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ABSTRACT 
This paper discusses about a MATLAB-based comparison of the performances of three optical amplifiers — EDFA, 
ROA, and SOA — by adjusting significant parameters such as gain, pump power, spontaneous - emission factor, and 
input power. Hence calculating gain, noise figure, and output power over actual device lengths. The results clarify about 
the gain, noise, and device footprint trade - offs that guide wavelength - division - multiplexed and short - reach link 
design. 
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1. INTRODUCTION 
An optical amplifier is a device that amplifies the power of 
an optical signal without converting it into an electrical 
signal. Traditional ways of regeneration of an electrical 
signal are via optical-to-electrical-to-optical conversion, 
which introduces delay and complexity. Optical amplifiers 
overcome this limitation by amplifying the optical signal 
directly without compromising its integrity and 
minimizing signal degradation. 

The primary function of an optical amplifier is to 
compensate for attenuation, or the gradual decrease of a 
signal while it moves down an optical fiber. Absorption, 
scattering, and other optical phenomena cause optical fiber 
to be attenuated. Signals would be too feeble to be picked 
up if they travelled a long distance without being 
amplified, and communication would be disrupted. 

Optical amplification is based on the stimulated emission 
process. When the gain medium's atoms or ions are 
excited to a higher energy level by an external energy 
supply (e.g. pump laser), they will eventually return to a 
lower energy level, emitting a photon in the process. If a 
passing optical signal is passed through the medium, the 
passing signal will cause the emission of additional 
photons of the same phase, frequency, and direction, 
resulting in signal amplification. 

The performance of an optical amplifier is 
characterized by a set of significant parameters: 

Gain 

Gain controls the amplification rate in an optical amplifier. 
Strong signal amplification, however, which is needed for 
long-distance transmission, is provided by higher gain. 
Excessive gain, though, leads to distortions and signal 
saturation, which must be properly optimized. 

Noise Figure (NF) 
The noise figure is an indicator of the added noise by the 
amplifier. The lower the noise figure, the better since it 
maintains higher-quality signals and higher signal-to-noise 
ratio (SNR). Too much noise degrades the integrity of the 
data being transmitted, leading to communication errors. 

Saturation Power 
Saturation power refers to the greatest output power of an 
amplifier where nonlinear effects begin to decrease the 
gain. If the input power is greater than the saturation 
power, the amplifier is unable to offer linear amplification, 
deforming the signal and decreasing performance. 

Bandwidth 
The bandwidth of an optical amplifier will determine how 
much it can amplify a set of wavelengths. In order to 
amplify more than one wavelength at the same time, there 
is a requirement for more bandwidth, and wavelength 
division multiplexing (WDM) systems require this. 
Bandwidth limitation can limit the quantity of data on the 
network. 

2. THEORY 

Ebrium Doped Fiber Amplifier [EDFA] 
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The most common optical amplifier used in fiber-optic 
networks is the Erbium-Doped Fiber Amplifier (EDFA). It 
was first designed sometime around the late 1980s and 
totally transformed optical networks by allowing the signal 
to travel long distances with almost no signal loss. EDFA 
full fills its function through doping a silica fiber with 
Erbium ions (Er³⁺). Excitation of Pump laser, usually 980 
nm or 1480 nm, excites Erbium ions to a greater energy 
level. Excited Erbium ions release stored energy in the 
form of light which is amplified on passing an incident 
light signal through the doped fiber, typically 1550 nm, 
optimum wavelength for the transmission of light through 
a fiber-optic link. 

EDFA possesses high signal gain and low noise figure and 
is ideal for long-haul transmission. It effectively amplifies 
C-band signals (1530-1565 nm) and can be extended to the 
L-band (1565-1625 nm). EDFA is more power-efficient 
than other amplification technologies and therefore 
reduces the operating cost. EDFA is WDM (wavelength 
division multiplexing) compatible in the sense that 
multiple signals are amplified in parallel without cross-
talk. EDFAs are used in undersea and land fiber-optic 
cables for signal amplification over thousands of 
kilometers. They improve signal strength of metropolitan 
area networks (MANs) where high-speed data 
transmission is needed. EDFA technology is applied in 
broadband optical networks to amplify signals in passive 
optical networks (PONs). EDFAs are used for many 
applications in high-power laser systems, optical sensing, 
and secure military communications networks. 

