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PHYSICAL MODELS
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GEOMETRICAL HIERARCHY
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EQUATION OF MOTION FOR
ONE-LUMP MODEL

AND
EACH NODE OF QUASI-2D MODEL

Vertical Motion Only
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EQUATIONS OF MOTION FOR
TWO-LUMP MODEL

Motion of Inner Edge of Tab

Motion of Center of Diaphragm
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SOLID MECHANICS MODEL FOR
ONE-LUMP SYSTEM

Eplate = Ebeam/(1-υ2) σplate = σbeam(1-υ)

fixed ends

center-loaded beam
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SOLID MECHANICS MODEL FOR
TWO-LUMP SYSTEM

*tip of “cantilever-like” tab is constrained
to move vertically only
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SOLID MECHANICS MODEL FOR
QUASI-2D MODEL
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ELECTROSTATICS MODEL
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SQUEEZED-FILM DAMPING MODEL

APPROXIMATIONS:

1. Small Reynolds number
2. Continuum gas model
3. Form factor for different aspect ratios (W/L)
4. Small displacement for large fraction of T ON
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STICTION AND CONTACT MODEL
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SIMULATION OF
SWITCHING TRANSIENT
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QUASI-2D TRANSIENT SIMULATION
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GEOMETRICAL SCALING
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GEOMETRICAL SCALING
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SENSITIVITY TO PARAMETERS
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SENSITIVITY TO PARAMETERS
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PRELIMINARY MEASUREMENTS

MEASURED DEVICES ARE TUNABLE VCSELS INCORPORATING
ELECTROSTATICALLY -ACTUATED MEMS COURTESY OF F.SUGIHWO
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PROCESSING NON-IDEALITIES

elastic supports

stringers

imperfect clamping

nonplanar topography

stress gradient

uncertainty in

sloped sidewalls

processed dimensions

SUMMARY & F UTURE WORK

SUMMARY:
Physical models
Geometrical hierarchy of models
Transient simulations
Geometrical scaling
Parameter sensitivity

FUTURE WORK:
Validate by measurements
Fill in hierarchy with quasi-3D and full 3D
Improve contact and stiction simulation
Model process non-idealities
Quantify effects of dimensionality


