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The synthesis of multiferroic composite materials rises as an alternative method for simultaneously obtaining ferroelectric and ferromagnetic properties at room temperature with a high degree of magnetoelectric coupling. Compared to bulk composites, thin-films exhibit unique advantages: their composition and connectivity can be modulated at the microscopic scale, which eventually leads to the artificial heterostructures with huge application potential in novel functional devices in the fields of sensors, data storage, and energy harvesters. In composites of spinel ferrites and ferroelectric ceramics  they have up to now been prepared as bulk ceramics or in thin-film configuration as bi- or multi-layers  the magnetoelectric effect arises from direct stress coupling between magnetostrictive (ferromagnetic) and piezoelectric (ferroelectric) grains. It is thus evident that good and extensive connectivity among the constituents might result in significant coupling between piezoelectric and magnetostrictive phases and enhance the magnetoelectric effects.
We present multiferroic thin-film composites with a novel morphology that in fact provides such an extensive connectivity between the magnetostrictive and piezoelectric constituents. They were fabricated by embedding the ferromagnetic NiFe2O4 into self-assembled highly-porous ferroelectric Pb(Zr,Ti)O3 thin films (the latter themselves exhibit extremely interesting functional properties  the porosity-mediated release of the substrate’s mechanical constraints namely boosts their piezoelectric response to the level of bulk ceramics [1]). Detailed structural investigations of developed composites revealed a two phase pure system, without any chemical reaction or solid solubility between both constituents during synthesis. The multiferroicity is clearly evidenced by detecting both ferroelectric and ferromagnetic hysteresis loops at room temperature. Detected magnetic field-induced changes of the dielectric constant, not only at low frequencies but also above the characteristic frequency of the Maxwell-Wagner behavior, reveal a direct stress coupling between the magnetostrictive NiFe2O4 and piezoelectric Pb(Zr,Ti)O3 grains and imply a great potential utility of the developed material in magnetocapacitive applications [2].
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