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Chaos Synchronization in Polarization Selective Mutually Coupled
Semiconductor Lasers
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Abstract Systems of mutually coupled semiconductor lasers are widely used in optical chaos communication, spread
spectrum communications and high power emissions. The chaos pass filtering effect and synchronization behaviors of
mutually coupled semiconductor lasers are studied numerically in this paper. Single-mode rate equations are extended
to two polarization modes. By selecting X-polarized mode for mutually coupling, not only chaotic dynamics and
synchronization are obtained, but also Y-polarized modes are totally restrained, so pure polarization mode
synchronization is realized. A frequency detuning is introduced to keep the first laser as a leader. Simulation results
show that outputs of the leader and laggard lasers exhibit high frequency fluctuations in company with symmetry
breaking and they are synchronous with a lag equal to the external delay. The system shows similar chaos pass

filtering effect to unidirectionally coupled semiconductor lasers when the leader is modulated, while chaos pass
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filtering is bad when the laggard is modulated.
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Fig. 1 Schematic of polarization-preserved mutually
coupled semiconductor lasers
XMP: X-mode polarizer; BS: beam splitter; SL1: semiconductor

laser 1; SL2: semiconductor laser 2; M: modulator
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Fig. 2 Average power of X-polarized and Y-polarized

modes versus coupling rate
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Table 1 Typical values of parameters in the simulation

Parameter Symbol Value
Linewidth enhancement factor a 3.5
Injection current /mA J 64
Cavity losses /ns™! y 282
Differential gain /ns™! g 3.2X10°°¢
Coupling rate /ns™! k 23
Time delay /ns T 4,75
Carrier decay rate /ns ™! Ye 1. 66
Transparency carrier concentration N, 1.5%108
Frequency detuning /GHz Aw 2.5
Self gain saturation parameter €5,y 5X1077
Cross gain saturation parameter %,y 5X1077
Spontaneous emission rate /ns ! B 107°
Frequency detuning /GHz Af 2.5
Leader lasing frequency /GHz f 3.06X10°
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Fig. 3 Waveforms of normalized power in the

time domain
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