
Abstract : The gain of the Erbium doped fiber amplifier is 
affected by many parameters. There is a problem of gain 
transient. The parameters which affect the gain are length of 
fiber, concentration of Erbium ions, pump power, signal power 
etc. Here we try to develop the test bed for gain improvement of 
Erbium doped fiber amplifier. Earlier studies and experiments 
took only one parameter to study and improve the gain of 
Erbium doped fiber amplifier. Prototyping needs access to a new 
large state-of-the-art laboratory facility in class 10000 clean air, 
with vibration-dampened floors equipped among others with a 
12.5 Gbit/s BERT, 50 GHz DCA, several spectrum analyzers, 
tunable lasers, a 26.5 GHz optical component analyzer, a 40 
GHz network analyzer, a polarization/PMD analyzer, numerous 
EDFAs and 500 km of spooled True wave fiber. All in all, this test-
and measurement equipment available amounts to about 20 
million Rs, plus another 20 million worth of optical and electro-
optical components. Simulation can prove to be an economical 
way out and can help in analysis of the EDFA amplifier without 
the need for such an infrastructure.    
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I. Introduction
The erbium-doped fiber amplifier is emerging as a major enabler 
in the development of worldwide fiber-optic networks. The 
purpose of this work is to present an introduction to the history 
of the erbium-doped fiber amplifier, as well as the context within 
which fiber amplifiers are having a very significant commercial 
impact. The emergence of the fiber amplifier foreshadows the 
invention and development of further guided wave devices 
that should play a major role in the continuing increase in 
transmission capacity and functionality of fiber network.
With the introduction of fiber optic cable into our rapidly 
advancing world, we have expanded our communication 
capabilities in ways never imagined.  We can now transmit 
data for thousands of miles with ease and very little power.  Yet 
fiber optics, which relies on light as a means of transmission, 
requires amplification when traveling over long distances, such 
as that between the United States and Europe.  Due to signal or 
power dissipation, periodic amplification is needed to maintain 
signal strength and clarity.  Signal amplification, originally 
achieved by electronic repeaters, is now accomplished by the 
use of a laser based fiber amplifier. Fiber optic is a cable that is 
quickly replacing out-dated copper wires. Fiber optics is based 
on a concept known as total internal reflection in which light is 
trapped in a glass tube, or cable. It can transmit video, sound, 
or data in either analog or digital form. Compared to copper 
wires, fiber optics can transmit thousands of times more data 
at a faster rate and with a cleaner signal. Some of its general 
uses are long-distance telecommunications, computing, and 
medicine.
Yet, even with its amazing capabilities, fiber optic technologies 
are not entirely perfect. As these transmissions cover larger 
distances, signal loss occurs and amplification is required.  

Without amplification, the signal gradually loses power until 
it finally dies out. 
At the introduction of the optical age, signal amplification was 
accomplished by the use of electronic repeaters.  This method 
requires that the light signal is changed into an electrical 
impulse, is amplified, and is remitted as a light signal.  This 
was a problem.
The electronic repeaters added noise to the signal, consumed 
much power, and was complicated, which means they were 
a source of failure. They also had to be made for the specific 
bit-rate of transmission, which meant the entire network must 
be uniform in order to work properly.  Upgrading the amplifier 
required replacing all the repeaters, a difficult task in an 
undersea cable, not to mention dangerous in shark-infested 
waters.  Using repeaters as the method of amplification also 
required cutting the fiber optics cable and disrupted signal 
clarity. The next generation of fiber optic amplifiers held lots 
of expectations.  They promised to be faster, simpler, and 
less power consuming.  This generation of amplifiers also 
would be longer lasting and needed less maintenance.  When 
technologist went looking for a new optical amplifier they found 
it among lasers.
By using an inline semi conducting laser, optical amplification 
had become better, cleaner, and much easier.  When using 
a light-pumping diode, a pair of Bragg’s Mirrors, and a laser 
medium (the fiber itself), a situation is created in which 
stimulated emission occurs and the optical signal is boosted. 
The basis of this technology relies on the laser medium used, 
which determines the wavelengths emitted during stimulated 
emission.
The new amplifier is simple.  As the carrier signal enters the 
amplifier, it is joined by an 800 Nanometer (nm) ¬ - 980nm 
band of light emitted by a pump laser [1].  This light from the 
laser excites the medium; in this case, an erbium-doped fiber.  
Then, as the carrier signal passes through the fiber, it causes 
the medium to come to the ground state, otherwise know as 
stimulated emission.  The energy given off by the erbium is in 
the form of light at a bandwidth of 1540 nm – 1550 nm [2].  
Just as in a laser, these emitted photons of light stimulate other 
emissions, causing an exponential growth in photons.  The light 
emitted amplifies the carrier signal as it bounces back and 
forth between the Bragg’s Mirrors on each end of the amplifier. 
Finally as the signal exits the amplifier, it passes through a filter 
that removes the light emitted by the pump laser 
The most efficient laser medium to date has been an Erbium-
Doped Fiber, which operates in the 1540nm to 1550nm [5] 
range [7].  Erbium contains special properties that make it an 
excellent choice for fiber optic amplification.  Because Erbium 
ions are Er3+, their quantum levels allow them to stimulate light 
in the 1540 nm – 1550 nm bandwidth.  This benefits fiber 
optics because at this bandwidth the least power loss occurs 
in most silica-based fibers.  Erbium is excited by a pump signal 
between 800 nm – 980 nm, which also has low power loss in 
silica-based fibers.  The pump signal, 800 nm – 980 nm, is 
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also far enough away from the signal bands, 1540 nm – 1550 
nm, that it is easy to filter out the pump signal. Interestingly, 
rare earth doped lasers in a small diameter crystal fiber form 
were investigated during the early 1970s as potential devices 
for fiber transmission systems. This work was done by Stone 
and Burrus at Bell Telephone Laboratories. The crystal fibers 
had cores as small as 15 µm in diameter, with typical values 
in the 25 µm to 70 µm range [4]. The cores were doped with 
neodymium, with a surrounding fused silica cladding. Lasing 
of this device was achieved for a laser wavelength of 1.06 µm 
[3]. A laser was typically fabricated by polishing the end faces 
of the laser and coating them with dielectric coatings. The fiber 
was then aligned to a pump laser, in the case of a laser diode 
pump. In the case of a fiber with a core diameter of 35 µm, 
the laser pump threshold was as low as 0.6 mW of launched 
pump power at 890 nm. Lasing was even demonstrated with 
an LED pump.

