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Abstract  

 

Raman optical fiber amplifier well suited for multiwavelength long-distance 

transmission systems. In such applications, optical amplifiers must provide 

equal gain and noise for each wavelength. The method is based on adjust the 

power and frequency of the four pump of Optical Raman Amplifier and use Multi 

Parameter Optimization (MPO) feature in Opti-system simulation software to get 

the desired flatness, the multi parameter feature adjust and tune the frequency and 

power of four pump to get the target gain and flatness through rounds of iterative 

optimization process, the gain for each channel can be observed through Dual 

spectrum analyzer, The improvement of gain flatness begore and after optimization 

can be observed through spectrum analyzer, a comparison of two  scenarios of gain 

flatness is conducted, the  first comparison is about compare flatness for  64 

wavelengths before optimization with optimized at gain 6db and the second 

comparison is about compare the 64 wavelengths before optimization with 

optimized at gain at 10db., as conclusion it has been noticed the considerable 

improvement of gain unflattens from 4db to 1.4db. getting 2.6 gain flatness for 

optical Raman amplifier at 10db gain will be resulted in possibility to transmit more 

wavelengths which mean higher capacity for long-distance with lower bit error rate 

and noise  
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 المستخلص  

 

لمسرر ت ت  ذات الطرر ا المرر    من سررت ام مرر  ة امرر  الن رر حرر  لأليرر ا البيرر ي  لمكبرر  مامرر   يعتبرر  

. ترر  م رر  اررطب التطبي رر ت  يفررت م  ارر ت  المكبرر ات البيرر ي  مك سررت     رر   متسرر  ي  لكرر  دة عيررب

قرردمة  ارر   ات مرررا  مامرر   ذات اامبعرر  مارر م  الط ي رر  ى ررط  ررب    طرر ا م  رر . اعتمررد اررطب

المط رر ل ل كسررت مررع ةرروا ىرردة   مات  لميررعة احسرريع المع مرر  المتعررد   ااسررت ا ل حيرر ا ى ررط 

 ىرردة مررع ةرروا يعالمسررتفدت ل حيرر ا ى ررط الكسررت  التسررطي الم  رر  ب ى رر   ارر ا المح ضرر ة الررر    

                                                                               عم يرررررررررررررررررررررررررررر  التحسرررررررررررررررررررررررررررريع التكرررررررررررررررررررررررررررر ام ل رررررررررررررررررررررررررررر ات 

  ب سررتاداا  ضمرر  بتح يرر  الكسررت مررع ةرروا مح رر  الطيررح المررع    لتح يرر  الكسررت لكرر  قنرر ة   ذلرر      

 10 يسرريب     6الكسررت المسررتفدا ضررر  اررو   رر  بعررد التحسرريع   قبرر  مح رر  الطيررح لم اقبرر  الكسررت 

اررو   ترر  النف يرر   مررع ةرروا مح رر  الطيررح الكسررت قبرر   بعررد التحسرريع امررم م  م رر ثررو  ال  برر لت يسرريب  

 يسرريب  إلررط  4مررع حرر ال   طرر ا مرر    64 لعررد  الكسررت ريرر  المسررط   ترر  إلررط احسرريع الت صرر 

طرر ا  64لعررد   يسرريب    ضاوصرر    مررع ةرروا اسرر ي  مكسررت مامرر   البيرر   بنفرر    .51حرر ال  

الم سرر   ب اليرر ا الررر  ي   يرر الم   عررد  ااطرر االعررد  ام مرر ل  ل زيرر  ة ب امكرر   مصررب  مرر    

                                         الر  رررررررر    مرررررررر  ق رررررررر  معرررررررردا ااةطرررررررر   الم سرررررررر     ب لترررررررر ل  زيرررررررر  ة السررررررررع 
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  Chapter 1: Introduction  

 

1.1. Preface 

Rapid developments of WDM transmission systems have contributed a lot to 

the capability of components in networks, such as intensity of channels and signal 

bandwidth. One of the enabling technologies for long-distance and high-capacity 

fiber optical transmission systems is Raman Fiber Amplifier which is considered a 

promising choice for extending the operational range of optical transmission systems 

to wavelength out of other optical amplifier operational bands such as EDFA, 

especially with the progress in pump laser sources, higher power and wider 

operational wavelength range make Raman Fiber Amplifiers (RFAs) more efficient 

and practical due to the benefits of Raman amplifier, RA used for long-haul Ultra-

Wideband (UW)-WDM optical communications systems, Optimizing Raman 

performance by flattening the output power gain will participate to widen the 

bandwidth, Raman gain bandwidth can be extended by adding pump wavelengths, 

The broad bandwidth and low noise figure of a Raman amplifier (RA) makes it 

attractive for use in high-capacity and long-haul transmission systems, another 

advantage that the Raman optical amplifier can operate over all defined wavelength 

bands of an optical fiber  

In some applications Raman amplifier combined together with EDFA to perform 

better performance and to expand the signal bandwidth which called hybrid 

DRA/EDFAs. The combination of two different types of optical amplifiers enables 

them to compensate for each other's gain profiles through adjustment of the Raman 

amplifiers pump wavelength allocation to reduce the accumulated gain deviation. 

Through Raman amplifier can successfully transmit 2.1-Tb/s 7221-km by using 

hybrid DRA/EDFAs  

So Raman amplifier (RA) is one of the enabling technologies for high-capacity long-

distance DWDM (dense wavelength division-multiplexed) transmission systems. RA 

provides wider amplification bandwidth, low-noise characteristics and simplicity. 

Multiwavelength pumping scheme is usually used to ensure gain bandwidth for high-
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capacity DWDM transmission. Raman gain bandwidth can be easily extended by 

adding pump wavelengths and flatenning Raman gain  

1.2 Problem Statement   

Different gain of the output power for the Raman Optical Amplifier will affect Signal 

to noise ratio and generate bit errors that will affect the service and limit the 

bandwidth growth,  

 

1.3 Proposed Solution  

The gain output power of Raman optical amplifier can be better enhanced by adding 

more than one pump power to Raman Optical Amplifier and use multi-parameter 

optimization (MPO) feature on Opti system simulation to adjust and tune the pump 

power and frequency to get the desired gain flatness and enable bandwidth growth  

   

 

1.4 Objectives 

The aim of this research is optimizing the pump power and frequencies of Raman 

amplifiers for gain flatness of Raman Optical Amplifier, which will reflect positively 

for broadband bandwidth growth. 

 

1.5 Methodology 

A 64 C- band WDM Channels are used with appropriate channel spacing simulated 

through Opti-system simulator, Optical multiplexer used to combine the 64 channels 

into a serial spectrum of closely spaced wavelength signals and couple them onto a 

single fiber in one single fiber, the average power for each channel specified, Average 

Power for Raman amplifier that used to simulate the amplifier are specified. This 

model allows a fast and accurate estimation of the amplifier gain, the fiber type 

precisely selected for better Raman Amplifier performance, the setup of upper and 

lower Pump power and frequency are selected to optimize the frequency and the 

power within the upper and lower limit, Dual Port WDM Analyzer is used to 

measures amplifier gain and gain flatness, the upper and lower frequency for Dual 

Port WDM Analyzer is set to cover the 64- channel frequencies. 
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Four CW pump signals with initial values are used for backward pumping. Initial 

wavelengths and powers of these pumps are also specified. Initial and optimized 

parameters are used later for comparison.  

