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Calculations are presented for the rate of Auger recombination in a semiconductor quantum
well wire. An expression is given for the rate of the CHSH Auger process in which the carriers
remain in their ground subbands, and the rates of other processes such as CHCC may be obtained
by simple algebraic substitution. Numerical calculations that consider all possible bound-to-bound
intra- and inter-subband transitions are reported. Results are given for the rate of the CHCC
process as a function of wire width and wire axis direction for an InGaAsP/InP quantum well
wire.

1. Introduction

A quantum well wire (QWW) lager is expected to have a better gain
spectrum than either a quantum well (QW) laser, or a conventional DH laser
[1], and this should lead to lower and less-temperature-dependent threshold
currents {2], provided there are no adverse effects from non-radiative recombi-
nation. However, for the long-wavelength lasers used in optical fibre communi-
cations systems, Auger recombination can be an important non-radiative
process (with a possible significant influence on the threshold current), in both
QW [3] and DH lasers [4). Hence, an estimate of the Auger recombination rate
in a QWW would not only provide more information about the Auger process,
but would also help to determine whether or not a QWW laser will be a good
device for optoelectronic applications.

The QWW is taken to have a square cross section of width L, and, for
simplicity, the wavefunctions of the carriers are assumed to vanish outside the
wire (i.e. the assumption is made that there is an infinite potential discontinu-
ity at the wire edge). This approximation means that all carrier states are
bound by the well. If the potential discontinuity were taken to be finite, which
is the actual case, then carriers with sufficient energy could be above the top of
the confining well, and these would be unbound states [5]. The Auger rate is
calculated with the common assumptions of isotropic, parabolic bands and
Boltzmann statistics with quasi-Fermi levels. These simplifying assumptions
enable us to obtain an analytical result for the rate of the QWW equivalent of
the CHSH Auger process. The analytical result obtained enables physical
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insight into the Auger process in a QWW, which would not be obtained in a
fully numerical calculation.

2. Analytical calculation of the CHSH Auger rate in a QWW

The band-to-band Auger recombination rate-for the QWW equivalent of the
CHSH process is calculated using Fermi’s golden rule (the letters CHSH refer
to the bands of the states involved in the Auger process) and is illustrated in
fig. 1. Fermi’s golden rule gives the rate per unit volume for the Auger process
as:

1 2= . 5
R= 5= 5 L Pu M *8(Ey + By~ By~ ), ®
where E,; is the energy of carrier i (see fig. 1), L the width of quantum well
wire, X the length of wire, P, the statistical factor, and M the matrix
element for the Auger process.

For the transition energies involved in the Auger processes for typical laser
materials, it is reasonable to ignore free-carrier screening [6], and for the case

Fig. 1. The CHSH Auger process in the ground-state subbands of a quantum well wire (other
subbands omitted for clarity).
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where carriers have opposite spins separately conserved in the Auger process,
the matrix element can be written in the form

M= f/\h(’l)‘!/z B)———

Using the approximations outlined in section 1, the wavefunctions of the
carriers may be written as:

y(r)= X1/2L si (ny#) sin(nirz)e”‘xuk(r), (3)

where u,(r) is the periodic part of the Bloch function.

Using these wavefunctions in (2), and |M|? in (1), and summing over all
the states by taking the energy bands to be parabolic, leads to an expression
for the CHSH Auger rate. For the case where the carriers reside in their
ground-state subbands, the CHSH rate (for the case of opposite spins sep-
arately conserved and systems with E, > A) may be written as:
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The carrier densities are all per unit length of the wire, and p¢ is the effective
density of states of the hole subbands

o = (2myukyT/mh?)".

AE=E,—A and the other symbols have their usual meanings [7]. The
funcuon S? (see fig. 2) arises as a correction factor to the wide-well-limit
expression for the matrix element. (In the wide-well limit the matrix element is
proportional to k52 L=2))

For the region of well widths where the wide-well limit is a good approxima-
tion and also where the majority of carriers reside in their ground-state
subbands, the QWW, QW and bulk Auger CHSH rates are related by [7]
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where E, is the activation energy for the CHSH process
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