process miniaturization and low
supply voltage. We have designed several core circuits of the ADC and have realized static
characteristics.

[Staff]
Visiting Professor: Kazuo TSUBOUCHI, Ph.D (since 2010)
Visiting Professor: Tadashi TAKAGI, Ph.D (since 2010)

[Profile]

Kazuo TSUBOUCHI Prof. Tsubouchi received the Ph.D. degree in Electronics Engineering from
Nagoya University in 1974. In 1974, he joined the Research Institute of Electrical Communication,
Tohoku University. In 1982, he spent at Purdue University as a Visiting Associate Professor. From
1993 to 2010, he has been a professor of RIEC, Tohoku University. From 2002 to 2010, he has been
the director of IT-21 Center. He is currently a visiting professor. He received the 2005 Achievement
Award from the IEICE, and “Minister of Education, Culture, Sports, Science and Technology, Award”
in the Award for Persons of Merit in Industry-Academia-Government Collaboration in FY2007, et al.
He 1s a member of the IEEE, the IEICE, the Physical Society of Japan, the Japan Society of Applied
Physics, and the Institute of Electrical Engineers of Japan.

Tadashi TAKAGI Prof. Takagi received the B.S. degree in physics from Tokyo Institute of Technology,
Tokyo, Japan and Ph.D. degree in electronic engineering from Shizuoka University, Shizuoka, Japan,
in 1973 and 1995, respectively. In 1973, he joined the Mitsubishi Electric Corporation, where he was
engaged in development on microwave and millimeter-wave circuits technology. From 2005 to 2010,
he has been a professor of IT-21, Tohoku University. He is currently a visiting professor. He is a
senior member of the IEEE and a member of IEICE of Japan.

[Papers]

[1] S.Kameda, H. Oguma, N. Izuka, Y. Asano, Y. Yamazaki, T. Takagi, K. Tsubouchi, “Issue of IEEE 802.20 Vehicular-A
Delay Profile Model on Estimating Received Signal Level Variation of Wideband Signal,” 4th European Conference
on Antennas and Propagation, EuCAP 2010, Mo-55, April 2010.

[2] H.Oguma, S. Kameda. N. Izuka, Y. Asano, Y. Yamazaki, T. Takagi, K. Tsubouchi, “Coverage Estimation of Uplink 16
QAM Signal up to 20 MHz Bandwidth Based on Field Trial Results of FH-OFDMA System,” IEEE Wireless
Communications and Networking Conference 2010 (WCNC2010), Sydney, Australia, April 2010.

[3] T.T. Ta, S. Kameda, T. Takagi, K. Tsubouchi, “A 5 GHz Band Low Noise and Wide Tuning Range Si-CMOS VCO
with a Novel Varactors Pair Circuit,” IEICE Trans. on Electronics, Vol.E93-C, No.6, pp.755-762, June 2010.
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IT-21 center, Technology Development Division, Storage Technology Group

Development of low power consumption mass storage HDD systems

Kazuhisa FUJIMOTO, Professor
Takehito SHIMATSU, Associate Professor

[Research Target and Activities]

A new project ;Development of super high-speed mass storage HDD systems started in August 2007
under the collaborations between RIEC including I'T21 storage technology group and major Japanese
HDD manufacturers. The goals of this project are to develop the perpendicular recording technologies
in the order of Thits/inch2 recording density and, to develop the system architecture for realizing large
capacity, high performance and low power consumption storage systems. Last year, we fabricated
bit-patterned media samples consisted of hard/soft-stacked dot arrays, and the write margin of
synchronous recording was evaluated using a static tester. Our results indicated that a reduction of
the large margin loss arising from the multi-domain dots and a resultant improvement in the write

error rate is expected when the recording dots become V¢ (Normalized)

smaller than 30 nm. Moreover, we succeeded in fabricating L1, Fept

Llo-type FePt ordered alloy perpendicular films at low (12250 °C) i e
substrate temperatures of 200-350 °C, and demonstrated fﬁﬁ% 05 (eh=0:18)
the potential of the films for use in data storage I

applications. In the development of high performance and 28 H 8(005)

low power consumption storage systems, we studied the L1-FePt

algorithm for the power-aware data allocation method to get L
wiH,=0 08

higher data transfer rate with scale-out of storage nodes.
We have proposed the improved algorithm to alleviate AHE curves and MFM image for the
degradation of data transfer rate due to file-access skew. dot arrays of L1lo-FePt alloy films.

[Staff]

Professor: FUJIMOTO Kazuhisa Dr., Visiting Professor: AOI Hajime Dr., Associate Professor:
SHIMATSU Takehito Dr., Visiting Associate Professor: YAMAKAWA Kiyoshi Dr., Visiting Researchers:
OGAWA Susumu Dr., SAGA Hideki, YAMADA Masaki Dr., AKAIKE Hirotoshi, OSAWA Yuichi Dr.,
KATAOKA Hiroyasu, INOUE Daisuke, KUDO Koji, NAKATA Hitoshi Dr., OBA Kenji, MATSUSHITA
Koji, Technical Assistant: UOMOTO Miyuki, Secretaries: SATO Ayumi, ANAZAWA Tomomi

[Profile]

Kazuhisa FUJIMOTO received the Dr. of Engineering degree from Kyushu University in 1997. He
joined Central Research Laboratory, Hitachi, Ltd., in 1987. He joined RIEC, Tohoku University in 2007.
He has been engaged in research on storage system architectures.

Takehito SHIMATSU received the Dr. of Engineering degree from Tohoku University. He joined RIEC
in 1998. He has been engaged in research on magnetic materials and storage devices.

[Papers]

[1] H. Akaike, K. Fujimoto, K. Miura, and H. Muraoka, “Performance evaluation of energy-efficient
high-speed tiered-storage system,” Proceedings of INDIN 2010, 663-670 (2010).

[2] T. Shimatsu, Y. Inaba, H. Kataoka, J. Sayama, H. Aoi, S. Okamoto, and O. Kitakami, “Dot arrays of Llo
type FePt ordered alloy perpendicular films fabricated using low-temperature sputter film deposition,”
Journal of Applied Physics, vol. 109, 07B726(1-3) (2011).

[3] H. Saga, K. Shirahata, K. Mitsuzuka, T. Shimatsu, H. Aoi, and H. Muraoka, “Experimental write margin
analysis of bit patterned media,” Journal of Applied Physics, vol. 109, 07B721(1-3) (2011).

