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Abstract

The mechanism for low-temperature photoluminescence emissions inGaAs−
AlxGa1−xAs single quantum well heterostructure is studied in details using PL
spectroscopy as a function of temperature and laser excitation intensity. PL
peak intensity varies linearly with the excitation power and decreases with in-
creasing temperature, exhibiting a small redshift. Band gap of the sample shows
temperature dependence and behaves like a typical semiconductor. The vari-
ation of band gap against temperature is an important characteristic of the
semiconductor and can be explained both theoretically and analytically using a
modified version of Varshni equation. Importance of excitons in PL spectra at
low temperature is observed.
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Chapter 1

Introduction

Spectroscopy is a tool to study the interaction between radiation and mat-
ter as well as to gain insight into the electronic structure of the matter. In
spectroscopy, frequency and intensity of a radiation is analysed after it gets re-
flected, emitted or observed by a matter. Spectroscopic investigations can be
performed over a wide range of frequency and hence it has several applications
into modern science e.g. investigation of electronic structure of matter (by pho-
ton emission or absorption), phonons (Raman spectroscopy), crystal structure
(X-ray diffraction), atomic and molecular structure investigation (NMR spec-
troscopy) etc.

Luminescence is a phenomena in which radiation is emitted by a material
when electrons make transition from excited state to ground state within the
system. In Photoluminescence, the excitation of electrons occurs due to ab-
sorption of photons. Light is directed onto a sample where it is observed and a
process called photo-excitation occurs, where the system gets excess energy.

Due to photo-excitation electrons within the material jump to the higher
permissible excited states. Eventually, these electrons return back to their equi-
librium state and the excess energy is released in form of light. The spectrum of
this light gives information about the electronic structure and other properties
of the material.

In this project, we study the photoluminescence in single quantum well
heterostructure of a direct band gap semiconductor Gallium Arsenide (GaAs).
Detailed physics associated with the photoluminescence process inside a semi-
conductor is explained in next chapter. In chapter 3, detailed description of
experimental set-up is presented. Observations and analysis of results upon
performing the experiment are discussed in chapter 4. We finally conclude the
report by proposing our next step for future work.
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Chapter 2

Fundamentals

2.1 Light-matter interaction

Semi classical approach is used to understand the light matter interaction
phenomenon, in which light is treated as classical EM wave and electrons are
treated quantum mechanically. For an electron inside electromagnetic field,
the Hamiltonian includes certain interaction terms which are treated by time-
dependent perturbation theory [1]. The momentum p̂ which corresponds to
unperturbed Hamiltonian Ĥ0 changes to p̂+eÂ under the effect of perturbation
term H ′ with Â being the vector potential. This yields

Ĥ =
1

2m
(p̂+ 2Â)2 + V̂ (r) = Ĥ0 +H ′ (2.1)

with Ĥ0 =
p̂2

2m
+ V̂ (r) and Ĥ ′ =

e

2m
p̂.Â

Transition rate describing the probability of transition from state ψm to ψn
(Fermi’s golden rule) is given by

Wm→n =
2π

h̄
|M̂ ′nm|2δ(En − Em − h̄ω) (2.2)

where |M̂ ′nm| is the matrix element given by

|M̂ ′nm| = 〈ψn|Ĥ ′|ψm〉 =

∫
ψ∗nĤ

′(r)ψ∗m (2.3)

Thus the transition between the discrete energy levels m and n occurs when
|En −Em| = h̄ω. Also, 4m = 0, ±1 and 4l = ±1 need to be obeyed, where m
and l are quantum numbers.

2.2 Photoluminescence in semiconductors

Inside a semiconductor (more generally a solid), the discrete energy levels m,
n turn into continuous energy bands. These are no longer discrete. Therefore a
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different process occurs, controlling the light-matter interaction inside semicon-
ductors. The delta function from (2) gets replaced by DOS (density of state)
inside a solid, while the matrix element get replaced by Bloch’s wave function.
We need not go deep into the band structure inside semiconductors. Photolu-
minescence process inside semiconductors is explained in following sections.

