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Abstract— In recent years, semiconductor nanocrystals quantum dots (QDs) have been extensively studied because of their
unique optical and electronic properties compared to their bulk counterparts. This ability to tune the bandgap of the QDs
through the control of the particle size can provide near-infrared emission covering the important wavelength region for the
fiber optic communication. We have doped the optical fiber core by quantum dots (QDs) to integrate the emission
characteristics of quantum dots with propagation characteristics of optical fiber. In particular, narrow bandgap materials such as
PbS and PbSe have attracted much attention. Due to the large bulk exciton Bohr radii of PbS (18 nm), quantum confinement
effect can be achieved over the wide range of the particle size. Application specific QDs can be incorporated into the optical
fiber core. It was reported that PbS nanoparticles could provide the emission over the whole transmission window (1200-1700
nm) of silica fibers, and therefore could be promising for all-wave optical amplifiers. We have carried out numerical
investigation such amplifier characteristics and have shown incremental gain values. Simulation results show that it is possible
to design an optical amplifier with flattened gain characteristics over S, C, and L bands with low noise figure, moderate optical

signal to noise ratio and minimum gain of 10 dB.
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I. INTRODUCTION

Instant access to large amount of data has led to demands
for large transmission capacity to carry the fast growing
data traffic. As per the today and future requirements of
transmission bandwidth and data rate, optical fibers promise
enormous transmission bandwidths and high data rate H.
Jong and L. Chao have reported the PbS QDs doped optical
fiber amplifiers [1, 2]. The optical fiber wavelength range is
divided in different regimes; the coarsest division is the 1.3
and 1.55 pm wavelength bands [3]. At 1.55 pm, a standard
single mode fiber has the lowest attenuation of0.2 dB/km.
The increase in data traffic, together with the advantages of
fiber optics for data transmission; drive the development of
optical components, especially those capable of all-optical
processing without the need of complex opto-electro-optical
conversion. Due to the losses of the optical fiber and the
signal power differences in network nodes, amplification
and regeneration of the optical signal are essential processes
and the reason for the adoption of optical amplifiers in fiber
communication.

e Rare earth-doped fiber or waveguide amplifiers

Gain band: Erbium (C, L-band), Thulium (S, U-band),
Praseodymium (O-band) based on fluoride, telluride and
silica materials

e Fiber Raman amplifiers
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Gain band: 1.3 to 1.7 pm, tunable by the pump wavelength,
if available realized as discrete or distributed pumped
amplifiers

e Semiconductor optical amplifiers

Gain band: 1.2 to 1.7 pm, tunable by the InGaAsP
composition based on InP substrates

Although erbium doped fiber amplifiers are available to
amplify the optical signal in wavelength range of C and L
bands, with very good gain and noise performance, and are
widely employed in the optical network, the optical fiber
amplifiers from S to L bands are yet to design in order to
meet the growing demand of high speed and large
bandwidth. Study shows that semiconductor nanocrystals
quantum dots (QDs) have unique optical and electronic
properties compared to their bulk counterparts. Quantum
dots shows an important property to tune the bandgap
through the control of the particle size can provide near-
infrared emission covering the important wavelength region
for the fiber optic communication. As the quantum dots'
electron energy levels are discrete rather than continuous,
the addition or subtraction of just a few atoms to the
quantum dot has the effect of altering the boundaries of the
bandgap. Changing the geometry of the surface of the
quantum dot also changes the bandgap energy, owing again
to the small size of the dot, and the effects of quantum
confinement. Because the emission frequency of a dot is
dependent on the bandgap, it is therefore possible to control
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the output wavelength of a dot with extreme precision [4].In
particular, narrow bandgap materials such as PbS and PbSe
have attracted much attention. Due to the large bulk exciton
Bohr radii of PbS (18 nm), quantum confinement effect can
be achieved over the wide range of the particle size. PbS
QDs could provide the emission over the whole
transmission window (1200-1700 nm) of silica fibers, as a
result optical amplifier with flattened gain characteristics
over S, C, and L bands is possible to design.

