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Optical frequency combs are used in broad area of applications, ranging from high precision optical metrology [1] and spectroscopy [2] to radio frequency (RF) photonics, such as generation of microwave to terahertz signals [3], coherent wavelength division-multiplexed (WDM) optical communications [4], datacenter interconnects [5], etc. Different comb characteristics are being recognized as important with respect to the desired application such as spectral flatness, flexible and stable comb line spacing, high frequency comb bandwidth, tunable central wavelength, low implementation cost. The impact of the phase noise which is present on the individual comb lines plays an important role regardless of the desired comb application. It becomes especially important concern when considering coherent optical communication systems, in the first place those employing higher order modulation formats [6].  

In this paper we theoretically analyze the impact of the linewidth enhancement factor on the spectral and noise characteristics of frequency combs generated by the gain switched semiconductor laser as an implementation simple and cost-effective method. We base our analysis on the detailed rate equations system of a semiconductor laser which describe the dynamics of the carriers inside the active region, photons and corresponding optical phase. We write the rate equation system in the form of stochastic differential equations which incorporate Langevin noise sources to account for the intensity and phase noise [7]. We show that the higher values of the linewidth enhancement factor can lead to higher number of pronounced comb lines, i.e. wider comb bandwidth even at low bias currents of the gain switched laser. By simulating the intensity and frequency fluctuations of the comb lines, we show that the linewidth enhancement factor has maximal impact on the intensity and phase noise of lines when the gain switching frequency is close to the relaxation frequency for the given bias current of the laser. Finally, for a fixed gain switching frequency, we show that this influence is minimal at lower bias currents. For this case we show that both higher and lower values of linewidth enhancement factor can lead to comparable noise characteristics, with higher values having a benefit of a wider comb bandwidth.
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