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Abstract— The optical amplifiers are used in optical 

communication in order to improve the performance of the 

system in terms of gain spectrum, noise figure and bandwidth. 

This study represents the implementation of the proposed 

optical amplifiers. The amplifiers such as EDFA, SOA and 

RAMAN are used in this work. To achieve the better 

performance, the hybridization of the amplifiers is done in the 

following manner i.e. EDFA-SOA-EDFA and EDFA-

RAMAN. The proposed hybrid amplifiers are simulated by 

using the WDM system with various range of frequency i.e. 

from 190.5THz to 193THz with the frequency spacing of 50 

Hz. A dual port WDM analyzer is installed to analyze the gain 

of the signals in proposed work over various ranges of 

frequencies. 
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I. INTRODUCTION 

It is seen that in the present period the utilization of system 

and communication application is expanded. This makes this 

field as the all the more intriguing field for the analysts to 

work upon it. With the improvement in the field of systems 

the count of clients are additionally expanded [1]. The 

execution of the applications which are identified with the 

system or web relies on the bandwidth of the system. To make 

the framework more viable and proficient the accessibility 

and utilization of transmission capacity is essential factor. To 

expand the bandwidth of the system, different arrangements 

are given by the analysts. WDM (Wavelength Division 

Multiplexed) is one of these arrangements [2]. The WDM 

network supports immense bandwidth range and furthermore 

gives the better information transmission array. In WDM 

system, the information is multiplexed to the transmission 

lines. It gives the facility to exchange the various wavelengths 

at a given timeframe or all the while. The WDM utilizes the 

idea of Fiber optic system that supports the enormous 

bandwidth and information transmission range. [3] Thus 

there is necessitation to satisfy the necessity in regards to the 

better information transmission rate and huge bandwidth. To 

satisfy this need the idea of WDM alongside Fiber optic 

system is composed. The key element of optical fiber 

arranges is that it gives extensive scope of information 

transmission and huge bandwidth for information transferring 

[4]. 

Optical systems offer simple to manage high 

bandwidth administrations both for Internet exchanges and 

for local area networking applications. The presentation of 

WDM innovation in optical fiber systems can be considered 

as a method for replacing the central switching capacities to 

distributed system capacities like optical add/drop 

multiplexers or repeaters [5]. Hence, WDM supported 

Optical Internet and related administrations are relied upon to 

be a noteworthy main driving force in future systems 

administration structures. It is anticipated that it will 

contribute towards generously lessening the complexity and 

in this way the cost of future Internet administrations. There 

is an extraordinary potential to in the long run move to an all 

optical switching and all optical routing designs as these 

innovations develop [6-9]. 

II. FIBER OPTICS 

Fiber optics, or optical Fiber, alludes to the medium and the 

innovation related with the transmission of data as light 

pulses along a glass or plastic strand or Fiber. A Fiber optic 

cable can contain a differing number of these glass strands - 

from a few up to two or three hundred. Encompassing the 

glass Fiber core is another glass layer called cladding. A layer 

known as a buffer tube secures the cladding, and a jacket layer 

goes about as the last protective layer for the individual 

strand. An optical Fiber is an adaptable, straightforward Fiber 

made by drawing glass (silica) or plastic to a breadth 

marginally thicker than that of a human hair. Optical strands 

are utilized frequently as a way to transmit light between the 

two ends of the Fiber and find wide use in Fiber - optic 

communications, where they allow transmission over longer 

separations and at higher bandwidths (information rates) than 

wire links. Fibers are utilized rather than metal wires since 

signals travel along them with lesser measures of loss [10]; 

additionally, strands are additionally resistant to 

electromagnetic obstruction, an issue from which metal wires 

endure too much. Strands are additionally utilized for 

brightening, and are enclosed by groups with the goal that 

they might be utilized to convey pictures, along these lines 

permitting seeing in kept spaces, as on account of a 

fiberscope. Exceptionally planned strands are additionally 

utilized for an assortment of different applications, some of 

them being Fiber optic sensors and Fiber lasers [11]. 

Optical Fibers commonly incorporate a transparent 

core encompassed by a transparent cladding material with a 

lower index of refraction. Light is kept in the core by the 

phenomenon of total internal reflection which makes the 

Fiber go about as a waveguide. Strands that help numerous 

proliferation ways or transverse modes are called multi-mode 

Fibers (MMF) [12], while those that help a solitary mode are 

called single-mode Fibers (SMF). Multi-mode strands by and 

large have a more extensive core measurement and are 

utilized for short-remove correspondence joins and for 

applications where high power must be transmitted. Single-

mode Fibers are utilized for most communication interfaces 

longer than 1,000 meters (3,300 ft). 