For long-haul systems, the loss limitation has traditionally
been overcome using optoelectronic repeaters in which the
optical signal is first converted into an electric current and
then regenerated using a transmitter. Such regenerators
become quite complex and expensive for wavelength-
division multiplexed (WDM) lightwave systems. An
alternative approach to loss management makes use of
optical amplifiers, which amplify the optical signaldirectly
without requiring its conversion to the electric domain.
Several kinds of optical amplifiers were developed to meet
the system requirement, but they are limited to range of
wavelengths. The best advantage of quantum dot doped
fiber amplifier is tunable capability that means the operation
wavelength depends on the size of quantum dot.

In order to achieve requirement of today and coming future
of high channel capacity, it is very important to design an
optical amplifier with flattened gain characteristics over S,
C, and L bands. The objective of this project work is to study
on a quantum dot doped fiber amplifier and their
characteristics over S, C, and L bands. We aim to
accomplish aforementioned amplification characteristics by
changing the parameters of the quantum dot doped fiber
amplifiers.

II. RELATED WORK

A quantum dot is a semiconductor whose excitons are
confined in all three spatial dimensions. As a result, they
have properties that are between those of bulk
semiconductors and those of discrete molecules. They were
discovered at the beginning of the 1980s by Alexei Ekimov
in a glass matrix and by Louis E. Brus in colloidal solutions.
The term "Quantum Dot" was coined by Mark Reed [4].
Quantum dots, also known as nanocrystals, are a special
class of materials known as semiconductors, which are
crystals composed of periodic groups of II-VI, III-V, or IV-
VI materials. Semiconductors are a cornerstone of the
modern electronics industry and make possible applications
such as the Light Emitting Diode and personal computer.
Semiconductors derive their great importance from the fact
that their electrical conductivity can be greatly altered via
an external stimulus (voltage, photon flux, etc), making
semiconductors critical parts of many different kinds of
electrical circuits and optical applications. Quantum dots
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are unique class of semiconductor because they are so
small, ranging from 2-100 nanometers (10-500 atoms) in
diameter. At these small sizes materials behave differently,
giving quantum dots unprecedented tunability and enabling
never before seen applications to science and technology

[5].

Fig. 1: Different semiconductor nanostructures: bulk-material, quantum-
well, quantum-wire and quantum-dot [5].

If one is working with semiconductors it is important to
clarify in which dimension they are existent.
Semiconductors with quantum confinement in zero to three
dimensions are shown in Fig. 1. The simplest form of a
semiconductor is the bulk-semiconductor which is limited
in no spatial direction and is therefore three-dimensional. If
the extend is prevented in one dimension one gets a
semiconductor-film, namely a quantum well. Decreasing
the structure to one dimension one gets a semiconductor-
line, a quantum-wire. The smallest existing nanostructure is
the one used in this work, the zero-dimensional quantum
dot whose extend is limited in all three dimensions.

| Quantum wire 4 Quantum dot

0D

% | Bulk semiconductor A Quantum well
3D D

_

Density of stat

Energy
Fig. 2: Density of states for three, two, one and zero-dimensional systems

[S].

The different nano-structures can be described through a so
called confinement potential. Because of the restriction of
the dimensions of extension there are energy edges between
the single materials that build the potential. Thereby the
movement of the carriers is restricted. This potential has
influence on the density of states. In Fig. 2 the relation
between the energy and the density of states is shown. A
step-like density of states is given for a restriction in one
dimension (quantum well). The density of states of the here
relevant quantum dots has discrete energy-levels. Because
of this characteristic, quantum dots are often referred to as
artificial atoms [5].

For having a semiconductor emitting light one has to shift
electrons from the valence-band to the conduction-band so
that their subsequent recombination creates a photon. There
are two possible ways of describing the new situation. First
there is the two particle picture where the electron now
situated in the conduction-band is the one particle and the
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hole which it leaves in the valence band is considered as a
second particle. The charge of the hole is the negative
equivalent of the electron charge. This charge is essential to
the implementation of the one particle picture, which is the
second possibility to describe the excitation. Because of the
charges and the Coulomb exchange interaction there is an
attractive connection between the electron and the hole. For
the purpose of simplification the electron-hole pair is
considered as a quasiparticle which is named exciton. In
Fig. 3 the potentials for both pictures are shown
schematically. To assure the validity of the approximation
made in this work with the introduction of the effective
mass it has to be clarified that the excitons are considered to
be Wannier-excitons. That is, the electron-hole pair, which
represents the exciton, extends through the distance of some
lattice constants. This definition is contrary to the so called
Frenkel-excitons, where electron and hole a located within
one lattice constant.

