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Frequency Enhancement and Control of Chaos in Two Spatial Coupled
Semiconductor Lasers Using Optical Feedback

Yan Senlin
(Department of Physics and Electronic Engineering, Nanjing Xiaozhuang University .,

Nangjing . Jiangsw 211171, China)

Abstract A novel system of chaotic oscillation frequency enhancement and control of chaos in two spatial coupled
semiconductor lasers due to optical feedback is presented. Characteristic of chaotic frequency enhancement and
control of chaos in the lasers are studied and a static frequency detuning formula is given. For the case of single-laser
feedback, chaotic enhancements are effectively achieved when the feedback is at high levels. in which. the strong
feedback can result obviously in frequency enhancement in the dual-lasers while the frequency can be enlarged to 3.57
times of the intrinsic frequency of one laser and 2. 86 times for the other. Chaos-control region is found in low
feedback levels. In this region, dual-lasers can be conduced to single-cycle, dual-cycle and triple-cycle. The
frequency can be enlarged to 3 times of the intrinsic frequency of one laser and 2.58 times for the other when the
dual-lasers are with the feedback. Chaos-control region is also found in low feedback levels, and dual-lasers can be
controlled to single-cycle, dual-cycle and triple-cycle. The developing path from single-cycle locking to quasi-cycle
and then to chaotic frequency enhancement is put forward in detail when the single-feedback or the dual-feedback is
present.
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Fig. 1 Schematic of two spatial coupled lasers with
optical delaying time feedback
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Table 1 Laser parameters

Parameter Value
Active cavity length L /pm 350
Active cavity width w /pm 2
Active cavity thickness d /pm 0.15
Mode confinement factor I 0.29
Group refractive index n, 3.8
Cavity and internal loss (am +ai) /cm ™! 49
Nonradiative recombination rate A,,/s ! 1.0X 108
Radiative recombination coefficient B /(cm® « s71) 1.2X10° 1%
Auger recombination coefficient C /(cm® « s ') 3.5X10°%
Optical field amplitude at saturation E,/m™** 1.6619X 10"
Gain constant ¢ /cm® 2.3X10°1¢
Linewidth enhancement factor . 6
Frequency detuning Aw,/GHz 1
Carrier density at transparency ny/cm™° 1.2X10"%
Coupling factor K 0. 05
Drive current I, /mA 24
Drive current I, /mA 26
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Fig. 2 Coupled lasers output performance. (a) Intensities of lasers 1 and 2; (b) spectrum of laser 1;

(c) spectrum of laser 2
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Fig. 3 Coupled lasers output performance when laser 1 is with the feedback. (a) Intensities of lasers 1 and 2;

(b) spectrum of laser 1; (c¢) spectrum of laser 2
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Fig. 6 Dual-lasers controlled to different single-cycle states. (a) Trajectory of laser 1; (b) trajectory of laser 2
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Fig. 7 Dual-lasers controlled to different dual-cycle states. (a) Trajectory of laser 1; (b) trajectory of laser 2
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Fig. 8 Dual-lasers controlled to different triple-cycle states. (a) Trajectory of laser 1; (b) trajectory of laser 2
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