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Electromechanical systems have widely entered into the daily life of people in the form of various 

accelerometers and gyroscopes. In turn, Nanoelectromechanical systems (NEMS) have found wide 

application in the advanced fields of science due to their high sensitivity to various external influences [1]. 

For example, in [2], the precession experiment of the quantum vortices registration in superfluid helium 

utilizing a nanoscale resonator (NMR) with a natural frequency of 2.116 MHz was demonstrated. 

This paper presents a unique method for producing NMRs with closely placed control electrodes. The 

method includes standard technologies for the semiconductor industry, such as: electron beam lithography, 

deposition of thin metal films, reactive ion and liquid etching. 

The manufacturing of experimental structures with NMRs based on silicon nitride nanowires suspended and 

fixed on both sides with a thin layer of aluminum on the surface, 30 nm thick is illustrated. The width and 

height of the produced resonators are 100–200 nm, and the length varies from 70 μm to 1 mm. 

Theoretical estimations of the natural frequencies of the produced NMRs at different temperatures have been 

carried out. Numerical simulation is used to demonstrate the dynamics of changes in the natural frequencies 

of the produced NMRs with the temperature changes from room temperature to 4K. The resonance 

frequencies of nanowires with the length of 70 μm increase from 0.4 MHz to 2.1 MHz under cooling. For the 

nanowires with a length of 1 mm the resonance frequencies  vary in the range from 0.02 MHz to 0.15 MHz.  

The model obtained applying numerical simulation allows the estimation of the influence of closely placed 

control electrodes on the oscillation dynamics of a suspended nanowire. The results of the paper demonstrate 

that the resonance frequency can be adjusted up to 10% by utilizing the control electrode. 
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