1( P — (1)
e‘— R —— e,
e ¥ \ 2 P e;h“ —
CB ¢ |t 3 ‘ S ok
\ = e, — 4,
€ = | —
e h, S— el
E,
@ > ! exc rec
b WA AN~
VB et

— N
Fig. 3: Schematics of the two-particle-picture (electron and hole) on the
left and of the one-particle picture (exciton) on the right. [8]

crystal ground state

There are three major methods known to build up quantum
dots:
1. Etching, where the dots are literally cut out of

quantum wells.

2. Colloidal quantum dots that are created in liquids
by chemical processes.

3. Self-assembling were the dots grow by themselves
because of a sufficient mixture of different
materials having suitable properties.

The latter is how the quantum dots used in this work are
created. More concrete the dots where made by using
molecular beam epitaxy (MBE), that is explained in the
following. A schematic drawing of a MBE chamber is
shown in Fig. 4. At first the material for application is
evaporated in the effusion-chambers, which is in our case
indium, arsenic and gallium. At second the molecular-beam
is aligned to the substrate (GaAs). The atoms of the
molecular beam settle on its surface. With the temperature
of the substrate and the timing of applying material one can
finally control the growth. Usually some layers of the
substrate material are grown in advance of the
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nanostructures to overcome substrate irregularities. There
are two kinds of phenomena corresponding to the self-
organized growth of layers, layer- and island-growth. If the
lattice constant of the substrate and the applied material are
similar smooth layers are formed. Is there on the other hand
a significant difference between the lattice constants strain
is created which can prevent the growth of closed layers and
lead to the appearance of islands [9].

RHEED
m
b Shutter
Dopant
vacuum
chamber
g Gallium
Lo
Aluminum
Arsenic

- 7J

Display
Fig. 4: Schematic presentation of a MBE-chamber which can be used to
produce self-assembled quantum dots [9].

In most cases, which is true also for the current, first a
closed coating of few mono-layers is formed which is called
wetting layer. Only when the strain is big enough islands
grow on top of it, see Fig. 5 a) top). In Fig. 5 b) an Atomic
Force Microscopy (AFM) picture of an ensemble of such
self-assembled quantum dots can be seen. Furthermore,
chosen the right environmental conditions, i.e. giving the
material not enough time to react to the stress, it is possible

also to grow highly stressed quantum-wells [6].
b)

Fig. 5: a) Scheme of the growth of quantum dots. Top) Wetting layer with
quantum dots. Middle) Application of a well meant to shift the emission
wavelength. Bottom) Application of a spacer. b) AFM-picture of an
ensemble of self-assembled quantum dots [6].

After creation of the quantum dots either a spacing layer is
applied to the sample that acts as a barrier (mostly the
substrate material is used) or, like in our case, a well is
grown on top of the dots shifting the emission wavelength
to more desired ones followed by the spacer (as can be seen
in Fig. 5 a) middle). Such a nanostructure is called quantum
dots in a well (DWELL). After that another layer of dots
can be applied following the same methods. In our case 15
layers of quantum dots in a well where grown, the nominal
density of the dots is nyp 2x10"° cm™ and the thickness of
the spacer layer is 33-35 nm [9].
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A. Quantum Confinement

The Quantum dots are also made out of semiconductor
material. The main differences between the
macrocrystalline semiconductor and the corresponding
nanocrystalline material arise from two fundamental factors
that are size related. The first one is associated to the large
surface area to volume ratio of nanoparticles and the second
one 1is related to the three-dimensional quantum
confinement of their charge carriers. The electrons in
quantum dots have a range of energies. The concepts of
energy levels, bandgap, conduction band and valence band
still apply. As we know exciton is a bound state of an
electron and hole which are attracted to each other by the
electrostatic Coulomb force. It is an electrically neutral
quasiparticle that exists in insulators, semiconductors and
some liquids. The exciton is regarded as an elementary
excitation of condensed matter that can transport energy
without transporting net electric charge. However, there is a
major difference. Excitons have an average physical
separation between the electron and hole, referred to as the
Exciton Bohr Radius this physical distance is different for
each material [10].

