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Abstract

We have used two-parameter variational path intergral theory to describe a
system of an electron interacting with random impurities in two and three dimensionals.
For mathematical simplicity, the impurities are modeled by Gaussian interaction and
simplified screened Coulomb interaction. We found that there are two physical regimes
where the electron is weakly and strongly interacted with the superimpose random
fields. The former leads to a solution of free electron states where the electron occupies
planewave states. These free electron states form, for example, the conduction band.
The latter leads to a solution of trapped states. These trapped states form the so-called
defect band or impurities band. From photoluminescence experiments, both band
structures were revealed in Si:P semiconductors. We will discuss how the results from
the path integral theory can accommodate the experimental results in terms of the
density of states and also the carrier mobilities. We have applied the theory to explain
the experimental measurement on the carrier mobilities of some heterostructures as
Si/SiGe, MgZnO/ZnO, and AlAs/GaAs. We found good agreement between the

experimental data and the calculation results.
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