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Spintronics

Magnetism
SCO pe Of Reseal’Ch Magnetic Materials .

Conventional electronics uses only the charge of electrons, while traditional magnetic devices use only the spin degree
of freedom of electrons. Aiming at complete control of both charge and spin in single solid-state devices, an emerging
field called spintronics is rapidly developing and having an impact on information technologies. By combining the atomic-
layer deposition with nanofabrication, we focus on the development of spin properties of various materials and the control
of quantum effects in  §.._ e/zc;,o,,

novel spintronics de- o

vices. “H”
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Modulation of the Magnetic Domain Size
Induced by an Electric Field

The electric field (EF) control of magnetism has inten-
sively investigated because of its potential importance for
the reduction of power consumption in magnetic storage
devices. In the past few years, we have been focusing on
the electric field modulation of the magnetic anisotropy
and the Curie temperature in magnetic thin films. However,
the microscopic mechanism of why those magnetic proper-
ties change with an electric field were not clear in spite of
several theoretical suggestions. In this work, we particularly
focused on the configuration of the magnetic domains upon
the application of the electric field (see Figure la for the
detail measurement setup). With the electric field of £10V,
we observed the significant change in the domain size
(Figure 1b). Detail analyses on the modification of the
magnetic domain size revealed that it is the exchange inter-
action that is modulated with the electric field and is chang-
ing about 50% with £10V. Our results suggest that the EF
control of the magnetism is mainly driven by the modifi-
cation of the exchange interaction which is a fundamental
measure determining the magnetic interaction between
microscopic spins.
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Figure 1. (a) Schematic illustration of the experimental setup (b) Modu-
lation of the magnetic domain size with the electric field of £10V.

Ultrafast Domain Wall Motion in
Ferrimagnetic Materials

Antiferromagnetic spintronics is an emerging research
field which aims to utilize antiferromagnets as core ele-
ments in spintronic devices. A central motivation towards
this direction is that antiferromagnetic spin dynamics is
expected to be much faster than its ferromagnetic counter-
part. Recent theories indeed predicted faster dynamics of
antiferromagnetic domain walls (DWs) than ferromagnetic
DWs. However, experimental investigations of antiferro-
magnetic spin dynamics have remained unexplored, main-
ly because of the magnetic field immunity of antiferromag-
nets. Here we show that fast field-driven antiferromagnetic
spin dynamics is realized in ferrimagnets at the angular
momentum compensation point 7,. Using rare earth—3d-
transition metal ferrimagnetic compounds where net
magnetic moment is nonzero at 7,, the field-driven DW
mobility is remarkably enhanced up to 20kms™'T~'. The
collective coordinate approach generalized for ferrimag-
nets and atomistic spin model simulations show that this
remarkable enhancement is a consequence of antiferro-
magnetic spin dynamics at 7,. Our finding allows us to
investigate the physics of antiferromagnetic spin dynamics
and highlights the importance of tuning of the angular
momentum compensation point of ferrimagnets, which
could be a key towards ferrimagnetic spintronics.
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Figure 2. DW speed v as a function of temperature 7 for several driving
fields. v diverges at 75.
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