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[Purpose and Background of the Research]

The aim of this project is to establish the field of
Spin-orbitronics: we will exploit the spin-orbit
interaction of electrons in solids to form new
materials with novel functionalities and find new
physics, which will enable development of high
speed, energy efficient electronic devices and
technological innovations.

[Research Methods]

To meet the goal of this project, we focus on the
following key areas.
(1)Explore materials using spin-orbit engineering
(2)Develop means of manipulating spins via the
spin-orbit effects

The spin-orbit effects we focus on here are the
Dzyaloshinskii-Moriya interaction, the spin Hall
effect and the Rashba effect, which all take place in
systems with broken structural inversion symmetry.
The spin-orbit effects can be engineered by building
artificial materials with broken structural
inversion symmetry at the atomic scale using state
of the art film deposition techniques. As first
principle calculations and related theoretical
frameworks can predict the physical properties of
such artificial materials, we will collaborate with
experts on theory and computations to design new
material systems.

[Expected Research Achievements and
Scientific Significance]

This project will explore new physics and
phenomena based on the spin-orbit effects. The
significance of this project is, however, not only to
impact academic research but also to create
technological innovations that will impact the
industries.

The explosion of the amount of digital data stored
in personal computers, servers and data centers in
the last decade 1is causing concern on the
sustainability of the information storage
technologies due to power consumption problem. To
tackle this problem, it has been suggested that all
volatile semiconductor memories need to be
converted to mnon-volatile memories and such
non-volatile memories need to be implemented with

logic devices to reduce the power consumption.
However, such approach is expected to face
challenges in the future: as further scaling of the
technology node reduces stability of digital data
bits and the power needed to “write” information
becomes too large. With regard to storage devices,
such as the hard disk drives and the solid state
drives (e.g. NAND-flash), there is an increasing
demand in developing fast storage technology that
can keep up with the data transfer rates of
communication devices. Currently transferred
data are temporarily stored in the semiconductor
volatile memories before permanently being
written in the storage devices. The use of volatile
memory layers lead to complicated and costly
memory architectures and to consume extra power.
The goal of this project is to provide solutions to
these issues by engineering non-volatile materials
and developing means to write information with
extremely small power based on Spin-orbitronics.
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