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Research on Alternate Current Poling Mechanism for Piezoelectric Materials
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In this work, we investigated the effects of alternate current poling (ACP) for four different
plates of [001]-oriented (1-x)Pb(Mg;sNb23)O3-xPbTiO; (PMN-xPT) (x=0.28, 0.29,0.30, and
0.31) single crystals (SCs). A record high ds; 0of 3000 pC/N for PMN-0.30PT SC, and a high
free dielectric permittivity (€337/€0) of 8900 for PMN-28PT SC by ACP were confirmed. The
PMN-0.28PT SC was investigated in low voltage and high temperature (LVHT) condition.
High &33"/gy 0f 9560 and piezoelectric coefficient ds; of 2470 pC/N were obtained at 80 °C in
air atmosphere of ACP with 0.1 Hz, 10 cycles, and 2.5 kVrus/cm (RMS: root mean square).
Similar result was also received from 0.24Pb(In;,Nb;,)0;-0.46Pb(Mg;3Nb,3)05-0.30PbTiO;
(PINM-0.30PT) ternary system SC. High &33%/g) of 6730 and ds; of 2240 pC/N were obtained
at 90 °Cinair with 10 Hz, 12 cycles, and 4.0 kVrus/cm. Therefore, the LVHT ACP is effective
to reduce the risk of breakdown.

In addition, the electrical properties of [001]-oriented rectangular plate and beam mode
0of 0.52PMN-0.15Pb(Yb;2Nb;,2)05-0.33PT (PYbNMT) ternary SC polarized by ACP were
investigated. The €337/go and average ds; were 6800 and 2490 pC/N for rectangular plate sample
after ACP, which were 31% and 41% larger than those of the sample poled by conventional
direct current poling (DCP). The beam mode electromechanical coupling factor (k33”) was 91%
by ACP, showing the highest value among all relaxor-PT SC systems so far reported.

The ACP SCs showed a 0.5 mm regular periodic stripe domain with high 109° domain wall
density and uniform domain size by PFM and SEM observation. In addition to XRD results,
we assume that ACP creates multiphase mixed with monoclinic Mg in the SCs. This work
demonstrates that an excellent cost-performance ACP process can offer a promising prospect

and practical value for relaxor-PT based SCs for piezoelectric transducers.
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