Contact to Kazuhisa FUJIMOTO : fujimoto@riec.tohoku.ac.jp 55
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Management Office for Health and Safety

Realizing and Maintaining a Safe and Comfortable Environment to Support
Research

[Research Target and Activities]

Safety and health seminar First aid training course
1. Outline of the Management Office for Health and Safety
The Management Office for Health and Safety is established to maintain the health and safety of
students and staff working at the institute. The use of chemicals, high-pressure gas and radiation in
research activities at the institute entails many risks. The Management Office for Health and Safety
provides support for health and safety management in research laboratories, experimental facilities
and the Fundamental Technology Center through various activities to ensure safe and smooth
research activities within the institute.
2. Activities by the Management Office for Health and Safety
For the actual management of health and safety at the office, the Health and Safety Committee first
presents the basic policies of safety management at the institute, and the Management Office for
Health and Safety then plans and executes activities based on them. At the institute, laboratories and
other individual sections are highly independent of each other; unlike a general corporate organization,
top-down safety management is not suitable and measures appropriate for independent sections need
to be taken., Various considerations are also necessary for students, researchers, and other members
engaged in research activities as well as faculty staff. At this institute, extremely hazardous materials
and facilities are used, including chemicals, high-pressure gas, and X-ray devices. Since there is also a
clean room and other special workplaces, safety management should be extended by considering them.
In these circumstances, the Management Office for Health and Safety will monitor situations and
characteristics in each section at the institute, plan and recommend practical management methods
and improvement measures, and support their implementation for the efficient and effective
management of health and safety. The main activities in this fiscal year are as follows:
o Holding safety and health seminar and high-pressure gas seminar for staff and students at the
institute
o Inspection of and assistance in improving the health and safety management system and working
environment within the institute
o Holding first-aid training course
o Investigation of laws related to health and safety and collection of information regarding health
and safety management
o Providing advice and information to health and safety personnel in each department
[Staff]
Manager: Michio NIWANO, Professor

Deputy Manager: Yoichi UEHARA, Professor
Nobuyuki SATO, Assistant Professor
Ayako CHIBA, Clerk
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Flexible Information System Research Center
Development of Flexible Information Systems and Management of Network

[Research Target and Activities]

The present information systems such as computers are ﬁ ; Topology nformation

inflexible systems, because their purpose is predefined  wanuas W

and they provide only the fixed procedures and functions. mee i

On the other hand the flexible information system can 0 know-how
Web

perform the flexible information processing adapted to the Books
human intention and situation of its environment. MONECRE SOUIEES

Human

Our goal is to investigate principles of the flexible =l
1nfornflat10n processing 'throug'h the theories a.nd @ ,,/T P
experiments, and establish their system construction LM: cooperate by flexible [ [

methodology. Moreover, we also study the flexible | (e <™ — interaction "1
distributed systems for advanced organization, utilization, U@ """" { 0 (mz=n)
administration, operation and putting out scientific —

. . . . . ‘ Management knowledge AIR | | Network information AIR
information. Through practical applications of above

results to the real network in RIEC, we confirm Fig.1 Knowledge based Network
effectiveness of our methods. To achieve the above goal, Management System.

this year we have conducted the following researches:

(1) development of distributed and scalable authentication method for large scale overlay network,
(2) development of an agent based network management system (Fig.1) and

(3) flexible computing mechanism in biological system.

[Staff]

(1) Steering Committee

Professor: Yo6iti SUZUKI, Dr., Yoshihito TOYAMA, Dr., Tetsuo KINOSHITA, Dr., Masafumi SHIRAI
Dr., Atsushi OHORI, Dr.

(2) FIR Committee

Professor: Yoshihito TOYAMA, Dr., Tetsuo KINOSHITA, Dr., Takuo SUGANUMA,Dr.

Associate Professor: Takahito AOTO, Dr., Terumasa AOKI, Dr., Yukio IWAYA Dr., Gen KITAGATA, Dr.
Assistant Professor: Masato YOSHIDA, Dr., Takeshi ONOMI, Dr., Kazuto SASAI, Dr.

Research Fellow: Toshiaki OSADA, Dr., Johan Sveholm Dr.

Technical Support Member: Midori SUZUKI, Sachiko NAGASE

(3) Regular Staff

Associate Professor: Gen KITAGATA, Dr.

Assistant Professor: Kazuto SASAI Dr.

Research Fellow: Toshiaki OSADA, Dr., Johan Sveholm Dr.

Technical Support Member: Midori SUZUKI, Sachiko NAGASE

[Profile]
Refer to the Advanced Acoustic Information Systems Laboratory for the profile Prof. Yéiti Suzuki.
Refer to the Computing Information Theory Laboratory for the profile Prof. Yoshihito Toyama.

[Papers]

1. K. Hashimoto, G. Kitagata, H. Takahashi, A. Takeda, D. Chakraborty and N. Shiratori, "Socio-familiar
Personalized Service and its Application —Towards a New Network Software for Next Generation Ubiquitous
Service-", Proc. of the 10th International Symposium on Autonomous Decentralized Systems (ISAD2011), 2011.
(Invited), (to be published)

2. K. Sasai, N. Tanji, Y. Takahashi, G. Kitagata, T. Kinoshita, "An Architecture of Extended Network Management
System: Autonomous Cooperation between Knowledge Resource and Network Equipments”, Proc. of IEEE/ACIS
9th International Conference on Computer and Information Science (ICIS2010), pp. 617-622, 2010.

3. Akira Sakatoku, Akifumi Kawato, Toshiaki Osada, Gen Kitagata, Norio Shiratori, Tetsuo Kinoshita, "3D Symbiotic
Environment for Agent-aided Collaborative Work", Journal of Internet Technology, 2011. (to be published)

Contact to Associate Professor Gen KITAGATA : minatsu@fir.riec.tohoku.ac.jp 57
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Fundamental Technology Center
Supporting research with high-level specialized knowledge and technology

[ Management Office for J
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Research Center for 21st
Century Infomation Technology

Laboratory for Nanoelectronics
and Spintronics

Overview of Fundamental Technology Center

[Research Target and Activities]
The Fundamental Technology Center provides a wide range of research support, closely linked with

research activities at the institute, through the following four divisions, machine shop, evaluation,
process, and software technology. One of the important missions of the university is to accumulate
novel knowledge and to create advanced technology, and to return them to society continuously. On
this philosophy, this center is operated with the intention of not only advancing skills of each staff but
also transferring them to the next generation.
1. Machine Shop Division

