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Spin filtering effect at ferromagnet/semiconductor interfaces under optical spin
orientation

Spin injection from a ferromagnet into a semiconductor is one of the most critical issues for
developing spintronic devices. In this study, we have investigated the issue of spin injection
utilizing the unique metal-insulator transition of Fe;04. While Fes0,4 shows a metallic behavior
at room temperature, the metal-insulator transition, so called Verwey transition, occurs at 120 K,
below which Fe3O, is a ferrimagnetic insulator. Therefore, as a thin Fe;O,4 layer is grown on a
semiconductor, it works as an insulating spin filter below 120 K, indicating a high efficiency of
spin injection into the semiconductor. We have fabricated a spin-LED structure consisting of a
10-nm-thick Fe30,4 layer on an AlGaAs/GaAs quantum well and demonstrated a spin
polarization of over 40 % in the quantum well, analyzing the circular polarization of light
emission from the quantum well. This demonstration clearly reveals that the use of an
insulating spin filter is very effective for increasing the spin injection efficiency.

Resonant spin transmission in ferromagnet/semiconductor interfaces

Spin filter effect is a very useful means for characterizing the spin polarization of electrons in a
semiconductor. In order to use spin filtering effect, it is crucially important to gain information
about spin dependent transmission across ferromagnet/semiconductor interfaces. In this study,
we characterized the spin dependent transmission across an Fe/AlGaAs/GaAs quantum well
interface measuring helicity dependent photocurrent. A clear dip feature was observed in the
bias dependence of the helicity dependent photocurrent, where even the sign of the helicity
dependent photocurrent was reversed. The appearance of the dip can be understood in terms of
spin dependent tunneling processes via interface resonant states. This observation indicates that
the spin dependence of electron spin transmission probability can be manipulated by applying
bias voltage at the interface and it may be used as a means to characterize the spin polarization
in semiconductor.

Resonant spin transmission in ferromagnet/semiconductor interfaces

Control of the magnetic anisotropy of a ferromagnet is very important to design spintronic
devices. Here, we have studied the magnetic anisotropy of ferromagnet/ferroelectric
heterostructures where interface strain plays an important role in the magnetic anisotropy. We
grew an epitaxial Fe or FeGa layer on BaTiO3(001) using MBE technique and measured
changes in the in-plane magnetic anisotropy at the structural phase transition temperatures of
BaTiO; from the tetragonal phase to orthorhombic phase and from the orthorhombic phase to
rhombohedral phase. A clear variation of the magnetic anisotropy from the four-fold symmetry
to two-fold symmetry was observed. This demonstration of the symmetrical change in the
magnetic anisotropy enables us to control the magnetization orientation by changing the
interface strain. Also, we have demonstrated the modulation of magnetic anisotropy in an
Fe/piezoelectric BaTiO; structure by applying electric voltage.
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