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pulses in this low loss regime with minimum distortion, however pulses
will experience some loss, and therefore signals will have to be
periodically amplified.

At present this is performed by electronic repeaters spaced by
approximately 100 km11, and hence repeaters have two disadvantages,
they impose severe speed limitations, and significantly increase the cost
of data transfer systems. It has been for these reasons that soliton based
optical systems have been investigated. Solitons can provide distortion
free data communication over long distances at extremely high data rates,
and also have the great advantage that periodic amplification can be
performed without using electronics.

The following sections give a general introduction to nonlinear optics,
ultrashort pulse generation and propagation, as this will enable a basic
understanding of the role solitons can play in future communication
systems.

1.1. Nonlinear Optics.

Nonlinear optics is the study of the interaction of intense light, with
materials. Effects can manifest themselves in many different ways,
such as:

* Raman scatteringl2,

* Second harmonic generation13.

* Frequency mixingl4,

* Intensity dependent refractive index15.

This thesis is predominately concerned with the last of these effects,
when it occurs on an effectively instantaneous time scale. In this
case it is referred to as the Kerr Effect. The Kerr effect was first
observed by the Reverend John Kerr at the University of Glasgow in
1875. Kerr initially observed the effect in glass using a specially
developed cell, which is still retained at the university and is shown
in figure 1.2..

Chapter 1. 3.
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* Nonlinear directional couplerl8 (NLDC).

* Asymmetric Mach-Zehnder Interferometers!? (AMZI).

* Spatial soliton based couplers290.

And physical devices have been produced in various formats:
* NLDC in AlGaAs MQW Strain induced waveguides?l.

* AMZI in AlGaAs waveguides22,

* Optical fibre nonlinear loop mirror23.

* Optical bistable devices?4.

* X-Junction in A1GaAs waveguides?25.

Optical solitons have been proposed as the data transfer “bit” in the
next generation data communication systems, as they will be able to
exploit the linear and nonlinear properties of conventional optical
fibre. However, the future of optical soliton communications is not
certain, as many problems still have to be addressed. These problems
are predominately concerned with timing uncertainties associated
with jitter26 and soliton interactions2?. These are being dealt with
solutions such as sliding filters28 and indeed solitons have
demonstrated data transmission in optical communication2?
systems up to 80 Gb s71.

1.2. Nonlinear Optical Theory.

When light propagates through a dielectric medium the valence
band electrons of the material oscillate in a manner, that is related to
the amplitude and frequency of the propagating electric field. This
reaction of the electric dipoles to the light is termed the polarisation
(P), and is expressed in units of dipole moments per unit volume.
At low intensities the polarisation follows the amplitude and
frequency of the light and can be expressed as:

P=¢x"E 1.1.
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Where g, is the permittivity of a vacuum, x(1) is the linear
susceptibility of the material, and E is the applied electric field. The
susceptibility is related to the linear refractive index through:

n=,/Re(1+x?) 1.2.

However, at high light intensities the response becomes nonlinear,
and can be expressed in the more general form:

P =¢,(x E+x®EE +y “EEE+.. 1.3.

Where 0 is jth order susceptibility which is tensor of rank j+1. The
second term of the polarisation (i. e. the £,x®E? term) represents a
second order nonlinearity, and gives rise to such effects as second
harmonic generation, optical rectification and optical parametric
generation. It should be noted that this polarisation term contains
an E2 component, which means that it can only exist in materials
that do not posses inversion symmetry (section 1.2.1.). The third
order term in the series is non-zero for all materials, and is
responsible for many effects which include self phase modulation,
four wave mixing, and self focusing. If terms above x® are ignored
the refractive index becomes intensity dependent, and can be
expressed by the relation:

n=ng,+n,l 14.

Where n, is the linear refractive index, I is the light intensity and n;
is the nonlinear refractive index, which is defined as:

121
n, =
nc

(o)

1.5.