2.2.1 Semiconductors

In semiconductors, there is a finite band gap (EG) between the conduction
band (CB) and valance band (VB). Based on the band structure, there are two
types to semiconductors, namely direct band gap semiconductors and indirect
band gap semiconductors. In direct band gap semiconductors such as GaAs,
the minimum of conduction band and maximum of valance band lie at the same
point k = 0 in the momentum space, while in indirect band gap semiconductors,
these two points don’t lie at k = 0 (figure 2.1).

Figure 2.1: a) Direct band gap semiconductor, b) Indirect band gap semicon-
ductor [2].

In order to have an optically induced inter band transition of charge carriers
(electrons and holes), energy and crystal momentum conservation is required. In
direct band gap semiconductors, the only critical requirement is the conservation
of energy EG = h̄ωphoton. Optical transition of electrons from valance band
to conduction band gets possible for h̄ωphoton > EG. For indirect band gap
semiconductors, a phonon helps in maintaining crystal momentum conservation.

2.2.2 Energy transfer

The optical transition of electrons from the conduction band to the valance
band follows by a series of events leading to energy transfer (figure 2.2) [4]. The
photo-excitation creates a non equilibrium population of free carriers (electrons
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in CB and holes in VB).
This non equilibrium population of free carriers spreads out in k-space through
carrier-carrier scattering. This involves electron-electron scattering, hole-hole
scattering and electron-hole scattering. Through multiple scattering, free car-
riers get internally thermalized and the energy gets redistributed among them
without changing the total energy. This process occurs at a time-scale of few
femtoseconds.

Figure 2.2: Overall process of photoluminescence in semiconductors. Here is an
example of radiative recombination [2].

This is followed by carrier-phonon scattering through which energy is trans-
ferred from excited electrons to the crystal. This is a bit slow process due to
poor electron-phonon coupling (time order of few picoseconds). These two pro-
cesses however, don’t change the free-carrier density, which is taken care of by
carrier-recombination and diffusion process.
Following the electron-phonon scattering, the electron makes transition back to
VB and recombines with a hole, hence decreasing the free carrier density in
momentum space. On the other hand, carrier-diffusion refers to the average
motion of free carriers from high density region to low density region, thereby
redistributing the density. Time order for this process is of picoseconds.
There are mainly two kinds of recombination process, namely radiative recombi-
nation and non radiative or Auger recombination. In radiative recombination,
there occurs a spontaneous emission of photons, while, in non radiative recom-
bination, the transition energy gets transferred to another free carrier and hence
the lattice. The radiative recombination rate is proportional to the product of
electron-density in CB (n) and hole-density in VB (p).
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2.3 Excitons

We have seen that photoluminescence is the result of radiative recombination of
electron-hole pair. Excitons are the electron-hole pair which are bound together
by electrostatic interaction. These are unstable against the electron-hole recom-
bination, but often dominate the absorption spectrum just below the band edge.
When the electron-hole pair is created by absorption of photon, the absorption
spectrum contains sharp lines just below the band gap (figure 2.3). These sharp
lines are due to excitons.

Figure 2.3: Exciton bands below the conduction band inside a semiconductor
[18].

Excitons play important role in determining optical properties of semicon-
ductors. They are mostly observable at low temperature due to the limitations
of its binding energy. For stable excitons, binding energy needs to be less than
thermal energy.

2.4 Quantum wells

Quantum wells are thin layered semiconductor structures in which one thin semi-
conductor “well” layer (where electrons and holes are confined) is sandwiched
between two other semiconductor “barrier” layers. Quantum confinement of the
charge careers (electrons and holes) derive the their special properties. Basic
understanding of quantum wells comes from the quantum mechanical study of
“a particle in a box” model.
Excitons play very important role inside quantum wells. Unlike the transition
of electrons or holes in between valance and conduction band inside a semicon-
ductor, we consider the creation of electron-hole pair and deal with them. It is
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possible to create an exciton with an energy EB less than that required to create
a “free” electron-hole pair. The energy required to create this free pair is actu-
ally the simple band gap energy EG of a semiconductor (Eexcitons = EG−EB).
This is the reason why we expect some optical absorption at photon energies
just below the band-gap energy. Also, because electrons and holes are confined
within the thin layer, their size is very small and they have large binding energy.
Due to this they orbit faster, consequently, they complete a classical orbit before
being destroyed by optical phonon, hence maintaining resonance.