III. OPTICAL AMPLIFIERS  

Optical amplifiers are utilized widely in fiber optic data links. 

There are three manners by which optical amplifiers can be 

utilized to improve the execution of optical information links. 

A booster amplifier is used to extend the optical yield of an 

optical transmitter just before the signal enters an optical 

fiber. The optical signal is contracted as it goes in the optical 

fiber. An inline amplifier is used re-establish (recover) the 
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optical flag to its extraordinary power level. An optical pre-

amplifier is utilized toward the finish of the optical fiber link 

so as to enhance the sensitivity of an optical recipient. Optical 

amplifiers are ordered based on structure i.e. regardless of 

whether it is semiconductor based (Semiconductor optical 

amplifiers) or fiber based (Rare earth doped fiber amplifiers, 

Raman and Brillouin amplifiers). The optical amplifiers are 

additionally arranged based on gadget attributes i.e. 

regardless of whether it depends on linear characteristic [13] 

(Semiconductor optical amplifiers and Rare-earth doped fiber 

amplifiers) or non-linear characteristic (Raman amplifiers 

and Brillouin amplifiers). Following are the major properties 

of optical amplifiers: 

A. Gain, Input Power and Output Power 

The most essential property of an optical amplifier is its 

operating gain, which is the sum by which the input optical 

signal is amplified. The gain is commonly estimated in dB, 

and is in the scope of 10-30 dB. A gain of 10 dB implies the 

input optical signal is amplified by a factor of 10, while a gain 

of 30 dB implies the input optical signal is amplified by a 

factor of 1000.  

A few amplifiers are intended to work at a solitary 

pre-set gain, while others can support a range of operating 

gain values, which enables the amplifier to address distinctive 

applications and capacities. Other than gain, an amplifier is 

additionally described by the range of supported input and 

output optical powers. Specifically, a key particular of the 

amplifier is the most extreme output power which can be 

supported, additionally alluded to as saturated output power. 

This parameter is frequently basic in deciding the amplifiers’ 

cost [14].  

Comprehensively, optical amplifiers can be named 

either single channel or multi-channel (WDM). As their name 

infers single channel amplifiers are intended to amplify just a 

solitary optical channel, which can be located anyplace inside 

a specified band, for example, the C-band (1528-1564 nm). 

Single channel amplifiers can for the most part work over an 

extensive variety of operating gains, and require moderately 

low levels of output power. 

B. Noise  

All amplifiers, including optical amplifiers, present 

commotion amid the amplification procedure, with the goal 

that the output signal is constantly noisier than the input 

signal. The noise execution of an optical amplifier is 

described by its noise figure (NF), which is characterized as 

the proportion of the signal-to-noise proportion (SNR) at the 

amplifier output to a perfect SNR at the info. Since there is a 

coordinated connection between the NF of an amplifier and 

the execution of an optical connection, it is fundamental that 

the NF ought to be kept as low as could reasonably be 

expected [15]. The NF relies upon the innovation utilized for 

the amplifier, and in addition the gain, with higher gain 

amplifier typically having lower NF. 

C. Dynamic Properties  

Another critical property of optical amplifiers is their reaction 

to dynamic changes in input power. In a perfect world, the 

gain of an amplifier must not change at all when the input 

power changes, notwithstanding, this isn't conceivable when 

the amplifier works at or close to the greatest output power. 

For this situation it is fundamental that the amplifier react 

gradually enough with the goal that its gain is resolved all in 

all by the average input power, and isn't influenced by quick 

changes (for instance, because of information modulation).  

Amplifiers that react too quick might be noisy, and 

don't deal with different channels well. This is on account of 

when there are various channels the gain of one channel may 

change as indicated by whether alternate channels have a 0 or 

1, an influence known as cross-gain modulation. Regardless 

of whether there is a solitary high power channel near 

saturation, at that point bending could happen since the 0's 

will encounter unexpected gain in comparison to the 1's [16]. 

