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The Laboratory for Nanoelectronics and Spintronics of the
Research Institute of Electrical Communication (RIEC) was
established in April of 2004. Its purpose is to develop and
establish the science and technology of nanoelectronics and
spintronics for information technology. Utilizing the facilities
installed in the Nanoelectronics-and-Spintronics building and
under collaboration between RIEC and related laboratories of
the Graduate Schools of Engineering, Information Sciences,
Biomedical Engineering, of Tohoku University, R&D on
nanotechnologies of materials and devices in Nanoelectronics
and Spintronics are continued extensively. Furthermore,
nation-wide and world-wide collaboration research projects
are conducted to build a systematic database in electrical
communication research.

The Laboratory for Nanoelectronics and Spintronics mainly
consists of laboratories of Nano-Integration Devices and
Processing, Spintronics, and Nano-Bio Hybrid Molecular
Devices; together with the project office of the Center for
Innovative Integrated Electronic Systems, and the groups
of Ultra-Broadband Signal Processing and, Soft Computing
Integrated System, and Quantum Devices. These groups
cooperatively carry out the research aimed at establishing a
world-wide COE in the research area of nanoelectronics and
spintronics
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Common Fab Facilities/Equipments

Molecular Clean Room Ultra Clean Room

(Cleanliness: Class 1, Total area : 1020.7m?) (Cleanliness: Class 1, Total area : 379.6m?)
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COE of International Research Collaboration
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COE of International
Research Collaboration

IHP & Berlin Institute of
Technology (Germany)

¥/« A VKB CHREUERRY ViRI D L International Symposium Held in LNS, RIEC

Harvard
CNRS (France) University (USA)
P— " Purdue
Un|vezr§gzi2; s E ol University (USA)
University of University of
Salamanca California (USA)
Spain
(Spa) Chinese Academy
The University of A\ of Sciences (China)
Kaiserslautern g & S
(G ) - ingapore
S Spintronics
Johannes Gutenberg  University of  Polish Academy ~ Moscow State ~ Bauman Moscow CS°,"S°”'“'“
University Mainz Regensburg of Sciences University State Technical (Singapore)
(Germany) (Germany) (Poland) (Russia) University (Russia)

Academic Exchange Programs

THP-Innovations for High Performance Microelectronics, Germany
Berlin Institute of Technology, Germany

The Interdisciplinary Center on Nanoscience of Marseille, CNRS, France
University of Vigo, Spain

University of Salamanca, Spain

The University of Kaiserslautern, Germany

Johannes Gutenberg University Mainz, Germany

University of Regensburg, Germany

Institute of Physics, Polish Academy of Sciences, Poland

Bauman Moscow State Technical University, Russia

Singapore Spintronics Consortium, Singapore

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

Purdue University, USA

Harvard University, USA

Moscow State University, Russia

RIEC Symposium on Spintronics
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Nano-Integration Devices and Processing
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Shigeo Sato Masao Sakuraba Kwansoo Kim
Professor Associate Professor Research Fellow
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Towards the Realization of a Prototype Brain Computer
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Towards the Realization of a Prototype Brain Computer
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Research Activities

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

® Nano-Integration Devices (Prof. Sato)

Our short-term research subjects are the development of brain
computing device having functionalities such as non-volatile memory,
multiplication, and addition, the high-density implementation of
these devices, and the development of an intelligent device utilizing
quantum mechanical property. Also, we make efforts to apply these
device technologies to non-von Neumann computers including a brain
computer in future.

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

The following researches are being advanced: (1) Atomic-order
control of highly strained group IV semiconductor heterostructure
formation in a nanometer-order ultrathin region which utilizing plasma
CVD reaction at low temperatures without substrate heating, (2)
Systematic investigation and control of charge transport phenomena
including quantum phenomena in the highly strained group IV
semiconductor heterostructures to find out novel electronic properties,
(3) Heterointegration of the group IV semiconductor quantum
heterostructures and high-performance nanodevices into the Si large-
scale integrated circuits.
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Spintronics
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Associate Professor Assistant Professor Assistant Professor
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Chaoliang Zhang

Assistant Professor

Justin Llandro

REEH

Research Activities

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

electrical characterization of the developed devices.

