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Fig. 1. Schematic illustration of magnetic-elastic-
electric couplings in multiferroic materials, in which
M is the magnetization, S is the mechanical strain,

and P is the ferroelectric polarization 151,
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Fig. 2. (a) Schematic diagram of an electric-field-
tunable inductor; (b) inductance tunability of the

magnetoelectric inductor at different frequencies and

electric fields [20],
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Fig. 3. (a) Schematic of a magnetoelectric band-pass filter; (b) center frequency of the band-pass filter as

functions of electric field and magnetic field [1].
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Fig. 6. (a) Layered structure of the magnetoelectric composite and the energy harvester; (b) magnetoelectric voltage and

power output of the energy harvester shown in (a) (891 (c) scanning electron micrograph image of a thin film magnetoelectric

energy harvester based on PZT/FeGa; (d) voltage and power output of the energy harvester shown in (c) 94
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Fig. 7. (a) Schematic and sensitivity of the nano-electromechanical system magnetic field sensor (108}, (b) schematic

diagram of the performance of the ring-type electric current sensor 1091,
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SPECIAL TOPIC — Multiferroicity: Physics, materials, and devices

Recent progress of multiferroic magnetoelectric devices”

Yu Bin Hu Zhong-Qiang’ Cheng Yu-Xin Peng Bin Zhou Zi-Yao Liu Ming*

(Electronic Materials Research Laboratory, Key Laboratory of the Ministry of Education and International Center for Dielectric
Research, School of Electronic and Information Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

( Received 1 May 2018; revised manuscript received 29 May 2018 )

Abstract

Multiferroic composites possess the coupling effect among mechanical, electrical, and magnetic ordering, showing
potential applications in compact, fast, and low-power magnetoelectric devices. Owing to the increasing application
demand, the researches of device design, micro-/nano-fabrication, and performance test of magnetoelectric devices have
made continuous progress. In this review, we briefly introduce several prototype devices based on magnetoelectric
coupling, analyze the noteworthy application techniques, and summarize the working mechanisms and performances of
devices including tunable inductors, RF /microwave filters, magnetoelectric memories, energy harvesters, magnetoelec-
tric sensors, magnetoelectric antennas, etc. Besides, we discuss the issues and challenges in researches of multiferroic

magnetoelectric devices, and present the perspectives for improving the device performance.

Keywords: magnetoelectric coupling effect, tunable filter, magnetoelectric sensor, magnetoelectric

memory
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