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Abstract— A sub-Hz fundamental linewidth all-waveguide photonic integrated Brillouin laser is described. Principles behind the laser 
dynamics and resulting record low linewidths and phase and frequency noise will be presented. New systems-on-chip applications are 
enabled by the potential to operate from visible to infrared.  
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I. INTRODUCTION 
Highly coherent ultra-low linewidth lasers are poised to make the leap from the laboratory to the chip. Applications including 

ultra-high capacity coherent communications [1,2], atomic clocks [3], metrology [4,5], microwave photonics [7], spectroscopy [8], 
optical gyroscopes [9], optical combs [10,11] and frequency synthesizers [12] will benefit from chip-scale integration. However, 
scaling sub-Hz fundamental linewidth (white noise floor) and low frequency noise (technical, 1/f, etc.) performance to the chip-scale 
presents significant challenges. To impact a broad range of applications, a high coherence laser integration platform should also have 
the ability to operate from the visible to the infrared. Stimulated Brillouin scattering (SBS) lasers are capable of extremely low 
linewidths, yet photonic integration of SBS lasers using a wafer-scale platform that enables higher functionality photonic circuits has 
remained elusive. Using the silicon nitride (Si3N4) platform we address many of these issues including ultra-low loss for a high Q 
resonator and large optical cavities capable of supporting large intensity and transparency from ~400 nm – 2350 nm. The platform is 
compatible with other Si3N4 active and passive components and with CMOS and wafer-scale foundry processes.  

II. LASER OVERVIEW 

Our Brillouin laser is a monolithic integrated waveguide bus-coupled ring resonator fabricated using simple low-loss Si3N4/SiO2 
waveguides [22] CMOS foundry compatible process steps. The laser operates via nonlinear photon-phonon coupling within the 
optical guiding region and does not employ an acoustic waveguide. The  waveguides support TE only modes and produce optical 
amplification by harnessing the SBS resonant scattering process where a weak Stokes beam is amplified as it propagates along the 
waveguide by energy transfer from a strong pump beam. Unique to this design is the generation of unguided phonons, in contrast 
to other integrated designs that utilize acoustic guiding, leading to a Brillouin gain phonon decay rate 3-4 times larger than 
comparable integrated SBS lasers [16,19]. The large mode-volume bus coupled resonator combined with a loaded Q on the order 
of 28 Million enables the sub-Hz fundamental linewidth .  The combination of fast phonon decay and long photon lifetime, 
suppresses the transfer of pump phase noise to the Brillouin laser emission. This broadened gain bandwidth also relaxes the phase 
matching conditions and improves resonator fabrication tolerances. The ability to generate large optical intensity attributes to the 
absence of nonlinear loss present in silicon waveguides as well as transparency from the visible through the infrared. The laser is 
able to operate in cascaded order mode, generating out to 10 equally spaced frequency lines that can be used for comb applications 
or microwave synthesis. 

In this talk we describe the theoretical basis for the integrated cascaded-order Brillouin laser [25] and review its design, fabrication 
and properties that lead to narrow linewidth emission. We will also describe laser phase, frequency and linewidth measurements 
[26], potential applications, and future technology directions. 
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