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An inclusion of cubic GaN in an otherwise hexagonal matrix is con-
sidered to be equivalent to an effective quantum well. The exciton binding
energy in a quantum well of a finite potential barrler height in the conduction
and valence bands is calculated in the effective mass approximation with a
variational envelope function type of Bastard and Takagahara. The exciton
binding energy and the energy of exciton recombination line are computed,
as a function of the well width, for realistic potential barrier heights and
band-offset ratios.

PACS numbers: 73.20.Dx, 78.66.-w, 61.72.Nn

1. Introduction
Gallium nitride crystallizes in the wurtzite structure. However, an epitaxial

metastable zinc-blende type cubic structure can also be grown [1]. The optical
energy gap of the cubic phase Egap = 3.302 eV [2] was found to be about 0.2 eV
smaller than the gap of the hexagonal phase [3, 4].

In the case of gallium nitride grown epitaxially on sapphire, due to a large
lattice mismatch between the substrate and the GaN layer, numerous extended
defects are present close to the interface [5]. An interesting situation arises in the
case of formation of stacking faults in the rourtzite structure e.g. due to the inser-
tion of an extra atomic plane. This extra plane can he treated as a flat inclusion of
the cubic GaN in the hexagonal GaN matrix. Such inclusions, due to one or sev-
eral additional planes have been observed in GaN by high resolution transmission
microscopy [5, 6], and can be considered as producing an effective 2D quantum
well.

In this paper the ground state energy of an exciton confined in the well is
computed. The exciton binding energy in such a quantum well of finite barrier
height in the conduction and in the valence band is calculated in the effective
mass approximation, with a variational envelope function type of Bastard [7-9]
and Takagahara [10, 11]. Continuity of the envelope function and of the current
density at the well boundary is assumed [9-12].
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2. VariationaI enveIope function of exciton ground state
in quantum weIl

The exciton binding energy in a quantum well of width L, of a finite barrier
height Ε in the conduction band, and Εv in the valence band, is calculated using
the variational envelope function [7-12]

The energy gap Egap is not shown here, since it does not affect the exciton binding
energy.

3. VariationaI calculation of exciton ground state in quantum welI

The effective mass Hamiltonian of an exciton in a rectangular quantum well

with the Laplacians Δe and Δh , for the electron and hole, respectively.
The conduction and the valence band edge effective masses are m e and mh

inside the well, and the conduction and the valence band edge effective masses
are m and mv outside the well, respectively. The exciton reduced mass μ =
1/(1/me + 1/mh), and the dielectric constant ε inside the quantum' well, determine
the exciton effective Rydberg Ryd = μe4/2ε 2 ħ2 and the exciton effective Bohr
radius αB = εh2 /μe 2 , which are used as units of energy and length, respectively.

Analytical expressions have been derived for the envelope function norm A
and the expectation value of the Hamiltonian of the exciton in its ground state.
The optimized value of the variational parameter λ was found by numerical in-
terpolation. For quantum well barrier heights Ε Ε and Εv much higher than the
effective Rydberg energy the binding energy EB of the ground state of exciton in
the quantum well is computed [7-12] as
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For general values of quantum well barrier height expressions for A and U
are too long to be reproduced here, and can be supplied on request.

The band-offset ratios for the wurtzite-cubic GaN interface have not been
estimated. However, for slightly different crystal structures of the same chemical
compound one can expect small differences of the electron energy for the occupied
states in the valence band. Therefore, we assume the band-o ffset ratio Εc : Ev =
80 : 20, which leads to the conduction and valence band barrier heights ΕΕ =
0.16 eV and Εv = 0.04 eV, respectively. The exciton binding energy is computed
for typical quantum well widths, using the following parameters [4]: me = m =
0.22m0 , mh = mv = 0.75m0, ε = 9.6. These parameters give Ryd = 25.1 meV
and αB = 29.9 Α. The computations are performed for the quantum well width
varying from 5 Α in the range up to 100 Α.

Figure 1 shows the computed binding energy of the exciton confined in the
GaN(cub)/GaN(wurtz) quantum well with the hole from the highest subband.
The exciton binding energy attains its largest value for the quantum well width of
about 25 Α. It decreases in quantum well of small width when more wave function
leaks out of the well. The computed exciton recombination energy, resulting from
its confinement and the energy position of the lowest sublevel of the electron and
the highest sublevel of the hole in the quantum well, is indicated, as a function
of the well width, by the dashed line. It is seen that in the energy range  between.
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3.30 eV and 3.45 eV a luminescence line due to the cubic inclusions in wurtzite
GaN may be expected.
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