In bulk, the dimensions of the semiconductor crystal are
much larger than the Exciton Bohr Radius, allowing the
exciton to extend to its natural limit. However, if the size of
a semiconductor crystal becomes small enough that it
approaches the size of the material's Exciton Bohr Radius of
the bulk semiconductor, ap (typically in the 1 nm to 10 nm
range which is still much larger than the semiconductor
lattice constant, <lnm) then the electron energy levels can
no longer be treated as continuous they must be treated as
discrete, meaning that there is a small and finite separation
between energy levels. This situation of discrete energy
levels is called quantum confinement, and under these
conditions, the semiconductor material ceases to resemble
bulk, and instead can be called a quantum dot. This has
large repercussions on the absorptive and emissive behavior
of the semiconductor material [10].

A direct consequence of the 3D confinement is that the
energy levels of the excited carriers (exciton) will become
discrete and approach the molecular behavior as the particle
size decreases. An ideal quantum dot can be treated like a
spherical quantum box, and will display an atomic like
absorption spectrum. The energies of the quantized states in
the conduction and valence “band” can be calculated using
the Schrodinger equation and the effective mass
approximation [10].

In semiconductor materials, an electron can be excited
across the band gap into the conduction band and leave a
hole in the valence band simultaneously. By the attractive
coulomb interaction, an excited electron in the conduction
band and the resulting hole in the valance band may
approach each other. Then, they form an electron-hole pair
which is called an exciton. In case of the bulk PbS
semiconductor, an electron-hole pair forms a weakly bound
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exciton in which an electron-hole separation distance is
larger than the Ilattice constant of the crystal. The
characteristic distance between these two charges can be
expressed as [12]
n? T1 1
ex _ o | L 1
A" = e? € [me + mp M
= m, and my, - effective mass of electron and hole,
respectively, e is the elementary charge
= ¢ - dielectric constant of the bulk semiconductor

= e -celementary charge

This distance is also known as the Bohr radius of the bulk
exciton. When the size of this semiconductor is comparable
to or smaller than the Bohr radius Eq. (1), the exciton will
be confined spatially inside the semiconductor (dot). This
results in quantum confinement, which gives a strong
influence to the electronic and optical properties of the
semiconductor. Based on the effective mass approximation,
Brus [12, 13] showed for quantum dots that the energy gap
between the lowest level of the conduction band (so called
Lowest Unoccupied Molecular Orbital (LUMO)) and the
highest level of the valence band (so called Highest
Occupied Molecular Orbital (HOMO)) can be
approximately calculated by

pE =Ty 1) e

2R Llmg mp €R
where R is the radius of the quantum dot.

(@)
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Bulk Qds

Fig. 6: A comparison of energy levels between a bulk semiconductor and a
quantum dot.

In Eq. (2) the first term relates to the quantum localization
which shifts the energy gap to higher energies as R™2.The
second term is the Coulomb term which shifts the energy to
lower energies as R™1 . Consequently, the total energy gap
(AE) increases in energy when decreasing the quantum dot
diameter. Experimentally this effect can be observed as a
blue shift of the absorption spectrum with decreasing
quantum dot size. Moreover, quantum confinement causes
that the valence band and the conduction band of the
quantum dots consist of discrete energy levels, as shown in
Fig. 6. These structures are often referred to as “artificial
atoms". Changing the geometry of the surface of the
quantum dot also changes the bandgap energy, owing again
to the small size of the dot, and the effects of quantum
confinement. Because the emission frequency of a dot is
dependent on the bandgap, it is therefore possible to control
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the output wavelength of a dot with extreme precision. The
valence and conduction band in a bulk semiconductor
consist of an energy continuum. On the contrary, the
valence and conduction band in a quantum dot consist of
discrete energy levels. The effective mass approximation
model does not consider a number of important parameters,
which are observed in real quantum dots, e.g., surface
structure effects and size dependent structural lattice
arrangements [13]. As a consequence, this model is not
valid in predicting and explaining experimental results for
very small quantum dots. To overcome these problems,
more sophisticated models have been invented, such as the
pseudopotential model by Krishna et al. [14].