2.5 Optical transition in semiconductors

From (2.1), we can obtain the transition rate of free careers inside a semi-
conductor. Considering that the state m is completely occupied and state n
is completely empty, the upward transition rate of electrons per unit volume
inside a crystal is given by

Rm→n =
2

V

∑
km

∑
kn

2π

h̄
|M̂ ′nm|2δ(En − Em − h̄ω)fm(1− fn) (2.4)

where the Fermi-Dirac equation

fm =
1

1 + e
(Em−En

kbT
)

(2.5)

is the probability that the state m is occupied. Similarly, (1− fn) shows the
probability that the state n is empty [3].
Similarly, total downward transition rate per unit volume can be written as

Rn→m =
2

V

∑
km

∑
kn

2π

h̄
|M̂ ′mn|2δ(Em − En − h̄ω)fn(1− fm) (2.6)

So, the net upwards transition rate per unit volume becomes

R = Rm→n −Rn→m =
2

V

∑
km

∑
kn

2π

h̄
|M̂ ′nm|2δ(En − Em)(fm − fn) (2.7)

Optical absorption coefficient α which is the ratio of number of photons
absorbed (per unit volume per unit second) and number of photons injected
(per unit area per unit second) is calculated to be

α(h̄ω) = C0
2

V

∑
km

∑
kn

〈n|eik.r ê.p|m〉δ(En − Em − h̄ω)(fm − fn) (2.8)

where C0 = πe2

nrcε0m2
0ω

For the case of quantum wells, calculation of the optical transition matrix is
done in a different way, which we do not go in details here.

8



Chapter 3

Instrumentation

In the previous chapter, we studied the physics behind photoluminescence
process in semiconductors. We will now discuss the experimental components
and design in details.

The experiment basically requires a sample, a light source, an optical ar-
rangement and detector. The sample (kept inside cryostat) is excited as the light
coming out of the source is focused on the it using a lens. An excited sample
radiates photons in form of light which is again focused at the entrance slit of a
monochromator. The monochromator uses grating technique to separate light
into narrow wavelength bands such that only the desired wavelength band of
light passes through the exit slit and is detected by Photo Multiplier Tube that
enhances the light signal. A lock-in amplifier is used to reduce signal to noise
ratio from the detected signal, and it reads the signal caused by photolumines-
cence only. Thus we get the photluminescence spectrum as a variation of output
light intensity with respect to input photon energy.A pictorial representation of
set up is shown in figure 3.1.

Figure 3.1: Schematic diagram of instrument set up.
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3.1 Sample arrangement

The sample used for photoluminescence in this experiment is a GaAs −
AlxGa1−xAs single QW heterostructure. GaAs is a direct band gap semicon-
ductor with EG value 1.42 eV at T = 300 K.
Since, in this experiment low temperature PL is being observed, the sample is
kept inside a cryostat. The temperature inside cryostat is cooled upto T = 4.2
K and temperature variation is controlled using liquid Helium and a heater.
Vacuum is also being maintained around the sample.
Light coming out of semiconductor laser gets access to the sample through a
glass window in cryostat. This light intensity is usually very high, so we use
neutral density filter to reduce its intensity upto desired value.

3.2 Monochromator

The light emitted from the sample, is helped by a simple lens arrangement to
fall at the entrance slit of the monochromator (fiure 3.2). A monochromator
consists of thin slits, concave mirrors and a diffraction grating. The incident
light gets collimated by the concave mirror, falls on the diffraction grating and
is reflected towards a second concave mirror at the other extreme which in turn
focuses the light on the exit slit.

Figure 3.2: Schematic diagram of a monochromator in function [15].

The design of the diffraction grating is such that when the light falls on it, it
reflects different wavelength of light at different angles, thus spreading out the
light in narrow bands of wavelength. This light falls on the second mirror, which
reflects it in a manner to focus a single narrow wavelength band of light to the
exit slit. Hence, only light of a particular wavelength band can pass through
the slit, no others.
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Thus the monochromator allows scanning over a range of wavelength and letting
corresponding light signal pass through.

