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In this study, | focus on ferroelectric porous metamaterials and evaluate
their microscopic ferroelectric polarization and external field response by first-principles
calculations and phase-field method. We found that novel topological polarizations such as multiple
vortices and spirals, which are completely different from linear polarizations in homogeneous
materials, appear in the nanoporous metamaterials. We also found that the hysteresis response to
electric field strongly depends on the microscopic structure of the nanoporous metamaterials, and
showed that it can be designed by the microstructure of the nanoporous metamaterials. Furthermore,
we have also evaluated porous metamaterials of magnetic materials and composite metamaterials of
ferroelectrics and magnetic materials, and found that their functions strongly depend on their
microstructures.
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