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Abstract. Matrix elements for hole-phonon scattering in a quantum well are
calculated using a four-band k-p method. The method provides a realistic
description of the quantum confined valence states, including the effects of
heavy-light hole mixing. This mixing preciudes the operation of any symmetry
rules for phonon scattering, and the matrix elements are dependent on the specific
character of the scattering states involved. For optical phonons, the matrix
elements exhibit a strong dependence on the in-plane wavevectors of the
scattering states, especially for states lying near the so-called anticrossing regions
of the valence subbands. For acoustic (deformation potential) phonons, the matrix
elements for intrasubband processes are relatively independent of the in-plane
wavevector. In both cases, the larger matrix elements are generally those for
intrasubband scattering, with the dominant intersubband processes being those

involving adjacent and anticrossing bands.

1. Introduction

An understanding of the interaction between electrons
and phonons forms an essential part of any study of
carrier transport phenomena in semicqnductors. The
same is true of transport in quantum confined semicon-
ductor structures (super lattices and quantum wells) in
which both carriers and phonons occupy quasi-two-
dimensional (2D) states. Analyses of the electron-
phonon interaction in the conduction bands of such
structures have already been presented [1-3]; however,
the corresponding hole-phonon scattering processes in
the valence bands of quasi-2D systems have received
relatively little attention. This is presumably due to the
complexity of the quantum confined valence bandstruc-
ture. In a quasi-2D semiconductor structure, mixing of
the heavy and light hole states occurs [4,5], giving rise to
a set of subbands whose energy dispersion in the plane of
the 2D layers is markedly non-parabolic. The character
of the valence states shows a strong dependence on the
in-plane wavevector, and a description of these states by
a simple one-band effective mass model — as is com-
monly used for the conduction band system — is no
longer appropriate.

The purpose of this paper is to show how the matrix

e(fw&t(for hole-phonon scattering in a quasi-2D system are

modified by these mixing effects. The work reported here
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represents the first stage of our development of a Monte
Carlo simulation of hole dynamics in quantum wells [6].
Subsequent stages of this work will be reported in a series
of forthcoming publications. In section 2 of this paper we
will set out a model calculation of the hole-phonon
scattering matrix elements, using a four-band k-p
scheme to describe the quantum confined valence states.
We will consider the following cases: scattering by acous-
tic phonons (via the deformation potential interaction),
and by optical phonons (via the deformation potential
and Frohlich interactions). We will refer to these pro-
cesses as ‘acoustic’, ‘non-polar optical’ scattering, respec-
tively. In section 3 we will present results for intra- and
inter-subband transitions via the above processes for the
specific case of a 100 A GaAs/AlAs quantum well.

2. Theory

For the purposes of this model calculation, we will
assume that the phonon modes in the quantum well can
be taken to be bulk-like. In this respect, our work will be
complementary to that of Price [1], and Ridley and co-
workers [2,3], who calculated phonon scattering matrix
elements for conduction electrons in a quasi-2D struc-
ture, using a confined electron-bulk phonon model.
However we acknowledge that, for a more exact treat-
ment, confined phonon states should be used [7].

In the bulk phonon approximation, calculation of the
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