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Improving the Ferroelectric Performance with Small lon
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Ferroelectrics are of great interesting and also extremely useful in our
daily living because of the spontaneously ordering of electric dipoles in the
crystal. For example, ice becomes ferroelectric when water crystallizes in
morphology of Ice XI, in which protons order within a hexagonal lattice of
oxygen atoms. Such a spontaneous polarization allows us to fabricate
innumerable devices, including compact-size capacitors, FeRAM, and
elements in medical ultrasound tomography. The most useful ferroelectric
materials are based on BaTiOs and PbTiOs. However, devices formed by
BaTiOs may work normally in summer, but will run out of the way during
the winter because a phase transition occurs around ice point. On the
other hand, PbTiOs-based materials give rise to the environmental concerns
over their lead content. For this, scientists are trying to enhance the
performance of BaTiOs or to find novel substances to replace Pb-based
materials.

In collaboration with Prof. Mitsuru Itoh at MSL, we are now exploring
how to design novel ferroelectric system. One of our ideas is to incorporate
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off-centering small-ion into the bulky site of the based material to tune the polarization state or to trigger a ferroelectric state in |
TEERME TFT Ei8

the crystal (Upper of figure). A successful example has been demonstrated in the BaTiOs(Phys. Rev. Lett. 100,227601), in which
small-Ca substitution finely shifts the structural transition around room temperature down to a temperature as low as 0 K, but
maintains its room-temperature polarization state, suggesting a large operating temperature range of this system (Bottom of
figure). A series of polarization measurements also show that the Ca-substituted system has a polarization value of BaTiOs, but it is
much stable in comparison with that of pure BaTiOs(J. Phys.: Condens. Matter. 22,0562204 ), suggesting that it may find
applications in ferroelectric memory as well as in capacitors. Ongoing investigations are directed to exploring the potential
applications in electro-optical or electro-mechanical devices by using their sizable effects and to seeking other novel systems.
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