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Abstract

The doping conditions to grow high-resistivity semiconductor bulks and epitaxial materials
by the deep-level compensation mechanism, were investigated both theoretically and ex-
perimentally.  The carrier concentrations in semiconductor materials doped with deep-level
impurities are numerically solved under various doping conditions, using a three-level model
involving a shallow donor level, a shallow acceptor level, and a deep impurity level.

Presence of five different regions are pointed out, and approximate expressions for
carrier concentrations are derived. Then, the model is extended to a four level case,
including both deep acceptor level and deep donor level.

The presence of seven regions are shown. It is pointed out that the usual procedure
of determining the energy position of deep level from the temperature dependence of
resistivity or Hall coefficient, involves a rather serious difficulty.

Doping experiments are done in the liquid-phase-epitaxial growth of GaAs using iron
and chromium as the dopants. High-resistivities are obtained in either doping. The
behavior of the Fe-doped layer can be well characterized by the present threelevel model.
On the other hand, the Cr-doped layer behaves in a complicated way, and auto-doping of
deep donor is suggested on the basis of the four-levl model.
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