The Multi-parameter Optimization (MPO) setup is prepared to perform the gain 

optimization process; by add the pump powers and frequencies to the optimization 

table and set the maximum and minimum of Pump power and frequencies to the 

optimizer to adjust and tune the power and frequency within the given maximum and 

minimum values. In the Results, gain for all channels from dual port WDM analyzer 

added to the table. Two comparison scenarios implemented, the first one about 

Raman Amplifier without optimization compared with optimized Raman amplifier at 

gain 6 db. as target value and the second comparison about comparing Raman 

Amplifier without optimization compared with Optimized Raman Amplifier at gain 

10 db. as target value. After run the simulator, the desired flatness of gain for Raman 

amplifier obtained, all the mentioned settings depicted in Abstract 6-16 

 

1.6 Thesis Outline 

 

In Chapter one, overview about the contribution of WDM  in transmission high 

volume of capacity through optical fiber cables, and the problem is well stated and 

addressed and followed by proposed solution for the gain flatness issue which will 

reduce or eliminate the BER and enhance OSNR and contribute to increase the 

volume of capacity and the objective and methodology clarified, In Chapter two, 

technical background and related gain flatness studies well explained, in Chapter 

three, the design of Raman Optical Amplifier for gain flatness simulated through 

Opti-system software are  implemented and the optimization process of gain flatness 

generated, and in Chapter four is about  the results and discussion for gain flatness 

before and after optimization, in chapter five is about the thesis conclusion and 

recommendations for new researches and studies 

 

 

 

               

 



 

 

 

Chapter 2 

 

Theoretical background and related 

studies 
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2. Chapter 2: Theoretical Background and Related 

Studies    

 

2.1 INTRODUCTION 

The attenuation is inevitable when optical signals are transmitted along optical 

fibers. As a result, the transmitting distance is limited by attenuation.  Hence we need 

to re-generate and boost an optical signal to transmit signal over longer distance. But, 

this method shows many disadvantages. First, a regenerator can work only under the 

circumstance of a certain signal bit rate and signal format, so different regenerators 

will have to be available for different bit rates and signal formats; second, each 

channel will need a regenerator, and this will cause higher network cost. 

With the development of optical communications technologies, a method has been 

available for enhancing optical signals without using a regenerator, that is optical 

amplification technology. 

As longer transmission lengths are required, optical amplifier can satisfy the 

requirements of optical communication networks. An optical amplifier is a device 

that amplifies an optical signal directly, without the need to first convert it to an 

electrical signal. A basic optical communication link contains a transmitter and 

receiver, with an optical fiber cable connecting them. Although signals transmitting 

in optical fiber suffer far less attenuation than in other mediums, such as copper, there 

is still a limitation about 100 km on the distance the signals can travel before 

becoming too noisy to be detected. Optical amplifiers are widely used in fiber optic 

data links, so the optical amplifiers can be used to strengthen the performance of 

optical data links. A booster amplifier is used to increase the optical output of an 

optical transmitter just before the signal enters an optical fiber. The optical signal is 

attenuated as it tra vels in the optical fiber, an inline amplifier is utilized to restore 

(regenerate) the optical signal to its original power level and optical pre-amplifier is 

operated at the end of the optical fiber link in order to increase the sensitivity of an 

optical receiver.  

With Optical Amplifers possible to have longer fiber optical transmission link with 

big capacity and fast transmission rate can be achieved. The EDFA and Raman 

http://www.fs.com/blog/erbium-doped-fiber-amplifier.html
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amplifiers are the two main options for optical signal amplification, so before 

implementing transmission link, it is important to define which one should be used 

for long fiber optical network and know what are the differences of the two optical 

amplifiers and which one would perform better to achieve the long fiber optical link 

and which one is more cost effective. 

Raman amplifier (RA) is one of the enabling technologies for high-capacity long-

distance DWDM (dense wavelength division-multiplexed) transmission systems. RA 

provides wider amplification bandwidth, low-noise characteristics and simplicity. 

Multiwavelength pumping scheme is usually used to ensure gain bandwidth for high-

capacity DWDM transmission. Raman gain bandwidth can be easily extended by 

adding pump wavelengths. 

Broadband RAs for wavelength division multiplexing (WDM) have to be able to 

provide a flat gain response over their operational bandwidth. A promising option for 

achieving gain flatness without increasing the complexity of the amplifier by adding 

a large number of pumping sources is to make those pumps spectrally broader 

through the effect of fiber nonlinearity 

2.2 DWDM OPTICAL TRANSMISSION TECHNOLOGY 

 

2.2.1 DWDM CONCEPTION 

Optical communication system can be classified according to different modes. If it is 

classified according to signal multiplex mode, it can be classified into FDM 

(Frequency Division Multiplexing), TDM (TDM-Time Division Multiplexing), 

WDM (WDM- Wavelength Division Multiplexing) and SDM (SDM-Space Division 

Multiplexing). FDM, TDM, WDM and SDM refer to optical communication systems 

classified according to the frequency, time, wavelength and space.  It can be said that 

frequency is closely connected with the wavelength. Frequency division is wave 

division. But in optical communication system, WDM system adopts optical spectral 

component that is different from filter adopted in the common communication. So, 

can be still classify them into two different systems. 

WDM is a kind of transmission technology of fiber communication. Depending on 

the fact that a fiber can transmit several optical carriers of different wavelengths at 

the same time, it divides wavelength possibly used by fiber into several bands. As an 
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independent channel, each band transmits a kind of optical signal with a preset 

wavelength. Optical and wavelength division multiplex is in fact the optical and 

frequency division multiplex on fiber (OFDM), but optical wave usually use 

wavelength instead of frequency, to describe, supervise and control. Along with the 

development of the electric-optical technology, the wavelength density in the same 

fiber will become very high. Compared with DWDM (DWDM-Dense Wavelength 

Division Multiplexing), there are still WDM with low densities that are called 

CWDM (CWDM-Coarse Wave Division Multiplexing). 

A fiber can be regarded as a road with several driveways here. The traditional TDM 

system just uses one of driveways. To increase bit rate is to increase the driving speed 

in the driveway in order to increase the transportation burden in unit time. To use 

DWDM technology is similar to using the driveway not yet used, so as to obtain the 

large transportation capacity to be developed in fiber. 

2.2.2 DWDM PRINCIPLE 

Based on such features as bandwidth and low loss of the single mode optical fiber, 

the DWDM technology uses multiple wavelengths as carriers and allows the signals 

to be transmitted simultaneously over the carrier channels in the optical fiber as 

shown in figure 2.1. Compared with the general single channel system, the dense 

WDM (DWDM) not only drastically increases the communication capacity of the 

network system and fully uses the bandwidth of the optical fiber, but also has many 

advantages, such as simple expansion and reliable performance; especially it can 

directly access multiple services, so it enjoys bright prospects. 

In analog carrier communication systems, the frequency division multiplexing 

(FDM) method is often adopted to make full use of the bandwidth resources of cables 

and enhance the transmission capacity of the system. That is, to transmit several 

signals of different frequencies simultaneously in the same cable and, at the receiver 

end; to utilize band-pass filters to filter the signal on each channel according to the 

frequency differences among the carriers. 

In the same way, in optical fiber communication systems, optical frequency division 

multiplexing method can also be used to enhance the transmission capacity of the 

systems. In fact, this multiplexing method is very effective in optical communication 

systems. Unlike the frequency division multiplexing in analog carrier communication 
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systems, optical fiber communication systems utilize optical wavelengths as signal 

carriers, divide the low attenuation window of optical fibers into several channels 

according to the frequency (or wavelength) difference of each wavelength channel 

and implement multiplexing transmission of multi-channel optical signals in a single 

fiber. 

