Micro Actuators

e Electrostatic actuator
- comb drive actuator
« Magnetic actuator
e Thermal actuator
 Piezoel ectric actuator
« Shape memory alloy actuator

* Pneumatic actuator



Electrostatic

VALVE OPEN

Piezoelectric

Microvalve/pump

Electromagnetic Thermal bimorph

Silicon dioxide Aluminum

\\\\\\\\\\\\\\\\\\\\\\\\

— -

Shape memory alloy

Pneumatic
Spacer NiTi Actuator (thin film)

BREERPEEEER ) /////// S
/' ....... ////// ,,,,, /

Inlet /w Outlet



Fundamental of Electrostatic Force

(I) Energy in a battery-capacitance system:
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(I1) Capacitance of flat plate:
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Constant Charge M ode of Electrostatic Force
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(1) Fixed gap Z=Z,, moving in X-direction
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(i1) Fixed X=X, position, moving in z-direction
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Examples
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example: w=10 pum, V=10 V, Z;=1 pm,X,=10 um
=>C= Eot _ g g5x107 (F),0, =C,V, =8.85x10™(C)
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gxample: w=10 um, V=10 V, Z;=1 pm,X,=10 um
=C,=8.85x107(F),0, =8.85x107°(C)
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Constant Voltage M ode of Electrostatic Force

1. Electrostatic Actuator
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Examples
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X-direction motion of Comb Drive Device

Fringed Field Correction
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Force and Deflection (lateral motion)

Electrostatic force:
{100m =15V, t=2nm, d=2nm, t/d =1, a(t/d)=2
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contact

8 combs
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F, = Na(—t)ievz—t =8 2’ 1 8.854" 10" 15%" 1
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F,=1.6"10°N=0.016mV

/ Spring constant K(a,b,L):
e
T o _ Easb_ 150° 109(N/ n72)(2 10'6177)3(2' 10'6m)
K(2,2100)= == = ¢ 10
41 4100 10°°m)

Suspended shuttle
) e K(2,2100) = 0.6

m

E Very small

Dy = v 2.66" 108 m=0.027nm deflection!



How to get bigger force from combs ?

F. = Na ((—;)%evzé

(1) Better lithography resolution
d, t/d-,F -

(2) High aspect ratio structure (for example: LIGA)
t-,td-, F, -

(3) Submicron device: (4) Leverage structure:




Z-direction motion of Comb Drive Device

Fringed Field Correction

= NaH e vy - nahHevr By X
Fd)=- Na() S keV'(z) =- Na(—) - eV ()()

Ex1: V=15V, t=2nm, d=2nm, t/d =1, a(t/d)=2, 8 combs

F.=- Na (?tl)%evz(?tl)(%) -8 2 % 8.854" 102" 15" 1’ 5=-1.6" 10" 5N = - 0.087N\

Ex2: X=10mm, K= 1 N/m, calculate voltage V for 1 mm deflection

F,=-K-Dz=-1mN

t1 L, t X o1, e e
F(d)=- Na(—)=eV3(-)(2)=-8 2 = 8854 102" V2" 1" 5=-1nN
,(0) (d)2 (d)(d) >

V =53volt
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Springsfor Folded Beams

2 L—Anchor y
100| I I I I Drive comb Sense contact
Drive comb e
contact

{ Flexure ( length L, width w,
thickness t) -

K=4K,

3 Drive/comb
Ea’b

3 Suspended shuttle
(mass M)

Drive comb

Suspended shuttle
(mass M)

Anchors to
Substrate

Comb

Folded Beams
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Moving

Freely Moving ——p» “Shuttle”

Truss

Undercut (free to move)




L inear Resonator

J Freely Moving ——p» |

Undercut (free to move)

m=rAt=(2.3" 10°kg/ n7)(100" 10°°m)?(2 10°m) = 4.6" 10 kg

= 228416

K:\/ 24N/ m

w=,|—
m \4.6" 10" kg

f=Y —36KHz
2p
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Homework #3
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Magnetic Force on a Current-carrying Conductor
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Magnetic Field of a Solenoid

tightly wond solenoid:

'B*' agnetic field inside is uniform
assume:| outside : zero

( W

A g Ampere’s law:
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\ L =permeability of free space

=471x107 T-m/A



Forceon a Current Loop in auniform magnetic Field
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the force act on the center of coil is F
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example: for a=b=10 pm, /=10 pm B=0.3 T, I=60 mA

( \
Frapr =15 B ——

l+—

. 2/
=60x107-10x10°.023 g}

=12x107"N
if 5 coils inside the plate=6x10"N



Forceon a Current Loop in a Solenoid
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Plate in the center of solenoid
Bs=pml |

F =F,=I-b-B;=i-b-(unl)

Fo..=F|—2—|=i-b-(unl) —— n: loop/length
1+2 1+2
2
Example: for i=I=60mA, n=1/10pm,p~4nx107
=5Bg=0.00754T

=F center = 3.016x10°N



Magnetic Microflap

Poly1
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