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The injected charge density in the 
dielectric is modeled as

where ∆QJ is the steady-state charge 
density of the Jth species of trap, τC and 
τD are charging and discharging time 
constants, tON and tOFF are the on and off 
times of the switch corresponding to the 
charging and discharging times.

(symbols) Modeled and (lines) measured transient currents are in good agreement 
under both (left) positive and negative control voltages.
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Duty Factor Acceleration Frequency IndependenceVoltage Acceleration

Duty factor: 25%, 50%, 75% bottom up Duty factor: 25%, 50%, 75% bottom upPeak voltage: -25, -30, -35 V bottom up
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(left) Trap 1 ( □ ) charging and ( + ) discharging and trap 2 ( ∆ ) charging and ( х ) 
discharging time constants and (right) (symbols) extracted and (lines) fitted steady-
state charge densities for ( □ ) trap 1 and ( ∆ ) trap 2 under -40, -30, -20, 20, 30, and 40 V. 
The time constants show no significant bias dependence whereas the steady-state 
charge densities are exponentially dependent on the control voltage.
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capacitive switches is limited by dielectric-charging effects
For the first time, charging and discharging of traps in the 
dielectric of state-of-the-art RF MEMS capacitive switches 
were characterized in detail. A charge model was constructed 
to predict the amount of charge injected into the dielectric 
and the corresponding shift in actuation voltage. The model 
was verified against the actuation-voltage shift under different 
control waveforms and found to be in good agreement with 
the experimental data. Therefore, for RF MEMS capacitive 
switches that fail mainly due to dielectric charging, the 
present model can be used to design control waveforms that 
can  ei th er  p ro lo ng  l i fetime o r  accelerate fa i lu re.

Commercialization of MEMS devices is hindered by the need for continuing improvement in 
reliability and packaging. In particular, the lifetime of electrostatically actuated RF MEMS


