
The interplay of nonlinearity and noise in tiny resonators 

Abstract:  
Small vibrating structures, with dimensions on the scales of micro- and nano-meters, are playing 
increasingly important roles in sensing and time-keeping technologies.  The success of these 
micro/nano-electro-mechanical-systems (M/NEMS) in inertial and other sensors has been 
transformational, for example, in sensors for automotive air bags and stability control.  A similar shift is 
occurring in the development of the frequency generating elements that are used in virtually all 
electronic devices.  Some basic differences exist between these tiny mechanical structures and their 
macro-scale counterparts, perhaps the most important of which is that they rely on resonant vibration 
with extremely low damping, having quality factors in the range 102-106.  At these sizes, one can 
achieve resonances in the radio frequency range and also take advantage of electrostatics for actuation 
and readout.  However, the susceptibility of these structures to noise and nonlinearity can lead to 
complications, and one of the basic challenges in designing resonant M/NEMS is maintaining a good 
signal to noise ratio without driving them into nonlinear operating regimes.  This presentation will 
provide an overview of nonlinearity and noise in M/NEMS and describe how a fundamental 
understanding of these effects plays an important role in improving their performance.  Specific 
examples will be taken from time-keeping applications, for which recent analysis and experimental 
results demonstrate attractive possibilities for using nonlinearity to reduce phase noise in MEMS-based 
clocks, and from resonant sensors, where nonlinear mode coupling can be used to increase the input-
output gain in vibratory rate gyros. 
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