Since some optical components (such as narrow-bandwidth optical filters and 

coherence light source) are currently very immature, it is difficult to implement the 

ultra-dense optical frequency division multiplexing (coherence optical 

communication 

 

 

Figure 2-1 WDM fundamental {2} 

At the transmitting end, the optical transmitter sends out the optical signals whose 

wavelengths are different but whose accuracy and stability satisfy certain 

requirements, such signals are multiplexed together through the optical wavelength 

multiplexer and sent to the Raman Fiber Amplifier or EDFA (the EDFA is used 

mainly to compensate for the optical power loss caused by the multiplexer and 

improve the transmitting power of the optical signal), then the amplified multi-

channel optical signals will be sent to the optical fiber for transmission, when they 

get to the receiving end through or not through the optical line amplifier, where they 

will be amplified by the preamplifier (used to improve the receiving sensitivity to 

extend the transmission distance), then they will be sent to the optical wavelength 

demultiplexer to split the channels of optical signals 
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2.2.3 ADVANTAGE OF WDM 

The capacity of optical fiber is huge. However, traditional optical fiber 

communication systems, with one optical signal transmitted in a single fiber, only 

exploited a little part of the abundant bandwidth of optical fiber. To fully use the huge 

bandwidth resources of optical fiber and increase its transmission capacity, a new 

generation optical fiber communication technology based on the dense WDM 

(DWDM) has emerged. The DWDM technology has the following features: 

2.2.3.1 Super-large capacity 
 

The transmittable bandwidth of the current widely used conventional fiber is very 

wide, but the utilization ratio is still low. By using DWDM technology, the 

transmission capacity of a single optical fiber is increased by several, tens of or even 

hundreds of times when compared to the transmission capacity of single wavelength 

systems.  

2.2.3.2 Data transparency transmission  
 

DWDM systems conduct multiplexing and de-multiplexing in terms of optical 

wavelength differences and are independent of signal rates and modulation modes, 

which is transparent to the data. A WDM system service can carry “service” signal 

of many formats, such as ATM, IP or signals that may appear in the future. WDM 

implements the transparent transmission. For signal at the “service” layer, each 

optical wavelength channel in the WDM system is like the “virtual” optical fiber. 

2.2.3.3 Utmost protection during system upgrade 
 

In expanding and developing the network, it is not necessary to make changes to the 

optical cable lines, instead, you can just change the optical transmitter and receiver, 

so this is an ideal expansion method and also a convenient way to introduce the 

broadband services (such as CATV, HDTV and B-ISDN etc). With an additional 

wavelength, you can add any new service or new capacity you want. 
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2.2.3.4 High networking flexibility, economy and reliability 
 

When compared to the traditional networks using electrical TDM networks, new 

communication networks based on the WDM technology are greatly simplified in 

architecture and have clear network layers. Dispatching of various services can be 

implemented simply by adjusting the corresponding wavelengths of the optical 

signals. Because of the simple network architecture, clear layers and convenient 

service grooming, the flexibility, economy and reliability of networking are obvious.  

2.2.3.5 Compatible with all optical switching 
 

It is foreseeable that, in the all-optical networks realizable in the future, processing 

of telecommunication services adding/dropping and cross connections is 

implemented by changing and adjusting the optical signal wavelengths. So WDM 

technology is one of the key technologies to implement all optical networks. 

Moreover, WDM systems can be compatible with future all optical networks. It is 

possible to implement transparent and highly survivable all optical networks based 

on the existing WDM system.  

2.3 WDM SYSTEM KEY TECHNOLOGY 

There are four key elements that make the WDM technology appeared  

2.3.1 OPTICAL AMPLIFIER 

            An optical fiber is needed to amplify optical signals directly without 

conversion into electrical signals, so the optical fiber amplifier is used in transmitting 

data in fiber optic communication systems. Amplifiers are inserted at specific places 

to boost optical signals in a system where the signals are weak. This boost allows the 

signals to be successfully transmitted through the remaining cable length. In large 

networks, a long series of optical fiber amplifiers are placed in a sequence along the 

entire network link referred to as booster amplifier, line amplifier and pre-amplifier 
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2.3.2 MUX/DEMUX 

A multiplexer is needed to combine the optical output into a serial spectrum of closely 

spaced wavelength signals and couple them onto a single fiber. At the receiving end, 

a de-multiplexer is required to separate the optical singles into appropriate detection 

channels for signal processing, The two most commonly used MUX/DEMUX are 

Thin Film Filter and Arrayed Waveguide Grating as shows in figure 2-2 & figure 2-

3. 

 

Figure 2-2 Thin Film Filter {2} 

 

Figure 2-3 Arrayed Waveguide Grating {3} 
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2.3.3 OPTICAL SOURCE 

 The optical source is needed to converts an electrical signal into an optical signal, 

The two most commonly used optical sources are light-emitting diodes (LEDs) 

and laser diodes. 

2.3.4 OPTICAL SUPERVISORY CHANNEL 

The Optical Supervisory Channel (OSC) is an additional wavelength usually outside 

the amplification band (at 1510 nm, 1620 nm, 1310 nm or another proprietary 

wavelength). The OSC carries information about the multi-wavelength optical signal 

as well as remote conditions at the optical terminal EDFA/ Raman site. It is also 

normally used for remote software upgrades and user (i.e., network operator) 

Network Management information. ITU standards suggest that the OSC should 

utilize an OC-3 signal structure (though some vendors have opted to use 100 megabit 

Ethernet or another signal format). Unlike the 1550 nm band client signal carrying 

wavelengths, the OSC is always terminated at intermediate amplifier sites, where it 

receives local information before retransmission. The optical supervisory channel is 

used for maintenance purposes. The optical supervisory channel provides transport 

of Order Wire, two E1 and one Ethernet Data (user proprietary) NMS data; Figure 2-

4 represent the OSC configuration  

 

Figure 2-4 OSC configurations {3} 

https://www.its.bldrdoc.gov/fs-1037/dir-033/_4851.htm
https://www.its.bldrdoc.gov/fs-1037/dir-021/_3017.htm
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2.4 OPTICAL AMPLIFIER 

 

2.4.1 CHARACTRISTIC OF OPTICAL AMPLIFIER 

An optical amplifier is a device used to enhance optical signal intensity. Its principle 

is shown below figure 2-5 

 

Figure 2-5 Optical Amplifier working principle {3} 

Therefore, it will not be necessary for an optical amplifier to convert optical signals 

to electrical signals, and back to optical signals in its work. This feature leads to two 

great advantages of an optical amplifier over a regenerator. First, an optical amplifier 

supports any bit rate and signal formats, because it simply amplifies the received 

signals.  This feature is usually described that an optical amplifier is transparent to 

any bit rate and signal formats; second, an optical amplifier not only supports 

amplification of a single signal wavelength (as a regenerator do), but also a certain 

region of wavelength. For example, an erbium-doped fiber amplifier (EDFA), is 

capable of amplifying all the wavelengths from about 1530nm to 1610nm.  What is 

more, only an optical amplifier can support TDM (time division multiplexing) and 

WDM (wavelength division multiplexing) fiber-optic networks with a variety of bit 

rates, modulation formats, wavelength. As a matter of fact, only after the emergence 

of optical amplifiers, especially EDFA, has the wavelength division multiplexing 

technology been rapidly developed, and has wavelength division multiplexing 

become the mainstay of the large capacity fiber-optic communications systems.  

