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1. Introduction
n long-haul point-to-point optical fiber communication the signal traveling inside the fiber suffers from various losses like fiber attenuation losses, fiber tap losses, fiber splice losses, etc., due to these losses it is difficult to detect the original signal at the receiver side. So in order to transmit signal over a long distance in a fiber it is necessary to compensate all losses in the fiber. The introduction of optical amplifiers allowed the signal amplification in optical domain. There was no need to convert the optical signal to electrical signal. There are mainly two types of optical amplifiers: semiconductor optical amplifier and fiber amplifiers. Fiber amplifiers are classified as erbium doped fiber amplifier (EDFA), Raman amplifier and Brillouin amplifier.
EDFA is made by a popular material for longhaul telecommunication applications that is a silica fiber doped with erbium (Er +3 ) ions [1,2]. Er +3 ions are having the optical fluorescent properties that are suitable for the optical amplification. The advent of EDFA has enable the optical signals in an optical fiber to be amplified directly in high bit rate systems beyond Terabits. One of the most important factors limiting the transmission distance in fiber optical communication systems is the optical power loss caused by scattering and absorption mechanisms in optical fiber [4,7].
EDFA is suitable to operate at the conventional (C) band from about 1530 to 1565 nm. Since the entire C band of EDFA is fully utilized, the need for more optical channels and wider optical bandwidth urges EDFA technology to develop beyond its present limits. To extend the optical bandwidth and increase the number of WDM channels, L-band optical amplifiers are used to operate in longer wavelength from about 1570 to 1605 nm. EDFA by itself has a very lowgain at the L-band, most realizations of L-band EDFA implement a long length of erbium-doped fiber (EDF) to pump up its gain. A typical L-band EDFA also has larger noise figure than C-band EDFA. Unlike EDFA have the problems of un pumped amplifier attenuations and the operation wavelength constrained at 1.53-1.56 µm region, Raman fiber amplifier (RFA) has merit of arbitrary gain bandwidth, which were recently being recognized as an enabling technology for high capacity and long-haul density wavelength-divisionmultiplexing (DWDM) systems. RFA can be used to amplify not only the C-band, but also the S-, L-and other bands, depending on the usage of the pumped wavelengths. RFA has several advantages including lower noise figure (NF), flexibility on the selection of gain medium, and wide gain bandwidth, especially that RFA has the capability to "distribute" the gain over a long distance in the transmission fiber. Thus, L-band optical amplifier is better to adopt RFA rather than L band EDFA [11]. As EDFA can operate in a broad range within the 1550 nm [9,10] window at which the attenuation of silica fiber is minimum and therefore it is ideal for the optical fiber communication systems operating at this wavelength range. Hence it is very useful in WDM for amplification. According to the research performed in recent years, it is known that the pumping of EDF at 980 nm or 1480 nm is the most efficient way. High gain (30~50dB), large bandwidth (>90 nm), high output power (10~20 dBm) and low NF (3~5 dB) can be obtained using an EDFA optimized for 1550 nm range [3,5].
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3. EDFA Architecture
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An optical fiber consists of a doped fiber, one or more pump lasers, a passive wavelength coupler, optical isolators, and tap couplers. The wavelength selective coupler couples both the pump and signal optical power efficiently into the fiber amplifier. The tap couplers are wavelength insensitive and are generally used on both sides of the amplifier to compare the incoming signal with the amplifier output. The optical isolators prevent the amplified signal from reflecting back into the device, where it could increase the amplifier noise and decrease its efficiency [2]. Typically, the EDFA configuration can be categorized by pumping schemes into three particular arrangements. These schemes are Forward-pumped (co-pumped), Backwardpumped (counter-pumped), and Bidirectional-pumped (Dual-pumped) [6]. Pumping at a suitable wavelength provides gain through population inversion the gain spectrum depends on the pumping scheme as well as on the presence of other dopants, such as germanium and alumina, within the fiber core [1,6].  In forward pumping, figure 1, the input signal and the pump signal propagate in the same direction inside the fiber [2]. The input signal and pump are combined using a pump combiner or wavelength selective coupler. Inside the fiber the pump energy is transferred to the input signal and the signal is amplified at the output of the amplifier. Isolators are used in the scheme to make sure that the signal will travel only in one direction and no feedback of signal will occur.
In backward pumping, figure 2, the input signal and the pump signal propagate in the opposite direction to each other inside the fiber.
In Bi-directional pumping, figure 3, the input signal travels in one direction. But the there are two pump signals that travel inside the fiber. One pump signal travels in the same direction as the input signal and the other pump signal travels in the opposite direction to that of the input signal. 
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4. Pump wavelength 980nm
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Er +3 ion density 1e+025 m -3   This paper focuses on the performance characteristics of the amplifier (gain and NF) assuming the fundamental LP 01 mode exciting at the pump wavelength (?p= 980 nm) [6]. The gain and NF can be obtained for all the three pumping configurations as a function of two fundamental fiber parameters namely: fiber length, and pump power. Thus, the required fiber parameters and pump power values can be optimized for a desired EDFA gain-NF performance at 10 and 40 Gbps. The main parameters of the simulation are shown in Table I.
IV.