This nonlinear refractive index is termed the Kerr coefficient and is
around 1x 10'13cm?W-1 in AlGaAs. In the following sections some
nonlinear optical processes are discussed.

1.2.1. Second Harmonic Generation.

In equation 1.3. it is apparent from the e,x?E? term that the
polarisation possess a squared relation with the electric field. In
general the electric field of propagating light has a harmonic

Chapter 1. 6.
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constants of the fundamental and signal frequencies (w and 2 ®
for SHG). Phase matching is required since the fundamental
and SHG waves posses different propagation constants. As the
fundamental propagates through the material any signal
generated at 2 o, will have a different propagation constant and
will then walk in and out of phase with the fundamental.
Phase matching is typically achieved by setting the propagation
constant of the two waves to be the same. For example using a
birefringent material. Generally the refractive index is tuned by
either angle or temperature, to achieve a match between the
two propagation constants of the two waves.

1.2.2. Self Focusing.

Typically a laser beam has a gaussian intensity profile. This
means that in a medium possessing a positive nonlinearity, a
beam will experience a higher refractive index at the centre,
compared to the wings. Therefore, the centre of the beam will
be slowed down compared with the edges, and consequently
the wavefronts will become concave and effectively focus. As
the wave focuses, the intensity becomes higher and as a result
the wavefront will continue to focus further. This process will
continue until either a critical threshold value is met, and the
material is damaged39, or the process is altered by some higher
order effect. Conversely, if a negative Kerr coefficient is
encountered, the opposite is true and the beam will effectively
defocus.

1.2.3. Self Phase Modulation.

Self Phase Modulation (SPM) arises due the nonlinear
refractive index, reacting with the time varying intensity of the
propagating optical pulse. Since the intensity across a typical
optical pulse is not uniform there will be a phase shift incurred
across the pulse which is equal to:

_ 21tn2
o =22

IL 1.6.
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1.3. Solitons.

Solitonic behaviour was first observed by Scottish shipbuilder John
Scott Russell in August 1834. While he was horse riding on the
banks of the Union canal (between Glasgow and Edinburgh), Russell
observed a surface water wave which propagated for a few miles
without changing shape. He named this “singular and beautiful
phenomenon” the wave of translation, and then proceeded to
characterise the phenomenon by a series of experiments using a
water tank32. Interest in the phenomenon then waned, until sixty
years later when Korteweg and de Vries published the now well
known KdV equation33, which described the motion of water waves
in a shallow channel.

In systems that can be described by nonlinear Schrédinger equation,
solitons arise from the balancing of a linear dispersion term, with a
nonlinear phase modulation term. Solitons are extremely robust
and can survive strong perturbations within a system and indeed
they can be represented as particle like objects34. Some examples of
systems where solitonic behaviour can exist are:

* Oscillating soliton stars, which are solutions to general relativity
equations35,

* Trains of solitons have been photographed propagating in the
wake of the Tsunami wave by satellites36.

* Plasma solitons in space37.

Temporal optical solitons were first predicted by Hasegawa and
Tappert38 in 1973, and in 1980 Mollenauer3? experimentally verified
their predictions by propagating a bright optical soliton. At first
temporal solitons were thought to be too complicated, and power
hungry to be any practical use in communication systems. The
invention of Erbium Doped Fibre Amplifiers (EDFAs) has lead to a
resurgence of interest, and long distance soliton transmission
systems are beginning to receive serious consideration. EDFAs have
rekindled interest in soliton systems, due to the possibility of
periodic signal amplification without the speed, and cost restrictions
of electronic repeaters.

Chapter 1.
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extremely smart), using the deformation caused by the other two
cars.

