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Development of lead-free piezoelectric ceramics for high power applications by
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The (K,Na)NbO3 system ceramics are typical lead-free piezoelectric ceramics.

The effects of the grain orientation control, by which the crystal grains grow in the same
direction, on nonlinear piezoelectricity was studied in these ceramics. The influence of Li
substitution for Na and K on nonlinear piezoelectricity was also studied. In the oriented ceramics
having the orientation factor of 97%, the nonlinear piezoelectric coefficient decreased to 1/6
compared with the random oriented ceramics. It was confirmed in the first time that nonlinear
piezoelectricity can be reduced by the grain orientation control in (K,Na)NbO3 system piezoelectric
ceramics. It was also found that the nonlinear piezoelectric coefficient decreased to 1/10 or less
by the Li substitution.
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