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Abstract

In this paper we provide a mathematical analysis of an effect whose signifi-
cance for the diffusion of zinc in gallium arsenide has recently been indicated. The
relevant model is of kick-out type and involves both doubly and triply charged self-
interstitials; it can be written as a coupled pair of non-linear diffusion equations.
Both numerical and asymptotic results are presented. It is found that the model is
capable of reproducing much of the behaviour observed in experimental profiles. The
singular perturbation analysis reveals the range of validity of the various regimes,
as well as yielding other information about the diffusion processes.

1. Introduction

Modern semiconductor devices are given their electrical properties by intro-
ducing impurities into selected areas of the semiconductor substrate. The diffusion
mechanisms which govern the redistribution of impurity in compound III–V semi-
conductors such as gallium arsenide (GaAs) are complex and involve the interaction
of the impurity atoms with point defects, such as vacancies and self-interstitials, in
the crystal. Self-interstitial atoms are host atoms which occupy interstitial sites in
the crystal. Bosker et al. [2] have recently presented evidence for the significance
of both doubly and triply negatively charged self-interstitials in determining the
nature of the diffused profiles of zinc in gallium arsenide, zinc being one of the main
impurities used to dope gallium arsenide. The purpose of this paper is to present
an asymptotic analysis, using matched asymptotic expansions, which clarifies the
various regimes involved, indicating their range of validity as well as quantifying the
types of non-linear profile observed. Numerical solutions illustrating the asymptotic
results are also given.

The model we study is a variant of the kick-out model originally proposed by
Gosele and Morehead [3]; a more recent reference, which includes certain charge
effects, is Yu et al. [11]. In the kick-out mechanism an interstitial atom becomes
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