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ABSTRACT

A new foxtail actuator driven by V-shape beam deflection using electrostatic force has been designed, fabricated and

characterized for nano-resolution manipulators. .The proposed foxtail mechanism was implemented using a pair of

electrostatic actuators and a pair of holding actuators, which was analyzed based on the electromechanically coupled motion

of voltage - displacement relation. The proposed actuator was fabricated onto Silicon-on-Insulator (SOI) wafer and its

stepping characteristics were measured by micro optical interferometer consisting of integrated micromirror and optical fiber.

The fabricated foxtail microactuator was successfully operated from Inm to 76nm, and the magnitude of step displacement

was controllable up from 26nm/cycles to 53 nm/cycle by changing the voltage.
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Fig. 1 Operation sequence of the proposed foxtail actuator.
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Fig. 2 Time plot of driving actuator and holding actuator

with respect to each step.

® ©

2.2 O|BH 34y

Oy 1ol AsE mle} o), AAFEI|d=
A FZol] wingg VEEZ M1, wingd
FEod el 7 Foll o8] ZAE winge] WE o
wet Azt SAAT 28 3 A, wing
a2l AFANE AL e 2ZYE FII
AAH AAFEF7Y AFEATE ZAZ Foly,
Oy b FF wingdl WE ¢Ex yEeg
HEAIZ wWhhalh) AFEANEZE YEd Aotk
A F 574 St g &) A-dFE79

wing®] %8 F wingo] WA uwe} AFi e
Bigolgol yehsd, wing? AHFL Aol

A7e ~zegs) Qugch = @ Fol o Apd

pad

1199

(a)

(b)

Fig. 3 The free body diagram employed in the foxtail
microactuator; (a) full model, (b) half model with internal
force and external force.
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Fig. 4 Unit element model of the electrostatic actuator to
derive the electrostatic force for gripping.
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Fig. 5 The required voltage with respect to the

displacement of the holding actuator.
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Fig. 6 Simulated frictional force and restoring force for
holding with respect to the holding volitage.
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Fig. 7 SEM image of the fabricated foxtall inchworm
motor.
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Fig. 8 Schematic of optical interferometer consisting of
optical fiber and measured data; (a) schematic of nano
measurement system, (b) the reflected optical power
measured by OSA showing the shift of spectrum according
to the movement of the shuttle.
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Fig. 9 Displacement curves with respect to the V; at the
driving state, which are compared with the resuits from
analytical solution.

2 0% offt

ML 2 o o

npxjgto g FE7i7E o8 Ade) dHA F
@ ae] Ao g v uBe &
Aok WYY bFeaE 28ke] holding 3 A
olag weg 7ol wastglonl. oo] B4
M2 Al 18 (07 2ol 1, Akl Heke] B
Qe 2 2 TE ROZ WA HA FEAAS
St gF oM es H4 26om, Hd 53nm

[
o
e

o 2gRHE FHAMA F 2690m F TEEAT
TE71Y =g Adsty] feliAE holding T2

2 H Zolob @ Aow WU, £y AU 3

1201

e Hage tEoAE HAFoeH B oA
9 FF BG4S ¥ IS Zlow domd
’ 300 Yy

: A
250 30V
— L
£ 38V,
:-200
g I8V,
g 150 V4
& 38y,
100 37Y
i 35Y,
50 b 33y
0 -
] 2 4 6 8
Step

Fig. 10 Experimental displacement for cyclic operation of
foxtail electrostatic microactuator.
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