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Fig. 2 Variation of nondimensional displacement of

beam’s central point with applied voltage
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SIZE-DEPENDENT PULL-IN VOLTAGE OF ELECTROSTATICALLY
ACTUATED MEMS

Binglei Wang'*? Shenjie Zhou® Junfeng Zhao'*? Xi Chen®"*
(* School of Civil Engineering , Shandong University , ] inan,250061)
(2 School of Mechanical Engineering ,Shandong University ,Jinan,250061)
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(* School of Aerospace ,Xi’an Jiaotong University,Xi’an,710049)

Abstract The size-dependent pull-in voltage of electrostatically actuated MEMS is studied using
strain gradient elasticity. The microbeam model and microplate model are derived respectively via the prin-
ciple of minimum potential energy. The generalized differential quadrature method and pseudo arclength al-
gorithm are used to solve the high-order PDEs. It is shown that the normalized pull-in voltage predicted by
the new models increases nonlinearly with the decrease of the structure thickness,exhibiting size effect(and
the size effect is particularly strong when the structural thickness is on the same order of the characteristic
material length scale parameter) ; while the corresponding classical models do not exhibit such a size effect.
The two new models may be regarded as extensions of the corresponding classical ones. This study may be
helpful to characterize the mechanical properties of small sized MEMS, or guide the design of microstruc-
tures for a wide range of potential applications.

Key words size-dependent, strain gradient elasticity, MEMS, pull-in voltage