EDFA and Raman Amplifier is an optical amplifier in the widest use at present, and 

its emergence has greatly promoted the development of wavelength division 

multiplexing technology. 

Practical fiber amplifiers include erbium-doped fiber amplifier (EDFA) and Raman 

fiber amplifier (RFA).    
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An optical amplifier is an analog device, so its characteristic parameters are all analog 

parameters.   

2.4.1.1 Gain 

Gain is the output optical power to input optical power ratio, that is: 

Gain=POUT/PIN    ………….. [3] 

Where, POUT and PIN are output optical power and input optical power respectively, 

in watt. Usually, gain is expressed in decibel (dB), that is: 

Gain (dB)=10log (POUT/PIN) ………. [3] 

 

2.4.1.2  Noise Figure (NF) 

Noise Figure (NF) of an optical amplifier is defined as Signal to Noise Ratio (SNR) 

of an optical amplifier input and output ports: 

                                                                 [3] 

2.4.1.3 Gain Bandwidth 

Gain bandwidth is the effective frequency (or wavelength) range of an optical 

amplifier; usually it is referred to as the corresponding wavelength range when the 

gain is dropped by 3dB from its maximum value. For example, in Figure 2-6 the 

range between λa and λb.  The gain bandwidth comes in nm.  

 

Figure 2-6 Relationship between gain and input signal wavelength {3} 
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2.4.2 RAMAN FIBER AMPLIFIER 

 

2.4.2.1 Principles of Raman Fiber Amplifier 

In a conventional fiber system, the optical power is not great, and the fiber shows a 

linear transmission characteristic. When the optical power in an input fiber non-linear 

optical medium is very high, pump light of high energy (with short wavelength) will 

scatter, transferring a small portion of the incident power to another light beam with 

shifted down frequency. The frequency down shift volume will depend on the 

medium jiggling mode. This process is called Raman effect.  A photon, which is 

described as an incident optical wave in quantum mechanics, is scattered as another 

photon of low frequency by a molecule, and the molecule accomplishes inter-

vibration-state jump.  The incident photon is called pump light, and the low frequency 

photon is called stokes wave. Common Raman scattering needs a powerful laser 

power. But in fiber communications, a single-mode fiber, as a non-linear medium, 

has a very small core diameter (generally less than 10μm), so a single-mode fiber can 

limit the mutual effect between a strong laser field and a medium into a very small 

section, thus greatly enhancing the optical power density of an incident optical field. 

In a low attenuation fiber, the effect of optical field and media can be maintained to 

a long distance, allowing full energy coupling therein, so that it will be possible to 

make use of stimulated Raman scatter. 

Pump

Gain

30nm

70~100nm

 

Figure 2-7 Raman fiber amplifier gain spectrum {3} 

Experiment shows that quartz fiber has a very wide Stimulated Raman Scatter (SRS) 

gain spectrum, and there will be a wide gain peak when the pump light frequency 
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shifts down to about 13THz. If a weak signal and a strong pump light wave are 

simultaneously transmitted in a fiber, and the weak signal wavelength is placed in the 

Raman gain bandwidth of the pump light, the weak signal light will be amplified. 

This optical amplifier based on the stimulated Raman scatter mechanism is called a 

Raman fiber amplifier. For stokes light, a description with a physical graph can be 

given: An incident photon disappears, a frequency down shift (about 13THz) photon 

(i.e., stokes wave) is created, the remaining energy will be absorbed by the medium 

in the form of molecule vibration, accomplishing inter-jiggling state jump. Figure 2-

7 shows a schematic diagram of Raman fiber amplifier gain spectrum. A pump light 

of a certain wavelength (such as 1440nm) will create a wide gain spectrum when its 

frequency shifts down some 13THz (in 1550nm band, wavelength about 100nm), (in 

the conventional single mode fiber, a pump light with a power of 500mW will 

generate a 30nm gain bandwidth). 

Raman amplifier gain is switch gain, that is, the difference between the output powers 

when the amplifier is switched on or switched off.  

2.4.2.2 Characteristics of Raman Fiber Amplifier 

Raman fiber amplifier has three prominent characteristics: 

Its gain wavelength depends on pump light wavelength, so long as the pump source 

wavelength is appropriate, signal amplification of any wavelength can be realized 

theoretically, as shown in 0Figure 2-8, where the broken line indicates the gain 

spectrum generated by the three pump sources. Because of this characteristic, Raman 

fiber amplifier can amplify bands that EDFA cannot. If multiple pump sources are 

used, a gain bandwidth much greater than what EDFA can get will be realized 

(limited by the energy level leap mechanism, EDFA gain bandwidth is 80nm only). 

Therefore, for the development of the entire fiber low consumption area, 1270nm-

1670nm are of importance that cannot be replaced.  
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Figure 2-8 Raman gain spectrum in case of multiple pumps {3} 

Its gain medium is the transmission fiber itself. This allows Raman fiber amplifier a 

function of online amplification of optical signals, forming distributed amplification, 

and realizing long-distance non-repeater transmission and remote pumping, 

especially applicable to submarine fibers, for which availability of repeaters is not 

convenient, as shown in Figure 2-9. In addition, the amplification is distributed along 

the fiber instead of concentrated, with a little signal optical power in various places 

of the fiber, so the interference of non-linear effect, especially Four-wave Mixing 

(FWM) effect, can be reduced.  

Low noise figure, which makes it possible to greatly reduce the noise figure of the 

system when it is used together with conventional EDFA, as shown in Figure 2-6.  

EDFA

Span 1

Raman Pump

Transmitting Receiving

EDFA

Span k

Raman Pump
 

Figure 2-9 WDM system using distributed Raman auxiliary transmission {3} 

2.4.2.3 Types of Raman Fiber Amplifiers 

Raman fiber comes in two types: discrete Raman amplifier and distributed Raman 

amplifier (DRA). The fiber gain medium used by the former is relatively short, 

usually within 10km, and high pump power is required, usually several to more than 

a dozen watts. A high gain of 40dB and up can be generated, to be used, like EDFA, 
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for centralized amplification, so it is mainly used for bands that cannot be amplified 

by the EDFA. In the European Optical Communications Conference held in 2000, 

researchers from Stanford University reported the results of their discrete Raman 

amplification experiment: it is educed from a comparison between ten different fibers 

as gain amplification media that the dispersion compensation fiber is the best choice 

for a high-quality discrete Raman fiber amplifier. It indicates that dispersion 

compensation can be performed simultaneously with amplification of signal high 

gain and low noise, without mutual affecting.  The latter uses longer fibers, usually 

tens of km, and the pump source power can be reduced to hundreds of mw, mainly 

used to assist EDFA to enhance DWDM communications system performance, 

suppress non-linear effect and enhance signal to noise ratio. In the DWDM system, 

greater capacity, especially more multiplexed wavelengths make the optical power 

transmitted in the fiber greater and greater, causing stronger and stronger non-linear 

effects, hence channel crosstalk and signal distortion. The use of distributed Raman 

fiber amplification auxiliary transmission can greatly reduce signal incident power, 

and maintain an appropriate optical signal to noise ratio (OSNR). This distributed 

Raman amplification technology is widely used in long-distance systems due to the 

requirement of large capacity of system transmission. 
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Figure 2-10 Curve of power changes of signal light and pump light along transmission unit {3} 

 

2.4.3 Erbium-Doped Fiber Amplifier (EDFA) 

One class of fiber amplifier is rare earth ion doped fiber amplifier. A rare earth 

ion doped fiber amplifier uses a rare earth ion as its working medium and uses the 

ion stimulated emission of radiation to perform optical signal amplification. 

