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ABSTRACT 

Microelectromechanical systems (MEMS) [1] are systems which utilize mechanical and 

electronic parts of microns’ scale integrated in one device. Application of both 

mechanical moving parts and electronic circuit in one considerably small unit enables a 

variety of applications in different areas of human activity: biology, chemistry, optics, 

measurement techniques etc. MEMS are made of semiconducting material and 

manufactured mainly by processes based on lithography. Microsystems feature 

necessity of taking into account multi-physics approach since in micro scale the 

phenomena of air flow (fluid dynamics), electrostatic field as well as heat transfer play 

an important role. Presented work deals with uncertainty propagation in structural 

dynamics carried out for microresonator considered as one of most commonly used 

MEMS structure. Fig. 1a shows FE model of simulated microresonator. 

 

 

Fig. 1 FE model of microresonator and analyzed mode shape 
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Analyzed microresonator consists of shuttle mass, area-efficient folded flexures and 

electrostatic comb drives that make the structure vibrate. Coupled-domain problem of 

electrostatics and fluid dynamics is considered in elaborated FE model in a simplified 

way. The phenomena connected both to air flow and to electrostatic field are modelled 

by lumped dampers and springs. Direct voltage is applied to comb drives. Dynamic FE 

analyses have been performed to study the influence of assumed uncertain parameters 

on the range of vibration frequency of interesting mode shape, presented in Fig. 1b. The 

following steps have been carried out within the application of uncertainty analysis: 

parameterization of FE model regarding given uncertainties, sensitivity analysis 

(Fig. 2a) and study of uncertainty propagation for chosen resonance (Fig. 2b). The 

results have been yielded by the use of probabilistic and possibilistic computational 

techniques: Monte Carlo [2] applied with Latin hypercube sampling [3], the vertex 

method [4] and Genetic Algorithms [5]. Fig. 2 shows the results of uncertainty analysis.  

 

Fig. 2 Results of uncertainty analysis 

Considered uncertainties express geometrical imperfections and variations of Young’s 

modulus of polisilicon. Sensitivity analysis has been performed to search for the most 

influential design parameters that should be of engineer’s concern as first while 

improving the dynamic characteristics of the structure. Gained knowledge can be 

utilized to make considerations what properties of manufacturing process and design 

parameters should be characterized in a more strict way and respectively which of them 

can be treated as negligible to keep the frequency of vibration between required bounds.  
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