By imagining the brothers’ cars are the spectral components of a
pulse, it is possible to relate this analogy to temporal optical solitons,
in the negative dispersion regime of typical optical fibres. The fast
car corresponds to the blue frequencies, the slow car the red
frequencies and the middle car is the average wavelength. In this
regime the red spectral components see a higher refractive index
than the blue ones and the spectral components will spread out as
they propagate (section 1.6.1.). The land deformation is equivalent to
the refractive index profile induced through the nonlinear Kerr
effect, which effectively slows the blue frequencies and speeds up the
red ones, and hence the pulse propagates without break up.

1.3.1. Temporal Optical Solitons.

It is possible to describe temporal solitons in mathematical
terms. using the following partial differential equation:

(A _g 19°A

dz  220T
This is known as the nonlinear Schrédinger equation, where
A (z,T) is the amplitude of the pulse envelope, B; is the
dispersion parameter and is a nonlinearity parameter vyis

defined by:

y=—22e 1.8.

CAeff

However it is easier to solve this equation when it is reduced to
a standard form, therefore if the following factors are
introduced:

A T

U=

(o]

Where P, is the peak power, T, is the width of the incident
pulse and Lg is the dispersion length (equation 1.37.), equation
1.7. can be represented by:

Chapter 1.
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oU ( )182

. U 2
lg =sgnl 52 58_12- - 'YIUI 8] 1.10.

The parameter N is defined as the square of the ratio of the
nonlinear length (Ly =ﬁ) to the dispersion length, if

another parameter u is defined:

yT?

u=NU=A
B

This then gives the nonlinear Schrédinger equation in its
standard form:

g

The second term characterises linear dispersion, and the third
term is related to the nonlinear propagation, and it is possible
to use this equation to describe how solitons propagate. If the
action of the dispersive term is considered first, by ignoring the
nonlinear term and considering the basic form of the resulting
equation:

8u= 82u
0& 2012

This equation is easily dealt with in the frequency domain, by
using Fourier transforms:

=——@©U 1.14.

The general solution of this equation is:

(€, ) =1(0,0)e ( ZEJ 1.15.

This solution shows that essentially the dispersive term only
rearranges the phase of the frequency components. If the
nonlinear term is considered alone, the general form is:

g

Chapter 1.
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Neglecting amplitude variations the solution of this equation
in the time domain is:

u(&,1)= (0, t)e e 1.17.

It is obvious from this equation, that the nonlinear term
modifies the phase in relation to the intensity of the pulse
envelope, and hence adds new frequency components.
However, it is not clear how time broadening due to the linear
dispersive term, and spectral broadening due to the nonlinear
term can cancel one another and result in soliton propagation.
This can be explained by considering the first order effects of
both terms. The nonlinear term generates a phase change:

do(x) = [u(x) d& 1.18.
It is well known that if a function f(€, 1) is real, the general
equation:

-g% =if(€,T)u 1.19.

simply generates a phase change (with respect to &):
do(t) = £(0,7)dE 1.20.

From studying equation 1.13. it is obvious that the linear
dispersive term generates a phase change:

10%u
d¢ = (EW) d& 1.21.

If a sech pulse envelope (i. e. u = sech(r)) is considered, it is seen
that the nonlinear term generates a phase change:

doy, =sech?(t)dE 1.22.
and the linear dispersive term:
ddyp = [1 —sech®(z)[dE 1.23.

Clearly these phase shifts are the complements of each other
and under certain conditions will cancel.

Chapter 1. 14.
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of different widths will propagate. Indeed for launched power
levels between 0.25 x Pg and 2.25 x P, the beam will evolve into

a soliton with a characterisitic width.

It has been proposed to use spatial solitons for optical
processing by making use: of some of their unique properties.
All optical switching using spatial solitons could make use of
Snell’s law at a nonlinear interface to produce a spatial
scanner44, Or, it may be possible to use soliton emission from
waveguides5 to produce sioliton couplers.

