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Motivation

« Surface Opto-mechanics pushing toward
quantum limits of measurement

* Cheap, non-toxic local oscillation

« Cheap, easy to deploy chemical detectors
to benefit machine olfactorization
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Agenda

* Opto-mechanical Theory

» Opto-mechanical Interaction

* Modal Velocities

* High-Order Surface Acoustic Wave Modes
« Experimental Method

 Measured and Simulated Results
 Summary
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Theory
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SAW Mode, Self Consistency
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Photo elastic effect

Effective propagation is 100 meters in a micron scaled device
A. Yariv, Quantum Electronics (Wiley, New York, 1975).



United States Military Academy
Photonics Research Center

Opto-Mechanical Interaction
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Velocity of sound, [m/s]

Modal Velocities

152 MHz 117 MHz 131 MHz

M=18
35um 117 MHz
I M=14
135 um
131 MHz
'I;hird transverse mode M=17
< Second transverse mode
135 um
First transverse mode

Third transverse mode
Second transverse mode

‘/A/ First transverse mode

Rayleigh mode velocity on planar surfaces 3410 m/s

Integer # acoustic wavelengths along circumference (M)
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Modal Spectroscopy — High Order SAW
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Experimental Method

OSA: Optical Spectrum Analyzer

ESA: Electrical Spectrum Analyzer

Pump: wavelength=1.55 micron, continuous wave
WGR: Whispering Gallery (Micro-)Resonator
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Measured and Simulated Results

Top: Excited SAW Experimental Results: Detection of Mechanical
. . Oscillations in a R=78 micron Silica Sphere

Frequencies in a

Single WGR
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BOttOm: Experlmental Experimental and Calculated Frequencies versus Mode Number of
Rayleigh SAW in a R=78 micron Silica Sphere
AND Calculated Results:
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Summary

« COMSOL Calculated, Analytical, and
Experimental results agree within 1%

« COMSOL enabled me to run hundreds of
iterations of a simulation automatically —
freeing time for the lab
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