
 

Abstract  
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 diodes with narrow spectral linewidth are promising 
light source for practical use in digital coherent optical 
transmission systems.  

I.  INTRODUCTION  
Recent advanced information application will increase 

the traffic volume and enhance the requirements of 
optical transmission with respect to bit rate, spectral 
efficiency and low power consumption in future core and 
access networks. Digital coherent optical communication 
systems are promising candidate for the next generation 
optical network system and various optical devices such 
as the coherent receivers and the light sources are 
emerging for these systems [1, 2]. We have studied 
wavelength tunable laser diodes (LDs) constructed with 
Si photonic wavelength filters on the assumption that the 
compact and narrow spectral linewidth wavelength 
tunable LDs are key device for high capacity optical 
network systems based on wavelength-division 
multiplexing (WDM). Such a tunable LD with less than 
100 kHz narrow spectral linewidth allows us to apply 
them to higher-order multilevel modulation schemes such 
as 16 quadrature amplitude modulation [3]. 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 [4], [5]. 

II.  STRUCTURE OF WAVELENGTH TUNABLE LD         
WITH SI PHOTONIC RING RESONATORS 

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 semiconductor 
optical amplifier (SOA) as optical gain medium. The 
waveguides have a core with cross-sectional size of 400 
nm × 220 nm. The minimum bending radius of the Si 
waveguides is 20 μm, and the FSRs of the double ring 
resonators are 472 GHz (Ring1) and 501 GHz (Ring2), 
respectively. The lasing wavelength is determined by the 
vernier effect of the FSR difference of the two ring 
resonators. The lasing wavelength is tuned by micro 
heaters which are placed on the ring resonators through 

TO effect. 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) 
[6]. The Si photonics chip is performed as a low loss 
external cavity with fine wavelength filtering. 

 

III.  EXPERIMENTAL RESULTS 

A.  Output power of tunable LD 
The temperature of SOA was controlled to around 25 °C 

by using a thermoelectric cooler. The alignment of the 
SOI chip and the lensed fiber were carried out by using 
the stepping motors.  Figure 2 shows a relationship 
between SOA injection current and output power 
estimated taking into account of 7.72 dB of optical loss 
between the SOA and the optical power meter. The lasing 
threshold current was 25.0 mA and the maximum lasing 
output power was 14.7 mW when the SOA injection 
current was 150 mA. 
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B.  Wavelength tuning operation 
The lasing wavelength is controlled by heating of 

resonator. When the one ring is heated, the lasing 
wavelength is discontinuously controlled to resonant 
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Fig. 1. Schematic view of the tunable LD. 

Fig. 2. SOA injection current dependence of light output. 
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wavelength of another ring resonator without heating. 
Figure 3 show the heating power dependence of lasing 
wavelength. By the heating of single ring, the lasing 
wavelength monotonically increased or decreased. The 
power consumption of wavelength tuning was about 1.0 
mW/nm. The heating of double resonators makes it 
possible to continuously wavelength tuning. Figure 4 
shows the continuous wavelength tuning demonstration 
when the injected current to the SOA was set to 50 mA. 
The single-mode oscillation with more than 28 dB SMSR 
was obtained for the wavelength range of 48.2 nm with 
100 GHz wavelength channel spacing. The maximum 
power consumption of the heaters was less than 120 mW. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C.  Spectral linewidth 
In order to obtain narrower spectral linewidth, longer 

external cavity length is preferable. By decreasing optical 
coupling coefficient between bus waveguide and ring 
resonators in Si photonics chip, the number of turning 
around a ring resonator increase [5]. This characteristic 
makes that the effective cavity length of tunable filter 
drastically increases without large footprint, and enables 
to narrow spectral linewidth. This is a big advantage as 
compared with the conventional DBR LDs where the 
effective length is always smaller than the physical length 
of the optical cavities. The total cavity length (including 
the SOA, SSC and Si waveguide) of our laser was 
estimated as 3.63 mm from the measurement result of 
Fabry-Perot mode. The effective length of Si waveguide 
cavity is 1.73 mm despite the fact that the actual length is 
0.83 mm. Less than 100 kHz spectral linewidth is 
suggested by Henry’s formula [7] when output power is 
more than 5 mW. 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. The measured linewidth shows good 
agreement with the calculation. The narrowest spectral 
linewidth of about 38 kHz was obtained when the lasing 
output power was 14.7 mW. 
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IV.  CONCLUSIONS  
We fabricated a wavelength tunable LD with the Si 

photonic-wire waveguide ring resonators as an external 
cavity. The maximum lasing output power was 14.7 mW. 
More than 45 nm wavelength tuning operation was 
obtained by micro heaters. Spectral linewidth was less 
than 40 kHz. The narrow spectral linewidth wavelength 
tunable LDs with Si photonic wire waveguide will be 
available for practical digital coherent transmission 
systems with realization of stably high output power 
operation. 
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Fig. 5. Output power dependence of Spectral linewidth. 
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Fig. 3. Heating power dependence of lasing wavelength.  
(a) Ring1 was heated. (b) Ring2 was heated. 

Fig. 4. Measured lasing spectra superimposed with 100 GHz 
wavelength channel spacing.
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