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Lately, there is much interest in the use of the spin of carriers in semiconductor
quantum well (QW) structures together with their charge to realize novel concepts
like spintronics. The necessary conditions to develop spintronic devices are high
spin polarizations in QWs and a large spin-splitting of subbands in k-space. The
latter is important for the ability to control spins with an external electric field
by the Rashba effect. Significant progress has been achieved recently in generating
large spin polarizations, in demonstrating the Rashba splitting and also in using
the splitting for manipulating the spins. At the same time as these conditions are
fulfilled and spins are polarized in-plane of QW, it has been shown that the spin
polarization itself drives a current resulting in the spin-galvanic effect [1,2]. The spin-
galvanic effect is due to asymmetric spin-flip scattering of spin polarized carriers
and it is determined by the process of spin relaxation. In some optical experiments,
where circularly polarized radiation is used to orient spins, the photocurrent may
represent a sum of spin-galvanic and circular photogalvanic effects effects.?® Both
effects provide methods to determine spin relaxation times and the relative strength
of the Rashba/Dresselhaus spin-splitting in semiconductor quantum wells.?

The inverse spin-galvanic effect* has also been detected demonstrating that elec-
tric current in non-magnetic but gyrotropic QWs results in a non-equilibrium spin
orientation. Just recently a first direct experimental proof of this effect was obtained
in semiconductor QWs®% as well as in strained bulk material.” Microscopically the
effect is a consequence of spin-orbit coupling which lifts the spin-degeneracy in
k-space of charge carriers together with spin dependent relaxation.
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