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Figure 4 shows data from a low phase noise 
18.6MHz carrier OMO (-110dBc/Hz at 10kHz offset) 
fitted with the aforementioned small signal model. 
Nearly ideal behavior is exhibited for �� >10kHz. At 
lower frequencies, 1/f noise sources dominate, which 
appears as a 1/f3 dependence in the measured spectrum. 

 

 
Figure 4: First contour mode phase noise spectrum. Ω* =18.6MHz, 
Qo=520k and Qm=1160. Inset: RF spectrum of measured resonance. 

 

OPTICAL QUALITY FACTOR 
 

To study phase noise dependence on Qo, three 
resonances within a free spectral range of the same 
resonator were measured. Each optical mode circulates 
at a slightly different radial location on the ring 
interacting differently with the sloped edges and thus 
has a different Qo. This method ensures, that the 
mechanical quality factor, Qm is conserved. 

Our measurements (Figure 5) show, that a higher 
optical quality factor has an adverse effect on phase 
noise for �� > 10,-.. For 1kHz< �� <30kHz, high Qo 
resonances have a slope less than 20dBc/decade. The 
Qo=5.3 million resonance exhibits leveling of the slope 
at 20kHz. 1/f noise is not observed for the Qo=5.3 
million resonance, even down to a 10Hz offset.  

 

 
Figure 5: Phase noise for three optical resonances showing, that high 
Qo increases phase noise at ��>10kHz. Inset: Optical spectra of 
measured resonances. 

The threshold laser power to induce self-oscillation 
in the unresolved sideband regime varies as /�

23. For 
our optical quality factor of 5.3 million we have 
measured Pthresh=120μW.  

 

MECHANICAL QUALITY FACTOR 
 

In order to investigate the dependence of phase 
noise on Qm, we deliberately reduced the mechanical 
quality factor by placing epoxy on one of the spoke 
supports. This left Qo unchanged, but Qm degraded from 
1160 to 440. This reduction of 2.5 times in Qm caused 
20dBc/Hz degradation in phase noise at 100kHz offset 
matching our model expectations. Additionally, since 
the threshold power scales with Qm

-1, we conclude, that 
realizing low threshold and low phase noise OMOs 
requires high Qm.  

 

 
Figure 6: Phase noise measurements of the same OMO, with two 
different mechanical quality factors. A 2.5 times increase in Qm shows 
a 20dBc/Hz improvement in phase noise at 100kHz offset. 

CONCLUSION 
 

Optomechanical oscillators with high Qo (up to 5.3 
million) and low phase noise have been fabricated using 
a silica based wafer-scale fabrication process. For 
higher Qo, phase noise was observed to degrade for 
4�>10kHz. An increase of 2.5 times in Qm was obser-
ved to improve phase noise up to 20dBc/Hz at 100kHz 
offset in agreement with our phase noise model.  
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