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Influences of Finite Gain Bandwidth on Evolution of Self-Similar
Pulse Propagation in Fiber Amplifiers

Zhao Jiasheng
(Anhui Provincial Key Laboratory of Photonics Devices and Materials, Anhui Institute of Optics and
Fine Mechanics, Chinese Academy of Sciences, Hefei, Anhui 230031, China)

Abstract The evolutions of the pulse propagation in gain distributed fiber amplifiers with a finite gain bandwidth are
investigated with the simulation of the nonlinear Schrodinger equation. The results show that the parabolic pulse
propagations in different gain amplifiers are restricted by the finite gain bandwidth. With the same input pulse and
amplifier length and overall gain, the largest energy and best linear chirp output pulse can be obtained from the
bidirectional gain distributed fiber amplifier. The smallest and worst linear chirp pulse output can be obtained from
decreasing gain distributed fiber amplifier, while pulse obtained from decreasing gain distributed fiber amplifier is
between them. Moreover, by choosing smaller initial gain coefficient, the whole gain limited by the gain bandwidth
may be larger, linear chirp is better with the same overall gain.
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Table 1 Simulation parameters

Parameters Value
GVD B, /(s"*m™") 25X10°%
Nonlinearity parameter y /(W™ 'ekm ') 0.58
Loss coefficient ¢ /m ! 0.002
Gain bandwidth 0, /nm 35
Center wavelength of the pulse A /nm 1060
Center wavelength of gain A’ /nm 1060
Input pulse width T /fs 200
, 1.4 nJ,
[} 0 20 —~ 30 dB .
1 nd 3 1) N
g(2) = 2. lexp(—2/5), (5)
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Fig. 2 Evolutions of normalization frequency profile and waveform of the chirp-free Gaussian pulse propagating along

distributed gain fiber amplifiers with (solid curves) and without (dash curves) the limit of the gain bandwidth. (a)

and (d) decreasing gain distributed; (b) and (e) increasing gain distributed; (c¢) and (f) bidirectional gain

distributed
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Fig. 3 Evolutions of chirps of the pulse propagation in fiber amplifiers. (a) Decreasing gain distributed fiber amplifiers;

(b) increasing gain distributed fiber amplifiers; (c¢) bidirectional gain distributed fiber amplifiers
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Fig. 4 Output pulse shapes and chirp decreasing gain amplifiers with the same overall gain. (a) and (d) Decreasing gain
distributed fiber amplifiers with initial gain 2. 1 and 1. 8; (b) and (e) increasing gain distributed fiber amplifiers with

initial gain 0. 94 and 0. 64; (c¢) and (f) bidirectional gain distributed fiber amplifiers with initial gain 1. 75 and 1. 44
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