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Study on the Size Dependence and Pull-in Instability
of Electrostatically Actuated NEMS with Casimir Force

Binbin Liang' Long Zhang' Binglei Wang'* Shenjie Zhou®
(! School of Civil Engineering , Shandong University , Jinan,250061)
(* School of Aerospace ,Xi’an Jiaotong University ,Xi’an,710049)
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Abstract The size dependence and pull-in instability of electrostatically actuated Nano-Electro-Me-
chanical Systems (NEMS) are considered incorporating the influence of Casimir force. The governing equa-
tion and boundary conditions are derived based on the strain gradient elasticity theory and Hamilton princi-
ple. A discrete and reduced-order governing equation and boundary conditions for electrically actuated mi-
crobeam-based NEMS with Casimir force are presented with the help of generalized differential quadrature
method (GDQ). Because the pull-in instability of NEMS is a saddle-node bifurcation, the local continuation
methods are not applicable for solving the equation. The complete solution is instead obtained by implemen-
ting the pesudo-arclength algorithm,which enables the iteration process to smoothly go through the inflec-
tion points. The size dependence and pull-in instability of electrostatically actuated NEMS with Casimir
force included is then studied. The results reveal that Casimir force can reduce the pull-in voltage of sys-
tem. Although the effect of Casimir force is so small that it can be ignored in the pull-in behavior of NEMS
actuators, this effect becomes obviously significant on the size dependence and pull-in instability of system
when the size of structure decreases to the nanometer scale. With the Casimir force incorporated,once the
scale of system reaches the critical value (i. e. the gap between two electrodes is smaller than the minimum
gap,or the length of movable beam is larger than the detachment length) ,the pull-in instability will occur
without any voltage applied. For the present model, when the Casimir force is ignored, the pull-in voltage
increases with decreasing size scale; when Casimir force is considered,however, the pull-in voltage first in-
creases and then decreases sharply to zero with decreasing size scale, which is quite different from that pre-
dicted by the classical beam model. Therefore,the effect of Casimir force should be taken into account in the
process of production and application. This study may be helpful for the design and theoretical modeling of
NEMS,

Key words Casimir force, NEMS,size dependence, minimum gap,detachment length





