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Abstract

In this research, we have performed a theoretical investigation of the electronic
structures, and optical and spin-dependent transport properties of broken-gap quantum
wells. The calculations are based on the 8x8 k p Hamiltonian and the scattering
matrix method, with strain effect taken into account. We found that the electron states
and light hole states can be strongly mixing with each other even at zone center while
the heavy hole states are decoupled from them. By varying the thicknesses and the
stress of the layers, we also found that a phase transition of the system can occur from
the semiconducting phase to the semimetallic phase. The active layers for
semiconductor lasers emitting in mid IR range were designed using the broken-gap
guantum wells. For flexibility in the design and efficient optical transition between



electron and light hole states, we use the ternary compounds that make the expitaxial
layers tensile-strained. However, it is difficult to pull up the the first light hole band
above the first valence state by means of the tensile strain for broken gap structures,
unlike the case in type | quantum wells. By comparing the momentum matrix
elements of the structures with different stress, we found that the strain effect cannot
give any significant improvement in the transition efficiency. Fortunately, a
significant improvement in transition rate can be achieved in structures consisting of
W-shaped quantum wells. A structure of ultra-thin layers (superlattice) has also
proposed and the calculated results showed that it can give momentum matrix
elements much larger than those of the W-shaped structure.

The broken-gap system is a good candidate for spintronics because of the strong
spin-orbit interaction. We therefore paid some attention to the spin-dependent
transport in the system. The transmission spectra through the broken-gap structures
are calculated with the incident electron polarized in various directions and impinging
at various angles. It was found that the spin orientation of obliquely incident electrons
can be rotated arbitrarily in properly designed asymmetric structures. Our tunneling
structure can therefore serve as spin filters and spin flip-flops.
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