IV. PRESENT WORK 

With the increase in the technology of networks and the 

internet, the need of the users also increases. The necessity of 

high bandwidth, high information transmission rate and so 

forth increments. To satisfy this need the idea of WDM and 

fiber optic was created. WDM is a wavelength division 

multiplexing. In which the different input signals are joined 

together and exchanges as a solitary input. It uses the concept 

of multiplexing and de-multiplexing. There are various 

numbers of amplifiers that are deployed to retain the gain flat 

of the signals.  Different AMPLIFIERS were combined to 

build up a legitimate answer for the issue yet at the same time 

was not exactly proficient to meet the necessities or troubles 

looked by the clients. In traditional system, the analysis was 

done by hybridizing the RAMAN and EDFA amplifier. But 

the obtained results were not quite effective. Consequently 

there is a prerequisite to grow such a framework which can 

select to get to the higher bandwidth. 

The past segment gives a short disclosure to the 

current developments that has been done in the field of optical 

systems or WDM to make it invaluable to the clients.   
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Fig. 1: Framework of proposed EDFA-SOA-EDFA Amplifier 

 
Fig. 2: Framework of proposed SOA-EDFA-SOA Amplifier 

In any case, subsequent to getting more drew in into 

the innovations different failures were raise to the presence 

which were identified with bring down gain bandwidth which 

did not support higher information transmission rate over the 

association. Subsequently it is arbitrate to prosper such a 

system which can beat the past impediments. 

The proposed work is decided to implement a 

hybridization of two amplifiers such as EDFA-SOA-EDFA 

and SOA-EDFA-SOA. Figure 1 defines the framework of 

proposed communication system with SOA-EDFA-SOA 

amplifiers and figure 2 represents the same system 

configuration with EDFA-SOA-EDFA amplifier. A WDM 

system is developed with 64 different users over various 

range of frequency i.e. from 190.5THz to 193THz. Frequency 

spacing is 50Hz in proposed work. A dual port WDM 

analyzer is installed to analyze the gain of the signals in 

proposed work over various ranges of frequencies.  

V. RESULTS 

In this work, the fiber optical based communication system 

has been developed with hybrid amplifiers. The amplifiers 

like EDFA, SOA and RAMAN are used in different 

formations such as EDFA-SOA-EDFA, SOA-EDFA-SOA, 

EDFA-RAMAN. The performance of the proposed work is 

analyzed in the terms of noise figure and gain. The graph in 

figure 3, 4 and 5 defines the noise figure of EDFA-SOA-

EDFA, SOA-EDFA-SOA and EDFA-Raman respectively. 

The graph in figure 3 depicts the noise figure for 

EDFA-SOA-EDFA approach. The y axis calibrates the 

values of noise figure and it ranges from 1dB to 5.5dB 

whereas the x axis shows the frequency of the transmitted 

signals. The frequency of the signals started from 190 and 

ends at 193.5 with the interval of 0.5 (THz). 
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Fig. 3: Analysis of Noise Figure for EDFA-SOA-EDFA 

 
Fig. 4: Analysis of Gain for EDFA-SOA-EDFA 

The graph in figure 4 explains the gain analysis for 

EDFA-SOA-EDFA approach. The gain spectrum varies 

between 10dB to 40 dB. The highest value of gain spectrum 

is observed at the highest value of frequency.  

Similarly, the gain spectrum and noise figure for 

EDFA-RAMAN is delineated in figure 5 and 6 respectively. 

The gain spectrum of is high initially but then it falls with the 

increment in the frequency. Likewise, the noise figure of 

EDFA-RAMAN is low with the lowest frequency and rises 

with the rise in the frequency. 

 
Fig. 5: Analysis of Gain Spectrum for EDFA-RAMAN 

 
Fig. 6: Analysis of Noise Figure for EDFA-RAMAN 

VI. CONCLUSION 

This study has developed a proposal for fiber optics 

communication by using the hybridized optical amplifiers i.e. 

EDFA-SOA-EDFA and EDFA-RAMAN. The study 

concludes that the various optical amplifiers were combined 

traditionally in order to achieve the highest gain spectrum and 

qualitative performance but were proved less effective and 

reliable. Previously, the RAMAN and EDFA amplifiers were 

combined. Consequently, to improve the performance and 

bandwidth of the system, this study represents a proposal by 

collaborating the EDFA, SOA and RAMAN amplifiers. The 

combination of amplifiers is done as EDFA-SOA-EDFA and 

EDFA-RAMAN. After analyzing the performance of the 

proposed work, it is found that it is quite capable enough to 

achieve the better gain spectrum and noise figure. Thus, in 

future work, to prove the proficiency of the present work, a 

comparison analysis could be done with the traditional 

amplifiers.  
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