The Machine Shop Division has being pioneering a number of new machining methods and
contributing to research and development with the advanced techniques. In this year, there were 162
fabrication requests, in which 153 was in house.
2. Evaluation Division

The evaluation division provides various evaluation and measurement apparatuses for shared
usage. In this year, 17 laboratories utilized them and the utilization time was 3462 hours in total.
Glass machining and supply of liquid helium and nitrogen are also covered by this division. There
were eight requests for the Glass machining. 3400 litters of liquid nitrogen were supplied.
3. Process Division

The processing division is, in cooperation with the evaluation division, responsible for operating
and maintaining the project clean room (PCR), a clean room for shared usage. Various apparatuses
for processing are also equipped in the clean room. The clean room was utilized by 10 laboratories.
Customized optical filters for the wvisible and infrared spectral range were supplied to three
laboratories. A nanometer-scale electron beam lithography service has been prepared.
4. Software Technology Division

The Software Technology Division operated and maintained, in cooperation with Flexible

Information System Research Center, the computer networks in the institute.
[Staff]
Director (Professor): Yoichi UEHARA

Assistant Professor: Nobuyuki SATO

Technical Official: Fumitaka SAITO, Katsumi SAGAE, Koichi SHOJI, Tamotsu SUENAGA,
Ryutaro SASAKI, Maho ABE, Keisuke SATO, Kento ABE, Hiroshi WATANABE,
Munetomo SUGAWARA, Ryuji YONEZAWA, Yuji KONNO, Sadao TSUCHIDA,
Choichi TAKYU, Shigeto AGATSUMA

58 Contact to eac@riec.tohoku.ac.jp



RIE‘@, 2010 Nation—wide Cooperative research projects

4. Nation-wide Cooperative Research Projects

The Institute has a long history of fundamental contributions in many fields of engineering and
science that include the fields of semiconductor materials and devices, magnetic recording, optical
communication, electromagnetic technology, applications of ultrasonic, acoustic communication,
non-linear physics and engineering, and computer software. On the basis of this rich historical
background the Institute was designated as National Center for Cooperative Research in 1994.
Accompanying Tohoku University’s transformation to “a national university juridical entity” in
April,2004, this institution plays a leading role on the world stage, as its researchers, both domestic
and foreign, continue the task of “investigating the theory and application of universal science and

technology to realize communication, to the enrichment of humanity.”

In such background, the Institute organizes Nation-wide Cooperative Research Projects by
coordinating its activities with research workers. The main themes for Cooperative Research are
selected annually by the Committee for Cooperative Research. 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 members 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 Judging Committee that includes members from the outside of Tohoku University
has a judging function for project proposals. The purpose of the Project Steering Committee is the

proper operation of approved projects.

[ Director ]’“"""{ Advisory Council ] Outline of the Operation Policy

[ Cooperative Projects ) > ( ™\

Study Committee J Act as a planning center for all
operations in cooperative Type A
projects research

Cooperative Projects > Type B

L Selection Committee ) J
Rating of applications
Adoption decision ( )

Cooperative Projects ) : Type S
L teering Committee )
stering Comm N y

Budget allocation
Daily routine business
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Nation-wide cooperative research projects list 2010

................ Project Number . Proiect Lead Facilitator
Research Project Theme roject Leader in RIEC
H20./A01 Rikizo HATAKEYAMA o
Basic Studies in Plasma School qf Engineering Tohoku | Michio
Nanobiotronics University NIWANO
H20.7A03
---------- mezmeemezreeeeeeeeccceceeeeeoooo.f Toshiro ONO
Investigation of 1nterfaqe trap density Graduate School of Science Junichi
for an MIS structure using ECR and Technology Hirosaki MUROTA
sputter-deposited high-k gate-oxides University
H20.7A04
ThrooDiviens A Namostractire Junichi MUROTA
ree~limensiona anostructure Research Institute of Electrical | Junichi
Formation of Strain-Controlled Group- Communication. Tohoku MUROTA
IV Semiconductors and Its Device University ’
Application
H20./A05 Seigo TARUCHA
Fabrication of high mobility two- School of Engineering The Yuzo
dimensional hole gas University of Tokyo OHNO
H20.7A06
------------------- coreeiniiiiiieeooo——...1 Yoshihiro HAYAKAWA ..
Implementation of intelligent Sendai National College of Koji
nano-integrated system and its Technology NAKAJIMA
application
H20./A07 Fumihiko HIROSE
‘Aresearch on organic heterojunction | Yamagata University Michio
photovoltaic devices Graduate School of Science and | NIWANO
Engineering
H20.7A08
Development of Ion-Channel Chips Masao SUGAWARA Michio
Nihon University College of
" : NIWANO
Humanities and Sciences
‘H20.-A09
.......................... commreemienn--o------| Masayuki SATO
Study of human visual stability during Faculty of Environmental Satoshi
eye movements Engineering, Kitakyushu SHIOIRI

University
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________________ Project Number Proiect Lead Facilitator
Research Project Theme roject Leader in RIEC
H20.7A10 Kenji OZAWA
Learning effects of sound localization | University of Yamanashi, Yoiti
in the binaural technology Interdisciplinary Graduate SUZUKI
School of Medicine and
Engineering
H20-AVY Yasuo SHINOHARA Michio
Cell-based chips using infrared Institute for Genome Research, NIWANO
spectroscopy The University of Tokushima
H20-A13 Tomoo NAKAI
Study of magnetic devices with Industrial Technology Kazushi
application of the thin film element Institute, Miyagi Prefectural ISHIYAMA
with inclined stripe magnetic domain Government
Hzo /A4 e Terumasa AOKI
A St}ldy on advanced video content Research Institute of Electrical | Terumasa
retrieval technology Communication, Tohoku AOKI
University
H21.7A01
-------------------- pommemzpemmoceeoeoeooooooooof YOshinao MIZUGAKI .
Superconducting Computer The University of Electro- Shigeo
Technology toward Reduction of Communica tigns SATO
Environmental Burden
H21/ A02 _________________________________________ Kaoru TAMADA K
Nanophotonics and Nanoelectronics Research Institute of Electrical | -0 okt
Devices with Metallic Nanomaterials Communication Tohoku TAMADA
University
H21./A04
‘Evaluation of Piezoelectric Langasite
Family Compounds by the Ultrasonic
Microspectroscopy and Piezoelectric Jun-ichi KUSHIBIKI
i ) School of Engineering Tohoku | Yasuo CHO
Resonant-Antiresonant Frequencies Uni .
niversity
Measurement Methods and their
Applications to High-Temperature
Sensor
H21.7A05 .
Study on spintronic application of the ~| Seijii SAHASHI Kazushi
oxide thin films with Magneto-Electric | S¢hool of Engineering Tohoku ISHIYAMA
University
effect
H21.7A06
O, T kYRR Masaaki DOI .
STT microwave oscillation of self- School of Eneineering Tohoku Kazushi
organized multi-nano-pillar structure & g ISHIYAMA

