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Numerical Investigation of Semiconductor Fiber Ring Laser
about Generation of Polarization Chaos

Fang Nian Shan Chao Wang Lutang Huang Zhaoming
(The Key Laboratory of Specialty Fiber Optics and Optical Access Network ,

School of Communication and Information Engineering, Shanghai University, Shanghai 200072, China)

Abstract The dynamic model of the semiconductor fiber ring laser is developed and investigated numerically. A
semiconductor optical amplifier (SOA) model is employed in which the self birefringence of SOA due to stress is taken
into account. The integral action of the birefringence of the fiber and the PC is represented with a Jones matrix of
linear retarder. The dynamics model was simulated with Matlab software. The ranges of the linear retardation and
the azimuth of the fast axis of the linear retarder are founded, in which the ring laser can generate polarization chaos.
The effect of injected current of the SOA on the generation of polarization chaos in the ring laser is explored. The
simulation results of the relationships between optical powers. degrees of polarization (DOP) of fiber ring laser and
currents of the SOA are consistent with the experimental results reported earlier. A conclusion is drawn that the
bigger the injected current is, and the more adjacent to zero the linear retardation and the azimuth of the fast axis of
the linear retarder are, the easier the semiconductor fiber ring laser generates polarization chaos with high
frequency.
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Fig. 1 Semiconductor fiber ring laser
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Fig. 2 When the injected current of the SOA is 450 mA ., the output temporal

waveshapes and the trajectories of the SOPs on

the Poincare sphere in a ring period. (a) ¢=x/4—0.1,0=mx,a transition state of square-wave to polarization chaos,

the maximal Lyapunov index is 0. 0177, (b) ¢ =mn/4 — 0. 2, d = n, another transition state of square-wave to

polarization chaos, the maximal Lyapunov index is 0. 0284, (¢) ¢=n/4 —

0. 3,0=m, polarization chaos with low

frequency, the maximal Lyapunov index is 0. 0586 (d) ¢ = =/4 — 0. 6, polarization chaos with high

frequency, the maximal Lyapunov index is 0. 1022
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Fig. 3 When the injected current of the SOA is 215 mA, temporal waveshapes of TE mode of the quasi-square-wave and the

quasi-sine outputs and their trajectories of the SOPs on the Poincare sphere in a ring period. (a) d=n—1.6,p=n/4,

quasi-square-wave, (b) d=xn—1.65,¢9=mn/4,quasi-sine
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Fig. 4 Relationship between optical powers. degrees of polarization (DOP) of fiber ring laser and

currents of the SOA. (a) Experiment results, (b) simulation results
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