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Dynamics of Semiconductor Ring Laser Subject to Phase Conjugate
Optical Feedback
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Abstract Based on the two-mode traveling wave model, the nonlinear dynamics of a semiconductor ring laser
(SRL) subject to phase conjugate cross optical feedback is numerically studied. It is found that the SRL shows low
frequency anti-phase oscillation when the phase changes of these two modes are desynchronized, and the
oscillation period increases with the increase of feedback time. In contrast, in the case that the phase changes are
synchronized, the two-mode output of the SRIL. can be one-periodic, multiply-periodic and chaotic by changing
injection intensity. In addition, the time-delay signature (TDS) of the generated chaotic signal is identified by the
autocorrelation function (ACF), and the corresponding bandwidth is calculated by using the power spectrum. It is
found that the TDS first decreases and then increases with the increase of feedback strength, however the
bandwidth increases approximately linearly, which indicates that by properly adjusting the feedback strength, the
TDS of chaotic signals can be well suppressed and these signals can be used for secure communications and
random number generation.
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Table 1 Physical parameters and values related to SRL

Symbol Parameter Value
/ Renormalized bias current 2.4
s Self-saturation coefficient 5X10°°
¢ Cross-saturation coefficient 0.01
k Field decay rate /ns™" 100
y Carrier inversion decay rate /ns™" 0.2
¢ Coupling phase 0
ky Dissipative coupling rate /ns”' 0.033
k. Conservative coupling rate /ns "' 0.44
a Linewidth enhancement factor 3.5
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