Usauallly, rare earth ions used in an optical amplifier are Er, Nd, Pr and Tm. Among 
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rare earth ion doped fiber amplifiers, the erbium-doped fiber amplifier is relatively 

mature. 

 

2.4.3.1 The Principle of Erbium-Doped Fiber Amplifier 

 

2.4.3.1.1 Stimulated Emission by Radiation and Self Emission by radiation of 

Er3+ Ion in Erbium-Doped Fiber 

The erbium-doped fiber is the core of a fiber amplifier. It is a fiber with a certain 

density of Er3+ doped inside. To explain its amplifying principle, we will have to 

start from an erbium energy-level diagram.  There is a three energy level structure 

around the peripheral electron of an erbium ion (E1, E2 and E3 in Figure 2-11), where 

E1 is the ground state energy level, E2, the metastable state energy level, and E3, the 

high energy level, as shown in Figure 2-11 

Pump light

E2 metastable state

E3 stimulated state

1550nm Signal light

E1 ground state

1550nm Signal light

 

2-11 EDFA energy level diagram  {3} 

When a high energy pump laser is used to stimulate an erbium-doped fiber, a great 

quantity of shackled electrons of erbium ions can be stimulated from the ground state 

energy level to E3, the high energy level. However, as the high energy level is 

unstable, the erbium ions will soon fall to E2, the metastable state energy level after 

a radiationless leap (that is, no photon is relesed).  Whereas E2 energy level is 

metastable, on which particles can live longer (about 10ms). Particles stimulated by 

pump light are continuously converged to the energy level in a non-radiational leap 

pattern, so that reverse distribution of particles is realized, that is, there are more ions 

on the metastable state energy level E2 than on the ground state E1. When optical 

signals with 1550nm wavelength pass through this erbium-doped fiber, the 

metastable state particles, stimulated by signal photons, will leap to the ground state 
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in a pattern of stimulated emission by radiation, and will create photons completely 

the same with the input signal photons, so as to greatly increase the number of 

photons in the signal light, that is, the function that signal light is continuously 

amplified during the erbium-doped fiber transmission course is realized. 

In an EDF, most of the stimulated Er ions are forced to return to ground state E1 due 

to being stimulated by radiation, but some of them fall to the ground state by 

temselves. When disintegrating, these stimulated ions spontaneously emit photons. 

The spontaneously emitted photons are in the same frequency (wavelength) range 

with the signal photons, but the former are random. Those spontaneously emitted 

photons in the same direction as the signal photons are also amplified in the EDF.  

These spontaneously emitted and amplified photons for amplified spntaneous 

emission (ASE). As they are random, they make no contribution to the signals, on the 

contrary, they generate noises within the signal spectrum range. 

2.4.3.1.2 Optical Structure of Erbium-Doped Fiber Amplifier (EDFA) 

In order to amplify optical power, some optical passive devices, pump source and 

erbium-doped fibers are combined with a special chemical structure, hence an EDFA 

optical amplifier. Figure 2-12 shows the optical structure of a typical dua-pump 

source erbium-doped fiber amplifier.  

 

2-12 Typical diagram of internal optical paths in an EDFA {3} 

As shown in Figure 2-12, the signal light and the pump light sent out by the pump 

laser are coupled in the WDM before entering the EDF, where the two pump lasers 

form a 2-level pumping. Under the excitation of the pump light, the EDF can perform 

the amplification function, thus realizing the function of amplifying optical signals. 
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I. Erbium-doped fiber 

For the working principle of erbium-doped fiber mentioned above. 

II. Coupler 

An optical coupler has a function to couple the signal light and pump light, and send 

them together into the erbium-doped fiber. It is also called an optical multiplexer. 

Usually, a fiber fusion conical coupler is used.  

III. Isolator 

The two isolators in the optical channel have the following functions respectively: 

the input optical isolator can prevent the inverse ASE in the erbium-doped fiber from 

interfering the transmitter in the system, and prevent the inverse ASE from entering 

the erbium-doped fiber, after being reflected at the input end, to make greater noise; 

and the output optical isolator can prevent output amplified optical signals from 

entering the erbium-doped fiber, after being reflected at the output end, to consume 

the particles and hence affect the amplifying characteristic of the erbium-doped fiber. 

IV. Pump laser 

A pump laser is the energy source for an EDFA. Its function is to provide energy for 

amplification of optical signals. Usually, it is a kind of semiconductor laser, with 

wavelengths 980nm or 1480nm. When pump light passes through an erbium-doped 

fiber, erbium ions will be pumped from a low energy level to a higher energy level, 

so that there will be reversion of particle number, whereas when signal light passes, 

the energy will be converted to the optical signals, hence realizing optical 

amplification. 

V. Splitter 

The optical splitter in an EDFA is a one into two devices, with a function to split a 

small portion of the optical signals from the main channel and send them into the 

photodetector, so as to realize monitoring over the optical power in the main channel. 

VI. Photodetector 

A photodetector is a light intensity detector, with a function of converting optical 

power received into optical current via photoelectric conversion, so as to exercise 

monitor over the input and output optical power of the EDFA module.  
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2.4.4 EDFA vs. RAMAN 

After knowing the basic information of EDFA and Raman optical amplifiers, it 

appeared that the Raman amplifier performs better for two main reasons. Firstly, it 

has a wide band, while the band of EDFA is only from 1525 nm to 1565 nm and 1570 

nm to 1610 nm. Secondly, it enables distributed amplification within the transmission 

fiber. As the transmission fiber is used as gain medium in the Raman amplifier, it can 

increase the length of spans between the amplifiers and regeneration sites. Except for 

the two advantages mentioned above, Raman amplifier can be also used to extend 

EDFA. 

although the Raman amplifier is a better option, but in some application there is  still 

need choosing the EDFA amplifiers, compared with Raman amplifier, EDFA 

amplifier also features many advantages, such as, low cost, high pump power 

utilization, high energy conversion efficiency, good gain stability and high gain with 

little cross-talk. 

So, when designing long-haul transmission link require consideration many factors 

and the of pros and cons of each amplifier to decide the selection between EDFA and 

Raman Amplifier or use both of them, Raman Amplifier or using both in the link 

design, some of these factors that should be considered are wavelength, required gain 

profile, distance, cost, ...etc.  

2.5 Related Studies  

2.5.1 Backward Pumped Fiber Raman Amplifiers Gain Enhancement 

The rapid revolution of communications in the last few years has opened the field of 

research on optical communication and placed it on research objectives in 

communications engineering, and also the broad features of optical networks make it 

as back bone communication systems. One solution to renew the signal is to convert 

the optical signal to the electric field and then convert it back to a new optical signal. 

