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Abstract: In this paper, a reaction-force compensation system for an XY linear motion stage, without an additional
external isolation structure or extra motors, is developed. This system consists of a movable magnet track, a spring, a
dummy weight, and a dedicated sensor module that measures the relative positions of the movable magnet track with
respect to the motor coil. The reaction force compensation system is modeled, and simulations are carried out to
optimize design parameters such as the moving distance of the magnet track, the transmission force, the dummy weight,
and the allowed size of the mechanism. An XY linear motion stage is built, incorporating the reaction force
compensation system, and the performance of the system is verified experimentally. For acceleration and deceleration
values of 10 m/s®, 85% of the reaction force is absorbed by the reaction force compensation system.
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Fig. 1 Principle of the reaction force compensation
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Fig. 2 The dedicated sensor module for movable
magnet tracks

gxdg &2 Ass ZAeEe A ®1 de
2 AA = w2yl EFON, S 2 8 gk 527
66mm ¢ EE 7]Foz AA o 0.33mm o
S 77}

71E Al =E

3 rE

B R A Altels e n
& AzEe] Alo] SRS Fig 32 (b)) W
ERi it ubabel ma A|awlo] AW oA Ao
Fig. 3(3)01] 1:)\1 ] 0113_ }\]}\Eﬂ‘]} Eo] o].;ﬂ

Ao]71e| Al AdE 2] #H(Position command)
BE ] 9] X 44 (Position sensor) EHS 7]HES
3 PID A2 ¥ o] 93] FaHc) A 2
A vl E9E ARS8k Fig 3(a)] ANE A

m:smm

Mover position

(a) A conventional system

Position sensor

Position Torque Current
command C d c d
Trajectory ¥ Servo filter
Y >
generator / (PID) AMP Motor
Magnet track
displacement Dedicated

ensor module

Mover position

Position sensor
(b) The passive reaction force compensation system

Fig. 3 Control block diagram of torque/position control
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Table 1 Moving conditions for long and short pitch
motion

L)

Long Short

Conditions | unit
1 2 3 4 1 2

& ogE
Table 2 Simulation results
Items Case 1 Case2 | Case3 | Cased
Dummy weight (kg)| 215 200 150 130

Distance mm | 550 | 550 | 550 | 500 | 50 100

Stiffness (N/m) 3500 2500 4200 3900

Max. vel. | mm/s | 2500 | 2000 | 2000 | 2000 | 500 | 300

Reaction force

0, 0, 0, [
Transmission (%) 75% 75% 30% 50%

Meanace. | m/s> | 15 | 15 | 10 | 10 | 10 5

S curve % 100 | 100 | 100 | 100 | 100 | 100

Magnet track

displacement (mm) 80 80 100 100

My +mp)Xpg + Xy + kX = fr(2) (1)

=15 @)

CS xMT + kaMT
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N Thrust force Table 3 Specifications of experimental apparatus
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Table 5 Experimental condition for precision position
control
Linear amplifier
W AMP (+75VDC, 0.5kW)
Noncontact type linear encoder
Encoder . . .
with 2um signal period
Distance @
PTP 100mm
Motion
profile Speed 300mm/s
Acceleration 5m/s?

E 100 - - - -
g 50/ ]
% 0 L 1 1 L i
A 0 0.1 0.2 0.3 04 0.5 0.6
— Time (sec)
n

=% -
e (N . N
- 0 0.1 0.2 0.3 04 0.5 0.6
—_ Time {(sec)

T 207 - - -
E P

;i S

8 '20' L L ! 1 L 4
- 0 0.1 0.2 0.3 0.4 0.5 0.6

Time (sec)
(a) Motion profile 1

£ 100F

o 50_

2 0 : T - ]
A 0 0.1 0.2 0.3 0.4 0.5 0.6
= Time (sec)

400} ]
& 200F / 1
5 0 - - I
= 0 0.1 0.2 . 0.4 0.5 0.6
. Time (sec)

20 T T \ . .
5 0—/\—\/—
o -20k . . s . . _
< 0 0.1 0.2 0.3 0.4 0.5 0.6
Time (sec)
(b) Motion profile 2

Fig. 8 Motion Profiles for experimental verification
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Table 6 Jitter measurement
Sampling frequency 1kHz

