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ABSTRACT

In this paper, a decoupled dual servo (DDS) stage for ultra-precision scanning system with large working range is
introduced. In general, dual servo systems consist of a fine stage for short range and a coarse stage for long range. The
proposed DDS also consists of a XY@ fine stage for handling and carrying workpieces and one axis coarse stage. Its coarse
stage consists of air bearing guide system and a coreless linear motor with force ripple. The fine has four voice coil
motors(VCM) as its actuator. According to a VCM’s nature, there are no mechanical connections between coils and magnetic
circuits. Moreover, VCM doesn’t have force ripples due to imperfections of commutation components of linear motor
systems — currents and flux densities. However, due to the VCM’s mechanical constraints the working range of the fine is
about 25mm”. To break that hurdle, the coarse stage with linear motors is used to move the fine about 500mm. Because of the
above reasons, the proposed DDS can achieve higher precision scanning than other stages with only one servo. With
MATLAB’s Sequential Quadratic Programming (SQP), the VCMs are optimally designed for the highest force under
conditions and constraints such as thermal dissipations due to its coil, its size, and so on. And for their movements without
any frictions, guide systems of the DDS are composed of air bearings. To get precisely their positions, a linear scale with Snm
resolution are used for the coarse stage’s motion and three plane mirror laser interferometers with Snm for the fine’s XY0
motions. With them, on scanning the two stages have same trajectories. The control algorithm is named Parallel method. The
embodied ultra-precision scanning system has sub 100nm following error and in-positioning stability.
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Fig. 1 Concept of the proposed Decoupled Dual Servo
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Fig. 2 Schematic of Voice Coil Motor for Fine Stage
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Table 1 Constraints of VCM optimal design
Temperature ( AT ) 50
Power Consumption
(12R) < 325(W)
Yoke Saturation ( B, ) <2.2T)
Constraints -
VCM Size < 75% 100x50
(HeightxLengthxwidth) {mm*)
Generated Force * 4O(kg2)
x5(m/s?)

Table 2 Parameter values of the design and optimal VCM

Parameter Optimal Value Design Value
b 40 40
by 154 154
[ 11.74 11.8
d, 0.79 0.76
[4 15.2 152
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Fig. 6 Parallel type algorithm for the proposed dual servo

FoNAE Fig. 6 oA BAFEE A3 2o
7} 7Htﬂx%9_g ?ig]“: aﬂgﬂg] o] & A

At AJdEHE olF AR



gFole 53 #Yo]l Al 2% FERS v
A FEEel AriEn 7t FE Ay s@EAHo
2 . AojAt Ao A B23 94FLS 4 FEF
ol 5yA AdMalzglolty B mRoAs 2% T
B2 93lo] spm B35 9 Renishaw 18 A1,
A TEEE Som B35 3 F olA AeHZ
e AlA®lo] Aijgch Aotd o]F AE A€
o} AW FHAE Fig. 79 EAsMAT}

Driving
Power

Sensor
" Signal

Controller

Fig. 7 Experimental Setup

Resowtion Test of Dol Servo Sam Btep)

VLR Ervor g
©

i
20

o T
Sene ia}
Fig. 8 5nm step response of high precision scanning

system with Snm interferometer

5 2 ;
s i |

A
%imc(:ac;
Fig. 9 Tracking error in 25mm/s constant velocity

ccelerati

[ i q

A1
7}

Aotgy o]F Ar AlAHg] _,_H\_S_ )
Fig. 8 oA & #o] & 5nm 9] £3%5 =

z

2
o
=

e

F oA w1 g, Atk E £eHA ’:—a]tg(ZSmm/sz
o 7b4:3 25mnvs AL &%) A Fig 9 oA B
o] AA FAolA 100nm oldke] F3 JE 7}
Bg At

1886

»

[
T

ir

© 4 g
2

odl
U=

-4 oX

,
22 OFT b

2

P>

[> o

0, rir of
o oly o
ommlg

i,
2

} =3 gt
Heol o Yool 714
OOmm WA ol F ME A|AF
9] 7}& E%o| 7t b AME

Bojx B E o] &3 xye #lA FE5AA

A A AL 2A4YE 93 ok e F71M

Ztelm A%

q oA, A2 54 9 AAE

ME dugFa 5HHA 3

A3 Qe =g Aj2g)
AAE olF AMr A2€"2 5mm

100nm ©}3}9] FFH e & EOIJ— ek oAl 2y,

B =R Aoty olF Mr A2"hE A

2 52 W e

X
==

22
uorlromo{x 5 T2

i
Il'.?.(.',
2 :

<
LII

I~

i%.l_

%

H_.

Ao

!

7R3 AlaEol A& sbEsi
7
B 239 24 olF AR zEelx MEE
A dstolFal A Hx wg e 2L PALE
=gy
D2

1. Elfizy, A. T., Bone, G M., Elbestawi, M. A, “Design
and control of a dual-stage feed drive,” Inter. Jour. of
Machine Tools & Manufacture Vol. 45, pp. 153-165,
2005. .
Moriyama, S., Harada , T., Takanashi,
X-Y Stage with a Piezo-driven Fine-table,” Bull. Japan
Soc. Of Prec. Eng., Vol. 22, No.1, pp. 13-17, 1988.
Lee, C. W, Kim, S. W., “An Ultra precision Stage for
Alignment of wafers in advanced microlithography,”

A., “Precision

Precision Engineering, Vol. 21, No. 23, pp. 113-122,
1997.

Van den Braembussche, P, et al, “Accurate tracking
control of linecar synchronous motor machine tool
axes,” Vol. 6, No. 5, pp. 507-521, 1996.

Kim, K. H., Lee, M. G, Kim, D. M., Gweon, D. G,
“Control and design of a dual servo with fine 6-axis
stage,” ASPE 2003 Annual meeting, pp. 187-190,
2003.

Mamun. A. A Mareels, 1, Lee, T. H.and Tay. A,
“Dual Stage Actuator Control in Hard Disk Drive - A

Review,” IECON Proc. v.3. 2003, pp.2132-2137