However, pure optical amplifiers are usually preferred. When the Raman pump wave 

has slight random power fluctuations in time, it is almost the case, individual bits, 

differential amplification, which can lead to capacitance fluctuations or jitter. If the 

rear pump is applied, the average voltages in amplitude will be calculated. Raman 

fiber amplifiers are now used all Raman or hybrid RAs/EDFAs at both long distances 

and very long wavelength wavelengths divided by multiplex optical communication 

systems. Optical amplifiers are essential elements of any fiber optic communication 

system. Although modern optical fibers have losses below 0.2 dB/km, the repeated 

https://www.omicsonline.org/scholarly/telecommunications-journal-journals-articles-ppts-list.php
https://www.omicsonline.org/scholarly/automotive-engineering-journals-articles-ppts-list.php
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amplification of the signal sent to its original power becomes necessary at sufficiently 

long distances. One solution to renew the signal is to convert the optical signal into 

the electric field and then convert it back to a new optical signal. However, it is 

recommended that the amplification on the optical field be considered as conversion 

time, noise resulting from the conversion process, cost and reliability. Therefore, the 

optical amplifiers have advanced rank. It can help design optical transmission system 

issues such as mid-distance visually amplify, and enhance bandwidth using Raman 

optical amplification (ROA) technology. ROA does not suffer from EDFA 

limitations in that it can be integrated with transmission fibers, and is pumped at any 

wavelength to provide wide gain bandwidth and gain flatness by using a combination 

of different wavelength pumping sources. Raman amplifier is based on Raman 

scattering motif phenomena is a nonlinear optical process in which the photon is 

absorbed and called the photon pump by the material while simultaneously emit a 

photon of different energy. The difference in photon energy is compensated by 

changing the vibrational state of the substance. There are two Raman speakers; a 

separate Raman amplifier and a distributed Raman amplifier (DRA). The 

distributed fiber optic type is used as an active medium. If the amplifier is included 

in the box at the end of the transmitter or receiver of the system, it will call a separate 

Raman amplifier. One of the most commonly used in contemporary submarines and 

long-distance terrestrial networks is the distributed Raman Amplifier (DRA), where 

Raman amplification can occur in any fiber at any signal wavelength by proper 

selection of the pump wavelength. The Raman gain process is very fast. In this study 

presented two optical amplifiers in cascaded form to enhancement the gain of the 

amplifier the first is forward pump amplifier and the second is backward pump 

amplifier, also we simulate and analyze the parameters affecting on Raman gain of 

fiber Raman amplifier for three different fiber types 

 

 

Figure 2-13 Design model of Raman amplifier system scheme.      {5} 

https://www.omicsonline.org/scholarly/neurotransmission-journals-articles-ppts-list.php
https://www.omicsonline.org/scholarly/chemical-safety-technology-journals-articles-ppts-list.php
https://www.omicsonline.org/scholarly/energy-homeostasis-journals-articles-ppts-list.php
https://www.omicsonline.org/scholarly/fiber-engineering-journals-articles-ppts-list.php
https://www.omicsonline.org/scholarly/optical-biosensor-journals-articles-ppts-list.php
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2.5.1.1 Model and Equations Analysis 

The scheme of a typical DRA which uses two Raman fiber amplifiers the first forward 

pump Raman amplifier and the second is feedback pump Raman amplifier in 

cascaded form to enhancement the Raman gain of feedback Raman amplifier is 

shown on Figure 2-13. When the pump power propagates in the direction of the 

signal, it is called co- or forward pumping scheme, and when the pump travels in the 

opposite direction, it is called counter or backward pumping. The pump sources 

marked as PS1 and PS2 are placed at both ends of the transmission span and their 

power are switched in the medium of the silica fiber using optical couplers. 

The fiber signal propagates in fiber media with the power signal according a couple 

of differential equation, this equation describes not only the signals attenuation due 

to propagation but also the power transfer from the power signal as follow: 

(1)  …………….. [5] 

(2)  …………………….[5] 

where GR is the Raman gain coefficient related to the fiber type (W-1.m-1), αs and αp are 

the attenuation coefficient related to the optical signal and the pumping power in 

same order, ωs and ωp are the angular frequency related to the optical signal and the 

pumping power in same order. 

Therefore, to calculate the pump power at point z it can be used: 

(3) ……………………..[5] 

If the values of PP are substituted in differential eqn. (2), and it is integrated from 0 

to L for the signal power in the forward and the backward pumping, it can be written 

as: 

(4)……..[5] 
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(5)……..[5] 

where GF, GB are the net gain in the forward and backward pumping respectively. With 

PO being the pump power at the input end, αS and αP are the linear attenuation 

coefficient of the signal and pump power in the optical fiber respectively, can be 

expressed as: 

(6) …….………..[5] 

where α is the attenuation coefficient in dB/km. 

From equation. (4) and (5) can get the total gain of fiber Raman amplifier due to using 

forward pump Raman amplifier and feedback pump Raman amplifier in cascaded 

form to enhancement the Raman gain of feedback Raman amplifier can be expressed 

as: 

(7) ………………...[5] 

Where, GT the total gain of forward pump Raman amplifier and feedback pump 

Raman amplifier then, 

(8)....[5] 

(9)….[5] 

(10) ………….……………...[5] 

Where; 

 (11)…………………..[5] 

The signal intensity at output of amplifier, fiber cable length L is determined by the 

following expression: 
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(11) …………….[5] 

The effective length, Leff is the length over which the nonlinearities still holds or 

stimulated Raman Scattering (SRS) occurs in the fiber and is defined as: 

(12)  ……………[5] 

Hence the amplification gain defined as the ratio of the power signal with and without 

Raman amplification, is given by the following expression: 

(13)  ………….[5] 

 

2.5.1.2 Result and discussion  

As conclusion simulation results gives enhancement the gain of the amplifier, The 

Raman gain of an optical signal is observed to depend on the selection of pump 

power. The Raman Amplifier gain is obtained as a function of fiber length and pump 

power. According to the obtained results, gain is strongly dependent on the fiber 

length and pumping power.  
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Chapter 3: Methodology, Design and Implementation   

3.1 Methodology 
 

Opti-system simulator is selected as simulation tool to simulate the system 

bearing in mind the optimization features of the simulator, figure 3-1 show the 

configuration setup of the system, the optimization of the Pump power and Pump 

frequency will be resulted in gain  flatness for 64- C WDM channels shown in figure 

3.2, Opti-system simulation tools well thought-out suitable simulator for such case 

as provided all required parameters to design and implement our thesis  requirement  

and to get the desired results, 64 C-band channels used to form the project,  the 64 

channels between 1512 and 1562.4 nm with 0.8 nm separations are multiplexed onto 

a single fiber through Optical Wavelength Multiplexer and amplified through Raman 

Optical Amplifier, four pump with initial power and wavelength added to the Opti-

system simulation, Dual spectrum analyzer is used to analyze the gain for each 

channel,  spectrum analyzer used before and after Raman amplifier, by performing 

the optimization for pump power and pump wavelength and with rounds of iterative 

optimization process the gain flatness obtained and be visualized through spectrum 

analyzer    

 

Figure 3-1: Simulation configuration setup 
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Figure 3-2 WDM channels before amplification 

 

 

3.2 Design and Implementation  

The requirements are to have multi-wavelength of Raman amplifiers with a flattened 

gain, determination of the amplifier specifications such as signal level, required gain 

profile, and number of allowed pump channels should be precisely specified before 

implementation, the optimization procedure can generate a combination of pump 

wavelengths and input powers that would result in the gain profile approximating the 

specified one as close as possible. Important notice that the optimization may require 

a huge number of iterations since interaction between channels and pumps are very 

complicated. Therefore, it is very important to give good estimated initial values, 

especially for pump wavelengths to the Opti-system to lower the required number of 

iterations, as our endeavor is optimizing the pump power and frequencies for gain 

flatness, so the values named as Initial with the initial pump configuration 
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and Optimized with the optimized pump configuration and a Multi-Parameter 

Optimization (MPO) setup. 