and its application

University
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________________ Project Number Proiect Lead Facilitator
Research Project Theme roject Leadexr in RIEC
H21 ZA08
High performance THz wave sources Koichi MAESAWA ce 1.
) ) i . . Taiichi
based on resonant tunneling diode Faculity of Engineering,
; . . OTSUJI
pairs University of Toyama
H21A090 Hiroshi SATO
Development of measuring method for | National Institute of Advanced e
. . . Yoiti
speech recognition performance under | Industrial Science and
. SUZUKI
various sound field Technology
H21A10 Kazuhiro KONDO
A Study on Higher Realistic Yamagata University ‘ Yukio
Communication in Three Dimensional | Graduate School of Science and | TwAYA
Sound Space Engineering
H21./A11 Satoshi SHIOIRI ]
"""""""""""""""""""""""""""""" Research Institute of Electrical | Satoshi
The cooperative system to built a Communication Tohoku SHIOIRI
model of visual cognition University
H21/A12 Terumasa AOKI
A study on STA(Scenario To Anime) Research Institute of Electrical | Terumasa
technology Communication Tohoku AOKI
University
H21A13 Osamu TAKAHASHI
Creation of Platform for Sustainable | The School of Systems Takuo
Information Society by Sensor-Cloud Information Science Future SUGANUMA
University-HAKODATE
Systems
H22.7A01
. | Vietor RYZHII Taiichi
Stqdy on terahertz optoelectronic University of AIZU OTSUJI
devices using graphene
H22,7A02
Formation and Valency Contrgl of Ge- Seiichi MIYAZAKI Junichi
based Quantum Dots and Their Nacova Universit MUROTA
Application to Nanoscale Functional goy Y
Memories
H22.7A03
‘Computational Materials Design and | Tatsuki ODA .
. L . } i Masafumi
Device Applications of Magneto-electric | Kanazawa University College SHIRAI

and Magneto-elastic Effects

of Science and Engineering
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________________ Project Number . Facilitator
Research Project Theme Project Leader in RIEC

R Ao Yohtaro UMEDA Tetsuya

Study on High-Efficiency Switching-Mode | Tokyo University of Science SUEMITSU

Power Amplifier with InGaAs HEMTs

H22 /A0S ] Yoichi UEHARA

Broadband light generation and Research Institute of Electrical | Yoichi

detection using electron tunneling Communication Tohoku UEHARA

University

Hez-p06 Masakiyo TSUNODA Masafum

Research of spintronics devices with School of Engineering Tohoku SI-SIIISIai:Inn

negative spin-polarization materials University

H22.,7A07

‘Chemical synthesis of pure Fe Migaku TAKAHASHI . "

nanoparticle assembly with high School of Engineering Tohoku . Sal-ﬁl; Ai\/l A

saturation magnetization and its soft | University

magnetic properties

H22,7A08 Aegs

Research on personal acoustic Tatsuya HIRAHARA | Yoiti

telepresence system TOYAMA Prefectual University | SUZUKI

H22,7A09

Multimodal speech communication | Akihiro TANAKA Shuichi

system based on human perceptual Waseda Institute for Advanced SAKAMOTO

property Study

H22.7A10

Tiffect of Natural Sound on Stress | Shin FUKUDO Yoiti

Response Toho.ku University School of SUZUKI

Medical

H227A11

Development of universal training Makoto OH-UCHI Yukio

system using acoustic virtual reality Tohoku Fukushi University IWAYA

technique

H22 /A12 Yoshifumi CHISAKI

Directivity control on frequency KUMAMOTO University Yoiti

domain binaural model SUZUKI

H22.7A13 Toshiyuki KANOH Juni;

Study of Brainware Systems NEC Corporation TXIII)J;&
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________________ Project Number Proiect Lead Facilitator

Research Project Theme roject Leadexr in RIEC
H22 /A4 Ryuji IGARASHI
Fundamental Study to Obtain AKITA University Gen
Understanding on Working Network to KITAGATA
Fully Make Use of the Knowledge
H22A15 Atsumi IMAMIYA
Establishment of User's Attention and | University of YAMANASHI Takuo
Emotion Model for User-A(?laptable SUGANUMA
Communication Technologies and Its
Applications
H22/A16 Shigeru FUJITA
Advanced study on a real-world Chiba Institute of Takuo
oriented computing application based | Technology SUGANUMA
on the symbiotic computing
H20B0O2 Jun-ichi KUSHIBIKI
Development of high performance School of Engineering Tohoku
piezoelectric materials and application | University Yasuo CHO
to information and communication
devices
H20./B03 Heiji WATANABE
Research on Ultra High Density Graduate School of T

: . . . . . etsuo
Semiconductor Memories based on Engineering Osaka University ENDOH
New Conceptual Material and Storage
Principle
H20./B04 Kikuo YAMABE
Research on Nano Semiconductor Graduate School of Pure and | me o0
Materials and its Application to Nano | Applied Sciences University of ENDOH
Devices Tsukuba
H20./B0OS8 Hid.emi TSU.CHIDA
-------------------------------------------------------- National Institute of Advanced
Advanced communication and Industrial Science and Masataka
measurement technologies using Technology NAKAZAWA
phase-controlled lightwaves
H20./B09 Hiroaki MURAOKA . .
-------------------------------------------------------- Research Institute of Electrical Hiroaki
Research on Next-Generation Peta- o MURAOKA

. Communication, Tohoku
byte Information Storage Uni .
niversity

H20810 Kazuhiko KATO
Development of Dependable System University of Tsukuba, Atsushi
Software with a Highly Reliable Graduate School of Systems OHORI

