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Design of Linear XY Stage using Planar Configuration and
Linear Motors with Halbach Magnet Array

Kihyun Kim*, Moon G. Lee"

l Abstract |

In flat panel display or semiconductor industries, they install the equipments with fine line width and high throughput
for fabrication and inspection. The equipments are required to have the linear stage which can position the work-piece
with high speed, fine resolution on wide range of motion. In this paper, a precision planar linear XY stage is proposed.
The stage has a symmetric planar window configuration and is guided by air-bearings on granite plate. The symmetric
planar window configuration makes the stage has robustness against dynamic and thermal disturbances. The air-bearings
let the stage move smooth on straight guide bar and flat granite surface. The stage is actuated by linear motor with
Halbach magnet array (HMA). HMA generates more confined magnetic flux than conventional array, The linear motors
are optimized by using sequential quadratic programming (SQP) with the several constraints that are thermal dissipation,
required power, force ripple and so on. The planar linear XY stage with the symmetric planar configuration and the
linear motors is implemented and then the performance such as force ripple, resolution and stroke are evaluated.
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| = Effective length of coil in magnetic field (mm)

B = Magnetic flux density (T)

Ronase = Resistance of each phase of coil winding (Q2)
o = Permeability of vacuum (T/A)

k = Thermal conductivity of backing plate (W/m)

h = Convection coefficient of air (W/m’)

J = Current density (A/m)

i = Current in each phase of coil winding (A)

n = Number of turns of each phase of coil winding
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Fig. 1 Proposed planar linear XY stage with linear
motors using HMA. 10: XY stage that carries
sample, 12: Y HMA, 13: Y coil winding assem-
bly, 18: L minror for position sensing using
laser interferometer, 20: X stage, 25: X HMA,
24: X coil winding assembly, 40a, b: X guide
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Fig. 2 Top view of proposed stage. 11: L miror
assembly, 15, 16: air bearing along I beams for
X motion, 17, 31: air bearing on granite plate,
21: window frame with I beams, 29, 30: air
bearing along guides for Y motion
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Table 1 Configurations of XY stage with guide mechanism

Advantages Disadvantages
Stack Low cost Bad flatness and pitch & yaw error
¢ Simple configuration Tall structure
Stack and garge :t?zazglf}x;ﬁiim Tall structure
Open Smj all yaw error Complicate configuration
/ NN Low structure Complicate configuration
Window LE;Sargetzc:rlralEn}glc:?me Weak to distortion
Y Difficult to make long stroke
Small yaw error
T type Sirople configuration Sensitive to disturbing torque
Small number of guide bar Small actuating force
Simple configuration
H type Medium height Need to compensate yaw error
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(b) Halbach magnet array (HMA)

Fig. 3 Configuration of magnet array: The boxes are
magnets, the head of amow is N pole and the tail
is S pole, and the curves are magnetic flux lines

& $7] M35 39 448 Granite plate)3} 149) F-&
o3t} FHEL. B3, 70| wie} 713 9 24 WS
st Sistol wlolgat 153 Aolo] AES 68
&9k 2 A WAL AUt

A, 1E 475 U5t HMAS 2t HERHE 7
$7)2 H8r}. 712 240 5t Fig 30)9) 712 A4



4718 - 0|2
s ol w|ste] Fig. 3@)21%4, 59 2518 GTAAE 27} A A A9 Y 244 289 wielujes Table 33 7Y
2 7H= HMA7E 58 U%9 A7)8¢ o) 71 4= 9lo] 5 274 9 29 24 W @) Agree) 5 4

/d /]&oﬂ ﬂ]‘ﬁﬂ U}‘H 13:]?4‘ -}15\3»10] Q* 14UH g.q,(ZSlO)

3. HMA MRE{Q| HA|

3.1 HMS=Zint MAs

Zﬂ"m Ag]o]7] = o) Akke] HAF Al2gE 918 43
7 Naoz2H Fig 49 25 H 47} Table 29F #2
%%L. gHEaHEE AA|Eofof fivk BRR A HolA
< AHE AFREQ] 2 ARkt A Al dste] 7|4
g2 8

- FAF Au)e] FHAF B Sean & Step

- AA A 9¥(Diameter) : 8inch Wafer

- A4 7AA} Al Field Size : 9 25mm’

- MAF & 60 wafer per hour

o i o m}..

