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Abstract: The problem of Auger recombination of electrons and holes in a quantum-well heterostructure is
considered. We derive an expression for the Auger recombination rate for the CHSH process, with the carriers
involved remaining in their ground-state subbands. We make the usual approximations of parabolic isotropic
bandstructures, and assume Boltzmann statistics are valid. Our results are used to obtain the ratio of the Auger
recombination rates in quantum well and bulk structures, and the ratio obtained provides a useful extension of
previous work. For quantum-well lasers at 1.3 ym and 1.55 um, we find that the Auger recombination rates are
similar to those found in the bulk, provided that the carrier concentrations in the quantum well and the buik

are the same.

1 Introduction

Major objectives in the development of long-wavelength
lasers for use in optical- fibre communication systems
include the minimisation of the threshold current, and its
temperature sensitivity. There is interest in the quantum-
well (QW) laser structure [1] because theory and experi-
ment indicate that this should have a low threshold
current in the absence of nonradiative recombination.
However, just as in other semiconductor lasers, the tem-
perature dependence of the threshold current is not fully
understood. Band-to-band Auger recombination has been
suggested as one cause of the temperature sensitivity of the
threshold current in semiconductor lasers, and recently
some theoretical studies of this recombination mechanism
in quantum-well lasers have been undertaken [2, 3, 4, 5].

Three of us have previously studied band-to-band
Auger recombination for the case of the CHCC process in
a quantum well [2]. The letters CHCC refer to the Auger
process whereby an electron in the conduction band
recombines with a heavy hole and the resulting energy is
transferred, via the Coulomb interaction, to another elec-
tron, with both initial and final states in the conduction
band. In that study, the common approxjmations of iso-
tropic, parabolic energy bands and Boltzmann distribution
functions were made. Also, the carriers were assumed to
reside in the lowest subbands of the quantum well. In addi-
tion, there have been calculations of the Auger rate which
includes various intersubband transitions [4, 5, 6].
However, recent work [7] has shown that, under most cir-
cumstances, consideration of only the first subband
process gives a good guide to the Auger recombination
rate.

The results for the CHCC Auger rate in a quantum well
have already been used to derive a simple result for the
ratio of the quantum-well CHCC rate and the bulk CHCC
rate,” provided suitable approximations are used. The
simple result obtained has been reported previously [9].
However, the details of the calculation were not included
in that reference. In this work we present an extension of
the simple result referred to above to cover all other
important band-to-band Auger processes. The aim of this
paper is to report the new extended results, and also to
present the details of how both the new extended results
and the previously published result are derived.
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We find that, for all the important band-to-band Auger
processes, with suitable approximations discussed later in
the text, it is possible to write
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where Ryw , Rpypx are the Auger rates per unit volume for
the quantum well and the bulk, respectively, and E, is the
activation energy of the particular Auger process under
consideration. The precise form of the result is presumably
dependent on the particular approximations used, e.g.
parabolic bands. We do not expect the corresponding
result for nonparabolic bands to have precisely the same
functional form. However, it is reasonable to suppose that
the implication of our work, i.e. that Row ~ Rpy x When
E,~ K, T, has wider significance. Hence, we believe our
result to be useful in predicting the trend in Auger rates as
the number of degrees of freedom are reduced. It could be
argued that a full calculation incorporating realistic band
structures would be preferable to the simple model used
here. However, even the most reliable bandstructure calcu-
lation could be sufficiently inaccurate to lead to large
errors in the estimate of the Auger rate. In view of this, a
simple, albeit approximate, analytic result for trends in the
Auger recombination rate as the number of degrees of
freedom is reduced is desirable, its simplicity being ade-
quate compensation for its lack of accuracy.

This paper extends the analysis of our previous work
[2] to the case of the CHSH Auger process (see Fig. 1).
Although the neglect of non-parabolicity of the energy
bands has been shown to overestimate the Auger rate [8]
(e.g. for the CHCC process in GaSb at 300 K, an accurate
bandstructure gives a rate about two orders of magnitude
less than that predicted using parabolic bands [8]), we
believe that the use of parabolic bands in the calculation of
the CHSH rate should give reasonably reliable results. The
reason for this is that the important transitions involve
states close to the band edges, where non-parabolicity
effects are not so significant. Thus, we expect that the
result for the quantum-well CHSH rate based on the para-
bolic approximation should be more reliable than the
equivalent result for the CHCC rate. An expression for the
quantum-well- Auger rate for the CHSH process is desir-
able, as it is thought that this is the dominant Auger
process in direct-gap semiconductors with an energy gap
(E,) close to the spin split-off energy (A). The activation
energy for the CHSH process is proportional to E, — A,
whereas for the CHCC process is is simply proportional to
E,. Hence, all other things being equal, a larger Auger rate
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