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Abstract: To quantify the individual channel signal complexity of chaotic microresonator optical
frequency combs, a silicon nitride microring resonator was simulated based on the normalized
Lugiato-Lefever equation. Permutation entropy (PE) was introduced as a single-channel
complexity index, and the mean and standard deviation of multi-channel permutation entropy
were used to characterize the optical frequency comb complexity and channel consistency. The
time-domain waveforms, spectra, and permutation entropy curves of typical channels were
analyzed; the single-channel evolution law from weak chaos to strong chaos was revealed, and
the effects of normalized pump power, detuning, and quality factor (Q value) on complexity
were systematically studied. The results indicate that increasing the pump power increases the
mean permutation entropy value and makes the individual channel complexity tend to be
consistent. Increasing positive detuning is beneficial to further improve the complexity. High-Q
microresonators can achieve a high-complexity chaotic state at a lower pump power, but their
achievable maximum permutation entropy is slightly smaller than that of low—Q microresonators.
This paper provides a quantitative basis for operating point selection and parameter optimization
in the multi-channel parallel output of chaotic optical frequency combs.
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