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 We fabricated wavelength tunable laser diodes with Si photonic wire waveguide ring resonators as 
an external optical cavity. Less than 100 kHz narrow spectral linewidth was obtained with small 
footprint. Our wavelength tunable laser diode shows sufficient good performance for practical use in 
digital coherent optical transmission systems.  

 

1. Introduction 
Compact and low-power consumption 

wavelength tunable laser diodes (LDs) are 
desired for use in high capacity optical network 
systems. Moreover, recent digital coherent 
optical transmission systems require light 
sources with extremely low phase noise. Such 
light sources with less than 100 kHz narrow 
spectral linewidth allow us to apply them to 
higher-order multilevel modulation schemes [1]. 
We have studied wavelength tunable LDs 
constructed with Si photonic wavelength filters 
and a compound semiconductor optical 
amplifier (SOA). Si photonic wire waveguides 
that can make sharp bend and having high 
thermo-optic (TO) effect are attractive for 
constructing ring resonators for tunable LDs 
because it can drastically reduce size of tunable 
filters and also reduce power consumption for 
wavelength tuning operation [2], [3].  
2. Si photonic wavelength tunable filter 

 Schematic structure of the tunable LD is 
shown in Fig. 1. It consists of two Si photonic 
wire ring resonators with different free-spectral 
ranges (FSRs) and a SOA as optical gain 
medium. The waveguides have a core with 
cross-sectional size of 400 nm  220 nm. The 

lasing wavelength is determined by the vernier 
effect of the FSR difference of the two ring 
resonators. Therefore, the lasing wavelength 
can be tuned by changing refractive index of 
ring resonators controlled by micro heaters 
through TO effect (shown in the insets of Fig. 
1). In order to obtain low loss and low 
reflection at the butt-joint section of the SOA 
and the ring resonator wavelength filter, we 
formed a spot size converter (SSC) [4].  
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 1.59 m. We designed the  as 70 nm to 
cover entire L-band of optical communication 
range. The FSRs of the double ring resonators 
are determined as 472 GHz and 501 GHz, 
respectively. 
 In order to obtain narrower spectral linewidth, 
longer external cavity length is preferable. By 
decreasing optical coupling coefficient  
(shown in Fig. 2(a)) between bus waveguide 

 
Fig. 1. Schematic of tunable LD. The inset shows the 
microscope image of the ring resonators and micro heaters 
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Fig. 2. (a) schematic of ring resonator. (b) The calculated 
copling efficiency (c) The transmittance of designed ring 
resonator. 
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and ring resonators in SOI chip, the number of 
turning around a ring resonator increase. This 
characteristic makes that the effective cavity 
length of tunable filter drastically increases 
without large footprint, and enables to narrow 
spectral linewidth. The coupling coefficient 
was calculated by FDTD method (shown in Fig. 
2(b)), and the transmittance spectral 
characteristic of a ring resonator can be 
approximated by a Fabry-Perot-type optical 
cavity. Figure 2(c) shows the experimental and 
calculated results of transmittance spectrum for 
single ring resonator with  = 0.185. Our ring 
resonator is in a good agreement with the 
designed characteristics. The double ring 
resonators were designed to ensure the less than 
100 kHz of spectral linewidth and the large 
transmittance difference to prevent multimode 
lasing. 
3. Lasing characteristics 
 The temperature of SOA was controlled to 
around 25C by using a Thermoelectric cooler 
(TEC). Figure 3 shows a relationship between 
SOA injection current and optical output power. 
The lasing threshold current was 25.0 mA and 
the maximum lasing output power was 25.1 
mW when the SOA injection current was 250 
mA, despite that the single mode lasing was 
frequently unstable above the injection current 
of 150 mA. The origin of this instability has not 
been cleared. 

The lasing wavelength was controlled by 
heating two ring resonators which makes it 
possible to continuously wavelength tuning. 
Figure 4 shows the Ring2 heater power 
dependence of the lasing wavelength when the 
injected current to the SOA was set to 50 mA. 
The single-mode oscillation with more than 25 
dB SMSR was obtained for the wavelength 
range. 53.0 nm of tuning wavelength range was 
obtained. 
Finally, the spectral linewidth of our device 

was measured by the delayed self-heterodyne 
method. Figure 5 shows a relationship between 
the lasing output power and the measured 
spectral linewidth. Here, dotted line indicates 

the theoretical calculation by Henry’s formula 
[5]. The measured linewidth shows good 
agreement with the calculation. 
4. Conclusion 
We fabricated a wavelength tunable LD with 

the Si photonic-wire waveguide ring resonators 
as an external cavity. The maximum lasing 
output power was 25.1 mW. More than 50 nm 
continuously wavelength tuning operation was 
obtained by micro heaters. Spectral linewidth 
was less than 100 kHz. The narrow spectral 
linewidth wavelength tunable LDs with Si 
photonic wire waveguide will be available for 
practical digital coherent transmission systems 
with improvement of lasing stability. 
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Fig. 5. Output power dependence of Spectral linewidth. 

200

150

100

50

0

L
in

ew
id

th
 [

k
H

z]

302520151050

Output Power [mW]

 

Fig4. The heater power dependence of the lasing wavelength.  
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Fig. 3. SOA injection current dependence of the output power. 
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