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RASHBA SPIN-ORBIT COUPLING/SPIN-POLARIZATION/TUNNELING

CONDUCTANCE/LATTICE MODEL

This thesis is a theoretical study of the particle and spin transport in a
heterostructure that consists of a normal metal and a two-dimensional electron gas
with Rashba spin-orbit coupling system. A lattice model is used in comparison
with a continuous model, to investigate conductance spectra of the system, In
addition, the spin polarization of conductance also consider with with a lattice
model.

In a continuous model with the assumption that the two-dimensional elec-
tron gas band is empty, the tunneling conductance was calculated as a function of
applied voltage and showed the containment of two distinguished features, the en-
ergy spacing between which is equal to the Rashba spin-orbit coupling energy. The
impact of the electron density in the conduction band and the Rashba coupling
strength on the conductance at Fermi level was also investigated. The conductance
is increased with the carrier density. However, it is decreased with the strength
of the Rashba spin-orbit coupling strength, until the strength reaches to a critical
value, after which the conductance is increased with the strength. It also found
that there is a kink in the relationship between the conductance and the carrier
density. This kink occurs when the carrier density of the Rashba system is at the

level of the crossing point.



In the lattice model, appropriate matching conditions at the interface was
developed in order to calculate the particle current across the junction. This
model can provide the conductance value for both electron and hole Fermi surfaces.
Similar results to the continuous model were found in the conductance spectrum
of the system. As for spin polarization of conductance in the absence of spin-flip
scattering potential, the maximum magnitude occurs at the voltages equivalent
to the two crossing points in the Rashba energy band. The spin polarization of
conductance does not strongly depend on the spin-conserving interface scattering
potential, but strongly depend on the spin-flip one. In the voltage region, where the
spin polarization is negative in the absence of spin-conserving interface scattering
potential, the increase in the spin-flip interface scattering potential can flip the

polarization of conductance to positive sign.
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