- 7FER AR X3 20kg, Y& 30kg
HMA H32eS 47317 9Istod 2t 49 295 %
2 QAL sha @A ZYR Aol Y A4o] AgHr

Az ddett YHe AdeAg ST aTss
AL Z7MPIL B AR 27t Hobald, oA A
FREo] 93t ol 7179 We g L2l ke Bae] 9o
U AR RN HASE A4S B4 4 Uk HA 4

accel., mesurement .decel.l
(mm/s)'

\
]
1
f

Aol Hg=l= Ast 21EL ohgxt £t
AR, 7H&E9t ol ARG Agke] oste] QT EE
FEHL XE 100N, Y& 150 N &8 AAs) o] AL
Fig. 49 714 3209] 7h&zolA A4kg gholrt. Fig.
1(@2)9 Y XY 2e]o|R)e] hAHQ] Frazof ofsfia X
gt Y o r 24 2709 AYREHE /P EE HEY
754 474 50 Nl’% 75 N ool sofopgitt,
A, AR 2E-E st ARl BE(Amplifier)
7t AJE BEo ‘?JW}L“ WAL AR B E
azbeln FUe] o WAE Folr] Hske] PWM(Pulse
Width Modulation) #4]o] Z-g-#t}, 7§ 934 STMicro
-cletornicsARe] L2988 ARg-Stct. 288 g el Hof A
F W) 2A 010, ol I71E o e 5 AUV
& 45V oltk. 2¥BR, APREH A7k £ = A
A2 Arjdezta) aejstel 45V o)sirt xjojof gl
AR, RES TAASHs B0 9ol WAYE= Hof ojgt
z7o] iej=]ojof git}. A A A] KE o] gt & A
& 1a}y| Y5, & =M= € e e F RE
o0& theth Al2RNE 5k o Qo)A ARk I &,
& WSk 2 AL &, 98 I AR g
-—;‘7}01 git}. PWMY Duty“ A AQEE A7t s
& WIS 719) 8l8-8 vlebich Fig. 49} Table 29
?Jiﬁ% Zk= A &EE Dutyls 4 (D~2)lA BHEE] o
24%0lck AFAA o] 44=HE= TE 24 BAALE 4 (3)

Table 3 Coil connection: L. is inductance and Rpase
is resistance, n is number of tums of coil and
1 is effective length of each phase of coil

1) winding
0 14 t 5]
Y-connection
Fig. 4 Motion profile of pesitioning system U
2P f motion profi Coil - l
Table arameters of motion profile connection .
Parameters Value /7 phase
V.s (constant velocity) 300mm/s w \ v
A (acceleration) Sm/s” Force 3 B
VLI
Ly (deceleration region) Imm constant 2
luce (acceleration region) lmm Resistance 2R, 1e
Imex (measurement region) 25mm Inductance 2L ase
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Fig. 7 Optimization process of X-axis linear motor : (a) cost function, (b) constraint values, (¢) actuating force

Table 4 Results of optimization

. . Optimal Values (mm)
Design Variables
YIM | XM
Magnet Thickness (fm) 12 (Fixed)
Magnet Length (/) 75 45
Magnet Thick. (ww) 11.2 129
Coil Tumns (n) 96 108
Coil Diameter (dcoi) 0.45 0.45
Air Gap (Wgqp) 1
Current (i) 2 A (Fixed)
No. of a motor pitch 5 ; 5
Fopiimal Ez=T2 (N), Fi=110 (N)
Volume, \?
=( - ') where, 1= X, Y. 6)
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8 Evaluation for magnetic flux density of linear
motor: (a) Experimental setup, (b) Flux density
of X-axis LM
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Table 5 Specifications of proposed precision XY stage

X-axis T Y-axis
Coreless HMA linear motor (serial & Y connection)
Actuator Motor pitch p,= 51.6mm Motor pitch p,= 45mm/pitch
Lopase=20mH, Rppase= 13.6 Q, K~31.61V/m/s Lphase=20mH, Roase= 14.8 Q, K=47.5V/m/s
Guide Parallel 2 granite guide bar & Porous air bearing
Structure One Body Window Frame with Four I Beams
Range 200mm
Force Fy = 146N @ 2A (kx=36.5N/A) Fy=220N @ 2A (ks=S5N/A)
Mass 9.7kg 16.4kg
Ripple 6.2% 7.0%
Size 466x240x70mm’ on 600x700mm’ granite 768x430x80mm’ on 600x700mm’ granite

60
£ %1
k-4
5
4
* 30
X Force ripple
-~ — —Force Average
0
° 120 240 360
Phase Angle(deg.)
Fig. 9 Actuating force of HMA LM
5 Real controiler | 2 phase [ HMA LMs
R (PXI1-7358, NI) | signals | in precision
stage
L Z
B, = ZIAZ" _,sin2n—1 )(27rp—+ é} ) Quadrature signal FYTe— X.position
" * 20 MHz, +5V (1 pm, Renishaw ) Y-position

(b

B - .
F, =%n iy i_0,/5 i%/a] B, ® Fig. 10 Proposed precision XY stage: (a) Fabricated
o3 stage with HMA LM and symmetric window

structure, (b) Electronics, sensors and controllers
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