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General Report
Semiconductor Spin Electronics
Semiconductor Spin Electronics
By Hideo OHNO*, Fumihiro MATSUKURA and Yuzo OHNO
This paper reviews the basic principles of
magnetic in which the carrier energy is almost
tors have a much longer coherence time than
how spin can be employed in semiconductor
independent of the spin direction. However, in
electrical polarization and can be controlled
electronics, and reports on a number of pos-
nanostructures where devices approach the lim-
by light or electric fields, it is comparatively
sible applications of semiconductor spin elec-
its of miniaturization, exchange interactions
easy to manipulate spin as a quantum-me-
tronics where progress is currently being made.
have more pronounced effects and the pres-
chanical entity. Such properties lend them-
First we will present an overview of the spin
ence of spin becomes more tangible. In mag-
selves to the development of solid-state quan-
phenomena that occur in III-V ferromagnetic
netic semiconductors, which have both prop-
tum information processing devices. In this
semiconductors and their heterostructures (the
erties of magnetic materials and semiconduc-
way, spin in semiconductors is heralding a new
starting point for the new development), and
tors, these exchange interactions can give rise
era both in classical and quantum physics and
in non-magnetic semiconductor quantum
to pronounced spin-related phenomena-not
technology.
wells and nanostructures. We will then dis-
just in nanostructures but also in more con-
Section 2 of this paper discusses the new
cuss optical spin devices such as optical isola-
ventionally sized devices. Advances in materi-
ferromagnetic semiconductors, Section 3 dis-
tors, and electron spin devices such as mag-
als science has led to the development of fer-
cusses the physical properties of spin in semi-
netoresistance elements. Finally, we will review
romagnetic semiconductors based on the III-V
conductor structures, and sections 4, 5 and 6
proposals for quantum spin devices that uti-
compound semiconductors already used for
discuss the applications of optical, electronic
lize the quantum mechanical nature of spins.
electronic devices,
1,2)
 and due to progress made
and quantum devices respectively. Our con-
in the research of non-magnetic semiconduc-
clusions appear in section 7.
Keywords:semiconductor, spin, ferro-
tor quantum structures and nanostructures, it
magnetic semiconductor, III-V
is becoming possible to clearly express and con-
2.New Ferromagnetic Semi-
compound semiconductor
trol the degrees of freedom in charge and spin.
conductors
Semiconductor spin electronics may be di-
In this section we will present an overview
1.Introduction
vided into two fields. One might be referred
of the ferromagnetic properties observed in
The remarkable developments currently
to as semiconductor magneto-electronics,
diluted magnetic semiconductor (DMS) ma-
being made in the fields of electronics and in-
where attempts are being made to implement
terials, where a portion of the atoms in a non-
formation technologies have been made pos-
new functions by incorporating magnetic
magnetic semiconductor are substituted by
sible by exploiting the properties of electron
functions into semiconductors by using mag-
magnetic atoms (thus they are called diluted
charge and spin. Integrated circuits used for
netic semiconductors (semiconductor materi-
magnetic semiconductors). Especially, we will
data processing use the charge of electrons in
als that are also magnetic) or combinations of
describe the properties of III-V DMS materi-
semiconductors, while data storage media
semiconductors and magnetic materials. For
als.
such as hard disks use the spin of electrons in
example, it is thought that this field will lead
III-V DMS's exhibit ferromagnetism and
a magnetic material. Recently, various types
to the realization of semiconductors devices
provide new degrees of freedom based on the
of spin polarization have been formed in semi-
such as optical isolators, magnetic sensors and
magnetic cooperative phenomena in the semi-
conductors, such as carrier spin, spin in intro-
non-volatile memories that can be integrated
conductor heterostructures used in transistors
duced magnetic atoms, and nuclear spin of
into semiconductor devices and circuitry. If the
and lasers. By using an epitaxially-grown III-V
constituent atoms, and it has been shown that
magnetism or spin can be controlled by light
magnetic/non-magnetic heterostructure, it be-
new functions can be implemented by inject-
or electric fields, then it should be possible to
comes possible to look for new phenomena
ing, transporting and controlling these spin
develop entirely new devices having functions
such as spin-dependent tunneling, magnetore-
states. This is resulting in the emergence of a
that have not been available before.
sistance, and spin-dependent light emission.
new field-semiconductor spin electronics (or
The other field is probably best referred
In this sense, it can be regarded as a proto-
semiconductor spintronics)-involving the use
to as semiconductor quantum spin electron-
type for semiconductor spin electronics, from
of spin states inside semiconductor materials.
ics. In this field, the main focus is on using the
which we can learn what can be done by the
The semiconductors currently used in inte-
quantum mechanical nature of spin in semi-
spin degree of freedom in semiconductors.
grated circuits, transistors and lasers, such as
conductors. For example, since the various
silicon and gallium arsenide (GaAs), are non-
types of spins in non-magnetic semiconduc-
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