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Switches Using a Nonlinear Beam Model and Non-localized elasticity theory

Abdolreza GharehKhani, Ebrahim Abbaspoure-Sani*

Department of Electrical Engineering, Urmia University, Urmia, Iran
*P.0.B. 5756151818, Urmia, Iran, e.abbaspour@urmia.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper With development of micro-electromechanical phase shifter, the study of deformation and instability of
Received 11 July 2017 micro-switches is very important. The static behavior and pull-in instability of the clamped-clamped
Accepted 04 September 2017 micro-beam subjected to local electrostatic loads which is used in DMTL phase shifter is investigated.
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variable Oniine B> Dctober Taking into account nonlinear effects caused by radius of curvature for the first time, the nonlinear

differential equation of the system is obtained using Euler-Bernoulli beam theory and effects of small

Keywords:

Phase Shifter Micro-Switches sizes by employing the principle of virtual work. By considering the local electrostatic static voltage
Local Electrostatic Loads applied on the micro-beam, the governing partial differential equation is further discretized with the aid
Curvature Nonlinearity of Galerkin’s method, and the effect of system parameters on static deflection and pull-in voltage of the
Static Deflection micro-switches are investigated. It is found that curvature nonlinearity has a great effect on the

mechanical behavior of the micro-switches. Increasing this parameter leads to hardening behavior in the
micro-switches, and also static deflection is decreased with respect to linear beam theory. The results
also indicate that with an increase in the applied voltage, nonlinear strains increase and nonlinear effects
caused by radius of curvature will be significant. For instance, when the stiffness parameter is increased
from 0 to 10, maximum deflections of the micro-switches for applied voltages of 1V, 2V and 3V
decrease about 7.7%, 35.8% and 48.6 %, respectively.
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Fig. 1 SEM photographs of the loading section of rectangular slot
antenna with clamped-clamped type MEMS capacitors: (a) top view
and (b) the detailed view of the MEMS [6]
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Fig. 5 The effect of size parameter, Y, on (a) Maximum deflection
and (b) Deflection of the micro-switches
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Table 1 Comparison between the static Pull-in voltage of the clamped-
clamped micro-beam
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Table 2 The material and geometrical parameters for the three types of
switches used in the proposed phase shifter
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Fig. 6 The effect of residual stress on static deflection of the micro-
switch under an applied local DC voltage
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Fig. 7 The effect of curvature nonlinearity on the static deflection of the
micro-switch under load electrostatic forces with V=4V
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Fig. 8 The effect of curvature nonlinearity on the maximum static
deflection of the micro-switch under load electrostatic forces with
different applied voltage
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