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Fig. 1. Schematic diagram of GAFBGF-SL chaotic sys-
tem. SL, semiconductor laser; NDF, neutral density filter;

GAFBG, Gaussian apodized fiber Bragg grating.
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Fig. 2. Time-series (the first column), power spectra (the second column) and phase portraits (the third column)
of the output from GAFBGF-SL with different feedback strengths & = (a) 0.003, (b) 0.017, (c¢) 0.030 under

dnp =1.5x 107% and Af = 8 GHz.
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Fig. 4. (color online) Reflectivity spectra (blue) and group delay (red) of GAFBG (the first row), optical spectra
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Fig. 5. (color online) Maps of the characteristic peak value of TDS (the first column) and effective bandwidth EBW (the
second column) of the GAFBGF-SL output in the parameter space of & and Af, and the reflectivity spectra (blue lines)

and group delays (red lines) of the GAFBG (the third column) with frequency offset to the Bragg frequency of FBG under
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Abstract

Optical chaos based on semiconductor laser (SL) has some vital applications such as optical chaos secure commu-
nication, high-speed physical random number generation, chaos lidar, etc. Among various schemes to drive an SL into
chaos, the introduction of external cavity feedback is one of the most popular techniques, which can generate chaos
signals with high dimension and complexity. For the chaos output from an external cavity feedback SL, a time-delay
signature (TDS) and bandwidth are two key indexes to assess the chaos signal quality. In this work, according to the
rate-equation model of an optical feedback SL, we theoretically investigate the characteristics of TDS and effective band-
width (EWB) of chaotic output from a Gaussian apodized fiber Bragg grating (GAFBG) feedback SL (GAFBGF-SL).
The results show that with the increase of feedback strength, the GAFBGF-SL experiences a quasi-periodic route to
chaos. Through selecting the suitable feedback strength and the frequency detuning between the Bragg frequency of
the GAFBG and the peak frequency of the free-running SL, the TDS of chaotic output from the GAFBGF-SL can be
efficiently suppressed to a level below 0.02. Furthermore, by mapping the TDS and EWB in the parameter space of
the feedback strength and the frequency detuning between the Bragg frequency of the GAFBG and the peak frequency
of the free-running SL, the optimized parameter region, which is suitable for achieving chaotic signal with weak TDS
and wide bandwidth, can be determined. We believe that this work will be helpful in acquiring the high quality chaotic

signals and relevant applications.

Keywords: fiber Bragg grating external-cavity semiconductor laser, chaos, time delay signature,
bandwidth
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