
Micro Actuators

•Electrostatic actuator 

- comb drive actuator

•Magnetic actuator

•Thermal actuator

•Piezoelectric actuator

•Shape memory alloy actuator

•Pneumatic actuator

Ref: AIP Handbook of Modern Sensors 
http://www.measurementspecialties.com/piezo_film_manual.htm



Fundamental of Piezoelectr ic Effect
(I) Background:

(II) Simplified model illustrates that crystalline material can develop electric charge :



(III) Lead attachment: Conductive electrodes are applied the crystal at the opposite sides 
of the cut to pick up electric charge.



(IV) Piezoelectric coefficients:

Charge Stress

The piezoelectric effect is a reversible physical phenomenon.  That 
means that applying voltage across the crystal produces mechanical 
strain.



(V) gmn coefficients:

(VI) hmn coefficients:
mnmn Egh =

(VII) coupling coefficients kmn :





Mechanical to Electr ical - Charge Mode
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Mechanical to Electr ical - Voltage Mode
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Examples

for PVDF film
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for PVDF film



Electr ical to Mechanical
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Bimorph Piezoelectr ic Actuators





Scrolled Piezoelectr ic Actuators



Folded (Stack) Piezoelectr ic Actuators

Large force and large displacement!



Piezoelectr ic Microvalve



Piezoelectr ic Bimorph Cantilever  on STM Tip

The required high voltages make piezoelectric materials poor actuators for displacement 
in the micron range, but they are precise actuators on the subnanometer scale.  
Piezoelectric actuation is ideal for scanning tunneling microscopes (STM) and scanning 
force microscopes (SFM).



Ultrasonic Microfluidic Devices
Micromachined ultrasonic devices to per form fluidic functions such as pumping, stir r ing, 
filter ing, and manipulation of gases and liquids, cells, bacter ia, and other  biological substances

Flexible plate-wave (FPW) pump

f = Vp / P

f:  frequency of applied voltage.

Vp:  phase velocity

P: spatial period of transducers.

Ref: Prof. Richard White U-C Berkeley



Flexible plate-wave (FPW) Pump Fabr ication

FPW pump package
Photograph showing a wafer of FPW devices, 
a single FPW die mounted in a zero insertion 
force package, and an oscillator board

Ref: Prof. Richard White U-C Berkeley
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