Programming Language System

and Information Engineering
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________________ Project Number Proiect Lead Facilitator
Research Project Theme roject Leader in RIEC
H21/BO1 . .
Fundamental characteristics and ‘g‘l;lralAfl\]IEDOH o Tohok Maki
applications of innovative functional | ©¢P00* 01 BRSINCETINE 10N0KU | qrpMITSU
field generated by various plasma flow University
H21./B02 Maki SUEMITSU
Elucidation and Control of Graphene Research Institute of Electrical | Maki
Growth for its applications in the next | Communication Tohoku SUEMITSU
generation devices University
-------------------------------------------------------- Research Institute of Electrical | Shuzo
Small Power Wireless Communications Corpmuplcatlon Tohoku KATO
University
H21.-804 Akira HIROSE Shigeo
‘Complex Valued Neural Network for | School of Engineering The SATO
Real Applications University of Tokyo
H21./B05
Sode o P Hirofumi YANAI Koji
tudy on human performance wit College of Engineering. Ibaraki
a view to designing human-friendly University NAKAJIMA
information systems
H21BOG Kenichiro TSUTSUI Satoshi
Toward an interdisciplinary approach | Tohoku University, Graduate
o . . ; SHIOIRI
of vision sciences School of Life Science
H21B0O7 Toshio OGINO
Novel Bioelectronic Devices Based Yokohama National Michio
on Combination of Nano and Bio- University, Graduate School of | NIWANO
technology Engineering
H21./B08
Understanding of adaptive locomotion | Lo HOSODA Satoshi
. . . .. | Graduate School of
mechanism of biological system and its . i : : SHIOIRI
.. . . Engineering Osaka University
application to engineering
H21BOSQ Hiroshi MATSUOKA
Evolution of high performance Japan Atomic Energy Agency, | Takahiro
computing by non-volatile bits- Center for Computational HANYU

operation technologies

Science & E-systems
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________________ Project Number : Facilitator
Research Project Theme Project Leader in RIEC

H2tB1O Isao ECHIZEN el

Research on Next-Generation Models | National Institute of Yoiti

of Digital Content Distribution Informatics SUZUKI

H21B1T Takahiro HANYU

New Paradigm VLSI System and Its | Research Institute of Electrical | Takahiro

System Integration Technology Communication Tohoku HANYU
University

H22./B01

Development and applications of Kazunori SATO Masafumi

next-generation first-principles OSAKA University SHIRAI

computational methods

H22B0O2 Tetsu MIENO

Application and Basic Study of Fine | National University Michio

Particle Plasmas Corporation SHIZUOKA NIWANO
University

H22,B03 Masaki NAKANO

Nano-structured magnetic materials | NAGASAKI University Kazushi

and their application to MEMS ISHIYAMA

H22.7B04 Jun-ichi SHIKATA

Photonics for novel interface of | Research Institute of Electrical | Jun-ichi

bioinformation Communication Tohoku SHIKATA
University

H22,B05 Kenji SHIRAISHI

‘New Principle Nano Devices Based on | Center for Computational Hideo

Nano-Scale Control of Fluctuation and | Sciences, TSUKUBA OHNO

Electron Correlations University

H22./B06

Research of large-format quantum | Toshiyuki MIYAZAKI Shigeo

detector arrays with High-Q microwave | RIKEN SATO

superconducting resonators

H22B80O7 Koji MIZUNO

Challenge and Perspective for Research Institute of Electrical | Taiichi

Millimeter Wave Applications Communication Tohoku OTSUJI

University
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________________ Project Number Proiect Lead Facilitator
Research Project Theme roject Leader in RIEC
H22/B08
Investigation of Bio-inspired Daisuke URAGAMI Kazuto
Information Theory Tokyo University of Technology | SASAI
and its Technological Application
H22./B09
Study on visual information of material | Katsunori OKAJIMA Ichiro
surface properties Yokohama National University | KURIKI
H22./B10
Program Verification Masahiko SATO Yoshihito
with Mathematical Logic KYOTO University TOYAMA
Hzz2-B11 S Atsushi MASE
Development and Application of Art, Science and technology Hiroshi
Synthetic Aperture Radar System for | Center for Cooperative YASAKA
Civilian Use Research, Kyushu University
R — Hidenori MIMURA
: . hizuok i it Yoiti
Development of essential technologies IS{e;Zel;(])rc}? El :11;‘1,1?51;8; gf S%l;;}KI
for superhivision Electronics
H20.” S 02
........................................................ Kouhei ITOH .
Spintronics Initiative Network K;)il; I?Iiiversit Science and Hideo
Y OHNO
Technology

H21 S 01
']':"f'. """" 1':: ------------- A --"-""d ----------------- Hidekazu TANAKA

nlorma .1011.p rocesimg 1? n d The Institute of Scientific and | Masafumi
communication systemm based on an Industrial Research, Osaka SHIRAI

mnovative new concept associated with
human functions

University
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5. Symposium 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 related researchers inside and outside Tohoku University

participate the Symposium and stimulate discussion.

Symposium In Past

Title Date
) Quantum Electronics of Liglht Waves and Micro Waves Feb. 6- 8, 1964
Magnetic Recording Feb.14-15, 1964
2 | Ultra-High Frequency Acoustelectronics Feb.11-12, 1965
3 | Artificial Intelligence Mar. 8- 9, 1966
4 | Thin Film Electronics Jan.26-27, 1967
5 | Crystal Growth Dec. 19-20, 1967
6 | 1968 Sendai Svmoosium on Acoustelectronics Aug.19-20, 1968
7 | Current Status and Future Trends of Superconductivity Jan.22-24, 1970
8 | Soeech Information Processing Feb.24-26, 1971
9 | Surface Acoustic Wave Technology May.25-26, 1972
10 %ﬁgﬁfg}éﬁii - Their Molecular Orientations and Application to Dec.13-14, 1974
11 | Computer Network Mar.17-18, 1975
19 ;I‘{?Ee] é\demorlal Symposium on the 40th Anniversarv of the Foundation of Sep.25-26, 1975
13 | Application of Amorphous Ferromagnetic Materials Mar.10-11, 1977
14 | Stoichiometry of Compound Crystals Nov.24-25, 1977
15 | Submillimeter Waves Nov.16-17, 1978
16 | Solid State Chemaical Sensors Feb. 1- 2, 1980
17 | Graph Theory and Algorithms Oct.24-25, 1980
18 | Perpendicular Magnetic Recording Mar.11-12, 1982
19 | Approach to Optical Computer Mar.10-11, 1983
20 | Plasma Non-Linear Phenomena - Basic Problems for Fusion Plasmas Mar. 8- 9, 1984
21 | New Computer Architecture Jul.25-26, 1985
22 | Guided Wave Technology and Its Application at Mid-Infrared Mar.13-14,1986
23 | Physics and Applications of Tunnelling Phenomena Mar.12-14, 1987
24 | Biomagnetics and Bioelectronics Feb.26-27, 1988
25 | Ultrasonic Electronics - New Applications of Piezoelectricity Feb. 2- 3, 1989
26 | Boundaries between Light and Electromagnetic Wave Feb. 1-2, 1990
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27 | Issues and Realization of Pattern Recognition and Understanding Feb.28-Mar.1,1991