 Up: Home Previous: 3. EDFA Architecture Next: 5. Results & Discussion
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In this paper the variation of Gain and NF for EDFA is analyzed with different pumping techniques i.e. forward pumping, backward pumping and bidirectional pumping. And also the variation of gain and NF is analyzed for different EDF length (10,30, & 50 m) and at different pumping power (10, 50 & 100 mW). The length of the EDF depends upon the input signal power, pump power, Er +3 ion density and the signal and pump wavelength.  
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6. a) Gain Characteristics
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The gain of different pumping configuration is varied along with the fiber length is shown in figures 4, 5, and 6 at different pump powers 10, 50, and 100 mW, respectively, having a constant signal input power, Er +3 ion density, signal wavelength, and pump wavelength. Form the figures it is seen that the maximum gain flatness is obtained for a wider range of fiber length in case of bidirectional pumping configuration at a higher pump power of 100 mW. On comparing the graphs it can be concluded that in case of bidirectional pumping configuration as the fiber length is increased the pump power should be increased to obtain higher value of gain and its flatness for higher range of fiber length. Whereas backward pumping gives the worst results but forward pumping shows acceptable results but values are less than bidirectional pumping configuration. If the Er +3 ion density is decreased to 1e+024 m -3 forward and backward pumping configurations gives flat gain for fiber length range which is less as compared to the Er +3 density of 1e+025 m -3 for bidirectional pumping configuration.   From the figures 10, 11, and 12 the bidirectional and forward pumping configuration gives miminum NF at the pump power of 100mW as compare to backward pumping configuration. Also from the figures 13, 14, and 15 in the case of bidirectional and forward pumping configuration the minimum NF is obtained at the fiber length of 30m for a wide range of pump power. But as the fiber length increases pump power should also be increased to minimize NF. Thus when the pump power increases the minimum NF is achieved at the fiber length of 30m for forward and bidirectional pumping configuration. But the Er +3 ion density is kept at 1e+024 m -3 then as the fiber length increases the NF increases even if the pump power is increased. Hence the Er +3 ion density is set as 1e+025 m -3 . This paper gives the comparison of the three pumping configurations, i.e., forward, backward, and bidirectional pumping based on gain and NF at different pump power (10, 50, & 100mw) and at different fiber length (10, 30, & 50m) operating in C-band, 10dBm signal input power, 980nm pump wavelength, and Er +3 ion density of 1e+025 m -3 . It is found that the minimum NF occurs for both forward and bidirectional pumping configuration whereas flat gain is obtained by using bidirectional pumping configuration. Thus bidirectional pumping configuration can be said to be the best configuration. It is also seen that when the fiber length increases the pump power should be increased in order to achieve the flat gain and minimum NF by maintaining the Er +3 ions density at higher value. Also any increase in data rate doesn't cause any change in the results of all the configurations. This paper shows that although the flat gain is achieved but efforts must be done to increase the value of gain.

 Up: Home Previous: 5. Results & Discussion Next: Appendix A §

Appendix A §
 Up: Home
Appendix A §


					
	
		Gain and noise figure performance of Erbium doped fiber amplifiers (EDFA)
		
			A Cem Çokrak
		, 
		
			Ahmet Altuncu
		. 
	
	
		Journal of Electrical & Electronics Engineering 
		2004. 4  (2)  p. . 
	

	
	
		EDFA Gain Optimization for WDM System
		
			Diana Binti Mahad
		. 
	
	
		Elektrika , journal of electrical Enguneering 
		2009. 11  (1)  p. . 
	

	
	
		The signal and pumping power for EDFA
		
			F Vasile
		, 
		
			P Schiopu
		. 
	