3.3 Photo Multiplier Tube

The Photo Multiplier Tube (PMT) is placed next to the monochromator and it
detects the signal coming out of the monochromator and amplifies it (this signal
is very weak). PMT is a current device and it produces current proportional to
the incident light intensity.

PMT is a vacuum tube which contains a photoathode, a series of dynodes and
an anode (figure 3.3). The incident light falls on the photovcathode, which emits
photoelectrons by photoelectric effect. These photoelectrons are accelerated (a
voltage gradient between photocathode and dynodes leads to the acceleration)
and focused on first dynode. The electrons strike the surface and emit more
secondary electrons. These secondary electrons are again accelerated towards
the second dynode and so on. Photo electrons ejected by the last dynode is
collected at the anode as a current pulse. The strength of the pulse depends on
the voltage applied to the PMT, which is controllable. A higher voltage result
in large pulse. In our experiment, PMT voltage is set to 1000 V .

Figure 3.3: Photo Multiplier Tube [16].

The amplified signal coming out of PMT contains quite a bit amount of noise
that needs to be dealt with using lock-in amplifier.

3.4 Lock-in amplifier

Lock-in amplifiers detect and measure very small AC signals by reducing the sig-
nal to noise ratio. Lock-in works on phase-sensitive detection (PSD) technique.
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It has very narrow band-pass, so it allows the signal with specific reference fre-
quency and phase to pass, and blocks the signals with frequencies other than
the reference frequency (i.e. noise). Lock-in has four main components: input
signal (a sine wave with frequency ωsig), reference signal (provided either ex-
ternally or created by lock-in itself; frequency ωref ), DC amplifier and low-pass
filter.

Lock-in amplifies the input signal and multiplies it with the reference signal
(in our set up, the reference signal is a sine wave created by lock-in itself). The
output of their product consists of a phase term relating ωsig and ωref (3.2).
The low-pass filter only detects the signals with ωref very close to ωsig, hence
removing the noise signal at frequencies far from ωref . Noise at frequencies close
to ωref can be rejected by using narrow low pass filter bandwidth. The signal
at ωsig equal to ωref gives true DC output, the desired signal for measurement
(3.3). Basic function of lock in is demonstrated by the following example [17].

Figure 3.4: Lock in signal representation [17].

In figure 3.4, there is a reference signal in square wave form at frequency
ωr. This signal when excites the experiment, the response is the signal wave-
form of the form Vsig(sinωrt+ θsig) where Vsig and θsig are signal amplitude
and phase respectively. The lock in generates its own internal reference signal
VL(sinωLt+ θref ).
The output of the PSD is the product of two Sine waves and is given by

VPSD = VsigVL sin(ωrt+ θsig) sin(ωLt+ θref ) (3.1)

or, VPSD =
1

2
VsigVL cos([ωr − ωL]t+ θsig − θref ) (3.2)

− 1
2VsigVL cos([ωr + ωL]t+ θsig + θref )

When this signal passes through low pass filter with ωr = ωL, we get the
desired DC signal output
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VPSD =
1

2
VsigVL cos(θsig − θref ) (3.3)

One important thing to notice is that the signal frequency ωsig must be set
to one fixed value in order to be accurately detectable by the lock in. As an
AC signal has a fixed frequency, therefore, in our experiment, we have used a
chopper circuit to make the original DC laser signal behave like an AC one,
before it falls on the sample.

3.5 Software designation

After lock-in gives us the desired signal output, we get the data for obtaining
PL spectrum. But it is not very simple to extract the measurements from the
lock-in and to obtain the spectrum. This is because the measurement needs to
be done over a range of incident wavelength and needs to be repeated at each
wavelength for better accuracy of the experiment, which is not possible to main-
tain manually. For example, in our experiment, we scanned over the incident
photon wavelength range 790 nm to 810 nm with step size 0.1 nm and at each
successive wavelength value, 100 measurements were taken and averaged out.