28 | Discrete Algorithms Oct.17-18, 1991

99 Perspective for New Computing Paradigm Feb. 4- 5, 1993
Current Status and Future Prospects of System Control Mar. 3- 4, 1993

30 | Future Prospects of Electron Beam Devices Nowv. 1- 2, 1993

31 | Discharge and EMC Dec.20-21, 1994

32 | Statistical Physics and Information Science Mar.22-23,1995

33 | Photo-and Plasma-Excited Processes on Surfaces Nov.30-Dec.1,1995

34 | Nano Spinics and Power Electronics Feb.15-16, 1996

35 | Potential Formation and Related Nonlinear Phenomena in Plasmas Sep.17-19, 1996

36 | New Trend in Ultrasonic Measurements Feb. 3- 4, 1997

37 Toward the Realization of the High-Definition Multi-Media Nov. 4- 6, 1997

Communication
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International Symposium Organized by the Institute

Title

Date

Intrinsic Josephson Effect and THz Plasma Oscillation in High Tc

1 Superconductors Feb.23-25, 1997
9 Design apd Archlteqture of Ipformatlon Processing Systems Based on Mar.16-18, 1998
The Brain Information Principle
3 | Novel Techniques and Applications of Millimeter-Waves Dec.14-16, 1998
4 The International Joint Conference on Silicon Epitaxy and Sep.13-17, 1999
Heterostructures
5 International Workshop on Photonic and Electromagnetic Crystal Mar.8-10, 2000
Structures
6 | Physics and Application Spin Related Phenomena in Semiconductors Sep.13-15, 2000
7 | Rewriting in Proof and Computation Oct.25-27, 2001
8 | Nonlinear Theory and its Applications Oct.28-Nov.1, 2001
9 | New Paradigm VLSI Computing Dec.12-14, 2002
10 | Ultra High Density Spinic Storage System Oct.23-24, 2003
11 | 3rd International Workshop on New Group IV (Si-Ge-C) Semiconductors | Oct.12-13, 2004
3rd International Workshop on High Freagency Micromagnetic Devices i
12 and Materials (MMDM3) Apr.11-12, 2005
13 4th International Conference on Silicon Epitaxy and Heterostructures May.23-26, 2005
(1CSI-4)
14 1st Internathnal WorkShop on New Group IV Semiconductor May.27-28. 2005
Nanoelectronics
15 GSIS Intgrnatlonal Symposmm on Information Sciences of New Era: Sep.26-27, 2005
Brain, Mind and Society
16 The 1st RIEC International Workshop on Spintronics -Spin Transfer Feb.8-9, 2006
Phenomena-
4th International Workshop on High Frequency Micromagnetic Devices
17 and Materials (MMDM4) May 8,2006
4th International Conference on Physics and Applications of Spin- i
18 Related Phenomena in Semiconductors (PASPS-1V) Aug.15-18,2006
19 2nd Internatlgnal Workshop on New Group IV Semiconductor Oct.2-3,2006
Nanoelectronics
20 | 2nd RIEC International Workshop on Spintronics Feb.15-16,2007
21 | Japan-China Joint Conference on acoustics, JCA2007 Jun.4-6,2007
929 International Conference on Discovery Science/ Oct.1-4,2007

International Conference on Algorithmic Learning Theory
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23

The 3rd RIEC International Workshop on Spintronics

Oct. 31-Nov.1,2007

24

3rd International Workshop on New Group Semiconductor
Nanoelectronics

Nov.8-9,2007

25

International Workshop on Nanostructures & Nanoelectronics

Nov.21-22,2007

26

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

Dec.17-19,2007

27

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

Sep.5-6,2008

28

4th International Workshop on New Group IV Semiconductor
Nanoelectronics

Sep.25-27,2008

29 | The 4th RIEC International Workshop on Spintronics Oct.9-10,2008
30 | Global Symposium on Millimeter Waves 2009 (GSMM2009) Apr.20-22,2009
31 | Mini R.I.LE.C. workshop on multimodal perception Apr.24,2009

32 | The 4th International Symposium on Ultrafast Photonic Technologies Aug.4-5,2009

33

PIMRC2009 Personal Indoor and Mobile Radio Communications
Symposium 2009

Sep.13-16,2009

34

2nd RIEC-CNSI Workshop on Nanoelectronics,Spintronics and Photonics
(5th RIEC Symposium on Spintronics)

Oct.22-23,2009

35

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

Nov.11-13,2009

36

5th International Workshop on New Group IV Semiconductor
Nanoelectronics

Jan.29-30,2010

37

6th RIEC International on Spintronics

Feb.5-6,2010

38

2nd International Workshop on Nanostructure & Nanoelectronics

Mar.11-12,2010

39

2nd RIEC International Symposium on Graphene Devices (ISGD2010)

Oct.27-29,2010

40

9th Japan-Korea Symposium on Surface Nanostructures

Nov.15-16,2010

41

The 7th RIEC International Workshop on Spintronics

Feb.3-4,2011
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6. 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, Depts. of Electrical Eng., Electrical Communications,
Electronic Eng., Information Eng., and related scientists and engineers inside and outside Tohoku
University. The Study Groups on Electrical Communication consist of 14 Sub-Groups as listed below,
to deal with specific subjects. Each Sub-Group holds workshops. The abstracts of the workshops
are published annually in The Record of Electrical and Communication 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 actively. We are pleased
to provide information on these activities upon request. Please contact each Sub-Group Chairman or
manager for general information or more specific questions.

