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Abstract: We demonstrate a Raman laser integrated onto a silicon microchip, using an ultra-high- 
Q toroidal microcavity. Low pump power thresholds (210 microwatts) and Raman output powers 
of 1.2 milliwatts were obtained at 1650 nm. 
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Raman amplification and lasing is of practical importance in modern fiber optic systems and as a means to extend 
the accessible wavelength range of other laser systems. However, a drawback of the Raman process is that Raman 
gain is very low in most solid materials, such as silica optical fibers, thus requiring either very long interaction 
lengths, large pump powers, or both. Resonant Raman lasers can circumvent some of these problems [ 1,2], but are 
not readily integrable with other components. Here we present for the first time to the authors’ knowledge a 
monolithic Raman laser that is both fiber-optic compatible, low power, and integrable with other functions on a 
silicon wafer. By using a novel, ultra-high-Q chip-based toroidal microresonator [3], a monolithic Raman laser with 
thresholds below 300 microwatts is demonstrated. 

Ultra-high-Q toroidal microcavities were formed by first creating silica microdisks supported on a silicon pillar 
by lithographically defining circular silica pads and then undercutting with an isotropic silicon etch. C 0 2  laser 
irradiation is then used to create a toroidal silica shape as a result of surface tension. These structures were then 
optically coupled using a tapered optical fiber with the gap between the resonator and fiber-taper controlled using a 
3-axis high-resolution stage. A tunable, external cavity &ode laser was used to excite resonances in the 1550 nm 
wavelength band. For higher power operation, an erbium-doped fiber amplifier was used to boost the pump power 
provided by the laser. The quality factors of the resonators were typically 100 million. This represents a four-order- 
of-magnitude increase over all prior planar microresonator Q values [4]. 

0 ,  

-60 I 
1600 1650 1700 1750 1800 

Wavelength (nm) 

Fig 1. Raman spectrum of a toroidal microcavity with pump excitation at 1545 nm. Inset shows a toroidal 
microcavity coupled to a fiber-taper. 

Figure 1 shows a toroidal microdisk excited well above Raman threshold using a 1545 nm pump. At this pump 
power a number of Raman waves around 1660 nm are generated. These Raman waves subsequently pump a second- 
order Stokes peak appearing at 1770 nm. 
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Fig. 2. Raman power vs. incident pump power, demonstrating a threshold of 210 microwatts. Inset shows 
high-power output of 1.2 mW. 

Figure 2 shows the Raman laser output power vs. pump power for both near-threshold and hgher-power (inset) 
operation. The threshold is approximately 210 microwatts, with a maximum power output of 1.2 mW at 1660 nm. 
Further details on the behavior of this system will be described. 
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