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ABSTRACT:  The emerging field of nanoelectromechanical systems (NEMS) is attracting 
considerable research interest.  These aggressively miniaturized nanoscale devices, 
particularly cantilever and beam flexural-mode resonators, have enabled the 
demonstration of outstanding sensors and frequency sources. Efficient integrated and 
customizable transduction techniques are crucial for obtaining optimal performance for 
nanoelectromechanical systems (NEMS). Although piezoelectricity, a direct 
electromechanical conversion mechanism, is ubiquitous in a wide variety of applications 
including electrical oscillators and clocks, its implementation in NEMS domain has been 
problematic. In this talk we describe the challenges and successes associated with the 
development of  nanomechanical resonators based on very thin aluminum nitride (AlN) 
films. The structural layer composed of four ultrathin layers of different materials requires 
creative approach to the fabrication procedure. The choice of masks and process 
parameters for multiple etching steps needs to be done with extreme care in order to 
preserve excellent mechanical properties and ensure high reproducibility. The resulting 
well refined fabrication process is capable of producing high quality NEMS resonator of 
various geometries. High piezoelectric coupling, excellent elastic properties and low 
dielectric loss, and compatibility with standard CMOS technology make AlN a particularly 
promising material for MEMS and NEMS applications.  
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Dr. Rassul Karabalin is a senior research scientist at the California 
Institute of Technology. As a member of the Michael Roukes research 
group, he is exploring NEMS as a tool for studying complex nonlinear 
behavior in discrete systems. He investigated the physical nature of 
nonlinear properties in NEMS and developed several methods of 
controlling nonlinearity. While exploring the dynamics of parametric 
resonators, he developed NEMS parametric amplifiers, nondegenerate 
parametric system in strongly interacting nanomechanical devices, 

and a technique of controlling the bifurcation topology of weakly coupled NEMS 
resonators. He succeeded at building an array of two strongly interacting highly nonlinear 
nanomechanical resonators, which led to experimental demonstration of dynamic state 
transitions and deterministic chaos. He also made significant contributions to the 
development of piezoelectric depletion-mode NEMS, analysis of nonlinear elasticity in 
NEMS, and nonlinear self-sustained NEMS oscillators. Throughout his career he has 
significantly contributed to multiple projects ranging from gas sensing for biomedical 
applications, to temperature sensing for nuclear technology, to electromechanical switches 
for integrated circuits.  