Electromagnetic and Optical Waves Engineering

Chair Prof. Fumiyuki ADACHI

Manager Assistant Prof. Haris GACANIN

Acoustic Engineering

Chair Prof. Yoiti SUZUKI

Manager Assistant Prof.  Shuichi SAKAMOTO

Sendai "Plasma Forum"

Chair prof. Rikizo HATAKEYAMA

Manager Prof. Akira ANDO

Sendai Seminar on EMC

Chair Prof. Hideaki SONE

Manager Prof. Masahiro YAMAGUCHI
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Computer Science

Chair Prof. Ayumi SHINOHARA

Manager Associate Prof.  Eijiro SUMII

Systems Control

Chair prof. Makoto YOSHIZAWA

Manager Associate Prof. Noriyasu HOMMA

Information-biotronics

Chair Prof. Michio NIWANO

Manager Prof. Tatsuo YOSHINOBU

Spinics

Chair Prof. Osamu ICHINOKURA

Manager Associate Prof.  Shin SAITO

Manager Assistant Prof. Kenji MIURA

New Paradigm Computing

Chair prof. Michitaka KAMEYAMA

Manager Associate Prof. Masahide ABE

Ultrasonic Electronics

Chair Prof. Junichi KUSHIBIKI

Manager Assistant Prof.  Yuji OHASHI
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Integration of Brain Functions

Chair prof. Koji NAKAJIMA

Manager Associate Prof.  Shigeo SATO

Mathematical Physics and its Application to Information Sciences

Chair Prof. Kazuyuki TANAKA

Manager Prof. Kazuyuki TANAKA

Biocybernetics and Bioinformatics

Chair Prof. Satoshi SHIOIRI

Manager Assistant Prof. Kazumichi MATSUMIYA

Nanoelectronics and Spintronics

Chair Prof. Junichi MUROTA

Manager Associate Prof. Masao SAKURABA
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7. International Activities

Many of the staff in RIEC contribute to the development of technology and science
in the world by serving as editors of referees of international journals or by chairing
or programming international conferences. In some fields in electronics, electrical
communications, or information engineering RIEC serves as a Center of Excellence
(COE), which attracts many visiting researchers and students from all over the world
every year. Several academic exchange programs with foreign colleges or institutes are
1n operation.

International academic exchange programs:

The Institute of Physics, Polish Academy of Sciences (Poland)

The Faculty of Science, Chulalongkorm University (Thailand)

Harbin Institute of Technology (China)

The James Frank Institute, The University of Chicago (U.S.A.)

Queen Mary and Westfield College, University of London (U.K.)

Scientific Research Department, Shenzhen University (China)

Institute of Information and Communication Technology, Sung-Kyun-Kwan University (Korea)
Institute of Materials Science, Faculty of Applied Physics, University of Twente (Netherlands)

The Institute of Radioengineering and Electronics Russian Academy of Sciences (Russia)
Department of Electronics Science and Engineering, University of Nanjing (China)
School of Computer and Communication Engineering, Taegu University (Korea)

The Interdisciplinary Center on Nanoscience of Marseille, National Center of Scientific Research (France)
IHP-Innovations for High Performance microelectronics (Germany)

Institute of Semiconductors Chinese Academy of Sciences (China)

WINLAB, Rutgers University (U.S.A.)

University of Vigo (Spain)

International journals in which a staff in RIEC participates as an editor:

1. Higher-order and symbolic computation
2. International Journal of Energy, Information and Communications
3 International Journal of Artificial Intelligence, Neural Networks,
' and Complex Problem Solving technologies
4, International Journal of Computer Science and Network Security
5. International Journal of Information Sciences and Computer Engineering (IJISCE)
6. SICE Journal of Control, Measurement, and System Integration
7. Journal of Communications and Networks
8. Journal of Nanoscale Science and Technology
9. NPG Asia Materials
10. | Journal of Magnetics (Korean Magnetics Society)
11. | Journal of SPIN

77




R I E@ 2010 International activities

12. | Nature Communications

13. | The Journal of Computer Animation and Virtual Worlds
14. | Japanese Jpurnal of Applied Physics

15. | Applied Acoustics)

16. | Acoustical Science and Technology

17. | Nonlinear Theory and Its Applications, ZEZCE

18. | International Journal of Wireless Information Networks
19. | Optical Fiber Technology

Recent International Conferences programmed by a staff in RIEC:

3rd Semiconductor Technology for Ultra Large Scale Integrated Circuits and Thin

L Film Transistors (ULSIC vs. TFT)
2. 7th International Conference on Silicon Epitaxy and Heterostructures (ICSI-7)
3. Symp.E9: "ULSI Process Integration 7", 220th Meeting of the Electrochem. Soc
4. 2011 Conference on Lasers and electro-Optics (CLEO2011)
5. 16th OotoElectronics and Communications Conference (OECC2011)
6. 2010 Asia-Pacific Microwave Conference (APMC2010)
7. 6th International ICST Conference on Cognitive Radio
8. Oriented Wireless Networks and Communications (Crown Com 2011)
The 2010 IEEE/WIC/ACM International Joint Conference on Web Intelligence and
9. .
Intelligent Agent Technology

10. | International Conference on knowledge Engineering and Ontology Development 2010
1 The 22nd International Conference Industrial & Engineering Applications of

' Artif. Intell. & Exp. Systems (IEA/AIE 2010)
19 The 5th International Conference on Ubiquitous Information Technologies &

" | Applications (CUTE2010)
13 The 4th International Conference on Complex, Intelligent and Software Intensive

" | Systems (CISIS 2010)
14. | The 5th International Symposium on Adaptive Motion of Animals and Machines
15. | SPIE International Conference on Defence, Security, and Sensing
16. | Topical Workshop on Heterostructure Microelectronics (TWHM)
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Asia- Pacific Workshop on Fundamentals and Applications of Advanced Semiconductor

17. Devices (AWAD)

18. | International Conference on Optical Terahertz Science and Technology (OTST)

19 11th International Conference on Atomically Controlled Surfaces, Interfaces and
" | Nanostructures (ACSIN)

20. | 4th International Conference on Smart materials, Structures and Systems (CIMTC)

21. 16th International Conference on Solid Films and Surfaces (ICSFS)

22. | European Solid-State Device Research Conference (ESSDERC)

23. | SPIE Photonics West, Conference OEO1

94 IQEC/CLEO Pacific Rim, Program Subcommittee (Quantum Information and
" | Cryptography)

25. 2011 Spintronics Workshop on LSI

26 15th International Symposium on the Physics of Semiconductors and Applications
| (ISPSA-XV)

97 6th International School and Conference on Spintronics and Quantum Information
" | Technology (SPINTECH 6)