III. METHODOLOGY

A two-level model is used to describe the energy-level,
electron transition process, and is shown in Fig.1. The
bandwidth [Eg(R)] of energy gap between valence and
conductive bands are determined by following equation
[17]:

(ahw)? = (hw) — Eg(R) 3
Where
(Eg(R)Y? = (Eg)* + (22E9) (%) 4

and the energy gap depends on temperature (T) via
following equation [17]:

E(T) = By + 40 )
Where

* E,-phonon energy bandgap in single crystal,

= R -radius of QD,

= m, -electron mass,

= h -Plank constant, respectively, and

= oand P are host-dependent parameters.

A laser at 0.800 um is used to pump the doped waveguide,
the up and low sublevels of the second level act as the
excited and metastable levels
" Wizpa, Wiape— represents the pump absorption and
emission rates between the ground and the excited
levels
= Wiysq, Wisse — represents the stimulated signal
absorption and emission rates between the ground
and the metastable levels
= A, — represents the spontaneous emission rate
from the metastable level to the ground level.
= N;, N,— are population densities of the ground
level and the second level, respectively.

© 2016, IJCSE All Rights Reserved

Vol.-4(6), PP(123-131) Jun 2016, E-ISSN: 2347-2693

The behavior of the entire system can be represented
through the absorption and emission cross sections shown
in Fig. 8. The difference in spectral shape between the
absorption and emission spectra is due to the thermal
distribution of energy in conduction band and valence band
of a quantum dots. The absorption and emission cross
sections contain the exiton population distribution
information.

There are some advantages of PbS QDs, such as PbS QDs
have larger emission cross-section than Er*” ions in addition
to the large absorption cross-section. Furthermore, full
width at half maximum (FWHM) intensity of
photoluminescence from PbS QDs is approximately 190-
250 nm, considerably larger than ~40 nm for 1.54 pm
emission from Er’* Such large FWHM was induced by the
size dispersion of PbS QDs, which can also be tuned by the
careful control of the heat-treatment. Therefore, it appears
that PbS QDs provide promising features for the application
to broadband fiber-optic amplifiers [18].

Fig. 7: Schematic of two-level system of QD-doped glass [17].
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Fig. 8: Absorption and emission cross sections as functions of wavelength
[17].

A. Generalized Rate Equations without ASE

From a two-level model of a quantum dot doped fiber
amplifiers rate equations describing electronic transition
without considering amplified stimulated emission (ASE) is
given by [17]

N
a—tl = —(lepa + WIZSQ)Nl + A21N2 + (W21pe +
Wa15e)N, ©®
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aN.
T (Wizpa + Wizsa)Ny = AziNy = (Waipe + Waige)N,

%
N =N, +N, ®)

Where
A, is the radiative decay rate of the transition.
The radiative decay rate A, is inversely proportional to the

lifetime T
1

A21 = ; (9)
We have

oMy _ oM

o T o (10)

At the steady state condition, we can consider:
Ny N,
o = 0 and TS =0

By solving above equation (6) and (7) for steady state
condition, we get,

N, = (A21+W12pe+lese)N (11)
1 Wi2patWizsatAz1+Wa1petWaise
W +W: N
N, = ( 12pa 125a) (12)

, =
Wi2patWizsatAz1+Wa1petWaise

The transition probabilities of pump and signal absorption
and emission are given below in terms of respective cross-
section values and respective powers:

OsqP. OseP. OpaPs
w. — sals — sel’s w. — D
12sa hvgA > YW12se hvgA > YW12pa hv A ’
eff eff pleff
OpePs
Wizpe = ——— (13)
Pe hvphess

= gy, and o,,- represents the absorption and
emission cross sections of the signal
" 0y, and g,,- represents the absorption and

emission cross sections of the pump

The power propagation equations describing pump and
signal power propagating through the active fiber is given
as [17],

0Py (z,t)
=== —PB,[;(0paN1 = 0pel2) — P, (14)
% = =PI (05N, — 054 Ny) — P (15)