Fig 1

II. Methodology Used 
Matlab will be used as the simulation tool and a simulation 
model will be constructed which will then lead to iterations 
and expected results will be in the form of output power  by 
changing different parameters such as the length of the optical 
fiber etc.

Fig. 2
Erbium-doped silica glass can be simply described as a three-
level medium. From semi classical laser theory [6] and assuming 

monochromatic inputs the steady-state intensities pI and sI

of the pump at frequency pν and of the signal at frequency

sν , respectively, vary wit the longitudinal fiber coordinate z 
according to three level system basis.
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where 1/ij ijA τ= are the spontaneous emission rates from levels 

i to j with characteristic lifetimes ijτ , 32 31 32/( )A A Aε = +  is a 

branching ratio, ρ is the density of Er  
3+ ions in the fiber waveguide, 

pσ and sσ are the peak pump absorption cross section and the 

signal fluorescence cross section, respectively, /p p pR I hσ ν=

, and /s s s sW I hσ τ ν= . In eqs. (1) and (2) the approximations 

31 32 21A A A+ >> and 31 32A A R+ >>  have been made. 

Introducing the pump intensity threshold 21/th p pI hν εσ τ=  

and the normalized intensities / , /p p th s s thI I I I I Iγ ε′ ′= =

, with /s p p sγ σ ν σ ν= , we can write eqs. (1) and (2) as
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Eq. (3) shows that in the small signal regime ( ( ) 1)sI z′ <<
, pump intensity absorption with length always occurs with a 

quasi exponential decay law around threshold ( ( ) 1)pI z′ �  

and a linear decay law well above threshold ( ( ) 1)pI z′ >> . 
On the other hand, the signal intensity in eq. (4) is modulated 

by the gain factor ( 1) /( 1)s p pI Iρσ ′ ′− + .
As the signal propagates along the fibre, it is amplified 
exponentially, provided that the population inversion condition

( ) 1pI z′ >  is verified. Beyond a certain point of the fibre, the 

decaying pump intensity verifies that ( ) 1pI z′ < , and the signal 
is absorbed, since the gain factor is negative. It is clear, then, 
that for a given input pump power there exists an optimal length 
within which only signal amplification occurs.
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This length 0l  is defined by the condition 0( ) 1pI z l′ = = , or

0( )p thI z l I= = . Normalized pump light intensity pI and the 

signal light intensity sI (forward pumping configuration) have 
following relations
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Where s sα ρσ=  and p pα ρσ=  are signal and pump 
absorption coefficients respectively. From these equations, 
the relation between signal gain G (decibels) for a small signal 
light, erbium doped fibre length L and launched pump power

pinP  is analytically obtained as the following transcendental 
equation

  1 1 ln10 1 1 ln10ln ln (7)
2 2 10 2 2 10

pin p p pin
p p

th s s th

P P
L G L G

P P
α α

α α
α α

   
− − + − =   

   

The per posedd result with pump signal 1480 nm and input 
signal 1535 nm .The density of Er3+ ions is 9.38x1023 .The 
length of the fiber varies from 1to 35 m in increments of 5m 
step. The per posed results shown in Fig 3. From it we can 
conclude that the optimal length of fiber is 35 m

In Fig. 6 and Fig. 7 we vary the signal power the EDFA with 1200 
mw pump power and concentration of Er3+ ions is 14.28x1023 
ions/cm3. Change in Signal power is 1.5mW to 4.5 mW.

Fig. 3

Fig. 5
This test bed is used for improvement of gain of EDFA with 
the variation of different factor upon which gain depends 
like concentration [10], length, pump power, signal power, 
absorption coefficient.For same parameters and we take length 
1 to 35m if we vary the pump power from 0 mw to 1200 mw 
we get results given in fig 4. If we change the length from 1 to 
35 m with change in Concentration of Er3+ 14.28x1023 ions/
cm3 to we obtained the results given in Fig. 5. 

Fig. 4

Fig 6
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Fig. 7

III. Conclusion
From above results we can conclude by increasing the   
concentration of Er3+ ions there was not change in gain for 
1m length but there is appreciable change for 5m to 35m i.e. 
7dB to 19dB.Similarly if we vary the pump power to 1200 mW 
there is appreciable improvement in gain from 18dB to 30dB for 
length 10m to 35m but there is not any improvement in gain at 
smaller lengths. For signal power 1.5mW there is improvement 
of gain 2.5mW to 27 mW (1m to 35m) but for further increase 
in signal power the gain of EDFA reduces for every length. It 
is concluded that increase in signal power does not yield an 
improvement in gain. This test bed is used as the testing tool for 
the improvement of gain of EDFA considering maximum parameters 
on which the gain is depended.
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