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For this project, we use the particle in a box model to model GaAs/AlGaAs quantum wells and the quantum-
confined Stark Effect. We simulate this model in MATLAB and compare our results against experimental

data.

I. INTRODUCTION

Quantum wells are potential energy surfaces that can
be created from semiconductor materials. These wells
have a combination of properties that make them use-
ful for practical and research purposes. Understanding
quantum wells has led to the creation of better optical
and electronic devices like diode lasers, which power DVD
and laser pointer technology.

When an external electric field is applied to a quan-
tum well, the potential energy surface of the well may
also change. This affects the behavior of the electrons
trapped in the well. This, in turn, changes the absorp-
tion spectrum of the material. This change in behavior is
called the quantum-confined Stark Effect, an effect uti-
lized in certain optical modulators. Optical modulators
may be used to modulate the intensity of laser beam, an
effect that enhances optical fiber communication technol-
ogy.

For this project, we use the particle in a box model to
simulate GaAs/AlGaAs quantum wells and the quantum-
confined Stark Effect and compare our results against
experimental data to determine the accuracy of our ap-
proximate model.

1. BACKGROUND

Semiconductors are materials whose conduction bands,
the lowest unoccupied band, and valence bands, the high-
est occupied band, are separated by an energy gap that
is neither too large to be considered an insulator, nor too
small to be considered a conductor. This energy gap is
called the band gap. Semiconductors made out of dif-
ferent materials have different band gaps. In order to
create a quantum well, we create a multilayer structure
that consists of alternating layers of two different semi-
conductor materials. For the purposes of our model, we
consider GaAs and AlGaAs.

If the potential energy wells have a small enough width
(typically less than 300 Angstroms), the electrons in the
semiconductor material begin to exhibit quantum dy-
namic behavior, most notably taking on discrete energies.
These energies can be modeled using the particle in a box
model. Using this model, we will be able to predict the
transitional energies and compare that to experimental
data.

When we apply an electric field perpendicular to the

semiconductor, this changes the potential energy surface
into a sloped potential energy surface. This changes both
the shape of the wavefunction and the energy levels of the
wavefunctions. This, in turn, changes the transition en-
ergies of the quantum well, which is shown in the exper-
imental data. This effect, the quantum-confined Stark
effect, is particularly pronounced in quantum wells be-
cause in practice, quantum wells can be easily adjusted
to meet our specifications because we can change the sizes
and materials of the semiconductors as well as other pa-
rameters. Using our model, we recalculate these tran-
sition energies and compare the models results to the
experimental results.

I1l. RESULTS AND DISCUSSION

The first step in our model is modeling the potential
energy surface of the quantum well. This is visualized in
Figure 1, where the band gap of GaAs is set to be about
1.39 eV and the band gap of AlGaAs is set to be 2.14
eV [3]. GaAs/AlGaAs is a Type I heterostructure, where
the band gap of the inner semiconductor is between the
band gap of the outer semiconductors. Additionally, the
difference between the gaps is approximately 66% in the
conduction band and 33% in the valence band [5].
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FIG. 1: Potential Energy Surface

Next, we calculate the eigenfunctions and energy levels
for the quantum wells, shown in Figure 2. In semicon-
ductors, due to interference effects, the electron behavior
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in the conduction band is modeled by a particle with an
effective mass of .069 e-[5]. The behavior of the electron
hole in the valence band is modeled by a heavy hole with
an effective mass of .35 e-[5]. This would explain the
differences between the energy spacings depicted in the
literature between the valence and conduction bands.
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FIG. 2: Wavefunctions and Energies

Once we have calculated the relative energy spacings
of the conduction and valence bands, we can find the
transition energies that would occur in this material. We
note that the relevant transitions are those involving the
same levels. For instance, the transition between valence
energy level 1 and conduction energy level 1. This is
because the absorption of energy is proportional to the
overlap integral between the wavefunctions.
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FIG. 3: Experimental Absorption Peaks [5]

Based on our model, the three main transitions would
occur at 1.4035 eV, 1.4440 eV, 1.5110 eV. When we com-
pare these results to the experimental results shown in
Figure 3, it appears that the two are slightly different,
but on the same order of magnitude in terms of absolute
value and relative spacing. This is likely due to the fact
that the exact estimates used in the model for both the
band gaps as well as the effective masses and well length
may not have matched up to the experimental set up, as
these exact details were not described.

Another important difference is that the experimental

results show pairs of peaks. This difference is due to the
fact that our model does not account for the creation
of an exciton in the semiconductor. When an electron
absorbs energy and moves from the valence band to the
conduction band, it leaves an electron hole. The pro-
moted electron and the electron hole exert a Coulomb
force on one another. This bound state is like a Hydro-
gen atom, which consists of a proton and an electron in
a bound state. The exciton itself has energy, about .04
eV, which explains the pairing of absorption peaks in the
experimental data [5].
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FIG. 4: Wavefunctions and Energies

Next, we model the application of a perpendicular elec-
tric field to the semiconductor material. This tilts the
potential well surface. We see this in Figure 4. We cal-
culate the wavefunctions and the energy levels for this
potential surface. The wavefunctions are Airy functions

[5]-
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FIG. 5: Calculated Shift in Absorption Energies
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When we graph the same three transitions from earlier
as a function of electric field in Figure 5, we see that the
transitions shift from higher energies to lower energies as
the electric field strength increases. When we compare
this to the experimental data, in Figure 6, we see that
this result is consistent with the experimental data.
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FIG. 6: Experimental Shift in Absorption [5]

Finally, because we have changed the wavefunctions,
we can now witness an increased set of transitions. Re-
call that the transitions were proportional to the overlap
integral. Since the wavefunctions have changed, the over-
lap integral between different energy levels is now rele-
vant. If we graph the overlap transitions as a function of
electric field, we get the graph in Figure 7.
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FIG. 7: Calculated Shift in Absorption Energies

This behavior appears to be similar to the Stark Effect
in Hydrogen, which is depicted in Figure 8.
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FIG. 8: Stark Effect in Hydrogen [8]

It is no surprise then that the two are related. Because
of physical difficulties of performing experiments on Hy-
drogen to witness the Stark Effect in Hydrogen, many
mechanically analogous experiments may be performed
on excitons trapped in quantum wells [5].

IV. CONCLUSION AND OUTLOOK

As discussed in the results section, our simple model
of a GaAs/AlGaAs quantum well produces results that
are close to but not exactly the results obtained exper-
imentally. While there may a number of reasons why
our model differs from the experimental results, at the
core, the model seems to be able to account for some of
the effects observed experimentally, such as the quantum-
confined Stark Effect, which we demonstrated. Because
this type of model shows promise, it should be possible
to use this model to estimate different potential wells and
potential energy surfaces. For instance, a surface created
with three different semiconductors, etc.

While quantum wells and the quantum-confined Stark
Effect are relatively well understood and researched, the
future of optoelectronic devices is still being created
through research. This project demonstrates that even
basic models, such as those taught in introductory quan-
tum mechanics for chemistry classes, can go a long ways
towards understanding very important and very useful
real world phenomenon. Indeed, as history has demon-
strated, technological advances have relied on a combina-
tion of theoretical and physical advances, something the
field of semiconductor research fits right into the center
of.
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