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Nano-scale magnets can have, according to their shape
and size, ordered domain structures such as magnetic vor-
tices and single-domains. Using experimental and the-
oretical approaches, we study the static and dynamical
magnetic properties of nano-scale magnets, to obtain a
better understanding of the quantum behavior associated
with domain wall displacement and magnetization rever-
sal. Moreover, we employ spin injection techniques us-
ing nano-scale magnets as electrodes which provide spin-
polarized current. This spin-injection induced magnetism
will be applied to the development of spintronic devices.
We have three major research subjects as follows.

The first topic is a study on the spin dynamics. We
have investigated theoretically the dynamics of vortices in
a square lattice system with various combinations of vortex
core polarizations in the lattice. The vortex core polariza-
tions play an important role in determining the rotational
dynamics of vortices. In the orderly polarized vortex lat-
tice, their dynamical properties can be represented by the
dispersion curves and the density of states. These can be
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designed by choosing the combinations of vortex core po-
larizations. From our analysis, we can speculate on the
following phenomena. A randomly polarized vortex lat-
tice should reveal the localization behavior in the rota-
tional motion of vortices in real space as a consequence
of various superposition of ferromagnetic type I and anti-
ferromagnetic type II domains. On the analogy of the lat-
tice vibration of a coupled diatomic lattice, a vortex lattice
with two kinds of disks is expected to exhibit an eigen-
frequency gap in the dispersion curves. Furthermore the
localization mode can be controlled since we can design a
defective lattice. Finally, extension of the above expected
results encourages us to fabricate an electromagnetic wave
guide in an artificial crystal of the magnetic vortex system
similar to the two-dimensional photonic crystal.

The second topic is the spin accumulation in the non-
local configuration. We have established the experimental
techniques to induce spin currents in between ferromag-
netic wires bridged by non-magnetic copper wire. This
technique has also been applied to the non-local spin in-
jection to flip the magnetization of the nano-scale ferro-
magnetic particle. We have also established the method to
calculate the distributions of spin and the charge currents
using the formalism based on the equivalent spin polarized
resistor network.

The third topic is the development of biologically in-
spired spintronic devices. In this project, we try to ma-
nipulate the motion of a nano-scale magnetic domain wall
and conduction electron spins using the principle of the
potential ratchet characteristic of biological systems. A
source of the driving force is typically thermal agitation
for biological systems. For our spintronic devices, we use
the above spin-injection technique or modulated magnetic
field for nano-domain walls and modulated electric field for
rectification of the conduction spins whereby the dc mo-
tion of the domain walls and the spins are generated from
the ac excitation.

Research Subjects

1. Study on the static and dynamic magnetic properties
of nano-scale magnets

2. Study on the spin injection induced magnetization re-
versal and magnetic phase transition

3. Study on the development of biologically inspired
spintronic devices
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