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Abstract: Piezoelectricity refers to the phenomenon where mechanical stress is converted into electrical signals or, conversely,
electrical signals are converted into mechanical stress. Ferroelectric materials, characterized by high dielectric permittivity and
spontaneous polarization, retain their polarization even after the removal of an electric field. In such materials, poling plays a
crucial role in enhancing the piezoelectric effect, with the process of aligning dipoles being known as poling. This review focuses
on studies that have compared and analyzed the enhancement of piezoelectric properties in ceramics and polymers through two
representative poling methods: AC poling (ACP) and DC poling (DCP). Even within the same category of ceramics or polymers,
variations in piezoelectric properties are observed based on the material type, poling method, and poling conditions. Under
certain conditions, ACP has been shown to provide superior poling effects compared to DCP. Through this review, we propose
that ACP has the potential not only to replace the traditionally used DCP in the poling of piezoelectric materials but also to serve
as a more effective method. This could spark increased interest in the study of poling methods for piezoelectric polymers, a field
that has received relatively less attention.
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Fig. 1. (a) Mechanism of piezoelectric effect and direct/converse piezoelectric effect, (b) mechanism of poling, and (c) schematic of AC poling

(ACP), DC poling (DCP) method.
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2(a)ollA] EriAlm], PZTHc} PIN-PMN-PTS ACP 4
DCP & 2]gt 710] (400) HolM ¢ #9851l & 135 7}
Rt} 53] ACPQ] 4 -%-ol= XRD ] 27} DCPL] 17 W}
O =2 2theta 7t 0 2 o]Zs}til H|TX Al (asymmetrical)
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PZT+= 216°C 2404 5h42] peakE 7HA| =0 ol 4
FAANA G 2] Aol oju]st= Aol [18].
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§ We 554 WES s}k ACPE DCPRT} o We
Fpaol A 5 dheg ol dojdnt. o]« ACP7F DCP
B} 8.64% =2 RA771A 2 Al 3hks)E 7HR1A =
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Fig. 2. Comparison graphs of X-ray diffraction (XRD) 6-20 scans of (400) reflection, dielectric permittivity as a function of temperature,
resonance frequency, and open circuit voltage as a function of frequency of PZT, PIN-PMN-PT single crystal ACP and DCP: (a) XRD, (b)
dielectric permittivity as a function of temperature, (c) resonance frequency, and (d) open circuit voltage as a function of frequency (reprinted

from [32]).
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Fig. 3. (a) Comparison of ACP and DCP ds; values according to crystal orientation and crystal phase. (b,c,d) Each strain-electric field curve(S-
E curve) of (b) [001]-poled rhombohedral PIN-PMN-PT, (c) [011]-poled rhombohedral PIN-PMN-PT, and (d) [001]-poled monoclinic PIN-

PMN-PT (reprinted from [33]).
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Fig. 4. (a,b,c) Comparison of P-E loops of (a) [001]-poled rhombohedral PIN-PMN-PT, (b) [011]-poled rhombohedral PIN-PMN-PT, and (c)
[001]-poled monoclinic PIN-PMN-PT with increasing ACP cycles. (d) Comparison of coercive field according to crystal orientation and crystal
phase with increasing ACP cycles (reprinted from [33]).
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Fig. 5. The PLM patterns of domain structure at P/A: 0° and P/A: 45° for (a) DCP and (b) ACP [001]-poled R PIN-PMN-PT crystals. (c)
Schematic of possible spontaneous polarization states (the red solid arrows) in the Rhombohedral after DCP. The permissible domain walls
according to the directions of the adjacent domain for (d) DCP and (e) ACP. The green arrow is the direction for the applied electric field
(reprinted from [33]).
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el /82 7HA AL, o= 1, 2,
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(reprinted from [47]).
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