1.4. Generation of Ultrashort Oprtical Pulses.

There are two main types of mode locking used in the production of
ultrashort optical pulse trains, these are active?® and passive mode
locking. Active mode locking operates by applying an external
modulation, to either the amplitude (AM), or the phase (PM) of the
light within the optical cavity. The purpose of this modulation is to
generate new optical frequemcies, which will have different
longitudinal modes in the cavity. The length of the cavity can then
be used to lock the modes, which posses an integer number of half
cycles together, and hence produce optical pulses. Passive mode
locking makes use of nonlinear optical element, which has a high
loss at low intensities, however, the loss saturates at high intensities
therefore reducing its effects. The maximum emission principle4?
states that a laser will operate in a state that maximises its output,
and therefore under certain conditions the laser will tend to operate
in a mode locked state, whereby it emits high power pulses. Some
mode locking techniques which are applicable to this study are
described in the following sectioms.

1.4.1. Frequency modulatiom (Active).

Mode locking by frequency modulation (section 4.2.2.) can be
described adequately in both the frequency and time domains.
It is usually accomplished by the introduction of a sinusolidally
driven electro-optic material, at one end of a laser cavity. If the
time domain is considered first, light which passes through the
electro-optic material will experience a phase shift, and thus a

frequency shift (f =%‘fi). However, when the modulator drive

Chapter 1.
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signal is zero the light will see no phase shift. If the length of
the cavity is now “locked” to the frequency of the drive signal,
the light at the “null point” will be successively amplified.
Where as the rest of the light, will be pushed outside the gain
bandwidth by successive passes through the modulator.

In the frequency domain it is possible to represent the
modulated signal by:

E(t) =E, cos(w@,t + ycosw,,t) 1.26.

Where vy is the modulation index, ®, is the central light
frequency and o, is the modulation frequency. It is possible to
mathematically represent equation 1.26. using Bessel functions:

E(t)=E, } Jn(Y) cos{w, + mw,, ) 1.27.

Where ], is the Bessel function of first kind and rank m. From
equation 1.27. it is quite obvious, that there are frequency
components of ©, + mo,, within the cavity. There is however a
problem associated with FM mode locking, as it is apparent that
there are two null points in a sinusoidal waveform (positive
and negative going), which can lead to instabilities in the mode
locking.

1.4.2. Synchronous pumping (Active).

Mode locking by synchronously pumping48 (section 4.3.2.), is
typically applied to either semiconductor lasers, or lasers which
are pumped by another laser. In the latter case of the slave and
pump laser, the pump laser is mode locked and the slave laser
cavity is adjusted, so that its length is exactly the same, or an
integer multiple of that of the pump laser. In this mode locking
scheme pulses are shortened by a combination of gain
modulation and gain saturation. By studying figure 1.7. the
pulse shortening process can be easily followed.
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1.5. Measurement of Ultrashort Optical Pulses.

Generally the method employed for the detection of optical pulses
depends on the duration of the pulses involved. For most
applications basic linear detection using a fast photodiodes and a fast
oscilloscope are adequate. However, the bandwidth of oscilloscopes
typically limits the application of these techniques to the order of a
few nanoseconds (resolution =1 ns). To directly measure the pulse
width of shorter pulses it is usually a streak camera50 that is
employed, as it can provided a resolution of around 1 ps and even
sub picosecond (= 300 fs) in state of the art lab research. For the
measurement of femtosecond pulses the most widely used
technique used is second harmonic autocorrelation, as this gives the
best temporal resolution with the only disadvantage being the loss
of some pulse shape information.

1.5.1. Second harmonic Autocorrelation.

For the detection of ultrashort pulses (<1 ps) nonlinear
autocorrelation techniques51 are required. These techniques
essentially change the measurement of ultrashort time scales,
to that of small distances which are easily quantified. Typically
autocorrelators operate by splitting an optical pulse into two
components, and propagating these components along two
optical paths of similar length. One of these paths however,
possess a variable time delay, which will sweep one pulse
through the other as they are combined in a SHG crystal
(section 1.2.1.). Since the magnitude of SHG signal depends
quadradically on the input intensity, a second order
autocorrelation will be generated, as the two pulses pass
through each other. The duration of the pulse can now be quite
easily inferred from the autocorrelation, from measuring the
delay introduced by the variable optical path.

