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Origin of ferromagnetism, critical behaviour and piezoelectromagnetism in insulating (Ga,Mn)N
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After a decade of contradicting reports, the last years have witnessed a breakthrough progress in the understanding of magnetism of (Ga,Mn)N. Due to the strong p-d hybridization the Mn2+/3+ acceptor level occupies the mid band gap position in GaN precluding the existence of carrier-mediated spin-spin coupling. Nevertheless, in uncompensated films, where Mn3+ ions prevail, the superexchange interaction results in a ferromagnetic order. Moreover, the experimental TC values are in a remarkable agreement with those obtained from the tight-binding and Monte Carlo simulations of ferromagnetic superexchange between Mn3+ ions in zinc-blende GaN. This finding indicates that (Ga,Mn)N emerges as a model system making it possible to explore properties specific to dilute ferromagnetic insulators.

Moreover, we have demonstrated – by direct magnetization measurements – the electrical control of the magnetization in wurtzite (Ga,Mn)N. Here, the magnetoelectric coupling is driven by the inverse piezoelectric effect that stretches the elementary cell along the c-axis and, thus, affects the magnitude of the magnetic anisotropy. In this way, the work bridges two fields of research developed so far independently, namely: the piezoelectricity of wurtzite semiconductors and the electrical control of magnetization in hybrid and composite magnetic structures containing piezoelectric components.
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