98 International Conference on Superlattices, Nanostructures, and Nanodevices
" | (ICSNN)

29. | International Conference of Magnetism (ICM)

30. | Asia Pacific Vision Conference 2011

31. | International Multisensory Research Forum 2011

32. 10th Asia Pacific Conference on Computer Human Interaction (APCHI)

33. | 6th Annual ACM Conference on interactive Tabletops and Surfaces (ITS2011)

34. 6th Advances in Computer Entertainment Technology Conerence (ACE2010)

35. | ACM Symposium on Virtual Reality Software and Technology (VRST)

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

37. | IEEE International Symposium on Multiple-Valued Logic

38. | International Symposium on Low Power Electronics and Design

39. | 6th International Symposium on Control of Semiconductor Interfaces (ISCSI-VI)

40. | International Multisensory Research Forum (IMRF) 2011
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41. | Inter-noise 2011

42. | International Symposium on Nonlinear Theory and its Applications

43. 6th International Workshop on Nanoscale Spectroscopy and Nanotechnology
44. | Personal, Indoor and Mobile Radio Communications (PIMRC)

45. | Global Symposium on Millimeter Waves (GSMM) 2012

46. | Magnetism and Magnetic Materials (MMM)

47. | Intermag

48. European Conference on Optical Communication

80




RIE@ 2010 Periodicals Published by the Institute

8. Periodicals Published by the Institute

The Institute publishes the following two periodicals to inform readers on recent research results of
the Institute.

1. The Record of Electrical and Communication Engineering Conversazione Tohoku
University

This journal aims at providing an opportunity to publish research results of the Institute as well
as the result of the Departments of Electrical Engineering, Communication Engineering, Electronics
Engineering, and Information Engineering of the Faculty of Engineering. Since the journal also aims
at publishing general research activities of the Institute and of the Departments 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 Engineering, which had been held once a week on Tuesday since around
1920. Minutes of the meetings had been distributed to researchers 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 or three 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 co-operative research projects, international
symposium and seminars organized by members of RIEC, and the reports and evaluation on the RIEC
advisory board members. English edition(digest version of Japanese edition) has been published
since 2007.
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9. Staff,Land and Buildings,Budget

1. Staff
(2011.7.1)
Classification Research
Laboratory for Lab%ratory Center for |Fundamental .. .
L G J or Administration
Division Nanoelectronics Brai 21st century| Technology Total
) . rainware . Office
and Spintronics + Information Center
sysystems Technology
Professors 19 3 4 1 27
Associate Professors 13 5 1 1 20
Assistant Professors 18 3 6 27
Research Fellows 13 4 2 19
Technical Officials 15 2 17
Administrative Officials 13 13
Total 63 15 13 2 15 15 123
2.Land and Buildings
Site: Katahira 2-1-1, Aoba-ku, Sendai 980-8577, Japan
Total building area: 12,913m?
Total floor area: 28,776m? (2011.7.1)
Name of Buildings Structure Year of Completion Floor Area
Building No.1 Reinforced Concrete, 4 floors Building-S:1962,1963 7,772m?
Building-N:1959,1960
Building No.2 Reinforced Concrete, 4 floors 1962, 1963 7,085m?
La.borato.ry for Nanoelectronics and Steel-flame, 5 floors 2004 7.375m?
Spintronics
Reinforced Concrete, 1 floor 1967, 1968, 1972 525m?
) Reinforced Concrete(partly steel-flame), 2 floors 1986 1,553m?
Laboratory for Brainware sysystems
Steel-frame 1 floor 1996 598m?
Light-weight steel-frame, 2 floors 1999 147m?
Research Center for 21st century | Reinforced Concrete, 3 floors 1930 1,343m?
Information Technology Steel-frame 1 floor 2002 435m?
Evaluation and Analysis Center Reinforced Concrete, 2 floors 1981 790m?
Helium Sub-Center Reinforced Concrete(partly light-weight steel-flame), 1 floor [1972 166m?
Machine Shop Reinforced Concrete(partly light-weight steel-flame), 1 floor |1965, 1966, 1978 479m?
Others 508m?
Total 28,776m?
3.Budget
(Unit:1,000yen)
Research Grant
. . Personnel Supplies Ministry of Partnership Between Leading-edge
F 1Y . . total
nanciat fear Expenditure | Expenditure |Education,Science and Universities and Research ora
Culture Industry Promotion Fund
2006 971,482 927,090 599,040 937,441 0| 3,435,053
2007 970,961 813,724 700,615 888,833 0| 3,374,133
2008 879,481 953,000 694,883 1,069,832 0| 3,597,196
2009 1,026,511 1,562,318 605,100 798,053 400,440| 4,392,422
2010 771,176 735,496 418,680 962,712 1,034,827 3,929,491
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10. Afterword

Although it has often been said that "we are only one national university affiliated
research institute for a given subject in Japan,” the expression "only one" does not
sound very forceful. Because, from the start, university affiliated research institutes
were established as organizations without overlapping research fields. It is not easy to
become "number one" in a field where the competition includes both corporate research
laboratories and those of national and private universities. However, against that
backdrop, I believe that our key task as a university-affiliated research institute is to lay
the foundation of the next-generation information industry, firmly rooted in the depth
of knowledge that only a university can provide, while drawing on the strengths of our
tradition and our culture.

From its early work with weak currents, RIEC first became a leader in the field of
electromagnetic and electronic devices; we have since added software technologies,
and today our integrated research covers the whole range from devices to software.
Last year, the Director’s discretionary expenses were used to establish a new Support
Program for Original Research. This has the objective of promoting innovative and
highly promising early-stage research capable of ensuring that RIEC will have a
productive future; in particular, dynamic contributions are anticipated from younger
scientists, such as assistant and associate professors. Each project receives funds
amounting to 5 million yen annually for three years; thus, the program represents a
decisive step by RIEC. In fiscal 2010, two researchers were chosen from a large number
of applicants, and their interim reports are included for your perusal in these pages.

Another initiative we introduced last year is a series of research exchange meetings to
improve contact among RIEC’s nearly 30 laboratories. The series aims to overcome the
compartmentalization of the four Research Divisions and the individual institutes and
centers and thus to facilitate new approaches to research.

We would be delighted to receive feedback from readers of this Report. Perhaps the
contents do not reflect our new direction as well as we hoped? Or perhaps you would
like to suggest some interesting new line to pursue. All comments will be greatly
appreciated, and I look forward to your continuing support and encouragement.
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