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Abstract

Magnetoelectric (ME) composites were designed using the PMN-PZT single crystal and Ni foils; the properties and magnetic-field

sensitivities of ME composites with different piezoelectric vibration modes (i.e., 31, 32, and 36 modes that depend on the crystal ori-
entation of the single crystal) were compared. In the off-resonance condition, the ME coupling properties of the ME composites with
the 32 and 36 piezoelectric vibration modes were better than those of the ME composites with the 31 piezoelectric vibration mode. How-
ever, in the resonance condition, the ME coupling properties of the ME composites were almost similar, irrespective of the piezoelectric

vibration mode. Additionally, in the off-resonance condition (at 1 kHz), the magnetic-field sensitivity of the ME composites with the
36 piezoelectric vibration mode was up to 2 nT and those of the ME composites with the 31 and 32 piezoelectric vibration modes were
up to 5 nT. These magnetic-field sensitivities are similar to those offered by conventional high-sensitivity magnetic-field sensors; the
potential of the proposed sensor to replace costly and bulky high-sensitivity magnetic field sensors is significant.
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Fig. 1. Schematic of the piezoelectric vibration mode according to
the crystal orientation direction of the rhombohedral struc-
tured single crystal.
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Fig. 1. Photos of (a) the piezoelectric single crystals for ME com-
posite and (b) cross section of fabricated ME composite of
Ni/PMN-PZT/Ni.
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Table 1. Dielectric and piezoelectric properties of piezoelectric sin-
gle crystals used for ME composites
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Fig. 3. Electrical impedance of the ME composites with different
piezoelectric modes in a wide frequency band.
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Fig. 4. Off-resonance ME voltage coefficient o,z of the ME com-
posites with different piezoelectric modes as a function of DC
magnetic bias field at a frequency of 1 kHz and H,. of 1 Oe.
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