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by Resonance Method

Yub Je!, Min Seop Sim!, Yohan Cho!, Wonok Lee?, Sanggoo Lee?, Jeong Min Lee!, and Hee Seon Seo!
! Maritime Technology Research Institute, Agency for Defense Development, Changwon 51504, Korea
2 IBULE PHOTONICS, Incheon 21999, Korea

(Received August 25, 2021; Revised September 2, 2021; Accepted September 6, 2021)

Abstract: [011] poled ternary Pb(In12Nb1/2)O3-Pb(Mg1/3Nb2/3)O03-PbTiO3 (PIN-PMN-PT) single crystals have been investigated
for active materials for acoustic transducers because of their high piezoelectric properties in both shear and transverse modes. In
order to use [011] poled PIN-PMN-PT single crystals for acoustic transducers, the characterization of full-matrix material
properties is required. In this study, full sets of compliance, dielectric, and piezoelectric constants of [011] poled rhombohedral
PIN-PMN-PT were measured by a resonance method. Dimensions and geometries of 12 samples were proposed for measuring
17 independent material constants of [011] poled rhombohedral PIN-PMN-PT single crystals. Two sets of samples with different
PT concentrations, 0.24PIN-0.49PMN-0.27PT and 0.24PIN-0.46PMN-0.30PT, were fabricated and their material properties
were measured. Measured impedance spectra and simulated impedance spectra of the samples were compared to check the

accuracy of the measurements.
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Fig. 1. Schematic drawing of material samples used for property
characterization of [011]-poled PIN-PMN-PT single crystals.
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Fig. 2. Fabricated samples used for property characterization of [011]-
poled PIN-PMN-PT single crystals.
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Table 1. Dimensions, vibration modes, and derived material properties of the samples for property measurement of [011]-poled PIN-PMN-PT
single crystal.

Dimensions
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Fig. 3. Measured relative permittivity-temperature response of the
[011]-poled PIN-PMN-PT single crystals.
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Fig. 4. Measured polarization-electric field response of the [011]-
poled PIN-PMN-PT single crystals.
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Table 2. Measured and compensated material property matrices of [011]-poled 0.24PIN-0.49PMN-0.27PT single crystal.

Elastic compliance constants (1072 m%/N)
E E E E E E E E E
S11 S12 S13 S22 S23 $33 Sa4 Ss55 Se6
12.00 -20.26 13.63 53.88 -32.52 26.82 15.17 125.20 24.59
Piezoelectric coefficients (1072 C/N) Piezoelectric coefficients (1071 C/m?)
d3; ds; ds3 dis das €11 €22 €33
345.2 -974.0 686.2 2,162.0 112.7 5,130 1,038 2,726
Electromechanical coupling coefficient Density (kg/m®)
ksq ks, kss kis ks p
0.64 0.85 0.85 0.91 0.30 8,160
LE33 TE*31 TE*32
LE+09 1£+07 LE+07
< 1.6408 < 1.6+06 Measurement T 1.E+06
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g 1E406 3 16404 3 LE+04
& & ]
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Fig. 5. Measured impedance curves and FEM simulated impedance curves with measured material parameter of [011]-poled 0.24PIN-
0.49PMN-0.27PT samples.
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Table 3. Measured and compensated material property matrices of [011]-poled 0.24PIN-0.46PMN-0.30PT single crystal.

Elastic compliance constants (1072 m?/N)

E E E E E E E E E
S11 S12 S13 S22 523 S33 Saq Ss55 S66
13.60 -25.15 17.84 75.05 -45.87 35.85 15.25 142.91 12.42
Piezoelectric coefficients (1072 C/N) Piezoelectric coefficients (1072 C/m?)
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Fig. 6. Measured impedance curves and FEM simulated impedance curves with measured material parameter of [011]-poled 0.24PIN-
0.46PMN-0.30PT samples.
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