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ABSTRACT: Optical fiber communication is one of the most reliable and secure telecommunication technology. 
When transmitted over long distances, the optical signal is highly distorted. To prevent signal degradation over long 
distance we need an optical amplifier which provides better Q factor and minimum bit error rate. At the choice of 
signal amplification method the preference is given to the class of erbium doped fiber amplifier (EDFA). It has the 
major advantage of being optical amplifier, with no conversion of the optical signal into electrical signal and more 
suitable at 1550nm wavelength. Stage enhancement of EDFA improves the Q factor and decreases the BER. Thus the 
overall performance of the transmission schemes such as WDM increases. Multi pass and multi stage configuration of 
EDFA improves the performance parameters of the amplifying system. 
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I. INTRODUCTION 
 
Optical fiber communication is one of the most reliable, fastest and secure telecommunication technologies. It has 

grown in importance exponentially in the present modern era. It is reliable in handling and transmitting data through 
hundreds of kilometers with an acceptable bit error rate. Optical signal or light is transmitted through optical fibers.  

In fiber optic communication, there is a problem of signal degradation during the transmission with increased 
distance. In order to remove loss limitations, optical amplifiers are used. Optical amplifiers directly amplify the 
transmitter optical signal without converting it into electric forms. At the choice of signal amplification method the 
preference is given to the class of erbium doped fiber amplifier (EDFA). EDFAs are optical amplifiers that use a doped 
optical fibre as a gain medium to amplify an optical signal stage enhancement of EDFA improves the Q factor and 
decreases the BER. Thus the overall performance of the transmission schemes such as WDM increases. 

 
In an EDFA, population inversion is achieved by optical pumping.to get population inversion it 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 region. Amplification is 
achieved by stimulated emission of photons. 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. So the signal is 
amplified along its direction of travel only [1]. 

 
EDFA increases the range of the transmission. To obtain better performance, multi pass and multi stage EDFA 

configurations are used. Stage enhancement andmultiple passes in EDFA improves the Quality factor(Q factor) and 
reduces the bit error rate(BER). Thus the overall system performance get improved. Multi pass and multi stage EDFA 
configuration includes three stage, three stage quadruple pass etc[2]. By simulating different multi pass and multistage 
EDFA configurations the improvement can analyse. 
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II. RELATED WORK 
 
An erbium-doped fiber amplifier configured in a double-pass amplification scheme to improve the performance of 

the amplifier stage The system provides  better Q factor and reduced BER as compared to the single EDFA 
configuration. The system provides a gain improvement also[3]. 

Two stage amplification with EDFA improves the gain and overall system performance. The signal get amplified by 
the first EDFA and the amplified signal is further amplified by the second EDFA. The range of transmission is also 
increased using this configuration [4]. 

 
III. SYSTEM MODELLING 

 
Fiber-optic communication is a method of transmitting information from one place to another by sending pulses of 

light through an optical fiber. The general block diagram of optical fiber communication is shown in figure 1. Optical 
amplifiers are used here to reduce the effects of signal degradations by amplifying the incoming optical signal [5]. 

 
 

Fig1: Block diagram of optical fiber communication system 
 

2.1 Three Stage EDFA Configuration 
Three stage EDFA configuration is connecting three EDFAs in series to improve the performance of the amplifier 

stage. The signal get amplified by three EDFAs as shown in figure 2. Signal passes through each EDFA only once. 
Amplified signal from the previous stage get further amplified here to increases the Q factor and overall performance. 
Each EDFA is optically pumped by individual pump source. It is just similar to two stage EDFA configuration [2]. 

 

 
 

Fig 2: Block diagram of three stage EDFA configuration 
 

2.2 Three Stage Quadruple Pass EDFA Configuration 
Three stage quadruple pass EDFA configuration includes three EDFAs, used to get four passes through it. The 

block diagram of three stage quadruple pass EDFA configuration is shown in figure 3.9.In this configuration, signal 
passes through the first and second EDFA only once but through the third it passes twice[3]. The signal passes through 
each EDFA once and at the output of the third EDFA, it get loop back by using a tunable band pass filter(TBF). Third 
EDFA works as dual pass amplifier. Then the signal passes once again through the third EDFA and then its output is 
detected. TBF suppresses the ASE noise. Thus the system performance is improved further. 
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Fig 3: Block diagram of three stage quadruple pass EDFA configuration 
 

IV. SIMULATION MODELLING 
 
A three stage EDFA configuration consists of an optical transmitter stage which provides the input optical signal. It 

is passed through an ideal isolator before feeding to the coupler to avoid back reflections. Bi-directional pumping is 
used here. Three EDFAs are cascaded together to improve the performance of the amplifier stage. Here each EDFA is 
individually pumped as shown in figure 4. The signal get amplified by the EDFA and output signal is detected by using 
a pin photo detector. A low pass filter and 3R regenerator is used at the detector part to get the proper signal.The 
simulation diagram specifies the wavelength of input signal of 1550 nm for the proper working of EDFA. Pumping 
wavelengths are at 980 nm and 1480 nm. Pump power set to a value of 100 mW. 

 

 
 

Fig 4: Simulation layout to analyse three stage EDFA configuration 
 

3.1 Three Stage Quadruple Pass EDFA Configuration 
In three stage quadruple pass EDFA configuration amplifier section includes three EDFAs. The first and second are 

single pass EDFAs and third one is a dual pass EDFA. EDFAs have same numerical aperture doping concentration etc. 
To pass the signal through EDFA twice, the signal should pass through an optical delay after first pass as shown in 
figure 4.13. Pin photo diode is used to detect the output signal. Eye diagram is analysed by using a BER analyser. The 
wavelength of the input signal is 1550 as shown in the simulation diagram in figure 5. Two photons of 980 nm and 
1480 nm is applied to amplify the input signal. 
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Fig 5: Simulation layout to analyse three stage quadruple pass EDFA configuration 
 

V. RESULTS AND DISCUSSIONS 
 

4.1 Three Stage EDFA Configuration 
The eye diagram of output optical signal at the detecting section is shown in Figure 6. From the eye diagram the 

average eye opening and quality factor, minimum BER etc can be obtained. The output signal has a Q factor of 12.73. 
The minimum BER obtained at the output is 1.97 e-37. 

 

 
 

Fig 6: Eye diagram of three stage EDFA configuration 
 
4.2 Three Stage Quadruple Pass EDFA Configuration 

From the BER analyser the average eye opening quality factor, minimum BERetc can be obtained. The eye diagram 
of output optical signal at the detecting section of three stage quadruple pass is shown in figure 7. The output signal has 
a Q factor of 13.878. The minimum BER obtained at the output is 4.217 e-44. An increment in Q factor and decrease in 
BER is achieved using this configuration compared to the previous configuration. 
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Fig 7: Eye diagram of three stage quadruple pass EDFA configuration 
 

VI. CONCLUSION AND FUTURE WORK 
 
In an optical fiber communication system optical signals are transmitted through the optical fiber. When transmitted 

over long distances, the optical signal is highly distorted. To prevent signal degradation over long distance 
communication optical amplifiers are used. EDFA is used as an optical amplifier in communication for better 
performance. To improve the performance of the amplifier stage muti pass and multi stage EDFA configurations are 
used. It increases the Q factor and reduces the BER. THree stage EDFA configuration has a Q factor of 12.73 and 
minimum BER of 1.97e-37. IN the case of three stage quadruple pass EDFA, THe Q factor is 13.87 and BER is 4.21e-44. 
By comparing the two configurations, three stage quadruple pass configuration has better Q factor and least BER. Thus 
it has a better performance. 
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