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The multiferroic effect, in which a magnetic field induces polarization (voltage), has been
studied for application to voltage-driven devices with low power consumption and spin quantum
devices. Among them, ferrite-based multiferroic crystal materials have been studied, in which
spins in the crystal are distorted by applying an external magnetic field, resulting in spontaneous
polarization. However, there are problems in industrial applications, such as the need for high
temperature and high energy for fabrication, degradation of properties when miniaturized due
to the long-period structure, and low magnetization due to ferrimagnetism. This study aims to
create a new multiferroic material with a completely different mechanism from ferrite-based
crystalline materials. Nanogranular films have a structure in which magnetic nanoparticles
are uniformly dispersed in a dielectric matrix, and are known for various functions (magneto-
resistance, magneto-dielectric, magneto-optical) via spin-dependent tunnel conduction between
particles. Nanogranular films with fluoride matrices can be crystallized at low temperatures,
and magnetic nanoparticles exhibit large magnetization, thus solving the problem of ferrite-
based multiferroic crystals described above. However, compositing magnetic nanoparticles
with ferroelectric matrices has not yet been investigated.

In this research, we aim to fabricate ferroelectric nanogranular crystal films in which
ferromagnetic nanoparticles are dispersed in a fluoride ferroelectric matrix to create a novel
multiferroic effect in which polarization (voltage) is induced by spin-dependent tunneling
conduction between the particles. The significance of this research is twofold: 1) it creates a new
field of multiferroics based on a spin-dependent tunneling polarization between nanoparticles,
and 2) it is expected to develop practical materials as new multiferroic materials that can be
synthesized at low temperatures, tolerate nanoscale integration, and be applied to industrial
applications. This research project is the first attempt in the world to develop a multiferroic

effect using spin-dependent polarization between magnetic nanoparticles, and ferroelectric
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structures, potentially seamlessly linking functions such as energy conversion, transport, and

storage between nanoparticles.
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