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    Fixed-fixed beam resonators based on microelectromechanical systems (MEMS) 

have been applied extensively in different sensing and actuation applications1. 

Most of these resonators, however, operate in a relatively high resonant frequency 

regime (up to MHz) and have relatively high power consumption. For particular 

applications such as audio sensors, seismic accelerometers, radio frequency (RF) 

switches, digital inverter and energy harvesters2–4, low frequency response is 

highly desirable. Tantalum (Ta) has promising physical and chemical properties such 

as a high melting point, high fracture toughness, and low ratio of Young’s modulus 

to mass density that make it ideally suited for low frequency applications. To achieve 

fixed-fixed beams that resonate at low frequencies, it is necessary to increase the 

length or reduce the thickness of the beams. However, the fabrication process for 

making long suspended beams is extremely challenging. In order to realize straight 

and long suspended beams, the processed-induced stress should be controlled, and 

the aspect ratio of beam length to static vertical deflection needs to be minimised. In 

our previous study, the influence of stress in the Ta films as a result of deposition 

and fabrication processes has been optimised 5,6.  

     In this study, we present the design, fabrication and characterization of an array 

of electrostatically driven fixed-fixed microbeams of tantalum. The design of our 

resonators include suspended beams integrated with a large bottom actuation 

electrode and a metal-oxide-semiconductor field-effect transistor (MOSFET). Figure 

1 shows the schematic process flow optimised for the fabrication of electrostatically 

driven resonator. The final structure consists of a silicon substrate, 

titanium/aluminium actuation electrodes, with polyimide serving as a sacrificial 

layer and a dielectric medium, and microbeams of tantalum suspended over the 

actuation electrodes. Figure 2 is a scanning electron microscopy (SEM) image of the 

released device after removing the sacrificial layer, showing relatively straight Ta 

beams. Laser Doppler vibrometry has been used to measure the resonant frequencies 

of the fabricated devices by applying a bias voltage between the suspended beams 

and the actuation electrodes. For an applied voltage of 3 V, the lowest resonant 

frequency of a 3.2 mm-long beam has been measured to be at 780 Hz, as shown in 

figures 3 and 4. The vertical deflection profile of the fabricated beams will be 

characterized optically using a white light interferometric profilometer. The 

mechanical static (deflection) and dynamic (vibration) behaviours under electrostatic 

actuation will be measured experimentally. Moreover, the implemented device is 

expected to be capable of modulating the output drain current in the transistor’s 

channel region between the source and drain terminals during electrostatic actuation. 

A detailed description of the fabrication and measurements will be presented.                                                                                                          
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Figure 1: Schematic process flow of MEMS-based tantalum resonator. 
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a. Photoresist spin coated and 

patterned. 
b. 240 nm of aluminium deposited.  c. Photoresist stripped and metal 

lifted-off. 

d. 5.5 µm of polyimide (PI) spin 

coated, cured and chemical 

mechanical polishing (CMP) 

planarized. 

e. Photoresist spin coated, patterned 

and PI etched anisotropically. 

f. 500 nm of aluminium pads 
deposited and photoresist stripped. 

g. Photoresist spin coated and 

patterned. 

 

h. Tantalum deposited; photoresist 
stripped. 

i. PI etched and beams with a width 

of 40 µm, a thickness of 1 µm, and 

lengths ranging from 1 - 3.4 mm 

released. 

Figure 2: SEM image of fully released 

microbeams of tantalum (1-3.4 mm long). 

Figure 3: Dynamic 1st mode shape measured for 

a 3.2 mm long beam resonating at 780 Hz with 

3 V A.C. actuation voltage. 

Figure 4: Dynamic measurement of resonance frequency response for a 3.2 mm long beam resonating at 

780 Hz (1st mode) with 3 V A.C. actuation voltage. 


