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ABSTRACT

Recently, with rapid development of semiconductor and flat panel display, the manufacturing equipments are
required to have large travel range, high productivity, and high accuracy. In this paper, an ultra precision decoupled dual
servo (DDS) system is proposed to meet these requirements. And a control scheme for the DDS is studied. The proposed
DDS consists of a XYO fine stage for handling work-pieces precisely and a XY coarse stage for large travel range. The
fine stage consists of four voice coil motors (VCM) and air bearing guides. The coarse stage consists of linear motors
and air bearing guides. The DDS is mechanically decoupled between coarse stage and fine stage. Therefore, both stages
must be controlled independently and the performance of the DDS is mainly determined by the fine stage. For high
performance tracking, the controller of fine stage consists of time delay control (TDC) and perturbation observer while
the controller of coarse stage is TDC alone. With these individual controllers, two kinds of dual-servo control strategies
are suggested: master-slave type and parallel type. By simulations and experiments, the performances of two dual-servo

control strategies are compared.
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Fig. 3 Conceptual figure of the DDS
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Fig. 5 Motion diagram of fine stage
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Fig. 6 Dual servo control strategies (a) parallel type dual-
servo algorithm (b) master-slave type dual-servo
algorithm
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Fig. 7 Control block diagram of fine stage
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Fig. 10 Minimum resolution test

\-\\

e
e

\

1.5 2

05 1ime(sec.)

Fig. 11 Velocity profile of reference input

dlelE] & ulgo 2 dSPACE 9 Ao Zzaag
23l old2a Ao Y& e o9 479

Bolx Y RHY FFE A3 ATZ TAIIS E
AFR3EIG A, AEEE Y FES Y3 AdF gT=

Verdan AEE AHE3Rch o224 FTA4E DDS
A 2¥L Fig. 10 oA R A Zo] Xy B3to
2 5nm 9 0 e Z 0.05arcsec o A A¥S

FEY 5 ok



HECLNE R

ol Adizt - I=AUFEIA A 23 W A28

VCM Position Ervor of 360m/s ( TDC )

16 ;
E {
Sl |
5 Vo pdn [
2 f [V
& Sy 1
2, l [
> |
[T SUUSUUONR SEDHUINRL ¥ ASUEE SOUHDUUNE AU 3 Y SN SHRUOUO (UUUIONY i
Ba 06 08 1 1z 14 16 18 2
time (s)
(a) TDC

2 VCM Position Error of 300m/s ( TDC + FBPO )

VCM Position Error (um)
5 05 s
L

(c) TDC+FBPO

VCM Paosition Error of 300mis { TDC + FFPO)

20
1%
E 10
5 . h A
S A
R . i
[ V
§-1n
15
Ra o8 08 1 1z 14 16 18 2
time (s)
(b) TDC+FFPO
VCM Position Error of 300mis ( TDC + PO )
15
E
o
w
By
1. w”Wﬁ
§.1o
-15i
Ra ofs u.La 1‘ 12 14 15 18 2
time (s}
(d) TDC+FFPO+FBPO

Fig. 12 Fine stage position errors

42 Ag2dT

3.1 AoA AAZ APEE Y RHolx IY B
B A7 & 3.2 HAdA AT o)F AR ¢
g Fol] HEstd APE Sk
AA AAH FF3:L A8 MEARASASE FRE
7= A12AAL Fig 11 3 Zo] AAsIg e,
ol 7ls FRHA Y A MEEFE 025G, A
T2k A9 &%= 300mm/s ol th. Fig. 12(a)oh Al
TDC Ao171&, Fig. 12(b)1 A= TDC A7)
29l AF#HF71E, Fig. 12(c)14E TDC A|o}7)
o Hed HAE#HFZ71E, 28a Fig. 12(d)NAH=
TDC Aoj7lel 4H/HAY HAsdFZ71E 2T

Z7katde wWel uH 2eolxe 9NeR AR

B ol db

& HoFEdg, dyY/HEY HE BS7E 7
Abggto 24 TDC #Ao7|ghe] EF A8 7|F
o2 7h3E& FUANE 43%, B FLAME

21% Ax9 a7 ZA s e, Fig. 12(d)ol Al
gEi/e g HEdE7E SA AHEste 7

49

& PN E 64%, BE TN E 30% A=
2 A7} As
7bE 3o ARAFS 2HOIAY reaction

5t7] W&ol Azl ddelw, o 10Hz A= F
g X ok BE9 reaction XA HH L
AFE3LAY isolator & HES A3} o] FH
A5E¢ Y9 F Jg Jo=2 yzd.