* [ and [},- represent the confinement factor
" a, and a,- denote the background loss of, signal

and pump beams, respectively.
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B. Amplified Spontaneous Emission

All the excited ions can spontaneously relax from the upper
state to the ground state by emitting a photon that is
uncorrelated with the signal photons. This spontaneously
emitted photon can be amplified as it travels down the fiber
and stimulates the emission of more photons from excited
ions, photons that belong to the same mode of the
electromagnetic field as the original spontaneous photon.
This parasitic process, which can occur at any frequency
within the fluorescence spectrum of the amplifier
transitions, obviously reduces the gain from the amplifier. It
robs photons that would otherwise participate in stimulated
emission with the signal photons. It is usually referred to as
ASE (amplified spontaneous emission). Ultimately, it limits
the total amount of gain available from the amplifier.

To compute the ASE at the output of the fiber, we need to
first calculate the spontaneous emission power at a given
point in the fiber. This power is sometimes referred to as an
equivalent noise power. For a single transverse mode fiber
with two independent polarizations for a given mode at
frequency vs , the noise power in a bandwidth Av ,
corresponding to spontaneous emission, is equal to [19]

The total ASE power at a point along the fiber is the sum of
the ASE power from the previous sections of the fiber and
the added local noise powerPls;. This local noise power
will stimulate the emission of photons from excited erbium
ions, proportionally.

The propagation equation for the ASE power propagating in
a given direction is

6PA25(ZI)' = —Pyspl5(05e Ny — 05 N1) + 205, NoI[shvgAv —
asPase 17

C. Generalized Rate Equations with ASE

As we see in section 3.2.2, amplified spontaneous emission
is present in the system, which lowers the system
performance. It is important to consider (amplified
spontaneous emission rate equations are given by equation
(3.16) and equation (3.17) as shown

aN
a_tl = _(W12pa + Wizsa + WlZASEa)Nl + AN, +

Wa1pe + Waise + Woqase, )N, (18)

an
% = (Wizpa + Wazsa + Wizase,)Ni = Az1N; = Waipe +
Wlee + W21ASE9)N2 (19)

Similarly consider study state condition, we get,
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(Az1+ Waipe+ Waise+Wa1asE, )N
Wi2patWi2satW124SE atA21tWa1petWa1setW214SE e

(20)

(lepa"' Wizsa+t WlZASE_a)N
Wi2patWi2satW124SE atA21tWa1petWa1setW214SE e

ey

And the power propagation equation describing pump,
signal, and amplified spontaneous emission (ASE) power
propagating through the active fiber is given equations (14),
(15), and (17) as

9Ppzt) _ o — 0 -
g_z = Pprp( paNl peNZ) aplp (22)
a — — a,l

Ps(zt) _ P.T(0seN, OsaN1) sts (23)

0z

aPAS(;EZ(Z't) = PASEFS(UseNZ - UsaNl) + 2O—seNZl—‘shvSAv -

asPyse (24)
The transition probabilities of amplified spontaneous
emission noise absorption and emission are given by
OASE_aPASE OASE_ePASE
714 = === W, = St (25)
124SE_a haspders | | PLASEL T Tyyccage

Where oy5 o, and o455 . denote the absorption and
emission cross sections of ASE, respectively. Generally,
Opsg_q = Osq and Oy5p o = Opsg o In case of multiple signals
used in system, the transition probabilities of pump, signal
and amplified spontaneous emission noise absorption and

emission are given by

OsaPs OsePs

W. = W = W =
12sa Z ’WsAeff ’ 21se Z thAeff ’ 12pa
apaPp (26)
hvpAers
OpePp OASE_aPASE
Wyrpe = X2t W, = ) ZaskarasE
21pe h"pAeff ’ 12ASE_a hVASEAeff i
_ O ASE_ePASE
Woasee = Zoms s 27
e

D. Amplifier Noise and OSNR

Generally most of the amplifiers downgrade the SNR(signal
to noise ratio) of the signals. The reason behind this is the
spontaneous emission, which results in noise in the signal.
The SNR degradation is measured by the parameter F, F,
is also called the amplifier noise figure. It is defined as