In order to perform this task, LabVIEW programming was used. LabVIEW
is a computer program, which basically connects the instrument virtually to the
computer. It reads the response of the instrument and stores them into the com-
puter. In our experiment, two important measurements need to be taken care
of. Firstly, the incident photon wavelength, which the monochromator reads
and the second one is the PL signal which is ultimately measured by lock-in. A
LabVIEW program is written using various commands such that it reads the
photon wavelength form the monochromator and PL signal from the lock-in,
writes these data into a .txt file and stores the file into the computer. Note
that the LabVIEW program reads hundred values of PL signal for one partic-
ular wavelength and averages them out before writing them into the .txt file.
The LabVIEW program also measures the lock-in phase, which is not of any
experimental use though.

Thus we get the data for our desired experiment, which gives us a photo-
luminescence spectrum. It is to be noted that the experimental set up for this
experiment is very critical. There are various challenges before us while setting
up the experiment. The light source, sample and detector alignment needs to
be perfect so that the maximum amount of light strikes the sample, and upon
emission, maximum amount of signal is detected. We need to be careful as we
are working with laser. The experiment should be carried in dark in order to
avoid background noise because PMT is very sensitive and it may give extra
noise when some background light is present.
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Chapter 4

Observations

We saw in the previous chapter that setting up the experiment is an important
part of carrying out the whole experiment. After the set up is done as perfect
as it could be, next part of job is to collect data. Maintaining a constant back-
ground inside the laboratory (to avoid background noise), light source is turned
on and the light is allowed to fall on the sample. Sample in response exhibits
pholuminescence. The emitted photons pass through the monochromator and
then get detected by PMT. The amplified signal from PMT enters lock-in ampli-
fier which removes the noise and detects the original photoluminescence signal
emitted by the sample. Using the LabVIEW program, the data are stored in
a .txt file. Another software, named origin is used to plot the data and obtain
the corresponding PL spectrum.

In our experiment, two important aspects of PL has been studied, as are
discussed below.

4.1 Power dependence of photoluminescence

In power dependent measurement, temperature around the sample is fixed at
T = 4.2 K and PL spectrum is obtained for different magnitude of laser power
(varied between 0.460mW to 0.001mW ) [figure 4.1]. We were not able to obtain
the PL spectrum for laser power below 0.001 mW due to set up limitation and
a weak response by monochromator due to presence of white light (background).

Analysis:
The PL spectrum peak is proportional to the laser power and varies linearly
with it, also consistent with figure 4.2. The PL signal reaches as high as 140
mV (for laser power 0.460 mW ) and as low as 0.5 mV (for laser power 0.001
mW ). High laser power injects more number of photons to the sample which
in turn causes higher output signal by radiative recombination of electrons and
holes [10]. At low laser power, the rate of radiative recombination is less and it
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Figure 4.1: PL spectrum at T = 4.2 K.

Figure 4.2: PL peak voltage vs laser power.
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increases with increase in excitation power, as the careers get pumped. There-
fore we get linear relationship between PL peak amplitude and laser power.
Sometimes, at higher excitation power, when all the localized states (finite in
number) get filled, it allows other excitons to become free and subsequently,
recombine non radiatively [11]. However, this does not happen in this case.
The peak wavelength for the sample (here 801.3 nm) remains independent of
the laser power. This indicates that the laser power doesn’t affect the band gap
of GaAs QW.

4.2 Temperature dependence of photolumines-
cence

Output power of the laser is kept at 0.141 mW , while the temperature around
the sample is varied from 4.2 K to 100 K. Photoluminescence spectrum is ob-
tained for each set of parameters (figure 4.3).

Figure 4.3: Temperature dependent PL spectrum at laser power 0.141 mW .

Analysis:
As the temperature increases, the PL spectrum peak decreases (figure 4.4) and
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Figure 4.4: PL peak voltage vs Temperature.

