
Micro Actuators

•Electrostatic actuator 

- comb drive actuator

•Magnetic actuator

•Thermal actuator

•Piezoelectric actuator

•Shape memory alloy actuator

•Pneumatic actuator



Fundamental of Thermal Actuation Force
(I) Thermal strain:
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Εsi=1011 N/m2

Example:  L=1mm, Area=2µmx2µm, ∆T =100oC

NNTAEF µβ 92102.9)100)(103.2)(10()102( 561126 =×=××=∆= −−−

Huge force! Compare with electrostatic force (10-8~ 10-9 N)

mTLL µβ 23.0)10)(100)(103.2( 36 =×=∆=∆ −−

Small displacement! 



(II) Increase displacement:
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Deflection is magnified, but force becomes smaller!



Increase of Displacement by Thermal Buckling

L L

heater

What is the critical force making the beam buckle?

•Small displacement of thermal expansion 

TLL ∆=∆ β

•If beam buckling occurs, displacement can be increased. 



Critical Load of Buckling (I)

If F is small: 

=> no buckling because kx spring keeps system stable.

If F is large:

=> Spring force Fs =  -kx = -kL θ

FL =  Fsin θ
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Ftotal at F1 stable

Ftotal at F2 unstable

Ftotal = Fs + FLF2 > F1



Critical Load of Buckling (II)
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If F > Fcritical => buckling, unstable!
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Critical Load of Buckling (III)



Examples
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For a beam with 2µmx2µm cross section:
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Thermal Buckling

Example:  L=1mm, Area=2µmx2µm, ∆T =100oC

NNTAEF µβ 92102.9)100)(103.2)(10()102( 561126 =×=××=∆= −−−

Unstable, buckling => Large displacement! NFNF critical µµ 192 =>=



Thermal Bimorph
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Assume:

•Al is much thinner than Si

•Biaxial stress

•plane remain plane (no warp)

Al

Si







s



l

F

∆Z



Examples



Thermal Actuator



Thermal Actuated Microvalve

Ref: Transducers’99



Thermal Bimorph Actuators



Epitaxial growth 4µm P+ silicon, LPCVD 
thin silicon nitride and 0.5µm polysilicon

Pattern polysilicon by ry etch to form 
heaters

LPCVD thin silicon nitride

Cr seed layer was deposited, electroplating 1.8µm 
gold layer to serve as the top layer of the bimorph

Cr/Au layer was ion-milled

Silicon etch in EDP to undercut the bimorph cantilevers.



Thermal Bimorph Microvalve



•The thermal energy generated is given by:

Most dielectrics, when exposed to RF energy, exhibit losses that convert some of that energy 
into heat.  This can be serve as an indirect way of heating thermal bimorph structures.

RF Heated Thermal Bimorph Actuator



Ref: Transducers’97
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