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TUNNELING SPECTROSCOPY OF SUPERCONDUCTOR/TWO-DIMENSIONAL

ELECTRON GAS WITH RASHBA SPIN-ORBIT COUPLING JUNCTIONS

In this thesis, the conductance spectra of 3 types of junctions containing two-
dimensional electron gas (2DEG) with Rashba spin-orbit coupling (RSOC):

2DEG/metal (2DEG/M), 2DEG/s-wave superconductor (2DEG/S), 2DEG/d , ,-wave

superconductor (2DEG/D) are theoretically studied. The scattering method is applied
to obtain reflection and transmission probabilities, which are used to obtain the zero-
temperature conductance spectrum. In 2DEG/M junction, there is a difference
between the conductance of electron with up spin and that of with down spin. This
difference is maximum at the voltage corresponding to the crossing of the two energy
branches of 2DEG. The total conductance of 2DEG/M junction contains 2

distinguished features, the distance between which is equal to the Rashba energy.

In 2DEG/S junction, the effect of RSOC is different for different Fermi levels
of 2DEG. When the Fermi level lies above the crossing between the two energy
branches of 2DEG, the conductance below the energy gap is suppressed with
increasing RSOC strength. When the Fermi level is located at or below the crossing,
increasing RSOC strength enhances the conductance below the energy gap up to a

critical value, but suppresses the conductance beyond this value. In all cases of the
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Fermi levels, the conductance at the energy gap is increased with the RSOC strength,

but is unaffected by the change in the potential barrier

The effect of the difference in effective masses on the conductance is also
different for different Fermi levels of 2DEG. When the Fermi level lies above the
crossing, the effect of mismatch of effective mass is equivalent to that of potential
barrier for applied voltage both below and above the energy gap, i.e., they both
suppresses the conductance. However, at the energy gap, the mismatch and the barrier
affect the conductance in a different way, i.e, the conductance is unaffected by the
barrier but is suppressed by the mismatch. When Fermi level is located at or below the
crossing, the effect of the mismatch is also equivalent to that of RSOC for applied
voltage both below and above the gap, but at the energy gap the effect of the
mismatch is the same as that of barrier.

In 2DEG/D junction, the conductance spectrum of {100} junction is found to
contain an additional feature at energy less than the maximum gap. This feature
depends strongly on the RSOC strength and only appear when the junction is in the
Andreev limit. For junction away from {100} orientation, the conductance spectrum
contains a zero-bias conductance peak (ZBCP) and a peak at the energy equal to the
superconducting gap along the direction of the interface normal.

In Andreev limit, ZBCP is enhanced by the RSOC for all Fermi levels. In
tunneling limit, ZBCP is suppressed when Fermi level lies above the crossing, but
when it is at the crossing, ZBCP is decreased with the RSOC strength up to a critical

value of RSOC, but it is increased after this value.
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