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The spin-orbit coupling provides a versatile tool to generate and to manipulate
the spin degree of freedom in low-dimensional semiconductor structures. The spin
Hall effect, where an electric current drives a transverse spin current and causes a
nonequilibrium spin accumulation near the sample boundary,’? the spin-galvanic
effect, where a nonequilibrium spin polarization drives an electric current®? or the
reverse process, in which an electrical current generates a non-equilibrium spin-
polarization,®=? are all consequences of spin-orbit coupling. In order to observe a
spin Hall effect a bias driven current is an essential prerequisite. Then spin sep-
aration is caused via spin-orbit coupling either by Mott scattering (extrinsic spin
Hall effect) or by spin splitting of the band structure (intrinsic spin Hall effect). Re-
cently an elementary effect causing spin separation which is fundamentally different
from that of the spin Hall effect has been observed.!® In contrast to the spin Hall
effect it does not require an electric current to flow: it is spin separation achieved
by spin-dependent scattering of electrons in media with suitable symmetry. It is
show that by free carrier (Drude) absorption of terahertz radiation spin separation
is achieved in a wide range of temperatures from liquid helium temperature up
to room temperature. Moreover the experimental results demonstrate that simple
electron gas heating by any means is already sufficient to yield spin separation due
to spin-dependent energy relaxation processes of non-equilibrium carriers.

In order to demonstrate the existence of the spin separation due to asymmet-
ric scattering the pure spin current was converted into an electric current. It is
achieved by application of a magnetic field which polarizes spins. This is analogues
to spin-dependent scattering in transport experiments: spin-dependent scattering
in an unpolarized electron gas causes the extrinsic spin Hall effect, whereas in
a spin-polarized electron gas a charge current, the anomalous Hall effect, can be
ohserved. As both magnetic fields and gyrotropic mechanisms were used authors
introduced the notation “magneto-gyrotropic photogalvanic effects” for this class
of phenomena. The effect is observed in GaAs and InAs low dimensional structures
at free-carrier absorption of terahertz radiation in a wide range of temperatures
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from liquid helium temperature up to room temperature. The results are well de-
scribed by the phenomenological description based on the symmetry. Experimental
and theoretical analysis evidences unumbiguously that the observed photocurrents
are spin-dependent. Microscopic theory of this effect based on asymmetry of pho-
toexcitation and relaxation processes are developed being in a good agreement with
experimental data.

References

1.

2.

3.

10.

J. Wunderlich, B. Kaestner, J. Sinova and T. Jungwirth, Phys. Rev. Lett. 94, 047204
(2005).

Y. Kato, R. C. Myers, A. C. Gossard and D. Awschalom, Observation of the Spin
Hall Effect in Semiconductors, Science 306, 1910 (2004).

S. D. Ganichev, E. L. Ivchenko, V. V. Bel’kov, S. A. Tarasenko, M. Sollinger, D. Weiss,
W. Wegscheider and W. Prettl, Nature (London) 417, 153 (2002).

S. D. Ganichev and W. Prettl, Intense Terahertz Excitation of Semiconductors (Oxford
University Press, 2006).

S. D. Ganichev, S. N. Danilov, J. Eroms, W. Wegscheider, D. Weiss, W. Prettl and
E. L. Ivchenko, Phys. Rev. Lett. 86, 4358 (2001).

A. G. Aronov and Yu. B. Lyanda-Geller, JETP Lett. 50, 431 (1989).

S. D. Ganichev, S. N. Danilov, Petra Schneider, V. V. Bel’kov, L. E. Golub, W.
Wegscheider, D. Weiss and W. Prettl, cond-mat /0403641 (2004).

A. Yu. Silov, P. A. Blajnov, J. H. Wolter, R. Hey, K. H. Ploog and N. S. Averkiev,
Appl. Phys. Lett. 85, 5929 (2004).

Y. Kato, R. C. Myers, A. C. Gossard and D. D. Awschalom, Phys. Rev. Leit. 93,
176601 (2004).

V. V. Bel’kov, S. D. Ganichev, E. L. Ivchenko, S. A. Tarasenko, W. Weber, S.
Giglberger, M. Olteanu, H.-P. Tranitz, S. N. Danilov, P. Schneider, W. Wegscheider,
D. Weiss and W. Prettl, J. Phys.: Condens. Matter 17, 3405 (2005).



