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Measurement of all the Elastic, Dielectric and Piezoelectric
Properties of PMN-PT Single Crystals
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Abstract

PMN-PT, a piezoelectric single crystal, has many useful applications such as sensors and actuators.
In this paper, all the elastic, piezoelectric, and dielectric constants of the PMN-32%PT single crystals
were mecasured by the resonance method. For the rhombohedral symmetry, a total of twelve
independent material constants were measured such as six elastic compliance constants at constant
electric field, two dielectric constants at constant stress, and four piezoelectric constants d. Seven sets
of crystal samples of each different geometry were prepared for the measurement of length-thickness
extensional, thickness extensional, radial, length extensional and thickness shear modes of vibration,
respectively. In order to check the validity of the measurement, experimental impedance spectrum of
the PMN-PT crystal was compared with numerical data spectrum calculated with the measured
material constants. The good agreement between the two spectra confirmed validity of the results in
this paper.
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Symmetry of PMN-PT crystals.
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Fig. 3. PMN-32%PT sample geometries for characterization of the material constants.
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Table 1. Dimensions of the experimental PMN-PT samples
Dimension(mm) LTE LTE2 LE LE2 TE TS RAD
X 3.0 6.1 051 0.51 6.1 0.5
y 1.1 1.1 0.51 2.4 6.1 2.1
z 0.8 1.1 1.31 0.51 0.51 2.1 0.51
D 5.2
z 2. PMN-PTAHe FAFgpe} B3R F a0,
Table 2. Resonance and anti-resonance frequencies of the PMIN-PT samples.
frequency (MHz) LTE LTE2 LE LE2 TE TS RAD
7 0.320 0.151 0.67 0.563 3.938 2.238 0.250
fa 0.385 0.246 1.94 0.601 4.688 2.963 0.425
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Fig. 4. Measurement of c¢7; by the LTE2 sample.
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Table 3. Material constants of the PMN-32%PT crystals measured with the resonance method.

Material constant| Sample type | Measured value | Material constant| Sample type Measured value
Elastic compliance ( x 10~ Zm?/N) Piezoelectric strain constant ( x10 ™ 2C/N)
st LTE 3365 dis TS 8938
sE calculated -5.38 dy LE2 5085
55 calculated -2369 ds) LTE -669.7
sty LTE2 -131 dx LE 12236
s;‘g LE 4797 Electromechanical Coupling factor
St TS 27.25 ky LTE 0.62
s&. calculated 78.06 k, RAD 0.81

Relative Dielectric constant &y TE 0.59
ehles TS 6097 ks LE 095
enleo LTE 3940 kis TS 0.69

ar
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Table 4. Comparison of the tetragonal PMN-33%PT with the rhombohedral PMN-32%PT.

shosh sk sk sh sk sk | ds duw dy  dy| ky kg
( X 10" "m*/N) ( X 10""C/N)
SSCG

337 -54 -237 -131 480 273 781 | 84 509 -670 1224|062 059 095
rhombohedral
Bridgeman

69.0 -11.1 -55.7 1196 145 152 | 146 -1330 2820|059 064 0.94
tetragonal(8)
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r-@"

& 6. TE sample #3ta 4w
Fig. 6. FEA Model of the TE sample.
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Table 5. Comparison of the dj; measured with

the ds—meter and the resonance method.

measurement | specimen d .
9 discrepancy
method type | (x10 " C/N)
dy~meter 1200
0,
resonance TE 2%
1224
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Fig. 7. Impedance spectrum of the LEZ sample.
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Fig. 9. Impedance spectrum of the RAD sample.
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