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Fig. 1. (a) Schematic diagram of the four-layer structure and (b) the
potential energies of each layer. The thicknesses of first, second
ferromagnetic and spacer layers are dr, dr, and dg respectively. And
the depletion layer thickness in semiconductor region is dy. E, Agy,
Vo Vo Ecy Ep U, Egqp means Fermi energy, exchange Split energy,
applied bias voltage, barrier height, bottom of the conduction band
energy, top of the valance band energy, Fermi degeneracy, band gap
energy, respectively. The solid line in depletion region is a potential
without image charge effect, and the dotted line is a potential with
image charge effect.
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Fig. 2. Representative spacer layer thickness dependence of the
interlayer exchange coupling energy in trilayer structure. The
potential energy is measured from the bottom of the conduction band.
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Fig. 3. Typical Schottky barrier shapes for various donor concentrations
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We theoretically demonstrate that the interlayer exchange coupling (IEC) energy can be manipulated by means of an external bias
voltage in a Fi/NM/F,/S (F;: ferromagnetic, NM: nonmagnetic metallic, F: ferromagnetic, S: semiconductor layers) four-layer system.
It is well known that the IEC energy between two ferromagnetic layers separated by nanometer thick nonmagnetic layer depends on
the spin-dependence of reflectivity to the Fi/NM/Fy/S four-layer system, where the reflectivities at the interface in NM/F, interface
also depends on F»/S interface due to the multiple reflection of an electron-like optics. Finally, the IEC energy depends on the spin-
dependent electron reflectivity not only at the interfaces of F)/NM/F, but also at the interface of F»/S. Naturally the Schottky barrier is
formed at the interface between metallic ferromagnetic layer and semiconductor, the Schottky barrier height and thickness can be
tailored by an external bias voltage, which causes the change of the spin-dependent reflectivity at Fo/S interface. We show that the IEC
energy between two ferromagnetic layers can be controlled by an external bias voltage due ti the electron-optics nature using a simple
free-electron-like one-dimensional model.
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