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A Two-Axis Ultra-precision Stage Using Flexure-type
Paralle]l Linear Guide Mechanism

Kee-Bong Choi”

ABSTRACT

In this study, a two-axis ultra-precision stage driven by piezoelectric elements is presented. The stage has a flexure-
type parallel linear guide mechanism consisting of quad-symmetric simple parallel linear springs and quad-symmetric
double compound linear springs. While the simple parallel linear springs guide the linear motion of a moving plate in the
stage, the double compound linear springs follow the motion of the simple parallel linear spring as well as compensate
the parasitic motions caused by the simple parallel linear springs. The linear springs are designed by rectangular beam
type flexures that are deformed by bending deflection rather than axial extension, because the axial extension is smaller
than the bending deflection at the same force. The designed guide mechanism is analyzed by finite element
method(FEM). Then two-axis parallel linear stage is implemented by the linear guide mechanism combined with
piezoelectric elements and capacitance type displacement sensors. It is shown that the manufactured ultra-precision stage
achieves 3 nm of resolution in x- and y-axis within 30 pm of operating range.

Key Words : Linear guide mechanism(313 <} 7]5), Nano positioning (V= $1 42 74), Simple parallel linear
spring(‘ZHe 8 E 4 3 £ ¥ 7)), Double compound linear spring(©] 5531 8 2 X 3), Flexure(Z &)
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Fig. 2 Simple parallel linear spring

W 4G T olFBwe] Yol
W7o FANUE Fig 3 3 ek
Fo7b 8% W olEuw
9 Ax 7 wABY o
AP LTRe @ 4o

510

o M
©,

£
o oo ™
ot
% % A
o 5 £ g
o Lo -

&
£ e
.

o Lk 2o, B

ot rot o

> Hr & o (e
Y
oo
i)
o

o %

oF.
ot
.
S

e
91_[
o o
>
[kl
o
o
friech
i
:
uf
o
E
o,

i
== r_)}:
X

2
UN 5{
AU

o A
t
e

o« o OF X

B L
> ot
1 1o
=
Y
o
I
mlo rlo FN =

My o

oft |

A R ok

2
ol
)
N
rlj
Y
> ok
2

ok O o ok rE 1% 2 10

f‘.‘.’él‘. oll

ok

&

H

»
ot

i;z g re

ro[n r'{)'

_E o
i

° »

E ofht

lo

ool & B ook afl

[y 1o = ot

[H o
ol
2
ok
)
:
N
&
HE
)
<
to
o
>
=

o
N
1o _ﬂ. ot &
o,
2
o N
0%
i
=
to
)

o
s
0%
Ral
N
£ rr
il
=2
o
olf
of,

>
ﬂllO Ho

N ol
2

2
o
o%

_)1_«1
>
50
rir

Ay +he,
(b) Two-axis motion of moving plate
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Fig. 3 Operation of parallel linear guide mechanism
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Table 1 Predefined constants and coefficients
Parameter Description Value
L, Size of stage 340 mm x303 mmn
E Elastic modulus 72 GPa
m, Mass of moving plate 0.466kg
my, Mass of inner plate 0.120kg
ny, Mass of outer plate 0.039kg
I Area moment of inestia of flexure for simple 1.67 mat
parallel linear spring
A Area moment of inertia of flexure for double 1.67 mm?
compound linear spring
K Stress concentration factor L5
S, Satety factor 10
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Table 2 Dimensions of flexures Fig. 5+ ©] dAYEY R=siA Aot Fig.
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Fig. 7 Two-axis paralle! linear stage for ultra-precision
positioning
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