Semiconductor Optical Amplifier [SOA] 
Semiconductor Optical Amplifiers (SOAs) are compact 
and efficient optical amplifiers of critical importance in 
optical communication systems of the modern age. They 
are semiconductor-based and work on the principle of 
stimulated emission to amplify the optical signals. They 
are a semiconductor gain medium, normally of indium 
phosphide (InP) or gallium arsenide (GaAs), placed 
between two electrodes. When an electric current is 
supplied, charge carriers are injected into the active region 
and cause population inversion. 

The input light signals stimulate the emission of more 
photons of the same type, leading to signal amplification. 
They are polarization-sensitive amplifiers and are capable 
of amplifying signals for a wide variety of wavelengths, 
commonly in the C-band (1530–1565 nm) and O-band 
(1260–1360 nm). SOAs can be easily integrated into 
photonic circuits and thus they can be applied for 
miniature optical communication systems. Being based on 
electrical pumping, SOAs tend to consume lower power as 
compared to other amplifiers for optics. 

SOAs possess a broad wavelength operation range, which 
makes them very suitable for use in wavelength division 
multiplexing (WDM) systems. Their application of 
semiconductor fabrication technologies renders SOAs 
cost-effective compared to other amplifiers. The SOAs 
with their carrier dynamics, have fast recovery times for 

gain and thus are well suited for signal processing. 
Because of the high response rate, SOAs are used in 
optical switching and wavelength conversion. SOAs are 
used in passive optical networks (PONs) and in fiber-to-
the-home (FTTH) networks to power-up a signal. SOAs 
suffer from gain dependence on the input signal 
polarization state, where additional polarization control is 
required. SOAs produce additional noise compared to 
EDFAs, thereby degrading the signal quality in long-
distance communications. SOAs suffer from nonlinear 
effects like four-wave mixing and cross-gain modulation 
that degrade signal integrity. Saturation of gain in SOAs 
limits their output power, and they are not applicable to 
high-power amplification. 

Raman Optical Amplifier [ROA] 
Raman Optical Amplifiers function using the Stimulated 
Raman Scattering (SRS) process, a nonlinear optical 
effect. The high-power pump laser couples into the optical 
fiber medium with interaction transferring the energy to 
signal photons via phonon (vibrational energy) 
interactions. Amplification of the optical signal occurs due 
to the energy transfer. 

Raman amplifiers can supply gain across a long length of 
fiber compared to lumped amplifiers. The wavelength of 
amplification is decided by the pump wavelength, 
providing signal transmission flexibility. Raman 
amplification provides lower noise than other optical 
amplification techniques, enhancing system performance. 
It also reduces fiber loss by offering distributed gain, thus 
increasing transmission distance. The amplification takes 
place inside the fiber, hence the introduced noise is much 
less than in other amplifiers such as Erbium-Doped Fiber 
Amplifiers (EDFAs). 

Raman amplifiers are able to amplify signals at any 
wavelength of interest, thus ideal for Wavelength Division 
Multiplexing (WDM) systems. ROAs can be added to 
existing fiber networks without making significant 
changes, lowering cost of deployment. Raman 
amplification needs a high-power pump laser, which raises 
the cost of operation and power consumption. The high 
pump power may cause unwanted nonlinear effects like 
four-wave mixing and self-phase modulation, which 
compromise signal quality. Optimizing a Raman 
amplification system involves accurate control over pump 
power, fiber characteristics, and wavelength management. 
Raman amplifiers are generally used in subsea and land 
fiber networks to increase transmission distance without 
employing repeaters. They also improve dense wavelength 
division multiplexing (DWDM) network capacity by 
enabling amplification of the signal over a wide 
wavelength band, and facilitates increasing demands for 
higher data rates in contemporary communications 
networks. 

