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 We fabricated wavelength tunable laser diodes with Si photonic wire waveguide ring resonators as 
an external optical cavity. The continuous wavelength tuning operation was demonstrated using by 
the micro heaters. Our wavelength tunable laser diode is suitable for digital coherent optical 
transmission systems based on wavelength division multiplexing.  
 

1. Introduction 
In order to correspond to a rapid increase of 

information and communication traffic, the 
digital coherent optical communication system 
is becoming in practical use. The digital 
coherent system allows the drastic increase of 
network capacity by utilizing not only the 
amplitude of signal light also the phase 
information [1]. Various optical devices have 
been developed for the digital coherent system, 
such as coherent receivers and emitters. A light 
source with low phase noise which means 
narrow spectral linewidth is required for use by 
as an emitter or a local oscillator of receiver. 
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]. We have 
shown less than 100 kHz spectral linewidth [4] 
and more than 40 mW optical output power [5]. 
In this letter, we demonstrated continuous 
wavelength tuning operation using by micro 
heaters. Our wavelength tunable laser can 
flexibly cope with various WDM grid. 

 
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), a loop mirror and a SOA as 
optical gain medium. The Si photonic 
waveguides have a core with cross-sectional 

size of 400 nm × 220 nm. In order to obtain low 
loss and low reflection at the butt-joint section 
of the SOA and the ring resonator wavelength 
filter, a spot size converter (SSC) is formed and 
the waveguide of butt-joint interface is tilted. 
The FSRs of ring resonators are 472 and 501 
GHz, respectively. The lasing wavelength is 
determined by the vernier effect of the FSR 
difference of the two ring resonators. Therefore, 
the lasing wavelength can be roughly tuned by 
changing refractive index of ring resonators 
controlled by two micro heaters through 
thermo-optical (TO) effect. On the other hand, 
the longitudinal mode exists in the laser cavity 
which is formed between the SOA output facet 
and the loop mirror. The phase shifter allows us 
to control the phase of longitudinal modes 
though TO effect. We demonstrated the fine 
wavelength tuning of our Si photonic 
wavelength tunable laser diode using by these 
three micro heaters. 

 
3. Experiments 
 The temperature of SOA was controlled to 

 
Fig. 1. Schematic of tunable LD. 
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around 25°C by using a Thermoelectric cooler  
(TEC). The lasing threshold current was 24.0 
mA and the maximum lasing output power was 
25.1 mW when the SOA injection current was 
250 mA.  

The lasing wavelength was controlled by 
heating two ring resonators which makes it 
possible to continuously wavelength tuning. 
Figure 2 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. 

Figure 3 shows the phase heater power 
dependence of wavelength spectra. When the 
phase heater power increases, the refractive 
index of loop mirror increases, and the 
longitudinal mode shifts to longer wavelength. 

The lasing wavelength hopped to neighbor 
longitudinal mode when the power is 45 mW. 
The phase of longitudinal mode was controlled 
within 4π by 90 mW heater power. Figure 4 
shows wavelength spectra with various phase 
shift heater power. The resonant wavelengths of 
longitudinal mode and two ring resonators 
coincide and the output power is maximum 
when the heater power is 20 mW. So, the 
precision heater power control permitted the 
continuously wavelength tuning. 

 
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 range and the 
longitudinal mode control were obtained by 
precision heater control. The narrow spectral 
linewidth wavelength tunable LDs with Si 
photonic wire waveguide will be available for 
digital coherent transmission systems based on 
WDM system with various grid 
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Fig. 3. Phase heater power dependence of wavelength 
spectra.. 
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Fig. 2. The heater power dependence of the lasing 
wavelength.  
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Fig. 4. Wavelength spectra with various phase heater 
power. 
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