
   

Extended-cavity single-frequency semiconductor lasers using ring filters in 
low-loss SiN technology

 
Y. Fan1,2, J. Mak1, A. van Rees1, E. J. Klein2, and  K.-J. Boller1  

 
1.  Laser Physics and Nonlinear Optics group, MESA+ Research Institute for 

Nanotechnology,  
University of Twente, Drienerlolaan 5, Enschede, Netherlands   

2.  LioniX International B.V., Hengelosestraat 500, Enschede, Netherlands 
 
Extended-cavity semiconductor lasers with high spectral purity and wide spectral coverage are important for a 

large range of applications including fiber-optic communications [1], optical sensing [2], or applications in space, 
for instance in atomic clocks [3]. Monolithic diode lasers for such tasks, e.g., distributed feedback (DFB) lasers 
and distributed Bragg reflector (DBR) lasers, approach their limits since they typically show either a small tuning 
range [4] or considerable spectral linewidths at the MHz level [5]. These limitations can be largely removed in 
hybrid lasers, where the gain from a semiconductor optical amplifier chip is receiving spectrally filtered feedback 
from a second chip fabricated from dielectric material. The dielectric chip carries an integrated-optical waveguide 
circuit with which highly selective filtering and a long photon lifetime can be realized beyond what is typically 
possible in semiconductor platforms.  

Here we report on the properties of wavelength-tunable hybrid diode lasers with extended cavities based on 
silicon nitride waveguide circuits (Si3N4 in SiO2), the latter chosen for its ideal combination of high index contrast 
and low propagation loss. We have recently shown [6] that the low loss in this platform allows to extend the optical 
length of the integrated cavity substantially to about 0.5 m. At the same time low loss enables sharp intracavity 
spectral filtering by cascading micro-ring resonators (MMRs) with various different roundtrip lengths and high 
quality factors. With such a hybrid laser, we observed single-frequency oscillation with sub-kHz (290 Hz) intrinsic 
linewidth, which is the lowest value that has ever been demonstrated with a chip-based diode laser. 
 

 
 

 
Fig.1 a) superimposed laser spectra in the 1.55 µm range obtained with stepwise tuning across an 81 nm wide range, 

 b) series of optical spectra recorded during mode-hop free tuning over a 26 GHz (or 0.21 nm) range, c) generation of multiple 
frequencies. 
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With various different configurations and making use of phase actuators, these lasers can be optimized towards 

wide wavelength tuning across the entire gain bandwidth (see Fig. 1 a) and also for mode-hop free (continuous) 
tuning. Fig. 1 b) shows mode-hop free tuning over 26 GHz, which is about 5-times the free spectral range of the 
respective laser cavity. Multi-wavelength operation with equidistant frequency spacing can be achieved as well 
(Fig. 1 c). 

The presentation will give an update about current laser performance and future options. 
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