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Abstract- The scope of this paper is to analyze the
performance of augmented gain EDF amplifier systems by
enhancing the stages of EDF amplifier & further by variation
in pumping power on designed EDF amplifier system. The
design evaluates the performance of the network for a given
pattern specifies the design accessibility for the speed
enhancement. The Performance of an Optical Communication
system can be improved by the use of EDFAs as an Optical
Amplifier. Erbium doped fiber amplifier (EDFA) is an
important element in DWDM networks. For the present work,
we have used EDFA design software tool. The proposed
model consists of an input source, isolator, pump source,
erbium fiber and WDM coupler. It simulates various
characteristics such as amplified spontaneous emission,
minimum gain, maximum gain, average gain, noise figure,
gain flatness, gain tilt etc. in efficient manner. It confirms the
excellent agreement between simulations and results obtained
in real EDFA design. And also changing the design
parameters on four stages EDF amplifier such as Input Pump
Power, the different performance parameters (gain and noise
figure) can be optimized without changing the values of
isolator, erbium fiber length and WDM.

I. INTRODUCTION

O

ptical amplifier
An optical amplifier is a device that amplifies an optical
signal directly, without the need to first convert it to an
electrical signal. An optical amplifier may be thought of as a
laser without an optical cavity, or one in which feedback from
the cavity is suppressed. Optical amplifiers are important in
optical communication and laser physics. There are several
different physical mechanisms that can be used to amplify a
light signal, which correspond to the major types of optical
amplifiers. In doped fiber amplifiers and bulk lasers,
stimulated emission in the amplifier's gain medium causes
amplification of incoming light. In semiconductor optical
amplifiers(SOAs), electron-hole recombination occurs. In
Raman amplifiers, Raman scattering of incoming light with
phonons in the lattice of the gain medium produces photons
coherent with the incoming photons. Parametric amplifiers use
parametric amplification.
The optical fiber can be doped with any of the rate earth
element,
such
as
Erbium(Er),Ytterbium(Yb),
Neodymium(Nd), or Praseodymium(Pr) .the host fiber
material can be either standard silica ,a fluoride based glass or

a multi component glass. The operating regions of these
devices depend on the host material and doping elements.
Fluorozirconate glasses doped with Pr or Nd are used for
operation in the 1300 nm window, since neither of these ions
can amplify 1300 nm signals when embedded in silica glass.
The most popular material for long haul telecommunication
applications is a silica fiber doped with Erbium, which is
known as a EDFA. In some cases, Yb is added to increase the
pumping efficiency and the amplifier gain .the operation of an
EDFA by itself normally is limited to the l530-1560 nm
region. The active medium in an optical fiber amlifier consists
of a nominally 10-30-m lenght of optical fiber that has been
lightly doped
with a rare earth lement ,such as
erbium(Er),ytterbium (Yb),thulium (tm).the host fiber material
can be standerd silica,a fluoride-based glass,or a tellurite glass.
Doped fiber amplifiers
Doped fiber amplifiers (DFAs) are optical amplifiers
that use a doped optical fiber as a gain medium to amplify an
optical signal. They are related to fiber lasers. The signal to be
amplified and a pump laser are multiplexed into the doped
fiber, and the signal is amplified through interaction with the
doping ions. The most common example is the Erbium Doped
Fiber Amplifier (EDFA), where the core of a silica fiber is
doped with trivalent Erbium ions and can be efficiently
pumped with a laser at a wavelength of 980 nm or 1,480 nm,
and exhibits gain in the 1,550 nm regions.
An erbium-doped waveguide amplifier (EDWA) is an
optical amplifier that uses a waveguide to boost an optical
signal. Amplification is achieved by stimulated emission of
photons from dopant ions in the doped fiber. The pump laser
excites ions into a higher energy from where they can decay
via stimulated emission of a photon at the signal wavelength
back to a lower energy level. The excited ions can also decay
spontaneously (spontaneous emission) or even through
nonradioactive processes involving interactions with phonons
of the glass matrix. These last two decay mechanisms compete
with stimulated emission reducing the efficiency of light
amplification.
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signal power are reduced in the output amplified signal:
smaller input signal powers experience larger (less saturated)
gain, while larger input powers see less gain. The leading edge
of the pulse is amplified, until the saturation energy of the gain
medium is reached. In some condition, the width (FWHM) of
the pulse is reduced.

