Micro Actuators

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

* Pneumatic actuator



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
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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 Actuator

*Magnetic flap-type actuator activated by external magnetic field
Torque comes from interaction between permalloy/magnetic field

«Silicon-nitride torsional support beams o NI 0% Fe
e ] mm x 1 mm size g fgh pernestl ()
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Magnetic Microflap with Torsional Beams
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K-ab[3 3.36a(1 126»24)]
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-1.8023(2) +0.91%)*]
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=> strain= 0.439 % at 6=90°

with torque= 1.122x10-3N-m



Micro Actuators

ilicon

@ Permalioy (with thinCr/Cu seed layer)

(b)




photoresist

Permalloy Electroplating

PR AZ4400 as mold
*Cr/Cu as seed layer
*Biasing magnetic field: 450 Gauss

*5 um/hr at 10 mA/cm?
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|ntegrated Magnetic Flap with Coll




Magnetic Microflap

Poly1

Metal
coil
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