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Main Research Result

Mechanism of the size effect in barium titanate

Fine-grained barium titanate ceramics were fabricated by the two-steps intering
method and the aerosol deposition method, and then the grain size effects were
demonstrated. The dielectric and piezoelectric properties show a maximum at
around 1 um. The BaTiO3 ceramics with an average grain size of 1 um had high
permittivity of 8,000 and high piezoelectric constant (d33 = 460 pC/N). The
maximum of dielectric and piezoelectric properties was explained by the effects of
domain structure and grain-boundary structure

New piezoelectric fundamental equations

For describing piezoelectric responses under high-power driving, it is necessary to
incorporate nonlinear responses and dissipation effects in the fundamental equation
of piezoelectric effect. Many nonlinear and complex coefficients appearing in the
equations make it difficult to solve those equations. We have found a way to
simplify those equations by assuming one criterion where piezoelectric induced
strain should be proportional to polarization without phase lag. The new
fundamental equations based on this assumption were successfully describe the
piezoelectric response under high-power driving.

Lead-free PTCR ceramics

As a lead-free PTCR (Positive Temperature Coefficient of Resistivity) thermistor
material usable over 130 degree C, we have developed barium titanate - bismuth
sodium titanate solid solution (BT-BNT) ceramics. Moreover, by introducing Ca
and vacancies of sodium, the BT-BNT ceramics showed semiconducting behaviors.
The electrical properties of the BT-BNT ceramics were comparable to those of the
existing lead-contained PTCR ceramics. Based on these results, we are hoping for
lead-fee and rare-earth element-free PTCR ceramics.
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