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Modeling of Widely Tunable Double-Ring-Resonator
Coupled Semiconductor Laser
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' Wuhan National Laboratory for Optoelectronics , Huazhong University of Science and Technology ,
Wuhan , Hubei 430074, China
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Abstract A relatively simple model is developed to simulate the widely tunable double-ring resonator lasers. In the
simulation, the active region of the device is modeled using conventional time domain traveling method, because
when the tuning range is large than 40 nm, the gain shape should be considered. The passive parts are first modeled
by frequency domain method and then transformed into time domain via digital filter. The simulation result shows
that the coupling coefficient has a significant effect on large signal modulation. With low coupling coefficient the laser
can get narrow linewidth but poor modulation performance. Finally, the switching characteristics such as switching
delay and multi-mode competition are also investigated. The result shows that the laser can switch the wavelength
with high speed and large range.
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Fig. 1 Structure of the double-ring-resonator
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Fig. 2 Reflection spectra of DRR. (a) T=0.9; (b) T=0.7. The waveguide loss is 2 cm !
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Table 1 Parameters used in the simulation

Parameter Symbol Value
Cavity length L /pym 500
Waveguide width w /pm 2
) Active region @ /cm ! 30
Waveguide loss ) )
Passive region ap/cm” 2
) ) Active region r 0.35
Waveguide confinement factor ) .
Passive region T, 0.5
L o . Active region r /ns 1
Carrier recombination time ) )
Passive region 7,/ns 10
. . Active region d /nm 40
Waveguide thickness i .
Passive region d,/nm 200
Effective refractive index no 3.3
Group refractive index n, 3.7
Transparent carrier density N,/cm * 1.5X10"
Bimolecular recombination coefficient B /(cm fes™) 1071
Differential gain coefficient gn/cm ? 3.5X10°1
Gain coefficient go/cm ! 1800
Nonlinear gain coefficient e /cm? 3X10° "7
Electron mass m, /kg 9.1Xx10 %
Effective mass of electrons m. 0. 05m,
Effective mass of holes my, 0. 5my
Mobility of electrons pe/Lem’/(Ves) ] 2000
Mobility of holes o /Lem®/(Ves)] 200
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Fig. 3 Eye-diagram of large signal modulation. (a) T=0.7; (b) T=0.8; (¢) T=0.9; (d) T=0.95
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Fig. 4 Variation of output power and carrier density in

the first microring with switching time
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Fig. 5 Mode power varying with switching time
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Fig. 6 Transient spectra during wavelength switching. (a) 1 ns; (b) 5 ns; (¢) 21 ns; (d) 23 ns
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