There are four typical types of SHG autocorrelator, all of which
are classified depending on the type of phase matching, and the
geometry of the interfering beams. Autocorrelators can use
either typel, (similarly polarised) or typeII, (orthogonally
polarised) phase matching to produce the SHG signal, and the
input beams to the crystal can have a collinear or noncollinear

Chapter 1.
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Where T is the time delay, D is the distance between mirrors, f
is the frequency of rotation and c is the speed of light. A
repetitive linear delay is generated by rotation of the mirror
assembly, which when used in the shown configuration, will
provide a continuous display of the autocorrelation function,
on an oscilloscope synchronised to the mirror rotation. The
total autocorrelation scan range can be given by:

T, =42 d 1.29.
C

Where d is the diameter of the scanning mirror. In the
configuration used the total scan length was = 120 ps, with a
resolution of less than 20 fs, and a nonlinearity factor across the
scan of 7 % / 100 ps.

1.5.2. Fast PD.

To monitor optical pulses the most convenient method is to
use direct linear detection by using a fast photodiode and a fast
oscilloscope. Most commercially available fast photodiodes
have a bandwidth of around 20 GHz, although bandwidths in
excess of 100 GHz have been reported52. It is therefore the
oscilloscopes that limit the resolution of the pulse width, and
this is typically around 1-2 GHz. Although this detection
method does not allow individual pulses to be resolved, it does
permit for pulse trains to be monitored.

1.6. Propagation of Ultrashort Optical Pulses.

The propagation characteristics of optical pulses in dielectric
waveguides have been extensively studied in a number of device
formats, (e. g. Fibres53 and integrated waveguides54), and various
materials have been used for these studies (e. g. glass®5, lithium
niobate56 and semiconductors57). These studies have typically been
concerned with, the dynamics of pulse propagation in relation to
optical communications. In general when using single mode
waveguides and neglecting the optical losses, the main effects pulses
experience during propagation, are dispersion and various
nonlinear effects. Dispersion gives rise to temporal modulation of
the pulse width, which is due to group velocity dispersion

Chapter 1.
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interacting with the initial pulse chirp. When pulses begin to posses
significant peak powers nonlinear effects become important, and
these can manifest themselves in different ways due to a number of
processes. However, these process are characterised by changing the
pulse spectrum, and some examples are spectra broadening due to
SPM (section 1.2.3.), frequency shift due to Raman scattering etc..
The following section gives a basic introduction to linear pulse
propagation, as it is essential for understanding the dynamics of
ultrashort in optical waveguides.

1.6.1. Group Velocity dispersion.

When an optical wave interacts with a dielectric material the
bound electrons respond in a fashion, that is dependent on the
frequency of the propagating wave. In linear terms this is
basically shown as frequency dependence of the refractive
index, and can be described through Sellmier’s equation:

k( BA )

Where n is the refractive index, A is the wavelength, }‘j is the
jth resonant wavelength of the material, and B; is the
coefficient associated with the jth resonance. The sum extends
over all resonances in the wavelength region of interest, and B;

is usually found by curve fitting to experimental data.

Since ultrashort pulses contain a large bandwidth, the
dispersion of the refractive index can have a significant effect
on the temporal shape of a pulse. This is due to the fact that the
various frequencies in the pulse will propagate at different
speeds. Therefore, it is preferable to describe the pulse
propagation by using the mode propagation constant (B(w)).
The propagation constant is usually written as an expansion of
the Taylor series:

B(w) =B, (@,) +B(w-w,) + ';'52(0) —o,) + %ﬁg(m —o,)+..  13L

Where o, is the central frequency of the pulse, and the
dispersion terms are:
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_ 4B

" do

B;

lo=w,

The physical understanding of the dispersion coefficients and
their expression are as follows:

o 21
= o = 1.33.
Po PhaseVelocity A
1 1 dn
_ =2[n-pon 1.34.
Py GroupVelocity ¢ (n dk)
3 2
B, = GroupVelocityDispersion = 2??%1% 1.35.

