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Ripple Compensation of Air Bearing Stage upon Gantry Control of
Yaw motion

Dahoon Ahn', Hakjun Lee”

"Division of Mechanical and Automotive Engineering, Kongju National University
Intelligent manufacturing R&D group, Korea Institute of Industrial Technology

2 o Ww tazde] A= 4N B 94 24 99 1YY BY wH Aol Agt o] £
280 AMA O vho] Gl MY WE|S} ofo] Ho|de AL, THY 91X MM HolA THHAS Mg
o} 28jo] ] BrhuIR 71 £50] 3 o/l 8 BA QX 914 2% Al F wake onjstuz, Ao

Aol 53t 34 AUE FHL 990 & BA oxfe] Azt 54 BAL e Fasi & BA 0% nyol HE
A7k Autdolm, o] WEe F71H|o]Y Jto =g AHgake Adjo| o] 283k siAl B LS 58T A1)
F7h €0l Ao] Ak, B 5L FrMoluT AV FE 2% HY XY 280l 4% 75 4 SOAS
P A §97178 B Aol Ao AEH Ao] A AY HEZRE WS 45 259 Wy 992
BASL, ol 4T BES BT Wolo g 3% AolS AU AN B FFL 9 Bl
Sagstol, BAh Alolg B9 S 2ol oF 22 % £ AATE ST, Tel 8 BA QXL WS Ad
o4 AeE 1gstel Bl A7 anes Assdct

Abstract In the manufacturing process of flat panel displays, a high-precision planar motion stage is
used to position a specimen. Stages of this type typically use frictionless linear motors and air bearings,
and laser interferometers. Real-time dynamic correction of the yaw motion error is very important
because the inevitable yaw motion error of the stage means a change in the specimen orientation.
Gantry control is generally used to compensate for yaw motion errors. Flexure units that allow rotational
motion are applied to the stage to apply this method to a stage using an air-bearing guide. This paper
proposes a method to improve the constant speed motion performance of a H-type XY stage equipped
with air bearing and flexure units. When applying the gantry control to the stage, including the flexure
units, the cause of the mutual ripple generated from the linear motors is analyzed, and adaptive learning
control is proposed to compensate for the mutual ripple. A simulation was performed to verify the
proposed method. The speed ripple was reduced to approximately the 22 % level. The ripple reduction

was verified by simulating the stage state where yaw motion error occurs.
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Fig. 1. H-type XY air bearing guide stage, (a)
Conceptual diagram, (b) 3D drawing of

the total system.
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Fig. 2. Gantry control of the air bearing guided stage
(a) Conventional structure without a
compliant mechanism (b) New structure
with compliant mechanisms.
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Fig. 3. A free body diagram of the air bearing stage with compliant mechanisms.
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Table 1. The parameters of the governing equation

of stage
Position vector p= [y 9] T
Current Vector 1= [il iQ] r
0 0
Stiff; c =
tirrness k |:0 kﬁ] +k€2:|
k
Force constant k‘f = { n 0 ]
0 kyy
M~+m+my  myl, +myl,
Inertia M= 2
—myl;, +myly L Tm +myl,
: S ripple (i,p) = [ (iysig,0)
Force ripple er (i1’i27y79)
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Fig. 4. Algorithm for compensation of mutual ripple.
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Fig. 5. Three different state of the air bearing stage for simulation of yaw motion error compensation, (a) case
1: Ideal case of zero yaw motion error, (b) case 2: 45 arcsec of initial orientation, (c) case 3: 45 arcsec
of initial orientation and yaw motion error of -20 arcsec during constant speed operation.
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Table 2. Simulation results

Compensation algorithm Velocity ripple

PID + 0.140 %
PID + Look-up table + 0.039 %
PID + Adaptive learning + 0.031 %
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