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Fig. 1. Magnetoelectric voltage tunable inductor (ME-VTI): (a) Potential application and (b) structure of ME-VTI; (c) principle of
inverse magnetoelectric effect; (d) the variation of (i) strain and (ii) permeability under electric field; (e) photo for a ME-VTI,
(f) the ME voltage coefficient of the Metglas/PMN-PT /Metglas and Metglas/PZT/Metglas.
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Fig. 2. (a) (i) Electric-field induced strain of PZT and
PMN-PT and (ii) the phase transition of PMN-PT; (b) the
electric-field induced strain of PZT and PMN-PT based ME
composites.
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Fig. 3. (a)—(c) Inductance and (d)—(f) tunable spectra of PZT based (E-field up), PMN-PT based (E-field up) and PMN-PT based
(E-field down) ME-VTI, respectively; (g) inductance of PZT based and PMN-PT based ME-VTI as a function of the applied dc
voltage at 1 kHz; (h) tunability 7 of PZT based and PMN-PT based ME-VTI at 1 kHz.
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Theoretical model and tunability optimization of
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Abstract

Magnetoelectric voltage tunable inductor (ME-VTI) realizes the modulation of electric field to inductance
based on magnetoelectric effect. Compared with other adjustable inductors, it has the advantages of low energy
consumption, small volume, large tunability and continuity. However, previous reports on ME-VTI mainly
focused on structure and magnetostrictive materials, resulting in the complexity of inductor structure and slight
improvement of tunability. This study focuses on the influence of field-induced strain in piezoelectric materials
on inductance tunability by constructing a theoretical model. The magnetoelectric laminate of Metglas/ PMN-
PT single crystal /Metglas is employed as a magnetic core to design ME-VTI. The tunability is as high as 680%
at 1 kHz, which is over 2.4 times larger than that of the Metglas/PZT/Metglas magnetic core. The quality
factor of the PMN-PT based ME laminate reaches 15.6, which is 2.8 times higher than that of the PZT-based
one. The proposed PMN-PT based ME-VTI provides an alternative approach for developing the integrated and

miniaturized devices, and has an important prospect of application in the field of power electronics.

Keywords: tunable inductor, magnetoelectric effect, field-induced strain, piezoelectric single crystal
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