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            Abstract
Magnetoelectric systems could be used to develop magnetoelectric random access memory and microsensor devices. One promising system is the two-phase 3-1-type multiferroic nanocomposite in which a one-dimensional magnetic column is embedded in a three-dimensional ferroelectric matrix. However, it suffers from a number of limitations including unwanted leakage currents and the need for biasing with a magnetic field. Here we show that the addition of an antiferromagnet to a 3-1-type multiferroic nanocomposite can lead to a large, self-biased magnetoelectric effect at room temperature. Our three-phase system is composed of a ferroelectric Na0.5Bi0.5TiO3 matrix in which ferrimagnetic NiFe2O4 nanocolumns coated with antiferromagnetic p-type NiO are embedded. This system, which is self-assembled, exhibits a magnetoelectric coefficient of up to 1.38 × 10–9 s m–1, which is large enough to switch the magnetic anisotropy from the easy axis (Keff = 0.91 × 104 J m–3) to the easy plane (Keff = –1.65 × 104 J m–3).
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                    Fig. 1: Schematic of a comparison between three-phase and two-phase nanocomposites.[image: ]


Fig. 2: Characterizations of leakage.[image: ]


Fig. 3: STEM characterizations.[image: ]


Fig. 4: Magnetic hysteresis loops measured with in situ electric voltage.[image: ]


Fig. 5: Dependence of EB effect on the applied voltage.[image: ]


Fig. 6: Voltage-induced strain and its impact on magnetic anisotropy energy of NiO.[image: ]
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