
Micro Actuators

•Electrostatic actuator 

- comb drive actuator

•Magnetic actuator

•Thermal actuator

•Piezoelectric actuator

•Shape memory alloy actuator

•Pneumatic actuator



Piezoelectric

Electrostatic Thermal bimorph

Microvalve/pump

Pneumatic

Electromagnetic

Shape memory alloy



Fundamental of Electrostatic Force
(I) Energy in a battery-capacitance system:



(II) Capacitance of flat plate:



Constant Charge Mode of Electrostatic Force

(3)

Switch is open

(i) Fixed gap Z=Z0, moving in x-direction

(ii) Fixed X=X0 position, moving in z-direction
q0 = C0V0=εWX0V0/Z0
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Examples



Constant Voltage Mode of Electrostatic Force

(i) Fixed gap z, moving in x-direction

(i) Fixed x position, moving in z-direction

Switch is closed

(3)



Examples



X-direction motion of Comb Dr ive Device

A=Xt

0εε k=

Constant Voltage Mode

tW =
dZ =

with fringed field correction

Fr inged Field Cor rection



Force and Deflection (lateral motion)

2µm
2 100µm

a
b

Electrostatic force:

V=15V, t=2µm, d=2µm, t/d =1, α(t/d)=2

8 combs
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Very small 
deflection!



How to get bigger  force from combs ? 

d
tV

d
tNFx

2

2
1

)( εα=

(1) Better lithography resolution 

d↓, t/d↑, Fx ↑

(2) High aspect ratio structure (for example: LIGA)

t ↑, t/d↑, Fx ↑

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



Z-direction motion of Comb Dr ive Device

Fr inged Field Cor rection
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Ex1: V=15V, t=2µm, d=2µm, t/d =1, α(t/d)=2, 8 combs

NN
d
X

d
tV

d
tNFz µεα 08.05106.1511510854.8

2
128))((

2
1)( 82122 −=××−=×××××××−=−= −−

Ex2:  X=10µm, K= 1 N/m, calculate voltage V for 1 µm deflection
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Spr ings for  Folded Beams

08KK =

04KK =

Folded Beams
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Linear  Resonator
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Poly0

Poly1

Metal



Homework #3



Magnetic Force on a Current-car rying Conductor
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Magnetic Field of a Solenoid



Force on a Current Loop in a uniform magnetic Field





Force on a Current Loop in a Solenoid



Magnetic Microflap

Poly1

Metal  
coil
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