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Abstract: 
Erbium doped fiber amplifiers (EDFAs) play an important role in fiber optical communication systems. However, the operating bandwidth of EDFAs needs to be extended from conventional-band (C-band) to long-wavelength band (L-band) to satisfy the bandwidth requirements for high-capacity information transmission in DWDM (Dense Wavelength Division Multiplexing) systems. Wideband EDFAs exhibiting gain clamping and gain flattening features are needed to be used in DWDM systems to overcome the dynamic instability problems due to varying power, wavelength or number of channels. There are several methods proposed to control the gain of L-band EDFAs using : (1) an electro-optical feedback mechanism to control the pumping power, (2) an external C-band seed signal source, (3) a F-P laser structure, (4) a ring laser structure, (5) a two-stage EDFA structure. In the first method, the speed of gain control is limited by the speed of optoelectronic components. The second method requires an additional C-band laser source which increases the cost and makes the system more difficult to manage. In the third method, a resonant F-P lasing cavity is realized using narrowband FBGs to effectively control L-EDFA gain. In the fourth method, a ring laser configuration with a tunable band pass filter is used to partly reflect the ASE signal. In the fifth method, a longer erbium doped fiber, additional pump lasers and WDM couplers are used in a two-stage EDFA leading to a more complicated and costly configuration. 
Recently, the third method has become so popular in which a resonant F-P lasing cavity is added to L-EDFA using a couple of narrowband FBGs to effectively clamp and flatten the gain by amplified spontaneous emission (ASE) reinjection. We have theoretically and experimentally analyzed gain clamping and gain spectrum flattening performance in L-Band EDFAs based on a lasing-controlled structure using a symmetrical FBG couple operating at C-Band. Its performance was compared with a single-stage bidirectionally pumped conventional L-Band EDFA design. It is shown that when the forward and/or the backward ASE noise is partly reinjected to L-EDFA using a double/single FBGs, the gain and noise figure performance of L-EDFA varies significantly depending on the FBG configuration and peak reflection wavelength. By optimizing the peak reflection (Bragg) wavelength of the FBGs, a large gain-clamped dynamic range (33 dB) and a wide flattened gain spectrum (35 nm) were obtained at a moderate gain of ≈ 20 dB. Consequently, it has been shown that L-EDFA designs with an optimized F-P lasing cavity structure through FBGs can provide an improved gain/NF performance and a widely clamped and flattened gain spectrum capability.
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Fig.1 Lasing-controlled L-Band EDFA with a couple of symmetrical narrowband FBGs.
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Fig. 2 Experimental and theoretical gain clamping performance for lasing-controlled L-EDFA.
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Fig. 3 Gain spectra of conventional and lasing-controlled L-EDFAs for different Bragg wavelengths varying between 1534 nm-1558 nm.
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