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The integration of the spin degree of freedom in charge-based electronic devices has already revolutionized
both sensing and memory capability in microelectronics. A second generation of devices is now envisioned
in which pure spin currents (a diffusive flow of spins with no net charge flow) could be used instead, with
several proposals that advance towards the integration of spin logics and memory. This could represent a
post-CMOS paradigm in electronics with faster data processing speed, non-volatility and lower power
consumption, with its enormous social and economic impact.
In this tutorial, which will be divided in two sessions, we will overview the concept of pure spin currents and
how they can be i) generated/detected, ii) transported and iii) manipulated, which are the key ingredients for
a functional spintronic device.
During the first session (9.00-9.50h), we will introduce the basic concepts to understand pure spin currents
(two-current model, spin accumulation); explain electrical spin injection using ferromagnetic materials, one
of the first and most used mechanisms of spin generation; discuss the mechanisms of spin transport in
different materials; and review different approaches to manipulate spin currents (Hanle effect, Rashba effect).
Finally, I will discuss some spin-based logic proposals.
During the second session (10.00-10.50h), we will focus on the spin Hall effect (SHE), which is a very relevant
alternative to generate/detect pure spin currents. We will explain the different mechanisms giving rise to SHE
and the relation with the well-known anomalous Hall effect; the different techniques used to quantify SHE;
novel spin-dependent phenomena discovered by using SHE (such as spin pumping and spin Seebeck effect);
and other spin-orbit coupling effects (Edelstein effect in interfaces and topological surfaces) that also allows
spin-charge interconversion. Finally, I will discuss potential applications (spin-orbit torques, spin-orbit-based
logic).
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