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critical MPB theory. which enables a inclined MPB to

have large piezoelectricity. As the result, it becomes a guideline to desige high-performance
Pb-free piezoelectric materials, which usually possess inclined MPB. 2. We succeeded in stabilizing
piezoelectric properties of Pb-fee materials by using long-time aging to stabilize their domain
structure. 3.By modifying a tri-critical ferroelectric material into a tri-relaxor state through
defect doping, we achieved simultaneously large electrostrain and small hysteresis, which was not
possible before. 4. We developed new Pb-free piezoelectrics which has piezoelectric properties
comparable with those of PZT (soft-PZT-like Pb-free material has a d33 about 600pC/N, and
hard-PZT-like materials have d33=250- 300pC/N, Qm=500~800), These materials are to be patented.
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