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Enhancing Chaotic Frequency of Coupled Lasers Based on Phase Conjugation
and Cross-Phase Conjugation Feedback

Yan Senlin”®

Electronic Engineering School, Nanjing Xiaozhuang University, Nanjing, Jiangsu 211171, China

Abstract A coupling nonlinear dynamic system based on semiconductor lasers with phase conjugation and cross-
phase conjugation feedback is presented. The principles of frequency detuning and frequency enhancement are
analyzed, and four phase conjugation feedback schemes for frequency enhancement of two chaotic lasers are studied.
It is found that the chaotic spread frequency effect of the laser can be increased to 4 times when the phase
conjugation feedback is applied to a single laser. When the chaotic frequencies of two coupled lasers are increased
with phase conjugation double-feedback, it is found that the frequencies of chaotic oscillation are obviously increased
to more than 5 times and spectra are obviously broadened. When the cross-phase conjugation feedback is operated on
a laser, the chaotic oscillation frequency can be increased to 4.4 times. When the cross-phase conjugation feedback is
operated on two lasers, the chaotic oscillation frequencies of the two lasers are increased significantly, which can be
increased to 4 times or 6 times, and the spectra are greatly broadened. In addition, a method for increasing the
chaotic oscillation frequency is proposed based on phase conjugation double-cross reverse feedback. Results show
that the chaotic oscillation frequencies of the two lasers can increase to 4.2 times or 5.9 times with the increasing
feedback level, and the spectra are effectively widened.
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Table 1 Main parameters of laser
Parameter Value Parameter Value
Cavity length L /pm 350 Optical field amplitude at saturation E./m™** 1.6619X 10"
Volume of laser cavity V' /pm® 105 Gain constant « /cm’ 2.3X107°1°
Mode coefficient 0.29 Optical linewidth enhancement factor S, 6
Photon group velocity index 7, 3.8 Frequency detuning Aw /GHz 1
Photon loss (a, +ai) /cm ™! 49 Carrier density n,/cm™? 1.2X10'
Nonradiative recombination rate A,,/s ' 1.0X 108 Coupling coefficient 5 0.065
Radiative recombination coefficient B /(cm®+s™') 1.2X107% Current I;/mA 26
Auger recombination coefficient C /(ecm®es ')  3.5X10 % Current I,/mA 28
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Fig. 1 Chaotic waveforms and attractors of coupled laser system. (a) Laser 1; (b) laser 2
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Fig. 2 Chaotic waveforms of two lasers when phase conjugation feedback is applied to laser 1. (a) Laser 1; (b) laser 2
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