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Micro-actuator
Electrostatic force Magnetic force

Rotational type
Rotational type

Diaphragm type

Rotational type

Cantilever type

Cantilever type
Linear drive type

Comb drive type

Stacked film type
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Micro-actuator
Thermal force Piezoelectric force

Bi-metal
(Diaphragm type)

Pneumatic type
Diaphragm type Cantilever type

Pneumatic type

Bi-metal
(Cantilever type)

SMA typeSMA type

Thermal expansion type
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Micro-actuator

Comparison of various force applied in Micro-actuator

Force Response Power consumption Integration

Electrostatic force ＋ ＋＋＋ ＋＋＋ ＋＋＋

Magnetic force ＋＋＋ ＋＋＋ ＋ ＋Magnetic force ＋＋＋ ＋＋＋ ＋ ＋

Thermal force ＋＋＋ ＋ ＋ ＋＋

Piezo electric force (Stack type) ＋＋ ＋＋＋ ＋＋ ＋Piezo electric force (Stack type) ＋＋ ＋＋＋ ＋＋ ＋

Piezo electric force (Film type) ＋ ＋＋＋ ＋＋＋ ＋＋＋
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Electrostatic actuator

Th h l t t ti f i li d iThe reason why electrostatic force is applied in 
micro-sized actuator

Scale effect
Simple structure
Compatible with MEMS fabrication processCompatible with MEMS fabrication process
Integration with IC and micro-sensor
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Generative force

Comparison between electrostatic and magnetic forces
(Force per unit area)(Force per unit area)
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Generative force

Scale effect
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Generative force

Scale effect
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(In the case of permanent magnet)
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(In the case of electric magnet)
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Electrostatic force

Electrostatic energy                gy
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Electrostatic force

Parallel plate type                y
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Electrostatic force
Normal component force               
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Electrostatic force
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Lateral component force               
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Force does not depend on distance



Electrostatic force

Comb-drive actuator
L t l tLateral movement                

Fixed electrode
Movable electrode
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Electrostatic force

Comb-drive actuator 
L t l t
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・Electrostatic force is independent of distance.
・It is proportional of number of electrodes.
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Electrostatic force

Comb-drive actuator _ Vertical movement type                
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Electrostatic force

Pull-in phenomenon
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Comb-drive-actuator
Cell handling based on comb drive actuator

H Hid t l T h Di f IEEE MEMS 2009 912 915
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S-shaped film actuator
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S-shaped film actuator
Characteristics in air               
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S-shaped film actuator
Characteristics in air               
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S-shaped film actuator
Characteristics in liquid              

M Shikida T IEE Japan 117 E 1997 227 231
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S-shaped film actuator
Gas valve application              
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S-shaped film actuator
Gas valve application              
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Tulip-shaped actuator for haptic display

Haptic display
Operation principle

Haptic display

Display
Clutch produced by micro-actuatorClutch produced by micro actuator
Stepping motor
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Tulip-shaped actuator for haptic display
Tulip-shaped actuator for clutch
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Tulip-shaped actuator for haptic display
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Tulip-shaped actuator for clutch _ analysis
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Tulip-shaped actuator for haptic display
Tulip-shaped actuator for clutch _ analysis
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Tulip-shaped actuator for haptic display
Tulip-shaped actuator for clutch _ fabrication
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Tulip-shaped actuator for haptic display
Tulip-shaped actuator for clutch _ operation
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Tulip-shaped actuator for haptic display
Assembled haptic display

Di l t 20 60Displacement：20-60 m
Generative force: 600 mN
Size: 30 mm x 30 mm x 40 mm
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Tulip-shaped actuator for haptic display
Demonstration of haptic display
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Summary

O i f Mi t tOverview of Micro-actuator
Electrostatic force
Generative force
Comb-drive actuator
Pull-in phenomenon

S-shaped film actuator for gas valve applicationS shaped film actuator for gas valve application
Tulip-shaped actuator for haptic display
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