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The thesis describes a numerical analysis of the metal insulator transition in a disordered
interacting electron system. As a paradigm of such a system the author considers a doped
semiconductor. The semiconductor is modeled as an effective medium, with appropriate
dielectric constant and effective mass, in which there are donor impurities at random
positions. To facilitate comparison with experiment values appropriate for silicon were used.
Each donor impurity supplies a single electron. An important feature of this work is that the
long-range Coulomb interaction between the electrons is fully taken into account. This is done
using the Kohn-Sham formulation of density functional theory in the local density
approximation. For reasons of numerical tractability the central results of the thesis concern
spin-less electrons. An ensemble of systems of various sizes and with varying donor
concentrations was simulated. The metal-insulator transition was analysed by applying
multi-fractal finite size scaling analysis to the highest occupied Kohn-Sham orbital. The
central results are as follows:

a) A value for the critical concentration at which the metal-insulator transition occurs
was found that is in reasonable agreement with the experimentally measured value in
phosphor doped silicon. This indicates that the model provides a faithful description of
the metal-insulator transition in doped semiconductors.

b) Good agreement was found between the critical exponent obtained in the multifractal
finite size scaling analysis and the measured value in phosphor doped silicon.

¢) A clear difference was found between the critical exponent for this model and the
well-established value for the disorder driven Anderson metal-insulator transition in
systems of non-interacting electrons. This demonstrates that the long-range Coulomb
interaction between the electrons changes the universality class of the transition.

This thesis breaks new ground by taking into account both disorder and the long-range
Coulomb interaction between electrons on an equal footing. And it demonstrates that doing so
permits a much better understanding of the physics of the metal-insulator transition in doped
semiconductors. This thesis represents an important advance on previous work where the
effects of disorder and Coulomb interactions were considered separately. For these reasons
the thesis clearly merits the award of the Ph.D. degree.



