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The discoveries of giant magnetoresistance1 (GMR) in magnetic multilayers and of tunnel magnetoresistance2 (TMR) in
magnetic tunnel junctions generated a new field of research called spin electronics3 (spintronics). It combines two
traditional fields of physics: magnetism and electronics. In this field, it is not only the electron charge but also the electron
spin that is used to operate a device. The field of spintronics is very broad and includes the investigation of spin
dependent processes in various systems ranging from metallic multilayers to oxide magnets, to semiconductor and tunnel
junctions. In recent years, interest in spintronics has been accentuated by the discoveries of current induced
magnetization switching4 (spin transfer torque) leading to prediction and discovery of extremely high tunneling
magnetoresistance in epitaxial magnetic tunnel junctions5. Because of their high sensitivity to magnetic fields, the latter
are good candidates for hard drive read heads and magnetic random access memories (MRAM).

The first part of the seminar will be devoted to a brand new concept of spin-dependent tunneling based on
spin filtering effect arising from the symmetry of the wave functions. Ab-initio studies of electronic and magnetic properties
of epitaxial structures based on different type of materials will be presented to provide an insight into the origin of
symmetry based spin filtering.

Recent Advances in Theory of Spintronic Phenomena

In the second part of the presentation studies of non-equilibrium spin currents and the corresponding spin
torques in simple cubic epitaxial magnetic tunnel junctions with non-collinear moments will be presented. Calculations are
based on the Keldysh formalism in which the non-equilibrium Green functions are calculated within a tight-binding model.
The properties of spin torque and spin currents as a function of applied bias, barrier thickness and distance from the
interface in the free layer will be discussed.
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