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NXP Semiconductors 

Established in September 2006

(formerly a division of Philips) 

~38,000 employees

Headquarters: Eindhoven, The Netherlands

Main product: transistors on Silicon

But also other electronic devices on Silicon…
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RF MEMS switches
– Calculation of the C-V curve using Comsol

MEMS resonators
– Equivalent parameters m, k and Q of a MEMS resonator using Comsol
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RF MEMS capacitive switch MEMS resonator

MEMS: Micro Electrical Mechanical Systems
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Electrical switches

Advantages: 
• Very small size

• High switching speed

• Low cost

Transistor (1947) 

Semiconductor switch

Advantages

• Low loss/resistance 
• High linearity

• High power handling

Morse telegraph key (1844) 

Mechanical switch

Radio Frequency MicroElectroMechanical Switch (RF MEMS)

Best of both worlds:    Mechanical switch on semiconductor substrate.

• Low loss 

• High linearity
• High RF power handling

• Intermediate size

• Intermediate switching speed

• Intermediate cost
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RF MEMS switch physics

Forces

Static
– Spring forces

– Electrostatic force

– Contact force

Dynamics
– Gas damping force

– Inertial forces
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MEMS switch under study
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MEMS Capacitance-Voltage curve in Comsol

Approximations:
– Electrostatic parallel plate approximation.

– Use Mindlin elements for mechanical domain.

– Hard contact.

Simulation in Comsol structural mechanics domain
– Implement electrostatic and contact forces as pressures on the structure.
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Parametric solver

How to get C(V)?

Problem with voltage control: 
– Multiple solutions for 1 voltage. 
– Discontinuities in the shape at pull-in and release voltage.
– Convergence problems.

Solution:
– Position control of control node.
– Determine C and V at each position.


