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Abstract

In this paper we propose a new model for impurity diffusion in compound semicon-
ductors. The model incorporates both the kick-out and the dissociative mechanism,
as well as charge effects; the resulting system includes as limit cases many models
that have previously appeared in the literature. An initial–boundary value problem
that models surface source in-diffusion conditions is then considered. The model is
studied using a combination of asymptotic and numerical techniques. In particular,
the transition from dissociative to kick-out behaviour is analysed, with some note-
worthy features of the solutions being highlighted in a number of regimes, including
a novel class of moving boundary problems.

1. Introduction

1.1. The model
In this paper we propose and study a model for the diffusion of impurities in
compound semiconductors. This paper is the first of a pair, in-diffusion boundary and
initial conditions being studied here, with out-diffusion conditions being considered
in the second part (J.R. King and M.G. Meere, in this volume, pp 79–105, hereafter
‘Part II’). The model consists of a combined dissociative and kick-out diffusion
mechanism with charge effects; a charge neutral version of the model is discussed
in King and Meere [3]. While the dissociative and kick-out models with charge
effects have been discussed separately a number of times (see, for example, Tuck
[9], Yu et al. [12] and references therein), we believe the current paper to be the
first to formulate and analyse a model for their combined effect. There is good
evidence that a rather complex combination of diffusion mechanisms may underpin
the behaviour of many impurity/semiconductor systems, and it is hoped that the
model presented here is flexible enough to describe a wide range of them. In many
cases it is unclear a priori which of the mechanisms is dominant, and, by pursuing
an asymptotic analysis in which their contributions to the diffusion process are
allowed to vary, we aim to identify features of the diffused profiles by which such
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