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Abstract We proposed and numerically verified a method of generating broadband chaotic signals using a dual-mode
distributed feedback (DM-DFB) semiconductor laser with optical feedback. A theoretical model of the laser was
established according to the dual-longitudinal-mode Lang-Kobayashi equation. It was determined that the generation
mechanism of the broadband chaotic signals was the mode beat effect. The influences of mode interval, bias
current, and feedback coefficient on the chaotic signal bandwidth were numerically investigated. Subsequently, a
dual-mode laser was designed by simulation. In the mirror feedback system, a chaotic signal with a bandwidth of
38.6 GHz was generated under a high bias current and strong feedback intensity. The structure provides a new idea
for broadband integrated chaotic sources.
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Table 1 Simulation parameters of the DM-DFB laser

with optical feedback

Description Symbol Value
Linewidth enhancement factor a 5
Differential gain coefficient /s~ g 3.2X10°
Transparency carrier number N, 1. 25X 10°
Gain saturation coefficient € 1X107%
Optical angular frequency interval /GHz = Aw, 21X 35
Gain peak frequency /THz Aw, 2nX193.5
Gain width /THz Aw, 21X 10
Photon lifetime /ps Tp 4.2
Feedback delay time /ns T 5
Spontaneous emission factor B 0.001
Facet amplitude reflectivity ro 0. 548
Internal round-trip time /ps T 28.57
Carrier lifetime /ns N 1.6
Elementary charge /C q 1.602x10""
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DM-DFB: dual-mode distributed feedback laser; SA
PC: polarization controller; PD §§§D
EDFA: erbium-doped fiber amplifier; OC3 ,— )= t©
OC: optical coupler; OI: optical isolator; ESA
VOA: variable optical attenuator; FM: feedback mirror; PD g8 ;I:]
PD: photodetector; ESA: electrical spectrum analyzer; M )eeeeeedf o
OSA: optical spectrum analyzer; OSC: oscilloscope 0SC
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Fig. 5 Setup diagram of chaotic signal generation using DM-DFB laser optical feedback
2 DM-DFB#UL# I VPL iS5
Table 2 Parameters for DM-DFB laser used in VPI software

Description Symbol Value
Active section length /pm L 900
Active section width /pm w 2.5
Group velocity index n, 3.8
Index grating coupling coefficient /cm ' K 5
Defect recombination coefficient /s~ A 3X10°
Radiation recombination coefficient /(m® « s ') B 1X1071'8
Auger recombination coefficient /(m® « s ') C 1.3X10 *
Internal loss factor /em ™' a 10
Linewidth enhancement factor a 6
Transparency carrier density /m ° N, 1.5%x 10"
Linear material gain coefficient /m® G 3X10° %
Reflectivity of facets R 0.32
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