Following error under stopping
condition of motor

0.488nm

Measurement condition
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Fig. 9 Motion Profile 1(300mm/s, 5m/s>, 100mm PTP)

o Fixed magnet track
‘B 1000 '
£ 0}
g -1000t . . '
20 s 1 L5 2
Time (sec) —Horizontal
o~ Movable magnet track | ........ Vertical
& 1000 ‘ ' |
& -1000L ‘ ' : -
S o 05 1 L5 2
Time (sec)
(a) Vibration
o~ Fixed magnet track
E 500¢t —Herizental H
S Y Y R Vertical
3 0 - o
= 0 50 100
Frequency (Hz)
— Mavable magnet track
E 500} —Horizontal
= e Vertical
§ ol —
2 0 50 100
Frequency (Hz)

(b) Power spectrum

Fig. 10 Motion Profile 2 (500mm/s, 10m/s>, 50mm PTP)
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magnet track systems

Table 4 o] 1% A1 1 32 5 W5 F4T o
ol 52 (Mover)e] W99} 7Hsd vy EH

s

o

RS

K

M

<
T -

S Fig. 12 o YERIIY. 948 A= 1 A=
PRIl EElo] £17mm o] kR, 94 A% 2 oAM=
+l4mm olet= G FEdr A AR £50mm
of Whs gl

|
=

Aow wl

432 2 2x| HOf 5

M=
(=XK<

I M
ol >
ol I

A {5 w2} Table 6 9
(Jitter)= Fig. 13 ©l &}
et g glol
#kol B £3nm ©]

of e A A

o mE 1%

o

[
g > 2 |m

T o
Sl

O:
oo |» 2 1%

tlo o 1o

A
=
=

off
o

N
=

. A <A R U =
o oo ol o

ol
—_

x2

=

o
2
=2 o ool fT ¥ [

o M O K O ox Jb o

7N = =
(Jitter) #t°] £3nm el
4 91 Ao ds Astrt

Abetl B8 7] ALY (No. 00044211 )2 A5
P} A A AGARE D ARFANAAEAY] “IT &
o audEHRd ALAY” (NIPA-2010-C6150-
1001-0004)°] A& ¥



XY g 24 2Eo]A] Alagle] vhibe nA} 7)ok Ao 607

ikl

b0

Ao
o

(1) Dijkstra, B. G., Rambaratsingh, N. J., Scherer, C. W.,
Bosgra, O. H., Steinbuch, M. and Kerssemakers, S.,
2001, “Input Design for Optimal Discrete Time Point-
To-Point Motion of an Industrial XY-Positioning
Table,” Selected Topics in Signals, Systems and
Control, Vol.12, pp. 9~14.

(2) Tseng, Y. T. and Liu, J. H., 2003, “High-speed and
Precise Positioning an X-Y Table,” Control
Engineering Practice, Vol. 11, No. 4, pp. 357~365.

(3) Kwac, L. K., Kim, J. Y., Yang, D. J., Ko, M. S., You,
S. and Kim, K. T. 2002, “Optimal Design of
Controller for Ultra-Precision Plane X-Y Stage,” Proc.
of the KSPE Spring Conference, pp. 342~347.

(4) Jang, J. W., Park, S. W. and Hong, S. W., 2008,
“Command Generation Method for High-speed and
Precise Positioning of Positioning Stage,” Journal of
the Korean Society for Precision Engineering, Vol.25,
No.10, pp. 122~129.

(5) Greene, P. M., Hero, S., Bittner D. (Dover Instrument
Corporation), 2005, "Reaction Force Transfer

System," United States Patent, US006844635B2, pp.
1~4.

(6) Lee, M. E. (Nikon Corporation) 1998, “Guideless
Stage with Isolated Reaction Frame,” United States
Patent, US005744924A, pp. 1~18.

(7) Qsanai, E. and Akutsu, K. (Canon Kabushiki Kaisha),
1999, "Stage Apparatus and Exposure Apparatus and
Device Producing Method Using the Same," United
States Patent, US005864389A, pp. 01~16.

(8) Galburt, D. N. (ASML US Inc.), 2004, "Method,
System, and Apparatus for Management of Reaction
Loads in a Lithography System," United States Patent,
US006784978B2, pp. 01~32.

(9) Poon, A. K. T., Kho, L. W. F., Yang, P.-H., Chang, P.-
W., (Nikon Corporation), 2005, "Modular Stage with
Reaction Force Cancellation," United States Patent,
US006917412B2, pp. 01~26.

(10) Binnard, M. (Nikon Corporation), 2003, "Stage
Assembly Including a Reaction Assembly that is
connected by Actuators," United States Patent,
US006603531B1, pp. 01~23.



