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Abstract— We investigated the wide-band wavelength tuning 
operation to increase the possibility of silicon photonic 
wavelength tunable laser diodes which is composed 
semiconductor optical amplifier and silicon photonic waveguide 
filter. The wide-band wavelength tuning operation of 94.1 nm 
was demonstrated. 
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I. INTRODUCTION 

Si photonics is expected as promising technology to realize 
the photonic integrated circuits. Silicon photonic wire 
waveguide system is a good platform for monolithic 
integration because of its large wafer sizes, lower cost 
materials, and borrowing of fabrication processes and 
equipment from the electronics devices [1, 2]. We focused 
heterogeneous integrated silicon photonic laser diode which 
has the butt-joint structure between a SOA and Si photonic 
tunable filter due to the flexibility and the availability for 
practical use by the silicon photonic wire cavity and the 
accomplished compound semiconductor optical materials to 
provide efficient optical gain. The attractive characteristics 
such as compact, narrow spectral linewidth, precise 
wavelength tunability and high output power were 
demonstrated in former researches [3, 4, 5]. In this letter, we 
investigated the wide-band wavelength tuning operation to 
increase the possibility of silicon photonic wavelength tunable 
laser diodes. 

II. DESIGN OF TNUNABLE FILTER

Schematic structure of the tunable laser are shown in Fig. 1. 
A tunable laser diode consists of a wavelength-tunable filter 
with double ring resonators and an asymmetric Mach-Zehnder 
interferometer (a-MZI) made of Si wire waveguides with 
dimensions of 220 nm � 400 nm and a SOA as an optical gain 
medium. The 10 �m radius ring resonators can be constructed 
owing to the waveguide’s strong optical confinement. The 
spot size converter (SSC), which consists of an SiOx core and 
a tapered Si waveguide, allows us to connect the SOA and Si 
photonic wire waveguide while minimizing reflection and 
coupling losses. The front facet of the SOA acts as a mirror 
with a refractivity of 2%, and an antireflection coating is 

formed on the facet connecting with the tunable filter. The 
silicon photonic wavelength filter was fabricated using a 
CMOS-compatible process. The propagating light from the 
SOA is divided at a Y-branch and then filtered by two ring 
resonators and an a-MZI. The lasing wavelength is selected on 
the basis of the Vernier effect, given the different FSRs 
between the two ring resonators.  
In our wavelength tunable filter, the design of ring resonator 

plays the most important role in device characteristics. The 
wavelength tuning range �� is determined by the following 
equation. 
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Here, c is the velocity of light in vacuum and � is 1.55 �m. 
The FSRs of the double ring resonators are designed as 815 
GHz and 771 GHz, respectively. The wavelength tuning range 
is estimated as 114 nm to cover both C-band and L-band of 
optical communication wavelength. 

The lasing wavelength can be tuned based on the thermo-
optic (TO) effect using micro-heaters. A Pt/Ti micro-heater 
was placed on the ring resonators and one arm of the a-MZI. 
The wavelength selectivity is increased by the a-MZI, which 
has twice the FSR of a ring resonator, because the 
transmittance of the a-MZI is a minimum at the nearest 
resonant wavelength, the transmittance difference between the 
lasing wavelength and the side peak is increased. Although the 
large �� design gives the reduction of transmittance 
difference , more than 10 dB transmittance difference and 
stable wavelength tuning operation are achieved using by this 
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Fig. 1. Schematic of Si photonic wavelength tunable laser diode. 
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structure.

III. MEASUREMENT

A. Semiconductor Optical Amplifier 
The wavelength spectra of the SOA were measured to 

validate the optical gain wavelength range. The temperature of 
the SOA was held at 25	C using a thermoelectric cooler. The 
alignment between the SOI chip and the lensed fiber was 
adjusted using stepping motors. Figure 2 shows the 
wavelength spectrum when the SOA injection current are 50 
mA and 300 mA, respectively. Although this SOA is designed 
for L-band and the center wavelength of ASE light is about 
1585 nm when the injection current is 50 mA, the center 
wavelength was clearly shifted to shorter wavelength under 
high injection current. The wide-band tuning operation of our 
tunable laser diode was demonstrated using by this 
characteristics.  

B. Silicon Photonic Wavelength Tunable Diode 
The butt-joint coupling between SOA and tunable filter was 

also carried out by active alignment using stepping motors. 
Figure 3 shows the relationship between the SOA injection 
current and the fiber coupled output power. The threshold 
current of laser oscillation was 25 mA. The output power was 
saturated when the  injection current was above 200 mA due 
to the self heat of SOA. 

Figure 4 shows superimposed spectra of the tunable laser 
obtained when the MZI heater and one resonator heater were 
varied for an SOA injection current of 300 mA. The lasing 
wavelengths correspond to the resonance wavelengths of the 
other unheated ring. The We obtained a tuning wavelength 
range of 94.1 nm between 1536.4 nm and 1630.5 nm which 
almost covers C-band and L-band.   

IV. CONCLUSION

We investigated the silicon photonic wavelength tunable 
laser diode with wide wavelength tuning range. The wide-
band wavelength tuning operation of 94.1 nm was 
demonstrated with 2.5�0.6 mm2 chip size. Our wide range 

wavelength tunable laser affords the possibility to apply the 
bio-medical and the environment sensing. 
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Fig. 3. SOA current dependence of output power 
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Fig. 4. Wavelength tuning operation
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Fig2. Wavelength spectra of ASE light. 
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