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Chaos Generation in Semiconductor Laser with Random Digital Optical
Injection
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Abstract This paper proposes and numerically studies a scheme of chaos generation in semiconductor lasers with random-
digital-phase-modulated optical injection. The simulation results demonstrate that as the modulation rate or modulation
depth increases, the laser state changes from injection-locking to chaotic through a quasi-periodic route due to the
excitation of undamped relaxation oscillation by the phase change. Chaotic laser with an effective bandwidth over 10 GHz
can be generated by random-digital-phase-modulated optical injection. Given the anti-interference capability of digital
signals in long-distance transmission, the proposed scheme provides a new approach for long-distance chaos
synchronization and key distribution.
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Fig. 1 Simulation model of random digital phase modulated optical signal injected into DFB laser
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Table 1 Parameters of DFB semiconductor laser

Parameter Symbol Description

Transparent carrier concentration index /pm ™" N, 1.5X10°
Linewidth factor a 3.0

Nonlinear gain coefficient /pm’ G 1Xx10°°

Carrier concentration index /pm* N, 0.5%10°
Grating period /nm T, 200

Linear material gain coefficient /pm® G, 3X107°
Active section length /pm I 350
Active section width /pm w 2.5
Bandwidth of spontaneous emission noise /THz B 10

Noise coefficient of spontaneous emission e 1X10*
Group index n 3.7
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