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

To realize high-performance and ultralow-power integrated circuits
with spintronics, we are working to establish technologies for
controlling the magnetization in nanoscale magnetic devices.
We also aim to open up new paradigms for spintronics such as
spintronics-based brain-inspired computing. Our recent research
topics include current-induced control of magnetization via spin-
orbit interactions, elucidation of static and dynamic properties of
nano-scale magnets and magnetic textures such as domain walls,
development of ultra-small magnetic tunnel junction devices,
enhancement of nonvolatile spintronics memory technologies,
and development of analog spintronics devices for artificial neural

networks.
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Nano-Bio Hybrid Molecular Devices
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Assistant Professor
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Fig. 1 High-throughput sensor for drug side effects

2 P EE iR Z AW C RS D BB

Fig. 2 Reconstruction of neuronal circuits using living cells
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Research Activities

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

new technology for health-conscious society.

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

We are working on development of novel devices based on the
combination of nanotechnology and biomaterials that have highly
sophisticated functions. In particular, we are aiming to reconstitute
artificial cell membrane structures as a platform for high-throughput
screening of new drug candidates. We are also applying such
fabrication technology to brain research, and are investigating
construction of a brain model system by utilizing living neuronal
cells as fundamental elements. In addition, we are developing bio
and organic devices with novel functions. Through the evaluation
of their working principles, we are aiming to create novel electronic
devices that do not solely rely on conventional semiconductor

materials.

3 EEHERUY MR ZRVCERERWR NS YIRS

Fig. 3 Organic field-effect transistor using conductive polymers
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Ultra-Broadband Signal Processing
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Research Activities

Terahertz (sub-millimeter) coherent electromagnetic waves are expected to
explore the potential application fields of future information and communications
technologies. We are developing novel, ultra-broadband integrated signal-
processing devices/systems operating in the millimeter and terahertz frequency
regime.

m Ultra-Broadband Devices and Systems
(Prof. Otsuji)

m Ultra-Broadband Device Physics
(Assoc. Prof. Satou)
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Soft Computing Integrated System
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Research Activities

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

m Soft Computing Integrated System Laboratory for
Brainware Systems (Prof. Horio)
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Fig. 1 (Left) A chaotic neuron VLSI circuit chip. (Right) A large-
scale general purpose chaotic neuro-computer system with 10,000
neurons connected via 100,000,000 synapses.

Fig. 1 (Left) A chaotic neuro-computer proto-type system for quadratic assignment problems, which
uses chaotic wanderings and inspirations to find solutions. (Right) A dedicated VLSI chip for a fast
and practical large-scale chaotic neuro-computer system which can solve real-world problems.
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Quantum Devices
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Associate Professor KBS

w THZEED Research Activities

F ) AX—RNIVAT—=)VDFRUINGER S /EBETIEIEFNREDS In tiny solid-state nanostructures, exotic phenomena like quantum effects
ELEYBESHE DD, AMIRETCEATHICER, HFE80UEE occur. We are exploring interesting properties of the nanostructures
KT /ESEICHITDYMEERE. BLOTFT/INA ZSEOIFREES and developing new devices utilizing artificial nanostructures. We

TW3, CNICEYUBFILI FOZIZAPF /I LT RO will contribute to new information processing and communication
2EEBLT. FUVERNE, BERMICERT 3., technologies through quantum and nanoelectronics.
wEFT/N\A ARRDE | KIEZIR m Quantum Devices (Assoc. Prof. Otsuka)
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Semiconductor quantum dot probe Fpa (M¥) Fin (mV}  Charge state control in a multiple quantum dot device
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Laboratory for Nanoelectronics and Spintronics
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From Sendai Airport
By taxi: About 60 minutes from Sendai Airport to Katahira Campus
By train: About 25 minutes from Sendai Airport to JR Sendai
Station

From JR Sendai Station
On foot: About 20 minutes from JR Sendai Station
By taxi: About 5 minutes from JR Sendai Station
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