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Unusual Emergence of Magnetism in Ferroelectric Nanostructures and Proposal of
Multi-Functional Design Concepts
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In this study, the emergence and properties of magnetism in nanostructured and
nano-defected ferroelectrics are investigated by the first-principles calculations using parallel
computations. It is revealed that oxygen vacancies coupled with grain boundaries and free surfaces that
characterize the nano-ferroelectrics induce magnetism. This emergence of magnetism is due to the split of
the electronic state of oxygen vacancies, i.e., defect state. The emerged magnetism at the oxygen
vacancies are strongly coupled with ferroelectric polarizations, i.e., the existence of magnetoelectric
coupling. In addition, the magnetism also interacts with applied strains, leading to a various magnetic
phase transitions including ferromagnetic, antiferromagnetic, and nonmagnetic phases. This clearly
indicates that there exists a remarkable multi-physics property.
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