Figure 4.5: log of PL peak voltage vs 1/Temperature.

shifts towards higher wavelength (redshift). Excitons have certain binding en-
ergy (ranging from 1 meV to 1000 meV ). So, as the surrounding temperature
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increases, the thermal energy also increases and eventually leads to excitonic
dissociation. Therefore, at higher temperature, the PL peak intensity decreases
and redshift occurs. At lower temperature, the dissociation of excitons will de-
crease, hence we would observe higher PL peak intensity.

The decrease in PL intensity with temperature can be seen as a competition
between radiative and non radiative recombination process. At low temperature,
careers are localized [14] and recombining radiatively. Increasing temperature
leads to thermally activated non radiative recombination, which is characterized
by an activation energy. From the log plot in figure 4.5, it is observed that in
low temperature region, the PL intensity remains constant. At higher temper-
ature, it follows a straight line (characteristic of an exponential relation). In
the intermediate region, it decreases, but not exponentially. This plot can be
fit using the Arrhenius formula [9,12,13]

I(t) =
I0

1 + ae−Ea/kT
(4.1)

where I0 is the Pl intensity at zero temperature, a is the ratio of radiative and
non-radiative career lifetime and Ea is the activation energy for non radiative
recombination.
The (FWHM) full width at half maximum increases with temperature. This
happens due to the morphology of band structures. Due to fluctuations of the
thickness of GaAs QW layer across lateral direction, the effective band gap in
GaAs QW has a shape as in figure 4.6 [9].
A better understanding of temperature dependence of PL can be achieved by
understanding the corresponding band gap variation.

4.3 Band gap variation with temperature

From the temperature dependence of PL data, band gap energy EG correspond-
ing to each wavelength can be obtained.

EG = hν =
hc

λ
(4.2)

or, EG =
1240

λ(nm)
eV (4.3)

Figure 4.7a shows band gap variation against temperature ranging from 4
K to 100 K. It can be seen that the decrease in band gap EG is very small for
temperature from 4 k to 20 K, whereas from 20 K to 100 K, it decreases more
rapidly. This can be explained by the previous argument of excitonic binding
energy. At temperature below, 20 K, their binding energy remains higher than
the thermal energy. This leads to their stronger association and hence has very
little affect on the band gap EG.
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Figure 4.6: Band structure in Quantum Wells due to lateral thickness fluctua-
tions.

However, The variation is not linear throughout. In a typical semiconductor,
temperature dependence of band gap depends on the lattice parameter and
electron-phonon coupling [8]. As the temperature increases, atomic vibration
due to thermal energy increases so that the inter atomic spacing also increases.
This decreases the potential felt by an electron, which in turn reduces the band
gap. It is the electron-phonon coupling though, which dominates the behaviour
of band gap.

4.3.1 Varshni equation

Varshni equation [6] is widely accepted relation to describe temperature depen-
dence of band gap in semiconductors.

EG(T ) = Eg(0)− αT 2

(T + β)
(4.4)

where Eg(0) is the band gap of semiconductor at zero temperature and α and
β are fitting parameters characteristic to particular material, β being related to
the Debye temperature associated with phonons.
It gives a good fit to the band gap vs temperature plot. Unfortunately, it has
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Figure 4.7: Band gap in GaAs QW vs Temperature at laser power 0.141 mW .

certain theoretical limitations as β sometimes possesses negative value. Also, at
low temperature, where the temperature dependence of Eg is very weak (almost
independent), Varshni relation doesn’t give a proper fit as it predicts a quadratic
relation at low temperature.
Many attempts have been made to modify the Varshni equation. A replacement
equation for the Varshni equation was proposed by O’Donnell et al.[7] given by

EG(T ) = Eg(0)− S〈h̄ω〉[coth(〈h̄ω〉/2kT )− 1] (4.5)

where S is dimensionless electron-phonon coupling term and 〈h̄ω〉 is the
average phonon energy.
This equation fits the band gap curve nicely at both high and low temperature.
At high temperature:

kT � 〈h̄ω〉 ⇒ EG(T ) = Eg(0)− 2SkT (4.6)

so that the slope (
dEG
dT

)max = −2Sk (linearly decrease) and
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At low temperature:
kT � 〈h̄ω〉, so, EG(T ) ∼= Eg(0) (independent of temperature)—exactly what is
expected theoretically.

