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Exploration

Spintronics

“Spintronics” aims to realize solid-state devices that provide
completely new functionalities based on electron ‘spin’ and/or nuclear
‘spin’. At the IMR, this broad research field is covered from the fundamental
physical science of exploring spin-related materials and novel phenomena to
the development of device applications by
collaborative research between science and
Magnetic
engineering departments.
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A magnetic insulator/
metal bilayer film and a
micro-probing system
used for measuring
spin Hall magnetoresistance.
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Soft-materials

Softness is a great feature of the materials composed of organic
molecules. In addition to the mechanical softness, organic materials
can also provide specific chemical properties and novel electric and
magnetic functionalities.
Such‘soft-materials’have
been actively investigated
at the IMR, exploring new
functionalities originating
from the softness as well
as the development of
new, useful, functional
organic materials.

(Left) Tensile testing for a ductile steel and (right) two-dimensional strain
distribution map.

Material science is not alchemy
but neither does it require a perfect understanding of all of the
properties of a material. Therefore
a large amount of trial and error is
needed to understand fundamental material properties. At the IMR
we work to create functional materials based on accumulated
know-how, aiming to demonstrate
novel functionalities for practical
use.

Magnetic
field

Porous metal-complex devices that enable electronic
detection of gas adsorption.

Illustration of the twisted magnetic structure observed in a
FePt / Permalloy (Py) composite film, providing novel functionality for spintronic devices.

Nanocrystalline alloys

Investigation of the electrical conduction mechanism in flexible organic
polymer materials.

Creation

Soft magnetic nanocrystalline alloys are composed of a high density
of nanocrystalline α-Fe grains, which feature a high saturation magnetic
flux density and ultra-low core loss. Such an ideal magnetic softness
enables us to drastically reduce the power loss in transformers and
motors. A recent research project towards the practical use of
nanocrystalline alloys led to the successful fabrication of wide ribbons,
which fulfill the required properties for applications.
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Hydrogen functional materials

An all-solid battery with high energy density has been developed
by the application of our unique material, lithium borohydride (LiBH4)
as a solid electrolyte, a sulfur positive electrode and a lithium negative
electrode. We are working towards putting this material to a practical
use through industrial collaborations.

Prototype of a spinal fixation device made of
a titanium alloy.

Three-dimensional lattice structures (lower left)
and artificial hip joint (right) produced by electron beam melting (upper left).

Photograph of oxide scintillation crystals used for radiation detectors.
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reation

Supercomputing system with total theoretical peak
performance of 300TFLOPS and total memory size of 42TB.

Many varieties of materials are fabricated
at the IMR, some of which are still insufficiently understood in terms of fundamental properties and/or functionalities. At the
IMR we explore new functionalities of materials through the use of empirical knowledge of composition and structures and
by applying large scale computing facilities.
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Towards discovering new functional materials

High magnetic fields

Measurement

M

New aspects of materials become apparent
by the application of a high magnetic field.
At IMR we successfully pioneered a
practical, cryogen-free, hybrid magnet
supplying a steady high magnetic field of
27.5 T. This is available for general
researchers as a joint research facility.

Exploration of the fundamental nature of electron
transport in condensed
matter by applying high
magnetic fields. The figure is a schematic of a
quasi-particle composed
of an electron and magnetic flux quanta.
Measurement system for physical properties under magnetic
fields at low temperatures that
consists of a 27.5 T cryogen-free hybrid magnet and a
dilution refrigerator.
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Neutron scattering facilities

Neutron scattering is a powerful and“material-friendly”technique
for materials research. The crystal structure of materials can be
accurately determined, which is one of the key aspects of material
science. At the IMR we administer two
neutron scattering facilities and have built
a state of the art system at J-PARC, which
can supply the strongest beam intensity in
the world. We continue to contribute to the
progress of material science in Japan via
neutron scattering techniques.

Polarized neutron scattering spectrometer POLANO, being built at J-PARC.

Uncovering the complete picture of the dynamics of
charges and spins in high-Tc superconductors the complementary application of neutron and X-ray beams supplied
by large facilities such as J-PARC, ESRF and SPring-8.

Molecular beam epitaxy (MBE) system. Under ultrahigh
vacuum condition, the MBE system enables the growth of
high-purity magnetic thin films.

Hot-cell with glove-boxes for Actinoid studies.
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30 T magnet developed at IMR for the
tabletop pulsed magnet system.

Atom probe apparatus for visualizing three-dimensional elemental distributions
in materials with atomic-scale resolution.

1 ps time resolution
was achieved by“the
Advanced Magnet with
Broadband Optics”installed at Rice University. IMR’
s unique tabletop
pulsed magnet system is
used here.

Deep insights into material properties are essential for the
development of new materials with innovative functionalities.
Integrating research from high magnetic fields, ultralow temperatures, atomic reactors, pulsed neutron and synchrotron
radiation facilities and high-resolution spectrometers reveal
various aspects of fundamental material properties, which
expands the frontier of material science.

Spherical aberration corrected Transmission Electron
Microscope.
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