B, is termed the Group Velocity Dispersion (GVD), and in
general it is positive in the visible region, and turns negative
in the near infrared. Obviously this means that there is some
point where the GVD is zero, and this is referred to as the zero
dispersion wavelength, which for typical fused silica fibres is
around 1.30 um. Using special fibre geometeries this
wavelength can be shifted, to coincide with the low loss
window at 1.55 um, and is therefore extremely important in
communication systems. At the zero dispersion point pulses
can essentially propagate with no alteration to the pulse shape,
or duration. The GVD can be defined by the parameter D,
which is defined as the pulse spreading per unit wavelength,
and can be characterised by:

Although perhaps a better physical parameter for characterising
the GVD is the dispersion length, which is defined as the
length over which a gaussian pulse increases its width by a
factor of /2.

T2

LD =T 1-370

B.|
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Where T, is the 1 duration of the pulse, which is related to the
more commonly used Full Width at Half Maximum (FWHM)
duration by:

Gaussian Pulse.
TFWHM = 1. 665T° 1.38.

Sech?2 Pulse.

Tewam =1.763T, 1.39.
1.7. Conclusions.

In conclusion the need for upgrading to faster data communications
systems has been highlighted, and relevance of both temporal and
spatial optical solitons in these systems has been discussed.
Temporal solitons are being investigated, as the fundamental
component that will increase data transmission to in excess of
100 Gb s7L. Spatial solitons may hold the key to all optical processing
in these future systems, because they have the potential to provide
discrete optical switching in solitonic couplers. They also have
potential in the realms of multi channel multiplexing, since soliton
bouncing at nonlinear interfaces, could realise all optical scanners.

General nonlinear optics as well as specific examples such as self
phase modulation, and self focusing have also been discussed, as
they enable an understanding of the processes related to optical
solitons. Finally the production, propagation and detection
ultrashort pulses is also investigated, since these pulses are of
fundamental importance in the study of nonlinear optics.
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properties of AlGaAs is essential, as it enables an understanding of how
the nonresonant nonlinearity can be manipulated. Therefore, in the
following sections various properties of both bulk and quantum well
AlGaAs are outlined, with an emphasis on the optical properties and
their relevance to nonlinear optics.

2.1. Optical Properties of AlGaAs.

Of compound semiconductors, AlGaAs is the most highly
researched as an optical material system. This research bias exists for
a multitude of reasons:

* The direct bandgap of III-V semiconductors.
* Good lattice match for all aluminium compositions.
* Precise control over both the bandgap and refractive index.

AlGaAs has been shown to be the choice for the demonstration of
various integrated all ultrafast optical nonlinear devicesS. This is
since it has a Kerr type nonlinearity that is almost 3 orders of
magnitude larger than that of silica fibres, and it also possess an
extremely mature fabrication base.

2.1.1. Absorption in Bulk Al1GaAs.

In the spectral region of the fundamental absorption edge of
semiconductors, incident photons can cause carrier transitions
between energy bands. These transitions will only occur if the
photons posses energies which are equal to or larger than, the
energy difference between the highest nearly filled band and
the lowest nearly empty band. When incident photons posses
energies less than the band gap, absorption is extremely small
and due mostly to band tail states close to the bandedge, and
nonlinear process at greater detunings. As the photon energies
are increased and the band edge is passed, the absorption can
increase by factors in excess of 10%. For III-V semiconductors the
band structure that best describes optical absorption is the Kane
band model (figure 2.1.), and as it is also used in the calculation
of the nonlinear refractive index of AlGaAs it will be beneficial
to describe it here.
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Where 7 is a measure of the warping of the energy surfaces of
the Epp, bands and £, f; and f3 are slowly varying functions of

energy of the form:

. (Eg +4) (E.+24)

1= (Eg +—§-A) (EC +A) 2.5.
_3(En+34)

f,= 2 (B +h) 2.6.

f3 = 3(Eg + A) (ESO + %A) 2.7.

