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Generation of narrow linewidth photonic microwave signal using
semiconductor laser with optical feedback

JIANG Zaifu, ZHANG Dingmei
(Institute of Mathematics and Physics, Jingchu University of Technology,Jingmen 448000, China)

Abstract: In order to study the performance of the photonic microwave signal generated by a semiconductor laser (SL)
under optical injection, based on the rate equation of SL and the fiber Bragg grating (FBG) filter theory, the optical spectra,
power spectra, and linewidth under different injection parameters were obtained by numerical simulation and theoretical analysis,
and the effect of the feedback parameters on the microwave linewidth was also studied. Considering that the generated microwave
signal has wide linewidth, a FBG optical feedback was further introduced to narrow the microwave linewidth. The results show
that, for the SL subject to optical injection only, the microwave frequency can be continuously tuned and the microwave intensity
can be maximized by changing the injection parameters; the microwave linewidth gradually decreases with the increase of
feedback strength. Through properly adjusting the feedback parameters, the microwave linewidth can be compressed below
10kHz. The results can provide a theoretical reference for the application of semiconductor laser in the photonic microwave signals
generation.
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Fig. 1 Schematic diagram of narrow linewidth photonic microwave signal
generation
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Table 1  Simulation parameters of the laser and FBG

parameters value
cavity decay rate y 5.36x10'"s™!
spontaneous carrier relaxation rate o 5.96x10%s7!
differential carrier relaxation rate p 7.53%10°s7!
nonlinear carrier relaxation rate I” 1.91x10"s7!
linewidth enhancement factor b 3.2
normalized bias current J 1.222
coupling coefficient of FBG 200m™"'
refractive index of optical fiber N 1.45
length of FBG L 20mm
velocity of light ¢ 3x10%m/s
feedback time 7 2ns
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Fig.2 Bifurcation diagram of the SL for Av=8GHz
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Fig.3 Time series, optical spectra, and power spectra of the SL for Av =

10GHz and £=0. 14
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Fig. 4 Distributions of the microwave frequency f;, and microwave intensity

P, in the parameter space
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Fig.5 FBG reflection spectrum
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Fig. 6 Power spectra of different microwave frequencies
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