J. Korean Inst. Electr. Electron. Mater. Eng.
Vol. 34, No. 6, pp. 466-474 November 2021
DOI: https://doi.org/10.4313/JKEM.2021.34.6.11
ISSN 1226-7945(Print), 2288-3258(Online)

Regular Paper

'g'xn_l tlﬂ 7' I:ul_l'9-| [01 1] 'E‘E' Pb(ln1/2Nb1/2)03-Pb(Mg1/3Nb2/3)03-PbT|03

olXCIAXM S MH

Mg

Characterization of [011] Poled Pb(Ini2Nb1,2)O3-Pb(MgisNb23)O3-PbTiO3 Single Crystals
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(In1/2Nb1/2)O3-Pb(Mg13Nb2/3)O3-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.
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Fig. 3. Measured relative permittivity-temperature response of the
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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 (107" m?/N)

E E E E E E E E E
S11 S12 513 S22 S23 S33 Sag Ss5 S66
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 (10712 C/m?)
dz; ds; dss 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?)
k3q ks, ks kqs ks p
0.64 0.85 0.85 0.91 0.30 8,160
LE33 * TE*32
1.E409 LE+07 TEs1 1.E+07
'E 1.6408 € 1E+06 Measurement z 1.E+06
S 1E+07 S 1E+05 S 1E+05
8 1.E+06 & 1.E:04 § 1E+04
5 5 ]
3 1805 € 1E«03 $ 1E:03
a
£ ies0s Measurement E LE:02 E 1R Measurement
16403 1 FEM LE+01 1E01 M
1.E+02 LE+00 1E+00
50000 150000 250000 350000 450000 50000 100000 150000 200000 50000 75000 100000 125000 150000
Frequency(Hz) Frequency(Hz) Frequency(Hz)
LS15 FS
1.E+08 1406 Ls24 1.E406
= LE407 - = 1E05
ET E £
S 1E+06 S 16405 O 1E+04
g K 8
g 1E+05 g £ 1E403
H < 3
& 1E:04 S .08 2 1E+02
E Measurement £ — Measurement E —— Measurement
1403 = 1401
----- FEM -----FEM
1E402 10403 1.E+00
200000 450000 700000 950000 1200000 1000000 1250000 1500000 1750000 2000000 50000 100000 150000 200000
Frequency(Hz) Frequency(Hz) Frequency(Hz)
TEX(ZXt)45° x o . o
LE+06 1E+06 TEX(ZYw)45 LE405 TE¥(ZXw)45
Measurement Measurement Measurement
g LR T LE+0S T
£ £ £
S 1Es04 =} 2 1E+04
o g 1E:04 P
£ 1E:03 g g
] 2 2
2 1E:2 3 1BG 2 1£+03
E E E
1601 1E+02
1.E400 LE+01 1E+02
50000 100000 150000 200000 50000 150000 250000 350000 450000 50000 100000 150000 200000
Frequency(Hz) Frequency(Hz) Frequency(Hz)

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 (107'? m?/N)
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k3q ks, kss kis ka4 P
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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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