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ABSTRACT 
Microswitches have the potential to be used in numerous 
applications [1].  Microswitches are slower and currently less 
reliable than semiconductor switches. However they have the 
advantage of reduced power consumption, less insertion loss, 
and better isolation. The operation of a microswitch involves 
many interesting phenomena which will be reviewed. 

In an electrostatically actuated switch a voltage difference is 
applied between the beam and the gate. The resulting 
electrostatic force pulls the beam toward the gate such that its 
tip contacts the drain and completes the circuit.  However the 
momentum of the beam causes it to deflect further, even after 
the tip is in contact with the drain.  This stored elastic energy 
can be sufficient to cause the tip to separate from the drain 
resulting in what is often referred to as “contact bounce” [2].   

Contact bounce causes several problems. First the switch 
cannot be used until the bouncing has stopped, thus increasing 
the effective time-to-closure. Second the tip and drain are 
subjected to more mechanical open-close contacts than are 
intended.  Third the impact force between the tip and drain can 
be several times greater than the force in the closed position.  
These last two phenomena can prematurely degrade the contact 
surfaces.  Attempts have been made to tailor the actuation 
voltage in order to reduce both the impact force and contact 
bounce [3].  

Switches can fail in either of two failure modes.  In one 
mode the contact resistance decreases with cycling.  This 
behavior, while seemingly not a problem, is symptomatic of the 
contact being cleaned due to repeated contacts (i.e. “contact 
scrub” as it is known in the industry).  As the resistance 
decreases the force of adhesion increases between these clean 
metal-to-metal contacts, eventually causing the switch to stick 
shut when the restoring force in the beam is insufficient to pull 
the contacts apart [4].  Another failure mechanism is a steady 
increase in contact resistance until the point at which the switch 
is no longer useable.  These failures are attributable to the 

growth of contamination in the form of a friction polymer on 
the contacting surfaces [5]. 

Another measure of switch performance is intermodulation 
distortion which quantifies the distortion of a pair of harmonic 
RF signals with nearly equal frequencies.  The beating between 
two such components causes the power to vary relatively 
slowly, i.e. at the beat frequency.  This beat frequency may be 
sufficiently close to the thermal response time of the switch 
leading to distortion and false signals in the frequency range of 
interest [6].   

 
REFERENCES 
[1] M. Rebeiz, J.B. Muldavin, 2001, RF MEMS Switches and 
Switch Circuits, IEEE Microwave Magazine, 12, p. 59. 
[2] B. McCarthy, G.G. Adams, N.E. McGruer, and D. Potter, 
2002, A Dynamic Model, Including Contact Bounce, of an 
Electrostatically Actuated Microswitch, Journal of 
Microelectromechanical Systems, 11, pp. 276-283. 
[3] Z.J. Guo, N.E. McGruer, and G.G. Adams, 2007, Modeling, 
Simulation, and Measurement of the Dynamic Performance of 
an Ohmic Contact, Electrostatically Actuated RF MEMS 
Switch,  Journal of Micromechanics and Microengineering, 17, 
pp. 1899-1909. 
[4] L. Chen, N.E. McGruer, G.G. Adams, Y. Du, 2008, 
Separation Modes in Microcontacts Identified by the Rate-
Dependence of the Pull-Off Force, Applied Physics Letters, 93, 
053503. 
[5] L. Chen, H. Lee, Z.J. Guo, N.E. McGruer, K.W. Gilbert, S. 
Mall, K.D. Leedy, and G.G. Adams, 2007, Contact Resistance 
Study of Noble Metals and Alloy Films Using a Scanning Probe 
Microscope Test Station, Journal of Applied Physics, 102, 
074910.  
[6] J. Johnson, G.G. Adams, and N.E. McGruer, 2005, 
Determination of Intermodulation Distortion in a Contact-Type 
MEMS Microswitch, IEEE Transactions on Microwave Theory 
and Technique, 53, pp. 3615-3620. 

 1 Copyright © 2009 by ASME 

Proceedings of the ASME/STLE 2009 International Joint Tribology Conference 
IJTC2009 

October 19-21, 2009, Memphis, Tennessee, USA 

IJTC2009-15192

D
ow

nloaded from
 http://asm

edc.silverchair.com
/IJTC

/proceedings-pdf/IJTC
2009/48951/25/2771175/25_1.pdf by guest on 20 M

arch 2024

https://crossmark.crossref.org/dialog/?doi=10.1115/IJTC2009-15192&domain=pdf&date_stamp=2010-02-16