3.2.1  Characteristics of Multi-pump Raman Amplifier 

The aim behind the optimization of multi-pump Raman amplifier is to get better gain 

flatness and reduce ripples instead of utilizing any gain flattening techniques. Gain 

bandwidth can be improved by Raman amplifier by efficient utilization of DWDM 

system adopting the MPO optimization using Opti-System simulation software. The 

optimized four pump powers are utilized to transfer energy from pumps to the signal 

to provide better gain flatness and reduce ripples. MPO tools are available in Opti-

System software to optimize the pump powers and frequencies to achieve the target 

gain to keep the DWDM system with 0.8 nm channel spacing. This multi-pump 

optimization is based on nonlinear least square (LSQ) algorithm. For the initial stage 

the four types of pumps are randomly chosen with input power -20 dBm for 64 

channels of DWDM system. The MPO is executed with several iterations for the goal 

attainment of gain flatness to achieve high gain. The signal power was at length L to 

amplify the continuous wave signal  

…..[5] 

Where   represent the effective length of the Raman fiber 

amplifier, where gR represents Raman gain coefficients, where ap is the pump cross-

sectional area, αs is the fiber loss, P0 is the input power, and PS(0) is the signal power 

a L = 0. The basic simulation setup in Figure 3-1 shows 64 channels where each 

channel is spaced with 0.8 nm  

The design layout is as shown in Figure 3-1; total of 64 channels between 1512 and 

1562.4 nm with 0.8 nm separations are multiplexed. The average power of each 

channel is -20 dBm. The Average Power Raman amplifier model to simulate the 

amplifier is selected. This model allows a fast and accurate estimation of the amplifier 

gain. The fiber used as gain medium is a 25 km fiber with 9.5e-014 m/W peak Raman 

gain coefficient. The effective area of the fiber is 55-micron square. The loss of the 

fiber is 0.2 dB/km  

 

https://new.hindawi.com/journals/aoe/2018/5703805/fig1/
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In the design the main focus and interest in the frequency domain response of the 

amplifier. Therefore, the simulation conducted with Parameterized signals. To do so, 

Parameterized option is selected from Signals tab of the Initial Parameters window. 

Regarding the setting of upper pump frequency is selected from Enhanced tab of the 

Raman Amplifier component and the Upper pump reference parameter is set to 1510 

nm. in the design, a Dual Port WDM Analyzer measures amplifier gain and gain 

flatness. To limit the measurement window within signal spectrum, the lower and 

upper frequency limits from the Main tab of Dual Port WDM Analyzer set to values 

1511 nm and 1564 nm, respectively. 

Four pump signals with initial powers and frequency setting shown in Table 3-1 are 

used for backward pumping. These parameters are chosen for comparison. The Initial 

configuration is shown in the Layout named “Initial”. The initial power from optical 

spectrum analyzer depicted in figure 3-3 and the output power before optimization 

shown in figure 3-4 and Raman gain value before optimization shown in table 3-2 
 

 

 

 

Pump Wavelength  Pump Power 

1405.0 110.0 

1415.0 140.0 

1435.0 170.0 

1460.0 140.0 

 
Table 3-1 Initial pump parameters 
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                                  Figure 3.3 Initial pump power allocation 

 

With this initial pump configuration, the output power spectrum observed in Figure 

3-4. The obtained gain flatness is 3.7 dB, these values can be seen by double clicking 

on Dual Port WDM Analyzer by observe the highest output power of amplifier 

channels and compared with lowest output power of Raman Amplifier channel as it 

shown in table 3-2 
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Figure 3.4 Output power spectrum before the optimization 

 

Table 3-2 Raman gain values before optimization  
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The optimization configuration setup process through Opti-system shown from 

Appendix 6 to Appendix 16 for pump and wavelength with following optimization 

parameter setup, the Gain Flattening type of optimization has been selected; pump 

powers and frequencies are added to the table, the Minimum and maximum pump 

powers are selected to be 0 and 300 mW respectively. minimum and maximum pump 

wavelengths are selected to be 1400 nm and 1500 nm, respectively. 

In the Results tab, the Gains for all channels from dual port WDM analyzer added to 

the table. Target gain are 6 db. in the first scenario and 10.0 db. for the second 

scenario inserted. Number of Goals to achieve exactly is same as the number of 

channels and automatically set. 

 Gain flatness is measured by the Dual Port WDM Analyzer. As a constraint, gain 

flatness less than 1.5 dB is required.  

For specific designs, and for the given set of requirements, optimization procedure 

only needs to adjust the pump powers. 
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Chapter 4: Results and Discussion  

 

4.1  INTRODUCTION 

The basic principle of optical communication system is that light can carry 

information over long distances. Optical fiber communication systems provides us 

with the large bandwidth but still bandwidth cannot be fully utilized because of 

requirement of too many sources for sending many signals and problem of 

multiplexing. The development of wavelength division multiplexed systems (WDM) 

has overcome this problem up to a certain extent by utilizing the bandwidth of optical 

communication systems. WDM is a potential technology in which multiple optical 

carriers with different wavelengths are modulated by electrical bit streams and are 

then transmitted over the fiber. In optical fiber communication systems, amplifiers 

are vital for regenerating, amplifying and retransmitting the optical signals. 

Amplifiers are needed to prevent the seriously attenuated optical signals. Raman 

amplifiers are generally used as compared to other amplifiers because of merits of 

high gain, better performance, low noise figure and amplifying the whole working 

band  

As there is an increasing demand of transmission bandwidth for long haul wavelength 

division multiplexed optical fiber communication systems. Bandwidth can be well 

utilized by using wideband and gain flattened amplifiers. Wideband amplification 

can be done by combining several amplifiers having different gain bandwidths. 

Different gain flattening techniques are available for gain flattening purposes to 

reduce gain ripples 

Because of practical issues, L-band EDFA has gained more interest in terms of gain 

flatness and enhancement. So as to utilize the transmission bandwidth, EDFA can be 

cascaded with Raman amplifier having different gain bandwidths so as to obtain 

wideband amplification. 
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4.2  Technique of Gain Flattening  

The gain of optical fiber amplifiers is wavelength dependent due to which 

imbalance of power occurs in the transmitted channels. Therefore, there e is a need 

for gain flattening techniques to be applied to overcome this problem as wideband 

and gain flattened optical amplifiers are crucial for long haul optical communication 

systems, fig. 4.1 show the flattening concept  

 

Figure 4.1 Gain flattening concept 

 

Flattening of the gain contour in wideband Raman amplifiers is one of the most 

important tasks for the designers of Raman amplifiers. Currently, different pump 

techniques are being used for Raman gain flattening. In our “WDM pumping,” is 

used which employs a set of several 14XX-nm diode laser pumps with optimized 

wavelengths and/or output power. Our target gain flatness of Raman amplification in 

the C- plus L-band. The deploying of pumping schemes for fiber Raman amplifiers 

has disadvantage related to relatively high of Pump.  