3. SIMULATIONS & RESULTS 

Ebrium Doped Fiber Amplifier [EDFA] 

 



Page: 3 9 7   

Noise and Gain Behavior Analysis of Optical Amplifiers: A MATLAB Approach 

IJDDT, Volume 16 Issue 52s, 2026 
 
 
 

 

 
Figure 1: Graph of Noise Figure vs EDFA Length 

 
Figure 2: Graph of Gain vs EDFA Length 

 
Figure 3: Graph of Output Power vs EDFA Length 

Semiconductor Optical Amplifier [SOA] 

 
Figure 4: Graph of Noise Figure vs SOA Length 
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Figure 5: Graph of Gain vs SOA Length 

 
Figure 6: Graph of Output Power vs SOA Length 

Raman Optical Amplifier [ROA] 

 
Figure 7: Graph of Noise Figure vs ROA Length 
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Figure 8: Graph of Gain vs ROA Length 

 
Figure 9: Graph of Output Power vs ROA Length 

4. CONCLUSION 
The results attained for EDFA show that it provides a high 
small-signal gain with a fairly low noise figure when set at 
optimum fiber lengths, normally of the order of a few 
meters to tens of meters. The gain profile showed an initial 
sharp increase with length, saturating at larger lengths as a 
result of fiber loss and exhaustion of excited state ions 
available for amplification. Noise figure performance of 
EDFA continued to be moderate, confirming its ability for 
amplification in long-haul transmission systems and 
DWDM networks where low degradation of the SNR 
during amplification over the C-band is crucial. 

For Raman Optical Amplifiers (ROA), simulations 
underscored that distributed amplification over the 
transmission fiber gives a special edge in counteracting 
nonlinear degradation and ensuring improved SNR over 
extremely long transmission distances. ROA gain 
improved with increased pump powers and extended fiber 
lengths but at the expense of proper pump power 
distribution control to avoid unnecessary noise generation 
through spontaneous Raman scattering. The noise figure of 
ROA was found to be very low relative to discrete 
amplifiers. 

Semiconductor Optical Amplifiers (SOA) exhibited a 
different profile of performance relative to EDFA and 
ROA. SOA realized comparatively high gain over 
extremely small distances, in many cases lower than a 
centimeter. The noise figure of SOA was considerably 
increased, and SOA gain had a strong input power level 
sensitivity because of saturation effects on gains. In spite 
of all these constraints, SOAs provide distinct benefits 
including rapid switching time, wide operation bandwidth, 
compact size, and simplicity of integration with other 
semiconductor-based devices. 

The relative comparison clearly depicts that the choice of 
an optical amplifier has to be application-specific. EDFA 
is superior in traditional long-distance communications 
with fairly low noise and stable operation. ROA is better 
for ultra-long-haul and submarine applications where 
distributed gain and low noise figure are important. SOA, 
though noisier, offers unparalleled integration potential for 
next-generation high-speed, chip-based optical systems. 
This research stresses that thorough understanding of 
amplifier characteristics is the key for system design 
optimization, transmission capacity improvement, network 
cost minimization, and guaranteeing the targeted quality of 
service (QoS) in future optical communication networks. 

Table 1: Comparison of Various Parameters of Optical Fibers 
Feature EDFA SOA ROA 

Gain High (20-40dB) Moderate (10-30dB) Moderate (10-20dB) 

Bandwidth ~30-40nm(C andL-band) 
Broad (~100 nm) but 
dependent on material 

Extremely broad(50-
100 nm) 
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Noise Figure Low(4-6dB) High(~8 dB) Low(~4 dB) 
Saturation Power High (~20dBm) Low(~10 dBm) Moderate (~15dBm) 

Nonlinearity Low 
High (cross-gain modulation, 

four-wave mixing) 
Verylow 

Integration Bulky, fiber-based Compact, chip-based 
Fiber-based, 
distributed 

Cost Moderate Low High 
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