	
		IEEE Proceedings of the International Semiconductor Conference CAS, 
				 (Sinaia
) 
		2003. p. . 
	

	
	
		Optical Fiber Communication
		
			G Keiser
		. 
		2000. Singapore: Mc Graw Hill. 
	
	 (3 rd Ed)

	
	
		Fiber-Optic Communication Systems
		
			G P Agarwal
		. 
		1997. New York: John Wiley & Sons. 
	

	
	
		Erbium Doped Fiber Amplifier (EDFA) for C-Band Optical Communication System
		
			M A Othman
		, 
		
			M M Ismail
		. 
	
	
		International Journal of Engineering & Technology IJET-IJENS 
		2012. 12  (04)  p. . 
	

	
	
		Design Optimization for Efficient Erbium-Doped Fiber Amplifiers
		
			M Parekhan
		, 
		
			Banaz O Aljaff
		, 
		
			Rasheed
		. 
	
	
		World Academy of Science, Engineering and Technology 
		2008. p. . 
	

	
	
		Gain and Noise Figure Performance of Erbium-Doped Fiber Amplifiers at 10Gbps
		
			O Banaz
		, 
		
			Rashid
		. 
	
	
		Kirkuk University Journal Scientific Studies 
		2008. p. . 
	

	
	
		The EDFA Performance with gain versus pump power
		
			P Schiopu
		, 
		
			F Vasile
		. 
	
	
		IEEE Semiconductor Conference, 
				2004. 
	

	
	
		Gain and Noise figure performance of erbium doped fiber amplifiers (EDFAs) and Compact EDFAs
		
			Rajneesh Kaler
		, 
		
			R S Kaler
		. 
		2011. Elsevier. p. . 
	

	
	
		Investigate C+L Band EDFA/Raman Amplifiers by Using the Same Pump Lasers
		
			Shien-Kuei Liaw
		. 
		2006. 
	



			
 Up: Home

Information about this book

			Title statement

				Performance Analysis of EDFA for Different Pumping Configurations at High Data Rate
			
			Publication

					Publisher
	Global Journals Organisation

					Availability
	
This is an open access work licensed under a Creative Commons Attribution 4.0 International license. Please email us for details and permissions.


				Place of publication
	Cambridge, United States
	Date
	15 January 2013


			Source

				
					
					
					 46E6796A526B87DFDA0E5AC64387A078. 
				Ms. Prachi Shukla, Prof. Kanwar Preet Kaur. Global Journal of Researches in EngineeringGJRE  2249-4596.  0975-5861.  10.34257/gjre. Cambridge, United States: Global Journals Organisation. 13  (9)  19 23. 

			
		
			
				
					By Softinator Dynamics Pvt. Ltd.
					
				
			

		
OPS/toc.html
Contents

		2. II.

		3. EDFA Architecture

		4. Pump wavelength 980nm

		5. Results & Discussion

		6. a) Gain Characteristics

		Appendix A ยง

		[About this book]



Guide

		[Title page]

		[The book]

		[About this book]





OPS/media/resource1.png
OPEN ||
// Association |\
(| OF REsEARCH |
\| SOCIETY, USA






OPS/media/resource7.png
n

W

et~ Bidirectional
o Forward
s Backward

Y

£y

- P 0 a

Length (m)

El





OPS/media/resource6.png
100

k4= Bifrectional
4 Forward
st Backward

0 E El a El
Length (m)





OPS/media/resource9.png
Farward

-
st~ Backward

e Bidrectional

o o)

100

£l

£l

a

E

Power (mw)





OPS/media/resource8.png
k4 Bidrectional
- Fotward
s~ Backward

o EY a £l £l 100
Power (mW)





OPS/media/resource3.png
Erbium doped fiber

Single in O Signal out
= 5 WSC ey
X 1
Optical Isolator ‘Wavelength
Selective
Coupler 1

Pump laser





OPS/media/resource2.png
Erbium doped fiber

Single in O Signal out
-, —
=1 wsc b

127 =2F

Optical Isolator (- ‘Wavelength
Selective

Coupler

Ly
Pump laser






OPS/media/resource5.png
k¢~ Bidrectional
4 Forward
s Backward

200

o 1 E EY a El
Length (m)





OPS/media/resource4.png
Frbium doped fiber

Single in O Signl oo
=& WSC| WSC &=
1 Wavelength 1+
Selective
Coupler
T

‘Pump laser Pump laser