35 
 

4.3 Results and Discussions  

 

Total of 64 channels from C- Band as descripted in figure 4-1 to has been used to 

perform the gain flattening through opti-system simulation 

 

                               Figure 4-2 64 C-band channels 

The 64 channels multiplexed through WDM multiplexer onto one single fiber and 

amplified with Raman optical amplifier and the gain of Raman amplifier has been 

optimized through MPO process with rounds of optimization iteration for pump 

power and pump wavelength, the initial pump power and wavelength shown in Figure 

4-3 and table 4-1, the desired output of the whole design is to get out put power 

flatness of the Raman amplifier 



36 
 

 

Figure 4.3 Initial pump power allocation 

 

Pump Wavelength  Pump Power 

1405.0 110.0 

1415.0 140.0 

1435.0 170.0 

1460.0 140.0 

 

Table 4-1 Initial Pump power and wavelength   
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4.3.1 Scenario one  

compare Raman Amplifier gain flatness before optimization to Raman amplifier 

gain flatness after optimization at 6 db. gain as target value 

Before Optimization 

The initial parameters values of pump power and wavelength as shown on table 4-1 

will be changed to meet the flatness requirement through Multi-Parameter 

Optimization (MPO), more details about MPO setting in Opti-system shown in 

appendix 5-15 

The gain ripples before optimization obtained from optical spectrum analyzer shown 

in figure 4-4 and from dual spectrum analyzer in table 4-2, from the table the gain 

flatness is about 3.7 db. obtained from the difference between highest power gain 

with lowest power gain           

 

Figure 4-4 Raman gain before Optimization 
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Table 4-2 Raman gain before optimization 
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After Optimization at 6 db gain as target value  

The aim is to reduce the gain ripples from 3.7 db. to lower value, after run multi-

parameter optimization on opti-system and through round of optimization iteration, 

noticeable improvement is gained as shown in figure 3-6 from optical spectrum 

analyzer, and the numerical value of gain obtained from dual spectrum analyzer in 

table 4-3 and the gain flatness ripples improved from 3.7 db. to 1.8 db. 

 

 

Figure 4-5 Raman gain after Optimization at gain 6 db 
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Table 4-3 Raman gain after optimization at 6 db gain 
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4.3.2 Scenario two 

 

compare Raman amplifier gain flatness before optimization to Raman 

amplifier gain flatness after optimization at 10 db. gain as target value 

 

Before Optimization  

The initial parameters values of pump power and wavelength as shown on table 4-1 

will be changed to meet the required flatness requirement through Multi-Parameter 

Optimization (MPO),  

The gain flatness ripples before optimization obtained from optical spectrum analyzer 

shown in figure 4-4 and from dual spectrum analyzer in table 4-2, from the table the 

gain flatness is 3.7 db. obtained from the difference between highest power gain with 

lowest power gain  

 

After Optimization  

The aim is to reduce the gain ripples from 3.7 db. to lower value, after round of 

iteration on multi-parameter optimization of opti-system simulator noticeable 

improvement is gained as shown in figure 3-7, and the numerical values obtained 

from Dual spectrum analyzer and shown in table 4-4, from the table the gain ripples 

of Raman amplifier improved from 3.7 db. to around 1.5 db. 
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Figure 4-6 Raman gain after Optimization at 10 db. gain  
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Table 4-4 Raman gain after optimization at 10 db. gain 

 

The outcome of Raman gain optimization shown on above two scenarios is resulted 

in flattening the gain of Raman optical fiber amplifier which will be enabler for more 

channel to be transmitted and more bandwidth growth with higher OSNR and 

eliminate or reduce the BER. 
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from the two scenarios comparison, better improvement of gain flatness obtained at 

setting the target gain of Raman amplifier at 10 db. which is reflected in better 

flatness value 1.5 db. compared to 1.8 db. at the target value set at 6 db.  

Besides bandwidth growth advantage that will be obtained from gain flatness, another 

advantage is wavelength power stability which reflected in service stability and better 

performance, on the other hand adding more pump with high power will generate 

hazard and risk for injury for human or equipment     
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Chapter 5: Conclusion and Recommendation  

5.1 Conclusion  

Optimization simulation results shows improvement of Raman Optical Amplifier 

gain, two scenarios conducted to prove the improvement, the first scenario set the 

target value on optimization parameter to Raman amplifier at 6 db. and as results the 

gain ripples enhanced from 3.7db. to 1.8 db. on the second scenario the target gain 

of Raman amplifier on optimization parameter set at 10 db. and the gain of Raman 

amplifier enhanced from 3.7 db. to 1.5 db. simple comparison between two scenario 

results, concluded that the best setting of Raman amplifier target gain value is 10 db. 

to get best possible ripple flatness value  which is 1.5 db. 

 

5.2 Recommendation   

 

As gain flatness of optical Raman Amplifier can be better optimized, this will be 

enabler for more than 64 WDM channels to be transmitted as by the gain flatness 

mechanism and enhance the OSNR can be obtained and the BER eliminated or 

reduced to minimum,  for example 128 or 256 WDM channels with 10,40 or 100G  

capacity can be transmitted with proper pump power selection to increase broadband 

capacity requirement, as it proven the possibility of flatten the gain of Raman Optical  

Amplifier and then enable the capacity growth, the challenge will be in better 

selection  proper pump power and wavelength  for Raman Amplifier for better results  
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List of Abbreviation  

Acronym                               Description  

ASE     Amplified Spontaneous Emission  

ATM     Asynchronous Transfer Mode 

CATV     Cable Access Television 

DEMUX    De-multiplexer 

DRA     Distributed Raman Amplifier 

DWDM    Dense Wavelength Division Multiplexing  

EFFA     Erbium-doped fiber Amplifier 

FDM     Frequency Division Multiplexing  

FWM     Four Wave Mixing 

ISDN     Integrated Services Digital Network 

 MPO     Multi-Parameter Optimization 

MUX     Multiplexer 

NF     Noise Figure  

NMS     Network Monitoring System  

OFDM     Orthogonal Frequency Division Multiplexing  

OSC     Optical Supervisory Channel 

OSNR     Optical Signal to Noise Ratio 

RA     Raman Amplifier 

SDM     Space Division Multiplexing  

TDM     Time Division Multiplexing  

WDM     Wavelength Division Multiplexing 

 (UW)-WDM Ultra-Wideband - Wavelength Dense Division Multiplexing 

https://en.wikipedia.org/wiki/Integrated_Services_Digital_Network
https://en.wikipedia.org/wiki/Integrated_Services_Digital_Network
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Appendix A  

 

Appendix 1:  Raman Amplifier setting 1 

 

 Appendix 2: Raman Amplifier setting 2 
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Appendix 3: WDM transmitter Configuration 

 

 

Appendix 4: Pump power settings 
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Appendix 5: Pump wavelength settings 

 

 

 

 

Appendix 6: Main tab of MPO 

 

 



55 
 

 
Appendix 7:  Pump frequency (0) 1405nm setting 

 
Appendix 8: Pump frequency (1) 1415nm setting 
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Appendix 9:  Pump frequency (2) 1435nm setting 

 

Appendix 10: Pump frequency (3) 1460 nm setting 
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Appendix 11:  Pump Power (0) setting starting from 110 dbm as staring value 

 

Appendix 12: Pump Power (1) setting starting from 110 dbm as staring value 
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Appendix 13 Pump Power (2) setting starting from 170 dbm as starting value  

 

Appendix 14: Pump Power (3) setting starting from 140 dbm as starting value 
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Appendix 15 Raman gain setting at 6 db 

 



60 
 

 

Appendix 16 Raman gain setting at 10 db. 
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