II. SOFTWARE USED
Fig. 1 Schematic diagram of a simple Doped Fiber
Amplifier
The amplification window of an optical amplifier is the
range of optical wavelengths for which the amplifier yields a
usable gain. The amplification window is determined by the
spectroscopic properties of the dopant ions, the glass structure
of the optical fiber, and the wavelength and power of the
pump laser
Basic principle of EDFA
A relatively high-powered beam of light is mixed with
the input signal using a wavelength selective coupler. The
input signal and the excitation light must be at significantly
different wavelengths. The mixed light is guided into a section
of fiber with erbium ions included in the core. This highpowered light beam excites the erbium ions to their higherenergy state. When the photons belonging to the signal at a
different wavelength from the pump light meet the excited
erbium atoms, the erbium atoms give up some of their energy
to the signal and return to their lower-energy state. A
significant point is that the erbium gives up its energy in the
form of additional photons which are exactly in the same
phase and direction as the signal being amplified. So the signal
is amplified along its direction of travel only. This is not
unusual - when an atom “lases” it always gives up its energy
in the same direction and phase as the incoming light. Thus all
of the additional signal power is guided in the same fiber
mode as the incoming signal. There is usually an isolator
placed at the output to prevent reflections returning from the
attached fiber. Such reflections disrupt amplifier operation and
in the extreme case can cause the amplifier to become a laser.
Gain saturation
Gain is achieved in a DFA due to population inversion
of the dopant ions. The inversion level of a DFA is set,
primarily, by the power of the pump wavelength and the
power at the amplified wavelengths. As the signal power
increases, or the pump power decreases, the inversion level
will reduce and thereby the gain of the amplifier will be
reduced. This effect is known as gain saturation – as the signal
level increases, the amplifier saturates and cannot produce any
more output power, and therefore the gain reduces. Saturation
is also commonly known as gain compression. To achieve
optimum noise performance DFAs are operated under a
significant amount of gain compression (10 dB typically),
since that reduces the rate of spontaneous emission, thereby
reducing ASE. Another advantage of operating the DFA in the
gain saturation region is that small fluctuations in the input

In the desiging of the EDF optical amplifier required
software is Gain Master

III. EDF- OPTICAL AMPLIFIER DESIGN
EDFA optical amplifier designing is done with help of
the Fiber Optical Simulation Program & the Gain Master.
Design tools are used .In this design we show that the optical
amplifier gives all the parameter of the erbium fiber & that
gives the idea how the signal is to be transfer from one
location to the other location. In this design we find the
gain,wavelength & noise parameter. The software allows for
schematic representations of an optical amplifier to be input
via a graphical user interface which mimics the symbolic
language often used by engineers to outline a design on paper.
The program tracks the optical power through the design,
integrating the differential equations to solve the propagation
of signal, pump, and amplified spontaneous emission (ASE)
bands through all erbium fiber sections. Once a simulation is
complete, the user may look inside the design by graphing the
power propagating through any fiber in the design, as well as
through the length of all erbium fiber sections. . Also, by use
of the probe component, the user may make common twopoint measurements of interest, such as gain, noise figure,
conversion efficiencies, etc. Optical parameters of any
component may be changed and the simulation re-run to
observe the effects on amplifier performance.
In this paper we have shown the variation of gain &
noise with respect to the wavelength for the second stage of
optical amplifier. The range consider the 1550 nm-1620nm.the
software use is gain master of erbium doped fiber amplifier

Fig 2. Dual stage EDF Optical amplifier design
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optical amplifier up to the threshold value the gain increases
after that the gain decreases with wavelength & becomes zero
at the peak value of wavelength on the similar pattern the
noise also 1st increases & then decreases & finally becomes
zero at the peak wavelength.

Fig. 3Single Stage EDF optical amplifier design

Fig. 4 Four- stages EDF Optical amplifier design

IV. RESULT ANALYSIS, GAIN AND NOISE FIGURE SPECTRA

Fig. 5 Noise figure spectrum of EDF Optical amplifier (a) Single-stage (b) Dual –Stages (c) Four-Stage

Fig. 6 Gain spectrum of EDF Optical amplifier (a) Single-stage (b) Dual –Stages (c) Four-Stages
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Table 1: Analysis of EDFA gain, noise figure with singlestage, dual-stage & four-stage EDF optical amplifier.

V. EFFECT OF PUMPING POWER ON EDF
AMPLIFIER

Fig. 9 Noise figure spectrum of EDF optical amplifier on
effect of input pumping power (0.12W, 0.35W, 0.55W,
0.85W)

VI. CONCLUSION

Fig 7 Simulation results of Four-stage EDF Optical amplifier
by Gain Master

This paper shows that the optical amplifier is to be used
for amplify the signal and basically designed an optical amplifier
to increase the level of the input signal and found that the
optimum parameters for the transmission of the data. The input
wavelength is taken in between 1520-1617nm. Moreover it also
shown the noise spectrum of the erbium doped optical amplifier.
Wavelength division multiplexing (WDM) technique is used for
the multiplexing of the signal between the two stages of the
optical amplifier. Moreover it is also concluded that the range of
the optical amplifier is 1520 -1620 nm. It can be used only up to
the 10-30m. It shows the results of the fourth stage of the optical
amplifier and the different optimum parameters of the optical
amplifiers (table 1). Pumping power effect on EDF amplifier is
analyzed Simulation Results indicate that Gain and noise figures
are affected by pump power. It may be observed that the Gain is
optimized and Noise Figure initially decreases with increase in
Pump Power and then attains the same value. (Table 2)

Table 2: Analysis of EDFA gain, noise figure by variation of
pumping source power
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