Spin relaxation in tunnel-coupled Ge/Si quantum dot arrays 
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A spin of carrier localized in a quantum dot (QD) can be considered as a basic element of future nanoscale devices. The long spin dephasing time and precise control of spin orientation open a new opportunities in electronics. Three main problems remain actual for spin devices engineering: a creation of spin orientation, manipulations with spins and transfer of spin information. The spin-orbit (SO) coupling in QDs plays a crucial role for spin manipulation and lifetime of prepared spin states. It was found that in the Ge/Si heterostuctures with QDs the SO coupling leads to turning of spin during tunneling of hole between QDs [1]. The source of spin turning is the structure-inversion asymmetry (SIA) of Ge/Si QDs. SIA leads to appearance of effective magnetic field, which affects the spin of hole. This effect can be considered as analog of Rashba effect for two-dimensional systems. This effect can be used also for spin manipulation during tunneling between QDs. But the SO coupling makes possible the spin relaxation caused by fluctuations in the environment affecting the orbital part of the wave function of hole localized in QD. These mechanisms of spin relaxation can be significant in spin transport between QDs. The disorder in real QDs arrays leads to dispersion in energy levels. The electron transport in these arrays at low temperatures occurs by means of hopping between dots. The hopping can be assisted by phonons or fluctuations of electric field in the environment.

We theoretically investigated the spin relaxation of holes during transport in the dense array of Ge/Si QDs. Spin flip can occur inside QD and during tunneling between QDs. For finding of tunneling probabilities we have calculated the overlapping integrals between wave functions in coupled QDs. The wave functions and energy of localized states in QDs  were calculated in tight-binding approach [2]. We compared spin relaxation assisted by phonons and electric field fluctuations at the same conditions and found the main channel of spin relaxation. The spin flip occur more probably during transitions of hole between QDs than during the hole staying inside the QD. The time of spin relaxation during transitions between QDs caused by electric field fluctuations can reach 10-6 s, while the fluctuation-stimulated spin relaxation time inside QD is 10-4 s. The phonon-assisted spin relaxation time inside QD 
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 depends on the external magnetic field H, and at H=1T it is equal to 10-4 s. The phonon-assisted spin relaxation during transitions between QDs can occur without external magnetic field owing to SIA of QDs. SIA leads to decrease of spin relaxation time in comparison with the symmetrical QDs. In the case of symmetrical QDs the time is four orders longer than 
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 in magnetic field H=1T and it is equal to 1 s for typical QDs. The SIA leads to decrease of this value by 6 orders of magnitude. So, the main channel of spin relaxation is the phonon-assisted spin flip during transitions between asymmetrical QDs. This work was supported by RFBR (Grants No. 05-02-16285, 06-02-16988, 05-02-39006-GFEN), by "Dynasty" Foundation and SB RAS (Lavrentiev project No. 57).
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