
 

 

 

Abstract— The gain flattening of Erbium – doped fiber 

amplifiers (EDFA) has been a research issue in recent years with the 

development of high capacity wavelength division multiplexing 

(WDM) optical communication systems. As the number of channel 

increases, in the WDM systems, transmission problems arises such as 

reduced effective transmission bandwidth and system performance 

degradation because a conventional EDFA has intrinsic  non uniform 

gain. The gain of EDFA depends on large number of parameters such 

as erbium-ions concentration, erbium-doped fiber length, pump 

power and core radius. We achieved average gain of 23dB, gain 

flatness of 0.299 dB, noise figure <6 dB and output signal power of 

about 8mW for 16 channels simultaneous amplification in a single 

stage EDFA by controlling the fiber length and pump power. The 

gains are flattened over 12 nm from 1546 nm to 1558 nm. The system 

is simulated using OPTISYSTEM software 

 

Keywords— EDFA, gain flatness, gain uniformity, gain 
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I. INTRODUCTION 

RBIUM doped fiber amplifier (EDFA) is an optical 

amplifier that consists of length of fiber that has been 

specially doped with erbium ions. The optical signal 

which is to be amplified and the pump laser that is used in 

exciting the erbium ions are multiplexed into the doped fiber 

and the signal is amplified through interaction of erbium doped 

ions [1]. EDFAs have extensive applications in present optical 

communication systems because of their high gain, low noise 

and high speed response. They also exhibit large gain 

bandwidth where a single EDFA can amplify large amount of 

data without any gain narrowing effects [2, 3]. In WDM 

systems, a stream of wavelength channels particularly in C and 

L-band regimes can be simultaneously amplified to a desired 

power level where the amplification of any particular channel 

is dependent on the signal wavelength, the number of signals 

present in the system, the input signal powers and its 

absorption and emission cross-sections [4].  

In WDM transmission systems and their related optical 

networks, one key of the technological issue is the 

achievement of broad and flat gain bandwidth for EDFA [5]. 
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Uniformity of gain involves two aspects, gain equalization and 

gain flattening. Gain equalization means achieving identical 

gains for optical channel while gain flattening means achieving 

a spectrally uniform gain bandwidth. Several methods in 

designing a flat spectral gain EDFA have been reported. These 

include controlling the doped fiber length and the pump power 

[6], by employing Mach-Zehnder interferometer [7], by 

employing long period fiber Bragg grating [8-12], and by 

using an acousto-optic tunable filter [13, 14]. However most of 

the previously reported work employed structures that rather 

increased the complexity of their setups. 

In this paper, we report 12 nm gain flattened EDFA by 

controlling the length of the erbium doped fiber and the pump 

power. The gains are flattened from 1546 nm to 1558 nm. For 

16 channels simultaneous amplification in a single stage 

EDFA, we achieved average gain of 23dB, gain flatness of 

0.299 dB, noise figure <6 dB and output signal power of about 

8mW. We utilized Optisystem software for the design of the 

EDFA in the WDM system.   

II.  METHODOLOGY 

The WDM system consists a transmitter, an ideal 

multiplexer, a pump laser, erbium doped fiber, dual port 

analyzer, output spectrum analyzer and an output power meter 

as shown in Fig 1. The input to the system is 16 equalized 

wavelength multiplexed signals from the WDM transmitter 

which encapsulates different components and allows selection 

of different modulation formats and schemes for multiple 

channels. The signals are in the wavelength region of 12nm 

(1546-1558) with 0.8nm channels spacing and power of each 

channel at -23.5dBm. The pump laser generates optical 

parameterized signals to be used for optical amplifier pumping 

at 980nm which is used to excite the doped erbium ions to 

higher energy level. The Dual Port WDM analyzer is utilized 

to detects, calculates and displays the optical power, noise, 

OSNR, gain, noise figure, frequency and wavelength for each 

WDM channel at the visualized inputs. It is also used to 

measure the desired gain and the gain flatness. The optical 

spectrum analyzer calculates and displays optical signals in the 

frequency domain. It was used to monitor the signal intensity. 

Optical power meter is used to calculate and displays the 

average power of optical signals. The software Optisystem was 

used to simulate the set-up. 

The pump has a maximum power of 160mW. 100mW was 

chosen as initial value of the pump power while 4m was 

chosen as the initial erbium doped fiber length. The system 

was then optimized at 24 passes. An average gain of 
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27.90818dB, noise figure of 4.1044863dB, and gain flatness 

of 1.716952 dB were achieved at pump power and fiber length 

of 65.61mW and 4.18076m respectively. An output power of 

14.10447dBm was obtained. The OSA displays the signal and 

noise spectrum of  the  first optimization amplifier output 

signal as seen in Fig 2. 

