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Abstract: The s Wcon photonic wavelength tunable laser diode is a good candidate for the integrated light source of the 
digital coherent optical communication system .However, optical nonlinear effects easily occur due to the strong light 
confinement ofSi photonic wire waveguides. The impact on laser operation caused by nonlinearity was discussed. 
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1. INTRODliCTION 

Recent advanced information and communication technology will increase the network traffic and enhance the 
requirements for optical transmission system with respect to bit rate, spectral efficiency, device size and power 
consumption in future core and access networks. Wavelength tunable laser diodes with wide wavelength-tuning range 
and narrow spectral linewidth is key devices in such an optical communication network system. One good candidate for 
realizing such integrated wavelength tunable laser diode is the silicon photonic-wire waveguide system, which is a good 
platform for optical integrated circuit because of its large wafer sizes, lower-cost materials, and use of fabrication 
processes and equipment from electronics devices. Heterogeneous integrated silicon photonic laser diodes that use a 
silicon photonic-wire cavity and well-established compound semiconductor optical materials to provide efficient optical 
gain have shown flexibility for practical use and are available [1]. Recently, a spectral line width narrower than 100 kHz, 
which is suitable for 16 quadrature amplitude modulation (l6-QAM) [2], was achieved. However, the instabilities of 
laser oscillation have been frequently observed under high output power operation in silicon photonics hybrid structure 
lasers [3]. We focused on the optical nonlinearities of silicon such as two photon absorption, carrier plasma effect, 
because the energy bandgap of silicon is approximately l.1 e V and the silicon photonic wire waveguide with Si02 
cladding have very high refractive index difference. Therefore, optical nonlinear effects such as two-photon absorption 
easily occur at optical communication wavelengths due to the strong light confinement of silicon photonic wire 

waveguides. Moreover, optical intensity in optical cavities of the wavelength tunable laser with ring resonator 
wavelength filter is enhanced owing to the strong light confinement in the ring resonator and it causes a detrimental 
nonlinear effect on the laser operation [4]. The influence on the light transmission characteristics due to the 
nonlinearities of silicon was theoretically calculated and discussed the instability of laser oscillation at high power level 
caused by the nonlinear optical effect of silicon. 

2. TECHNICAL WORK PREPARATION 

Figure 1 shows a schematic of the silicon photonics wavelength tunable laser diode with the double ring wavelength 

filter as external cavity. The laser cavity consists of a semiconductor optical amplifier (SOA) and a silicon photonics 

external cavity. The SOA and the external cavity are combined with small coupling loss through a spot size converter 

(SSC) with the SiOx waveguide and the tapered silicon photonics waveguide. The silicon photonics external cavity has 

two ring resonators and performs as the wavelength filter due to vernier effect of two ring resonators. When the laser 

output power increases, two-photon absorption produces an optical loss proportional to the square of the propagating 

light power in the ring resonators. The propagation loss caused by two-photon absorption is less than 0.1 dB in our 

tunable filters, which is negligibly small. However, free electrons and holes are secondarily generated as a result of the 

SOA 

Silicon photonics chip 

Laser output 

Fig. 1. Schematic of wavelength tunable laser diode with silicon photonics 
external cavity. 
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Fig. 2. Calculated transmittance of the laser cavity dependent 
on the refractive index change J'..n. 
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two-photon absorption, and the refractive index of the silicon is altered by these generated carriers. Moreover, heat is 

also generated by the absorption of propagating lightwave and the free carrier relaxation, which changes the refractive 

index through the T -0 effect of silicon. The index change of a silicon photonic waveguide is carefully studied by using 

the time dependent equations for carriers and temperature. The calculated transmittance of the laser cavity dependent on 

the refractive index change /l,.n due to the optical nonlinear effect is shown in Fig.2. The dynamic characteristics of the 

tunable LD considering the nonlinear effect of the silicon photonic wire waveguide were analyzed by large signal rate 

equation analysis. It was assumed that the lasing wavelength is fixed at the wavelength of maximum transmittance of 

the ring resonator and nonlinear optical effects in the SOA are ignored. The dynamic characteristics of the output power 

and the lasing wavelength were calculated by the time dependent equations. Figure 3 shows the calculated time 

dependence of /l,.n and the transmittance of laser cavity when the internal cavity power is 50 mW, the carrier lifetime is 

10 ns and the thermal relaxation time is 150 ns, respectively. In Fig. 3, the /l,.n rapidly decreases in the first few ten ns, 

because the reduction of index due to the free carrier dispersion is dominant at an early stage. The /l,.n gradually 

increases due to an increase of the thermal effects and shows a periodic variation. Thus, nonlinearity of the silicon 

causes power oscillation and mode-hopping in wavelength tunable LDs with silicon photonics external cavity. The 

periods of the transmittance vibration dependent on thermal relaxation time was calculated in Fig. 4. The period of 

oscillation is limited by the thermal relaxation time which is much slower than the carrier lifetime. The experimentally 

measured period of power vibration under instable laser operation was approximately 160 ns and the measured value is 

an agreement with the calculated values. The slow output power oscillation with a few hundred nanosecond period is 

highly likely to be caused by the thermal relaxation of silicon waveguide. Thus, there is a high probability that the 

instability of laser oscillation in the wavelength tunable LDs cause the optical nonlinearity of the silicon photonic 

waveguide. The power oscillation with mode-hopping is a unique characteristic of the LDs with an external cavity of 

silicon ring resonators and causes a change of internal power of ring resonators. 

3. CONCLUSION 

The impact on the laser operation due to the optical nonlinear effect in silicon ring resonators were theoretically studied 
and the periodic vibration of laser output power and wavelength were observed. The period of power vibration was 
limited by thermal relaxation time and was almost consistent in the experimental result. The possibility of laser 

oscillation instability under high output power operation caused by optical nonlinearity of silicon waveguides was 

theoretically suggested. 
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Fig. 3. Calculated time dependence of I1n and the transmittance of Fig. 4. Thermal relaxation time dependence of the Period of 
laser cavity when the internal cavity power is 50 mW. transmittance vibration. 
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