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Static Pull-in Voltage:

The voltage amplitude
for which only one
equilibrium position
exists
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Vipi = || 5
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Dynamic Pull-in Voltage:

When the voltage is

applied suddenly, the 0.6
system becomes unstable .
Step of voltage 02
V., d 0
-0.2
0 tin:w 04

0.6
Vipi = 0.5 kdy 07 502 2,
€0 J
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Dynamic Pull-in Time:

The time needed for the 15
plates to stick together
when the static pull-in ‘
voltage is applied 05
d 0
m
tdpi = 4.394] — 03
k
1
Independent of the gap and 15
the permittivity °
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Gibb’s energy density: 0 —-sTT_ _pTE
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! . Ku + fe = fext _ E'OV :

g =- fe = d2
Ue = = Qex
~ qe = ﬂ
u,v) d
k(U+du) + fo(u,V) = f, +df,
B qe(u’V) == Qext - dqext 72 V
— Electric force o (uV) = £,@V)- “-du "; dv

~

— Electric charge QL(UV) = 0. (T.V) - d av 4, +do iV

( dfemt )
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Pure Electric
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Staggered Method Monolithical Method

S
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Update L
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Newton Raphson Riks-Crisfield
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In FEM formulation: Mu+Ku =f_( (u))

15t method : Projection on the first mech. eigenmode

Ofe
k— 3¢

T

Natural frequency )\ ~

2" method : Linearisation around an equilibrium position

L (Ktan(QO)_ M/ZM)Dq:O
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L =300 pm

W ¥

The stiffness of the beam becomes non-linear with
respect to displacement (cable effect)

N Large displacements FE
formulation taking into account
geometric NL was used
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Static Equilibrium position
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Natural frequency

x 10"
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Large Displacements
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Small Displacements
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Dynamic HBeeaxaur

Static Pull-in 96.4 V
Voltage
Dynamic Pull-in 83.6 V
Voltage
Difference 13%
s —é —A;f —:;a —.;_ —; 0
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First Natural Frequency

4
1Gx10

| Projection method
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| Coupled method
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AccV Spot Magn Det WD 1 20um
150 kY 3.0 800x SE 318
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Micro- By Cantilever Micro-BBaams
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Signal [
Wib Velocity Angle 1e0°

Inst, Value
Index

mmfs
Inst, Value
16.30 mmjs

Status

Components
Root: Component

Optimal

+z

181,427 ym

-181,731 um

0.000 m

233,471 ym
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velocity/input voltage [m/(sV)]
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Structural displacements and

electrostatic nodal forces Electric potential distribution

Journée "Modes NL" - 09-11-2010



Electrostatically actuated micro-lens for biomedical application
(With courtesy of University of British of Columbia and British Columbia Cancer Research Centre, CANADA)
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