 

III. RESULTS AND DISCUSSIONS 

 Referring to Fig. 2, The pump power of 100mW yields 

irregular gain spectrum with sharp peak around 1530nm at 

position A and a 3dB bandwidth of 12nm(1539-1551) from 

positions B to C. The uneven gain profile causes significant 

problems in multiwavelength system over a long transmission 

span and large accumulation of ASE at the peak of the gain 

profile, which can eventually saturate the amplifier.  

Second optimization was then performed at 24 passes, an 

average gain of 25.93325 dB, noise figure of 4.47882dB   and 

gain flatness of 1.51276 dB were achieved at optimum pump 

power and fiber length of 42.1918mW and 4.3071m 

respectively. The spectrum is shown in Fig. 3 

  At the third optimization with 15 passes, an average gain of 

22.99458 dB, noise figure of 5.6325763 dB and gain flatness 

of 0.289288 dB were achieved at optimum pump power and 

fiber length of 24.9567mW and 4.73625m respectively. An 

output power of 8.798339dBm was obtained which is more 

than 8.5dBm and the average gain and gain flatness are 

approximately equal to the desired values. The OSA displays 

the signal and noise spectrum of  the  third optimization 

amplifier output signal as seen in fig 4 

 

 
The best case for the gain flatness (0.299dB) is at 24.9567 

mW which shows a uniform flattened gain spectrum where the 

peak of the gain profile at position A is reduced from -33dB to 

-42dB hence increasing the 3dB bandwidth to 21nm (1538-

1559nm) and most equalized gains of 23dB within the 

channels are represented by the parameterized signal as seen in 

Fig 5.The reduction in ASE improves the gain flatness and 

gain uniformity. 
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  The optical gain and noise figure (NF) for multi-channels 

amplification were measured for different pump powers, Fig 6 

shows the gain and noise figure variation of -26dBm/channel 

amplification for different pump powers. 

 

 The pump power of 100mW has the lowest noise figure and 

high gain. It yields the highest gain flatness of 2.24dB.This 

shows that the pump power at 100mW does not offer good 

performance for the system since the objective is to achieve 

gain flatness of 0.5dB and the most equalized gain for the 

channels. The best gain flatness was found at optimum pump 

power of 24.96mW and fiber length of 4.73625m with a low 

gain flatness of 0.29dB and equalized gain of 23dB through 

the 16 channel as shown in Fig. 7. As the pump power 

decreases, the gain decreases while the noise figures increases, 

however, the gain flatness decreases along with the decrease in 

pump power. For each pump power, the output power 

increases and decreases after reaching a maximum value. As 

the fibre length increases, Er3
+
 ions available to excite 

increases and output power increases. After a certain length, 

when all pump power is exhausted, the unexcited Er3
+
 ions 

results in the decreased output power. It is observed that the 

optimum fiber length is 4.73625m with an output power of 

8.798339dBm. 

 

 In the small signal regime (unsaturated condition), backward 

ASE power is large, so the amplifier is saturated by larger 

ASE powers and the noise figure becomes higher. As 

backward input signal increases, backward ASE power 

gradually decreases as gain also decreases due to signal 

saturation. It is clear that the equalized gain profile remains 

uniform even when the amplifier gain shows the gain spectrum 

which makes it ideal for WDM applications as shown in Fig. 

7. At the average inversion of erbium ions with desired gain 

flatness, it was found that the pump power is a linear function 

of the output signal power and input signal power. 

 

 

(a) Pump power Vs output 

signal power 

(b) pump power Vs input 

signal power 

Fig 8 EDFA operated at average inversion 

IV. CONCLUSION 

A simple method for EDFA gain optimization has been 

proposed and examined in an effort to obtain a flat gain value 

by controlling the erbium doped fiber length and pump power 

for a given input power and desired output power using 

OptiSystem Software. The optimization analysis that relates 
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the EDFA performance parameters has been presented by 

considering the pump power, pump wave length, Erbium-

doped fiber length, and input signal levels and their spectral 

range. Short EDFA length and low pump power are desirable 

for practical and affordable purposes and it was shown that 

average gain of 23dB and gain flatness of 0.299dB were 

obtained at the shortest optimum fibre length of 4.73625m of 

and lowest optimum pump power of 24.9567mW for 16-

channel simultaneous amplification. The gain flatness of 12 

nm (from 1546nm to 1558nm) bandwidth was demonstrated. 

The output power of 8.798339dBm and an average noise 

figure of 6.5dB were obtained from the simulation. 
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