4.4 Plots comparison

Figure 4.7 represents the comparison between the plot observed during exper-
iment and the one expected from Varshni equation (using fitting parameters).
Actually, we compare the observed band gap with the band gap of bilk GaAs.
This is shown in figure 4.7b. We see that the behaviour of band gap is similar
for GaAs bulk and QW, with a narrow difference in magnitude (0.029 eV ). We
shift the data points obtained using Varshni equation to coincide it with the
observed data points (figure 4.7c). It is observed that at temperature above
30 K, Varshni equation fits the observed plot quite nicely. At low temperature
though, Varshni data points show non linearity and thus do not fit the plot cor-
rectly. This deviation can be justified from our earlier discussion that Varshni
equation do not satisfy the behaviour at low temperature [6]. The difference
between GaAs bulk and GaAs QW band gap against temperature is plotted in
figure 4.7d. This plotted is fitted with quadratic function at low temperature
(below 40 K) and is consistent with Varshni equation, according to which at
low temperature the band gap varies as T 2. At higher temperature too, it is
consistent with Varshni equation as we find the energy difference to be almost
constant. Thus we that the band gap variation of GaAs QW bahaves very sim-
ilar to that of GaAs bulk. Also, it justifies the Varshni equation.

We also tried to compare the observed data with the equation proposed by
O’Donnell. From the obtained value of 〈h̄ω〉 for phonons, we see that 〈h̄ω〉 �
kT . This means that EG(T ) ∼= Eg(0). So, according to this theory, energy gap
in QW should be independent of temperature for the range of temperature in
our experiment. This is however, not justified from our experiment. So, we
conclude that Varshni equation gives a better explanation to the temperature
dependence of band gap.

Electron-phonon coupling: At low temperature, thermal inter band ex-
citations are negligible. As the temperature increases, more electrons enter
valance band. Also, lattice phonons who have relatively small energies get ex-
cited in large number as the temperature increases. This influences the electron-
phonon coupling [7].
Theoretical evaluation of electron-phonon coupling requires really complicated
methods. Therefore, fitting equations and models (like the one mentioned
above) are often use to parametrise this.
It has been shown that the lattice parameter too has same analytic form as
electron-phonon coupling [7].
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4.5 Challenges

As mentioned in previous chapter, instrument set up is very important. While
performing the experiment, we had to face with two major challenges. First
challenge was to make the light—emitted by the sample—fall on the entrance
slit of monochromator and entrance of PMT successively and to avoid any source
of white light from falling onto PMT as PMT is very sensitive to incoming light.
This could be achieved by maintaining minimal background light. Second major
challenge was managing a perfect cable connection between PMT and lock in.
During the experiment, initially it was observed that the laser peak intensity
decreases with time as shown in figure 4.8(a), but after fixing the cable wire
problem, no decrease in intensity was observed (figure 4.8(b)).

Figure 4.8: Laser intensity peak in (a) decreases as the measurement is repeated
at a gap of 10 minutes (left), while in (b) it remains independent of time (right).
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Chapter 5

Conclusion

This report deals with the main aim of the project —low temperature pho-
toluminescence study of GaAs QW, detailed description of instrument set up
for this experiment, obtained results and their analysis. Photoluminescence in
semiconductors like GaAs depends mainly on two factors, namely laser excita-
tion power and temperature. A higher laser power gives higher PL intensity,
while increasing temperature causes decrease in intensity and redshift. Band
gap too has a strong dependence on temperature. The experimental results
obtained are well supported by theoretical and analytical approach. Instrument
set up is a vital part of this experiment; with lock-in, PMT and monochromator
having great importance and being widely used in experiments like this.

The next objective during this project was to study pholuminescence excita-
tion (PLE) measurement, in which the detection energy for sample is kept fixed
and excitation energy is varied (inverse to the case of PL study). But due to
time limitation, this could only be a part of our future plan.

I thank Dr. Bipul Pal, Dr. Bhavtosh Bansal, Samrat Roy for their impor-
tant contribution while carrying this project and IISER Kolkata for providing
me a platform to carry this project.
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