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THEORETICAL STUDY OF TUNNELING SPECTROSCOPY OF METAL-

SUPERCONDUCTOR-METAL JUNCTIONS

This thesis is a theoretical study the tunneling spectroscopy of metal-
superconductor-metal double junctions (MSM) composed of two dimensional
electronic materials. In this study, we considered two types of superconductors: those
having s-wave (i.e. isotropic) and d-wave (anisotropic) gap symmetries. The zero-
temperature differential conductance was calculated by a scattering method. Several
variable properties of junctions that affect the conductance spectrum have been
studied. These include: the thickness of superconducting layer, the barrier height at

both interfaces and the superconducting crystal orientation relative to the interface.

The thickness of the superconducting layer controls the magnitude of the
conductance in a distinctive manner that is well understood. Because of the
interference of waves scattered from the two boundaries of the superconducting layer,
there is an oscillatory dependence of the conductance on the layer thickness, the so

called Tomasch oscillations.

Having reproduced the Tomasch oscillations in our calculation, our focus was
to determine how these oscillations are affected by a variation in the relative barrier

heights at the two metal-superconductor interfaces. We determined that both the



v

magnitude of the conductance and the qualitative spectral features, including the
Tomasch oscillations, depend on the left and right barrier heights. (In our convention,
a positive charge carrier sees a higher potential at the left barrier when the applied
voltage is positive.) Electrons are injected into the superconductor from the metal on
the left while holes are injected from the metal on the right (opposite charge carriers
must be simultaneously injected into the superconductor to ensure current
conservation). Therefore the left barrier scatters incoming electrons while the right

barrier scatters incoming holes.

One of the remarkable results of this thesis is that the relative importance of
the two barriers changes with the applied voltage. In both s-wave and d-wave
superconducting junctions, we found that the left (electron) barrier influences the
conductance throughout the range of the applied voltage, whereas the right (hole)
barrier only affects the conductance when the applied voltage is larger than the

maximum gap.

The anisotropy of a d-wave superconductor makes MSM junctions involving
it sensitive to crystal orientation. The qualitative spectral features of the conductance
reflect this gap anisotropy. For example, a broad peak in the conductance at zero
voltage occurs when the momentum direction of the gap minimum is parallel to the
surface normal. The height and width of this peak decreases as the crystal is rotated
away from this orientation and the peak vanishes completely when the interface

normal coincides with the direction of the gap maximum.
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