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Method interest
Conventional method

mechanical test bench → mechanical parameters
              RF test bench → electrical parameters

New method
RF test bench → mechanical parameters

                                  → electrical parameters

Mechanical movement equation
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m: membrane effective mass (kg)
k: spring constant (N/m)
ξ: mechanical damping coefficient (N.m-1.s)

Contact force (N)

Electrostatic force (N)

A: actuation area (m2)
Uc: biasing voltage (V)
h0: membrane initial height (m)

h0A
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Voltage controlled current sources model
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Electromechanical model

MEMS frequency response
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MEMS transfer function

with ω0=2πf0

Mechanical resonant frequency f0 and quality factor

Microwave test bench
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MEMS under RF probes

Spectrum analyzer
Rohe & Schwarz FSEK 30
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Modeling methodology
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Modulating low frequency signal
Vm(t)=V0+Vm0*sin(ωmt)

RF Source
Vp(t)=Vp0*sin(ωpt)

Modulated signal
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C: MEMS capacitance
φ=-2C ωZ0: phase shift due to C
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The modulation is proportional to the MEMS frequency response
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Modulation

Detection of the mechanical
resonant frequency at the
maximum modulation level:

9 kHz

Each current source
represent a force applied
on the MEMS beam Q A h0 f0Vp ts

ts computed

Electromechanical model
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Model validation

Ohmic series switch modeled

Actuation electrode Ohmic contact

Capacitance (MEMS in up state)Membrane

Ohmic contacts

membrane

Actuation
Electrode

Measurements:
A=9,25e-9

h0=2,5 µm
Vp=38 V
f0=9 kHz
tc=27 µs ( Vpolar=40 V)
Computed spring constant:
k=38 N/m
Deduced Q:
Q=10
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