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A Study on the Motion Mechanism of Multi-Axis Ultra Precision
Stage for Optical Element Alignment
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|[ Abstract |I

The communication through optical fiber is taking an important role of the expansion of communication network
with excellent transmitting rate and quality. As the optical communication is introduced to the backbone network at
first and becomes a general communication method of network, the demand of kernel parts of optical communication
such as PLC(Planar Light Circuit), Coupler, and WDM(Wavelength Division Multiplexing) element increases. The
alignment and the attachment technology are very important in the fabrication of optical elements. In this paper, the
driving mechanism of ultra precision stage is studied with the aim of optimal design of stage. The travel and the
resolution of stage are investigated. The hysteresis of the stage is generated because of PZT actuator. The hysteresis
and the inverse hysteresis are modeled in X, Y, and Z-axis motion. The input data of desired displacement of the
stage according to input voltage is obtained from the inverse hysteresis equation. In the result of experiments with

the input data, the errors due to hysteresis are well compensated.
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(a) Schematic Diagram of Flexure
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(b) Principle of Displacement Enlargement Construction
Fig. 1 Flexure Guide Mechanism
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Fig. 2 Kinematic Analysis of Flexure Mechanism
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Table 2 Maximum Stress according to Applied

Displacement
Axis . Applied Max. Stress ,
Displacement(zm) | (Von Misses)(N/mY)
X 100 3.8532E+7
Y 100 3.7563E+7
V4 100 3.7663E+7
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Table 3 Frequency Analysis of Multi-Axis Ultra Prec-

ision Stage
Mode | Frequency(Hz) | Mode Frequency(Hz)
1 156.18 6 1385
2 189.69 7 1936.4
3 431.59 8 1946.4
4 812.1 9 2759.1
5 975.04 10 3843.4
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(a) Y-Axis Flexure

(b) Isometric View

Fig. 6 Multi-Axis Ultra Precision Stage
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Fig. 7 Schematic Diagram of Ultra-Precision Optical Alignment System

Table 4 Specification of Ultra Fine Positioning Stage

Specification
Moving Axis X-Y-Z Translation
Travel 100%100x1002m
Accuracy X, Y, Z : 10nm
Resolution X, Y, Z : 5nm
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Fig. 8 Resolution of Multi-Axis Ultra Precision Stage
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Fig. 10 Hysteresis of Multi-Axis Ultra Precision Stage

58] ZAsten 4 259 sladeda 24 AnEe
Fig. 100] Uebigick. 2ael4) 2 AXY 2 % 25 4
Qrol 7 o} Fad u) AR hE WSS eyl

4.2 SIAHZIAA 2R

249 93 Aol A9 W9 A4 2450 4 2z
S ABRIAAS HAYS). Fig. 112 Aikdel 5|28
eA20 AHE el Aolth wHEE R2E o4
Zo} 53 OF% TS upolyf £ZeT Pk Hyd Wol
gz 231 517 22H4)
o]

A% BZEA] 323 Hem o)A 22 8}
FobR ofolu] 23 S| A2 A A Ul A2 (

—
~—

14

=
S
o
i
i3
)
ful
me
4
30
liu)
ol
I
i
o)
>
>
ot
i
ol
=2,
>~

IE
<
o
rir
et
24
1o
rE
4o
=
rir
ot
ol
1
% ol
ox
of»
ftje
>
)
_?L
off rir op

S

2
oy m
flo
>
2

ot
-

>
M
;ﬁd o
[ oi rlr
> 1% H ox
lo e ofr of
= ki
x ol
P o
= 5
e e
Xo >
N
B4
w flr
<
H
flr
ol
=)
ot
I
(RN
=

1>

Py

Naw]

rlo

o2
bon

].

ol
}ﬂ

A Bl2e2 A28 ol
2 29y ¥ selth £ &
F92 vfolr] RZZ A X E At Esijag sl

£ V22 5V, 6V, 723 8V WAl 217t o) e

oy
2 >
ol
D
ki)
o
l (o]
>

K& Ag Folo] HaMEHE ol datel 32402 B}
Atk

e=H,(V=V)+e, (1)
€= down( V- V + V;na\ ) +el)7 Cruax (2)

4.3 g S|AHZIAA 2HY

o Aol 4] 242k9] aoly]

FILY F|AH YA A Al
oz Q1 Aol ot 247 917 AojAlage)
WHE AZE 4 A%ch Teit Aclalna sk darel
2ejo]A)2] Melolng Yt wslol thet Yl Mol
A% stetstin o #2404 299 stttk 4 G)
< RSPE 57K o o s|AER A Alo]a A ()= WS
7} e el 240,

V;/p |4 +H; (676 ) (3)
V;imun V V;nax +H(7011)71(611|ax _€b+€) (4)



_?L

OIH A7) MAEL B LdElAL BUYoIAY $Y
wj H e 8] 37} A dlold £ uzkaolu] Ay, &
W9H 22T T M ofck of BlAHuAL BEYS
2 N Al X, Y, 25 mre] chaf St
2t & 5V, 6V, 8V2) mhol] 2] ohs) 2w shoicl.

4.4 SIAHRIAA HA

o slAgeAl A Bdlgo) ofsf ezl A H o gt
A At BAE mebdt & 1 Y8 HojgE gz
24 tE A Ao AA Y FEAUE sk d4H
gAlL B Byh AY 272 4 582 Ay 2599
X% 97um, Y& 103um, Z% 92um 9G04 dHHYE

100
%0 ]
= 15t_a) ~
& »m«lst_d:: "/rv‘m/\'
= w 2nd_app r’/m/-
g w0 2nd_dep oY
.é 50 e
£ -
'ﬁ' o
230
«
20 ’JJ
iz
10 ﬁ%
. p
10 i 2 4 F 0. 42 44 6.\

Voltage (0.5V/Unit)

(a) Displacement in X-Axis

1o

]
100 ol
90 i —o—1st_app ;_‘;/'
30} T3 1st_dep - #f
P, | ~&~2Ind_app
% : ~&-2nd_dep e
z :
B so f“f
-g_ 40 ,wa
a8 m f
20 T
0 =
0
a o "
w &

Voltage (0.5V/Unit)

(b) Displacement in Y-Axis

0

» e o 5 s 0 a2 4 s 1

2 -\ 15t _app ||
g 1st_dep ]
% w© \ —-:r—:z::x_;:__
g ”‘\‘ —o—2nd_dep
E 0 o
& 60
& . ‘K

a0 ™

o P,

)
-100

Voltage (0.5V/Unit)

(c) Displacement in Z-Axis
Fig. 12 Hysteresis Compensation
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