(SNR)in
=—= 28
" (SNR)our (28)
where SNR is the generated electric power when there is a
conversion from optical signal to electric signal. F, can vary
depending on several parameters that is associated with
thermal noise in the detector. F, can simply be considered
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with shot noise only. If we consider an amplifier whose gain
is G. Then we can write

Pr)ut:GPin (29)
Therefore the SNR is given by

SNR), = i 30
( )in - 2hvAf (30)

where < /> = RP;,, the average photocurrent,
R =g/h 1is the responsivity of a photodetector
with unit quantum efficiency

USZ = 2qRP,,Af (31)

The amplifier noise figure is

_ (SNR)in _ 1+2n5p(6G-1)
T (SNR)out G

(32)

The parameter ngy, is the spontaneous-emission factor
Along with the amplified signal, there is ASE power,
which is given by the following equation [10]

Pyisg =~ 2ng,(G — 1)hvAf 33)

Then the amplifier noise figure can be given by

__ Pase | 1
T A6 G 34
We define the optical signal-to-noise ratio (OSNR) as the
ratio of the output of the optical signal power to the ASE
power which is shown by the following formula

P GP;
OSNR — out — mn
P4SE ZHSP(G—l)h‘UAf

(35)

IV. RESULTS

The emission spectrum as a function of wavelength is
shown in Fig. 8; the emission spectrum covers the
wavelength from 1100 to 1700 nm and centered around
1350 nm. The emission and absorption cross-section of
pump beams of wavelength 800 nm are 0.8 x 10** m™ and
3.4 x 10™* m?, respectively. We have used conventional
fiber with core radius a= 4 pm, optical fiber core
refractive index, n = 1.59 with refractive index difference,
A = 0.5%, loss coefficient, a= 0.3 dB/m, the bandwidth,
Av = 125 GHz, and emission lifetime, T = 240 ps. All the
calculations and results are carried out at room temperature
(RT).
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The calculated noise figure and OSNR for QDs doped fiber
amplifiers are shown in Fig. 9 and Fig 10. The minimum
NF we have achieved is 3.3 dB. For the wavelengths (A)
1100 nm — 1150 nm, NF is much high (> 10 dB). Noise
figure value for S and C bands are lying between 3.3 dB —
6 dB, and for L band the NF value is varies from 6 dB to 8
dB. The maximum calculated value for OSNR is 14.5 dB,
shown in Fig 10.

20

Noise Figure (dB)
S5l o

]

900 1200 1300 1400 1500 1600 1700
Wavelength(nm)

Fig 9: Noise figure variation of QDs doped fiber amplifiers (1100 nm —
1700 nm)

In the above diagram we can see that as the wavelength
increases the noise figure decreases. This decreasing trend
is followed till a certain limit after that limit the noise
figure starts increasing which is not desirable. So the most
preferable wavelength for the working of the quantum dots
are between 1200nm to 1700nm approximately.
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Fig 10: Variation of OSNR for QDs doped fiber amplifiers (1100 nm —
1700 nm)

In this diagram we will evaluate the results for OSNR
(optical signal to noise ratio). Here we see that the OSNR
increase after a certain bandwidth stay almost constant till
a certain bandwidth and then starts decreasing. The trend
followed in this diagram is same as the trend followed in
the Fig 4.1. The OSNR stays maximum for the wavelength
between 1200nm to 1700nm. So here through the graphs
we have found out that the most suitable range of working
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of QD doped fiber amplifiers are between 1200nm to
1700nm.

V. CONCLUSION

Here we have reported a thorough study of quantum-dot
fiber amplifiers, and has demonstrated that it has gain
amplification capability for a large range of wavelengths,
i.e. from 1200 nm to 1700 nm. The simulation is done
using MATLAB and calculated the noise figure and OSNR
value. Quantum dot doped fiber amplifiers have high value
of loss coefficient, in the range of 0.3dB/m. So, the fiber
length is an important parameter in the amplification of the
signals, for the maximum amplification the fiber length
needs to optimize. Simulation shows that it is possible to
design and implement an optical amplifier with low noise
figure, moderate optical signal to noise ratio.

System performance of optical amplifier is dependent on
the gain characteristics of an amplifier. For satisfactory
working of an amplifier, gain characteristics should be
flattened.
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