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3.  Oscillator Carrier Power 
 
To find the carrier power, we extend the result of [8] which assumes sinusoidal displacement to arrive at the output 
optical power in time. Specifically, we only keep terms oscillating at the mechanical angular resonant frequency Ωm 
which after manipulation gives, ௢ܲ௨௧ሺݐሻ|ஐ೘ ൌ ԰߱௢ሺܣሺݐሻ ൅  ,ሻሻ whereݐሺܤ
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with input field sin, optical coupling time constant ߬௘௫, loaded cavity bandwidth κ, laser detuning ∆ത, modulation 
index ߚ ≡ െݔ௢ ∙ ݃௢/Ω௠ displacement amplitude xo and optomechanical coupling go. The output field consists of 
sine and cosine components each weighted by the optical cavity Lorentzian lineshape ሺሺߢ 2⁄ ሻଶ ൅ ሺ∆ത ൅ Ω௠ሻଶሻିଵ 
evaluated at integer multiples of Ωm. Thus, only terms in which nΩm<κ/2 contribute to each sum.  

4.  Experimental Verification 
 
Several experiments have been carried out to validate our model [1,5]. In each experiment the laser detuning, and 
external waveguide coupling were optimized for low phase noise. In the most recent experiment, Qm was enhanced 
by placing a high performance silicon nitride OMO in vacuum to reduce gas damping resulting in an increase in Qm 
from 1,800 (air) to 10,400 (vacuum). The improved Qm yielded a phase noise of -102dBc/Hz at 1KHz offset with 
74MHz carrier – the best phase noise for an RP-OMO thus far. Our model accurately predicts the observed behavior 
with fit parameters being the input noise proportional to ඥ ௜ܲ௡, fiber coupling τex, and detuning.  

In another experiment, three optical resonances with Qo ranging from 300,000 to 5.3 million in the same device 
were excited at atmosphere[5]. Here, the laser power was held at twice the threshold power. Both data and modeling 
show that an increased optical Q has an adverse effect on phase noise. Our modeling indicates that this is due to 
reduced carrier power in the high Qo case. Physically, a high optical Qo device is efficient at filtering out higher 
order RF frequency harmonics produced by the non-linear interaction of the circulating photons with the 
sinusoidally varying cavity radius. This filtering however, negates the possibility of photons at the nth harmonic 
feeding energy back to the fundamental carrier. 
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Fig. 2 (a) Fitted and measured phase noise of 25μm outer radius nitride OMO with fm=74MHz (b) Measured and model fit (dashed) phase noise 
for three optical resonances in the same 50μm PSG device. Inset: three optical resonances seen in transmission through tapered fiber.  
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