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ABSTRACT: 

Nanoelectromechanical systems (NEMS) based on nanomaterials, especially NEMS 

resonators made of suspended nanowires, nanotubes or nanosheets have emerged as promising 

devices for many sensing applications. However, operation of such NEMS resonators in liquids 

is usually difficult due to strong viscous damping. Here we present our progress in developing 

NEMS devices based on suspended nanomaterials that can operate in liquids. We present our 

measurements performed on suspended metallic nanowires driven by AC currents in a magnetic 

field in liquids. 

 

INTRODUCTION:  

Nanoelectromechanical systems based on nanomaterials promise extraordinary sensitivity in 

the detection of displacement, mass, force and charge.  Adsorption of molecules is measured by 

changes on the resonant frequency.  However mostly they have been operated under vacuum 

conditions.  Air or fluidic environments [1] introduces damping effects which degrades the 

quality factor of the resonators, reducing its sensitivity, making almost impossible to measure 

small masses under fluidic environments.  Few experiments have been realized to analyze the 

behavior of nanoelectromechanical systems in fluids such as air [2] and MEMS devices in liquid 

environments [3].  Motivated by this we explore the discrimination of different liquids with 

different viscosity by the time dependant measurements of the mechanical motions (eg., driven 

or damped oscillations). 
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EXPERIMENTAL DETAILS:  

We use magnetomotive driving forces [4] in order to make our devices oscillate and use 

electrical read-outs to get their response under different magnetic fields.  We create suspended 

gold nanowires on 300nm silicon oxide substrates (with etched trenches of 300nm), with Au/Ti 

(100nm/5nm) electrodes defined by e-Beam lithography.   

 

 

Figure 1. a) magnetomotive experimental layout, where the magnetic field is pointing out the 

plane. b)Nanowire clamped by gold electrodes, defined by eBeam lithography, before suspension 

process. 

 

After that, we characterize by atomic force microscope to get the geometrical factors of the 

suspended nanowires.  The device is wire bonded and mounted in the cavity of a liquid-tight 

ceramic package, and then it is inserted in a variable temperature insert (VTI) and maintained at 

a temperature of ~300K.  The VTI is equipped with a superconducting magnet that can provide 

a maximum magnetic field of 7 T (while the sample is in an isolated various 

temperature/pressure chamber) in order to make the nanowire resonate.  For that purpose, an 

AC current is applied on the nanowire by a RF/microwave vector network analyzer as shown in 

the schematic in figure 1a. The current is applied between electrodes 1 and 2 as shown in figure 

1b.  After the nanowires are characterized, we introduce silicon oil of 10cSs in the cavity and 

seal it by a glass lid.  Finally, we measure the resonance of the device in the liquid.  We 

compare the behavior of the devices with and without liquids environments. 
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Figure 2. a) Gold nanowire first resonant peak for different applied magnetic fields in vacuum, 

b) under silicone oil 10cSt. 
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Figure 3. a) Gold nanowire second resonant peak for different applied magnetic fields in 

vacuum.b) under silicone oil 10cSt. 

 

RESULTS AND CONCLUSION:  

Figures 2a and 3a show the measured S21 spectra, containing what we refer to as the first 

and second resonant peak respectively of a suspended gold nanowire device in vacuum, under 

different applied magnetic fields.  Figure 2b and 3b show what happen to the first and second 

resonant peaks of the same gold nanowire when placed in silicone oil of 10cSt.  Our results 

show the two peaks (in vacuum) in the range of 5-200 MHz, which could be associated with the 

mechanical resonances of the nanowire if we take into account of a negative residual tension that 

can give more than one solutions to the Euler equation. With this interpretation, the small shifts 
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of the resonant frequency in liquid for the 2
nd

 peak could be due to added mass that may change 

the roots of this equation, shifting the resonant peak [5].  While the first peak is completely 

damped in liquid environment, the second peak is not and its amplitude of oscillations increases 

with increasing applied magnetic field. The observed resonances and the mechanisms that the 

liquid environment may attenuate or amplify or change the shape of these resonances are under 

further investigation.  We may perform sensing in liquids based on the time-domain information 

(such as damping time) in addition to any frequency shifts.  
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