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Abstract—The results of calculations of Auger recombination rates in quantum wells, quantum well wires
and quantum well spheres are described and reviewed. The important physical factors influencing the

ion rate are considered. It is

Auger processes are identified and methods of

concluded that the rate of Auger recombination is relatively insensitive to dimensionality but that there
is the prospect of reducing the rate by modifying the band structure by the use of strain or by exploiting

the anisotropy in the electronic structure.
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INTRODUCTION

Low-dimensional semiconductor structures are of
interest for a range of electronic device applications
and also provide a rich variety of physical effects that
are of fundamental interest [1]. In optoelectronics the
quantum well laser has attracted much attention
from physicists, device engineers and other workers
[2]. The principle of this variant of the conventional
semiconductor laser is that the quasi-two-
dimensional active region should be able to provide
larger gain, low threshold current and less tem-
perature sensitivity. These qualities are essentially the
result of the non-zero density of electronic states at
the edges of the conduction and valence bands. It is
expected that the quasi-one-dimensional quantum
well wire could form the basis of a laser with an even
higher specification [3] because of the. divergence in
the density of states at the band edges in this struc-
ture. The next step down in dimensionality is to an
array of quantum well boxes where the energy levels
of bound states are discrete and the boxes play the
role of giant atoms [3].

The inspiration for these current and possible
future developments comes from a consideration of
the optoelectronic and optical properties of the struc-
tures embracing concepts such as gain spectrum and
optical confinement. However, it is sensible to be
vigilant of other processes whose significance may
vary with dimensionality and may detract from the
benefits mentioned above. One such process is Auger
recombination which is well known as a contribution
to the temperature sensitivity of conventional semi-
conductor lasers but has not been extensively studied
in low-dimensional structures; experimental mea-
surements of recombination rates are particularly
scarce.

This paper reviews some aspects of Auger re-
combination in low-dimensional structures. Al-

P.CS. 49/6—C

607

though much of the research discussed has been
motivated by a desire to explain and predict the
behaviour of lasers, the results have a significance
beyond that device. For example, Auger re-
combination is relevant to the behaviour of other

_electronic devices such as long-wavelength optical

detectors based on narrow gap semiconductors.
However, quite apart from device considerations,
Auger recombination is an interesting physical pro-
cess in its own right and the work is of general interest
in the study of low-dimensional systems.

Most of the results discussed here are based on the
simplest models of low-dimensional structures. For
example, simple parabolic sub-bands are assumed
and these are taken to be occupied by carriers
described by quasi-Fermi levels within Boltzmann
statistics. As such, many of the results are intended
to show trends or comparisons and to identify im-
portant physical factors rather than to provide a
quantitatively accurate description.

BASIC THEORY FOR BULK
SEMICONDUCTORS

A CHCC Auger recombination process in a bulk
semiconductor is shown in Fig. 1. It can be viewed as
an electron—electron scattering event in which two
electrons in conduction (C) band states 1 and 2 make
transitions to final states 1’ in the heavy hole (H)
band and 2’ in the conduction band. Fermi’s Golden
Rule gives the rate of recombination per unit volume
R as [4]
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R=5 2 T PIMP6(E +Ey—Ev—Ep), (1)
all

where V is the volume of the system, E, are. the
energies of the states involved and P is the statistical





