A (Eo-Ey)
Where m is the free electron mass, and m, is related to the

effective electron mass by:

1
m

If only small values for the wave vector are considered and
ignoring warping, it is possible to reduce equations 2.1. to 2.4.
to:

232
E, ~E, + 0 {1+ m] 2.9.
2m m,
232
B, =<7 [m —1] 2.10.
2m | m,
252[ m 2(E, +A
E, =—K7|m (E, )—1 2.11.
2m | m, 3E, +2A
252 E
B =-A-XP/m %5 4 2.12.
2m | m, 3E, +2A

Where m, is related to the heavy hole mass by:

1t 1 2.13.
my, m, m
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Moss and Hawkins® have used this theory to calculate the
room temperature absorption of GaAs (figure 2.2.).

n m — S
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-« "

7

Theoretical
Data

Data

8 |Experimental
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1.3 1.5 1.7
Photon Energy (eV)

Figure 2.2. Absorption band edge of GaAs at room temperature. (reference 6.)

The parameters used for the calculation were, Eg = 1.41 eV,
A =0.33 eV, m.=0.072m, and an average heavy hole mass of
0.68 m.

2.1.2. Excitons in Bulk A1GaAs.

Electrons in the conduction band and holes in the valence band
are electrically charged particles which posses opposite charges.
Therefore, it is possible for them to interact with one another,
and be drawn together through Coulomb forces. This interband
attraction causes the formation of bound states which are
termed excitons. Excitons can be thought of as being hydrogen
like systems, and they can therefore be described in a similar
fashion. By first considering the Bohr radius (agp):

g

aSD = o 2 20140

m.e

Where 7 is Plank’s constant, e is the electron charge, ¢, is the
dielectric constant and m, is the reduced mass of the electron
hole pair:
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The binding energy of the exciton in the ground state can now
be described as:

B, 1

bzp =~

D=, &

Where |i; is the reduced electron-hole mass. The energy in the
ground level of the exciton is proportional to the Rydberg
constant (Ry). In a similar fashion to the hydrogen atom, an

infinite number of energy levels exist for the exciton, and the
value for the jth level can be characterised by:

EXP =F_ - byp 2.17.

Where Eg is the bandgap energy and j is an integer. For GaAs
the binding energy of the ground state and the Bohr radius are
4.20 meV and 14 nm respectively’. At room temperatures the
exciton effect in bulk GaAs is not well defined, due to the
excitonic peak being significantly thermally broadened by
scattering with LO phonons. However, providing low
temperature measurements are carried out, the exciton effect
can be seen as a sharp spike just below the bandgap in the
absorption spectrum (figure 2.3).
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Bandedge

Wavelength (a. u.)
Figure 2.3. The low temperature absorbance spectrum of GaAs, showing the exciton peak
just below the bandedge. (reference 8.)

2.2. Al1GaAs Quantum Wells.

AlGaAs Quantum Wells (QW) consist of two relatively thick layers
of AlGaAs (Barriers), sandwiching a thin layer of AlGaAs (Well)
which has a lower Al content (i. e. narrower bandgap). The well
width is chosen so that it is smaller than the mean free electron path
(=30 nm), and thick enough to provide the desired confinement. If
care is taken to ensure that lattice constants are well matched, the
band discontinuity at the junctions can be considered to be sharp
enough for the well to be modelled by a finite square well (figure
2.4.). Quantum wells allow electrons and holes to move freely in the
plane of the well, but constrain movement normal to the well.

2.2.1. Absorption in Quantum Wells.

It is possible to model the quantisation of AlGaAs quantum
wells by using a finite potential well.
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