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RESULTATS and DISCUSSION

ABSTRACT

GENERAL FORMALISM

Quantum well heterostructures are the basic
constituents of most optoelectronic devices. The
main interest of this type of structure is the
confinement of the carriers in the quantum well
according to the direction of growth, which gives a
discretization of the energy levels accessible to the
carriers of charge. The bursting between these levels
will determine the different transitions energy. The
energy and the number of the confined levels depend
on various parameters defining the structure namely:
the thickness of the well, the thickness of the barrier,
the energy of gap, the doping and the offset: the
energy shift between the different bands of the well
and the barrier. Under certain conditions, the
confinement of electrons and holes in the same
region of space leads to very significant quantum and
optical efficiencies. The resulting devices (Led's, LD,
QCL, QWIPs, ...) are used in various fields of
application (Medicine, Telecom, Security, Military,
Astronomy ...)
We theoretically studied quantum confinement in the
unstressed GaN / AlInN heterostructure, working
within the framework of the envelope function model
by adopting the approximation of the parabolic
bands. We used a finite difference numerical method
to determine the energies and envelope functions of
the heterostructure. The objective is the
determination of the geometries whose intersubband
transitions energies would allow the design of
unipolar optoelectronic devices for applications in the
terahertzic domain (0.4—41.33 meV) on the one
hand and on the other hand in the field of optical
fiber telecommunications (800—933 meV).

Under the effect of the approximation of the envelope function, the wave functions
and the energy levels are obtained by solving the Schrödinger equation:

INTRODUCTION
Thanks to the performances of the growth techniques,
the GaInN-AlInN system is well realized and gives
good quality interfaces (quasi-steep). The quality of
this system is ensured by parametric mesh agreement /
disagreement of two well and barrier materials.
However, the mismatch can reach up to 2.5% when
going from GaN to AlN, and depending on the molar
fraction of indium one can have less constrained
structures as well as unconstrained structures.
Spontaneous polarization vectors do not change with
stress. Only piezoelectric polarization vectors are
influenced by stress. We have two possibilities for the
GaInN layer stress on the GaN pseudo-substrate:
without stress and compressive stress. Each case
imposes three stress states for the AlInN layer and thus
a positive charge density at the interface,
In the first case, the stress is entirely in the barrier
material, it is the case where one has a GaN well not
constrained, there is only the contribution of
spontaneous polarization, if the fraction of In in the
barrier AlInN is on the order of y = 0.177. In the
second case, the constraint is shared between the well
and the barrier, the piezoelectric polarization in the
AlInN can decrease, cancel or change sign.
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Where V(r) is the crystalline potential and UH (z) is the potential of the
heterostructure.
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Where z1 and z2 determine the barrier and well interfaces positions: z3 = z2 + z1. The
position z1 taken as the origin of the potentials.
The potential of a hétérostructure UH(z) often results from the strip discontinuity
(ΔEc: offset) at the interface of the two materials due to the difference in the position
of the conduction bands. But this time, the presence of internal electric fields (Fw and
Fb) in each of the two materials will influence it.
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Where , and Pb ,Pw are respectively the free static dielectric constant, the static
dielectric constant of the well (barrier) and the total polarizations in the well and in
the barrier.
The maximum value of the internal electric field therefore depends directly on the
magnesium proportion in the barrier.
FMAX  0.69 MV / cm
The effective mass, the relative permittivity are calculated from Vegard's law (linear
interpolation between the values of GaN and AlInN) and the gap varies with the
composition according to the quadratic law:
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Where the bowing parameter b = 0 eV for the GaInN alloy where the In fraction
17,7%,
E c  0.7.E g  958,8 meV
And
The calculations were developed in the parabolic approximation and in the
nonparabolic case where the effective mass depends on the energy according to the

Vs  
Nilson model :
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Where Ew(b) : The gap energy of the well (barrier) and mw(b) : The effective mass of
BC electrons in the parabolic approximation in the well (barrier)
In the framework of the envelope function model, the Schrödinger equation is
reduced to the following differential equation:

The numerical resolution is based on the finite difference method. It considers the
structure as a succession of n + 1 layers of very small but equal thicknesses, Δz. In
each layer, the mass (mn), the potential (Un) and the envelope functions (χn) are
considered as constants. The envelope functions in the different layers in this model
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However, this transition does not reach the wavelength domain of
telecommunications. With regard to the terahertzic domain, the transition E23
allows us this emission for Lw = 15 Å, ie E23 = 28.7 meV, ie. a frequency ʋ =
6.95 THz.

Potential profile and wave function
 It takes values E14 = 802.6861.5 meV, corresponds to
wavelengths λ = 1.44-1.54 μm
which are exactly those well
suited to applications in
telecommunications by optical
fiber. In addition, it is noted that
the geometry, the width of the
well Lw = 25 Å, satisfies both
needs; either ʋ = 9.86THz for
the transition E34 and λ = 1.48
μm for the transition E14, for
this, it is called the critical
geometry.

E14=803,8 meV
λ14 =1,54 µm

CONCLUSIONS
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 From this curve, it is obvious that
when the width of the well decreases
the confined levels increase in energy.
When a level enters the R3 region, its
position is slowed due to the combined
effect of the continuum and the
confining field of the barrier.
 We note that each transition has two
regions of variation, one where the
transition grows with Lw, and the
other where it decreases. In the 1st
region, the high level above Vs moves
slowly, unlike the level below Vs
which decreases sharply, causing an
increase in the transition energy. In the
2nd region, the two levels have
positions lower than the offset, the
evolution of the transition energy has a
usual behavior corresponding to a
decrease.
 Thus these transitions have a
maximum. The transition E13 has the
highest, E13 = 797.2 meV for Lw = 25
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 We considered how the material parameters such as nonparabolicity affect hose
energies and wavelengths corresponding.
 Our results show that it is necessary to consider geometries generating 4
confined levels to reach wavelengths for telecommunications applications.
Indeed, the transition E14 allows us to have wavelengths λ = 1.44-1.54 μm for
well widths Lw = 20-45 Å and the barrier Lb = 60 Å.
 And the transition E34 allows us to have a transitions of frequency ʋ = 9.86
THz corresponding to the terahertzic radiations for the critical geometry 6 / 2.5
/ 6 nm. This geometry would thus satisfy the two desired domains.

