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This interdisciplinary course aims to cover the topics from the quantum theory of superconductivity to the engineering of devices for low-energy electronics and quantum computations. The course should give idea about advanced classical and quantum electronic nano-devices described by the microscopic quantum theory, new phenomena in ferromagnetic (F), superconducting (S), and hybrid SF nanostructures, and new field of superconducting spintronics.

Usual spintronics and low-energy cryogenic logic have been developing in parallel and independently from 1980s. While in usual electronic circuits the information is carried by the electron’s charge, in spintronics the information carrier is a spin. In a circuit, where electrons with opposite spins move in opposite directions, the total charge current vanishes, while the spin current does not. Vanishing charge current reduces dissipation in the circuit, which is the main advantage of spintronic devices. One can try to further minimize dissipation by using superconductors. However, conventional superconductors have Cooper pairs consisting of two electrons with the opposite spins (so-called singlet), thus, it is difficult to obtain spin supercurrents. Therefore, to combine spintronics with superconductivity one has to create the so-called triplet Cooper pairs, where two electrons have the spins aligned in the same direction. This can be achieved by using novel triplet superconductors or by combining conventional superconductors with ferromagnets in specially designed nanostructures. This promising new field of superconducting spintronics has emerged only during the last decade. To develop and test the first superconducting spintronic devices, one has to combine the expertise from several fields such as superconducting nanostructures, magnetic materials, and spintronics. 
3 lectures are planning on the following topics:

· Introduction to spintronics: Giant and Tunnel Magnetoresistance Effects, Anomalous Hall effect, Spin-torque
· Quantum theory of superconductivity: Usadel equations, Self-consistency equation. Superconducting nanostructures and Josephson junctions; Superconductor-ferromagnetic nanostructures and devices; 
· Advanced materials for cryogenic nanoscopic matter: triplet superconductors, natural and artificial, Josephson effect between them, superconducting spin-valves.
