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Abstract

A self-consistent theory, describing the spin and spatial electron diffusion in the impurity band of doped
semiconductors under the effect of a weak spin-orbit coupling, is presented. The low-temperature spin-relaxation
time and diffusion coefficient are calculated within different schemes of the self-consistent framework. It is shown
that, for the case of the electron conductance in the impurity band, the Dresselhaus spin-orbit coupling provides the
dominant spin relaxation mechanism in a wide class of zinc-blende semiconductors. The results are then universal
and account for the measured spin-relaxation times of materials with very different physical parameters. The
Dresselhaus coupling is shown to also play a key role in the spin-relaxation of wurtzite materials, yielding values that
compare favorably with existing experiments and that are tunable through an external potential. Furthermore, the
Dresselhaus coupling determines the electronic states and spin-relaxation rates in nanowire-based wurtzite
semiconductor quantum dots.
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