&2 2 Fig. 13(a)E parallel type °fA <
Holz| e} w A 2E o)X o] A WEE, 1
2]3 Fig. 13(b)E master-slave type o Az <
B3E Jeld AFolth masterslave type & ¢
oA o)A WHE S FF LHOIA
9] 7]& dEoz ALgstA Hed, o] BAA
I Fage] Zo|R AgEo] 7] diEd] AlA
Blo] ot E<HY 3Al doh. weElA parallel type
9 olF MR dFol 7% AL I 5 Ut

S



of
ok
Ho
o
N
[ : !
B
o
)
oy
o,

b

§eoolMe- AU

gagdEFda) A3 A A28

Relative Distance 300mis w/ FO (parallel type)

AL I | Y| .
[ AL [ 7y

o

&

g

Retative Distance (um)

g

:

o
w~
©
3

(a) Parallel type

Relative Distance 300m/s w/ FO (master-slaver type)
600

0 (= # ’h ™ ; " lrn
£ (=] [ [
‘é 500
s
g-woo
o
2
E 1500
[ 3

<2000
#5005 I 4 6 8 10
time (s)

(b) Master-slave type
Fig. 13 Relative distances

5. 48

£ =fd4e MEEHS Rolx 3Y RHE
FEHY 714" Aol e olF AR AxH
& T}, o)FAM R FEE 3 & 75719
Aol71& AAsIGoH, 4¥E st 53
oA zEo]x]9] A FFA ] A TS 8
AEeBE71E Fr1stgl e, 300mm/s o &S 7t
A AFd dig FF A9S T3 hES T
A e $1X oA 64%, BE T X
23h= 0% F2HRSL AT Ao
o]ZM Y A FE L2 master-slave type I} parallel
ype & AR OB, AL Fakod T Elel §
AL B 3o ZM panllel type o ©]F AX
aeFol $48 45E HE A

* 7

¥ ATE AR WAE2YE d7ad A

50

—_—

Zd UBYE 249

==
ki3

oo

54 2 757 Ags

Az FgHRe ol WA
AR el RelA FAY BEe =YY
Aned

Moriyama, S., Harada, T. and Takanashi, A,
“Precision X-Y Stage with a Piezo-driven Fine-
table,” Bull. Japan Soc. Of Prec. Engg., Vol.22, No.l,
pp-13-17, 1988.

Sakuta, S., Ogawa, K. and Ueda, K., “Experimental
Studies on Ultra-Precision Positioning,” Int. J. Japan
Soc. Prec. Eng., Vol.27, No.3, pp.235-240, 1993.
Okazaki, Y., Asano, S. and Goto, T., “Dual-Servo
Mechanical Stage for Continuous Positioning,” Int. J.
Japan Soc. Prec. Eng., Vol27, No.2, pp.172-173,
1993.

Lee, C. and Kim, S., “An Ultra precision Stage for
Alignment of wafers in advanced microlithography,”
Precision Engineering, Vol.21, No.2/3, pp.113-122,
1997.

Choi, H. S., Song, C. W. and Han, C. S., “Design and
Control of Dual Servo Mechanism for High Precision
Position Control,” Journal of the Korean Society of
Precision Engineering, Vol. 20, No. 10, pp. 22-30,
2003.

Liu, H., Lu, B., Ding, Y. and Tang, Y., “A Motor-
piezo actuator for nano-scale positioning based on
dual servo loop and nonlinearity compensation,” J. of
Micromechanics and Microengineering, Vol. 13,
pp.295-299, 2003.

Youcef-Toumi, K. and Ito, O, “A time delay
controller for systems with unknown dynamics,”
Trans. of ASME, J. Dyn. Sys., Meas., Contr, Vol. 112,
No. 1, pp. 133-142, 1990.

Youcef-Toumi, K. and Wu, S. T., “Input/Output
linearization using time delay control,” Trans. of
ASME, J. Dyn. Sys., Meas., Contr, Vol. 114, pp. 10-
19, 1992.

Kwon, S. J., Chung, W. K. and Youm, Y. L., “On the
Coarse/Fine Dual-Stage Manipulators with Robust
Perturbation Compensator,” Proc. of the 2001 IEEE
Int. Conf. on Robotics & Automation, pp. 121-126,
2001.



