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1. Introduction

1

Silicon crystals used for semiconductor integrated
circuits represented by CMOS are the materials can be
regarded as the most basic material supporting

today & living.

Semiconductor manufacturing technologies are
indivisibly related to nanotechnology, since they
become more and more sophisticated as exemplified
by the fact that the manufacturing accuracy of the
CMOS micro -processing plunges into the nanometer
range.

Consequently the limit of 32 nm half pitch is
approaching, which in turn requires device
development based on new concepts and/or new
principles beyond conventional silicon CMOS
technologies.



PRESTO Project targeting at Next
Generation Devices

o
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The PRESTO project iMaterials and Processes for Next
Generation Innovative Devices ofor which | am
dedicating myself as a Research Supervisor started in
2007 to overcome the limitation and break up a novel
paradigm for next -generation device technology.

The scope of this project involves spintronics materials,
high - mobility wide -gap semiconductors, materials of
strongly -correlated system including high temperature
superconductors, quantum dots, nano -carbons, and
organics.

Among the topics, the most exciting one may be
spintronics. Spintronics is the term to express a field
of electronics utilizing both charge and spin degrees of
freedom possessed by an electron, which have been
treated independently until recently.



Mutual Conversion between Electricity and
Magnetism

Electricity - Magnetism. Ampere & Law |,
b 3H= pD/ pt+J
1 Magnetism - Electricity: Faraday & Law

P 3E=-puB/ ut E o
1 Both conversions based on -
felectromagnetism oOrequire coils.

1 Human beings finally succeeded in mutual
conversion without coils by virtue of
spintronics!
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2. Spin-dependent Electronic
Transport and Magneto-resistance
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Long Research History of Spin-Dependent Transport
Phenomena

The phenomena of spin  -dependent electrical transport such as
spin -disordered scattering just below the Curie temperature and
anisotropic magnetoresistance and anomalous Hall effect in
ferromagnetic metals have been studied extenswely and
explained theoretically already in 1960 G.

For example G.K. White and R.J. Tainsh: Phys. Rev. Lett. 19 (1967) 165.

A. Fert and I.A. Campbell: Phys. Rev. Lett. 21 (1968) 1190.

1 AMR (Anisotropic Magnetoresistance) and AHE (Anomalous Hall Effect)

has been known from 1950 &.
R.Karplus and J.M. Luttinger: Phys. Rev. 95 (1954) 1154

1 The huge negative magnetoresistance in the vicinity of Tc in magnetic
semiconductors such as CdCr  ,Se, and EuO has been explained in terms
of the spin -disordered scattering.

C. Haas: Phys. Rev. 168 (1968) 531

1 However, at these times these phenomena are thought to be built -in
properties and out of our control




Encounter with nanotechnology (1)

1 Nanotechnology pioneered by Dr. Esaki opened up
semiconductor nanoscience such as 2DEG,
guantum confinement, energy band modulation by
superlattice, leading to novel application field like
HEMT, MQW laser.

1 Quantum effect showed up at the early stage of
nanotechnology where the scale of the structure
was relatively large, since the de Broglie
wavelength is as large as 10 nm in semiconductor.

1 On the other hand  in magnetic materials , since
extension of 3d electrons is no larger than a few
nm, appearance of size effect should wait until
nanometer process became possible in the late 80




Encounter with nanotechnology (2)

H{Oe)
In 1986 Grlnberg & group discovered
magnetization of two magnetic layers
align antiparallel in the Fe/Cr(8  A)/Fe
trilayer structure using the magnon -
Brillouin scattering. 8A
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3 P. Grinberg, R.
. N | A Schreiber and V.
20 gy Pang: Phys. Rev. Lett.

57 (1986) 2442.



