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Studies on Method of Phase-Shift Controlling Chaos for Dual-Ring
Erbium-Doped Fiber Lasers
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(Department of Physics;, Nanjing Xiaozhuang College, Nanjing 210017, China)

Abstract Method of chaos controlled by phase-shift and its physical model are presented for dual-ring single erbium-
doped fiber lasers. The maximum Lyapunov exponent is numerically calculated to analyze the effect of the coupler’s
coupling coefficient on kinetic behavior from bifurcation into chaos in the laser. The phase-shift controller is
explained by controlling external-modulation-voltage of electro-optical phase-modulator. The method can adjust the
optical field phase to control the polarization-coupling effect to control laser chaos kinetic behavior. Single-phase-
shift can control real-time dynamically effectively laser chaos into stable states and periodic states. Dual-phase-shift

can also control real-time dynamically effectively laser chaos into stable states and periodic states by adjusting
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flexibly phase shifts of two phase-shift controllers. And it can produce a lot of laser kinetic phenomena.
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Fig.1 Phase-shift controlling scheme
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Table 1 Maximum Lyapunov exponent

P LE, o LE, o LE,
0 —22.7  0.08 4.6 0.16 —0.5
0.01 —18.1 0.09  10.3 0.17 —0.8
0.02 —13.7 0.10 11.0 0.18 11.5
0.03 —9.5 0.11  10.3 0.19 16.2
0.04 —5.8 0.12 11.8 0. 20 17.8
0.05 —2.5 0.13 12.1 0.21 17.6
0. 06 0 0.14 0.15

0. 07 0 0.15 2.2
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Fig. 2 Phase space orbit and waveforms
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Fig.3 Chaos can be controlled into stable states. Here are different starting values in the right and the left
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Table 2 Periods with different phase shifts when chaos into periodic states
B /rad 0.28 0.35 0.4 0.5 0.6 0.9 1.2 1.5 2.0 2.5 3.0 3.1
Period /ms 1/13 1/15 1/17 1/19 1/20 1/20 1/21 1/20 1/15 1/9 0.4 2

5 20 10

i < o iy = o
] N Ky

8 -20 -10

4 2 0 z 4 0 1 2 3 0 1 2 3
E /(a.u.) t/ms t/ms

B4 R B RS

Fig. 4 Chaos can be controlled into a periodic state
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Fig. 8 Different phase space orbits under dual-phase-shift controlling
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