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ICAT/PSU has been working on the loss characterization of piezoelectrics for 30 years. In the 
1980s, we started the hysteresis measurement by using a pseudo-DC technique for 

measuring the hysteresis directly, and a resonance drive method under a large AC voltage. Since we 
found a significant distortion/hysteresis in the admittance spectrum, we adopted a current constant 
method in the admittance measurement in the 1990s. In the 2000s, we further developed a High 
Power Characterization System (HiPoCS), which is capable of measuring the admittance curves 
under the constant vibration velocity of a piezoelectric sample. By keeping the same vibration level 
(i.e., the mechanical energy density constant), voltage and current are simultaneously changed, so 
that a symmetrical admittance spectrum can be obtained for both resonance and antiresonance 
peaks. We reported first that (1) the mechanical quality factor at the antiresonance, QB, is higher 
(the peak is sharper) than QA at the resonance in PZT materials, different from the IEEE Standard’s 
assumption, (2) the power required for generating the same tip vibration velocity of the rectangular 
plate is smaller for the antiresonance mode than that for the resonance mode, concluding (3) the 
higher efficiency at the antiresonance than that at the resonance in PZT plates. In the 2010s, we 
established a comprehensive burst mode method in HiPoCS. In the transient burst method, the 
ceramic is excited for a set number of cycles (i.e., no heat generation), after which open circuit 
(antiresonance) or short circuit (resonance) conditions are imposed on the sample. The decay 
of current or voltage allows for the calculation of the quality factors, QA at resonance or QB at 
antiresonance, respectively, according to vibration velocity. The piezoelectric charge constant d and 
elastic compliance s can be determined for k31 resonators under the short circuit condition. Also, 
the force constant A is described by the ratio (current/vibration velocity). In addition, we introduced 
a voltage constant B, a ratio (voltage/displacement) for the resonators in their antiresonance mode, 
and we firstly determined the permittivity ɛ at the resonance frequency region from the ratio of (A/B).
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