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Orthogonality Calibration of a High Precision Stage using Self-calibration Method
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A high precision air bearing stage has been developed and calibrated. This linear-motor driven
stage was designed fo transport a glass or wafer with the X and Y following errors in nanometer
regime. To achieve this level of precision, bar type mirrors were adopted for real time AX and AY
laser measurement and feedback control. With the laser wavelength variation and instability
being kept minimized through strict environment control, the orthogonality of this type of control
system becomes purely dependent upon the surface flatness, distortion, and assembly of the bar
mirrors. Compensations for the bar mirror distortions and assembly have been performed using
the self-calibration method. As a result, the orthogonality error of the stage was successfully
decreased from 0.04° to 2.48 arcsec.

Key Words: Orthogonality (2121 &}, Precision Stage (H 3 AEO[X]), Calibration (2%), Interferometer (V1B H 2 0]E{)

J|sMY Aol 2 B8 A 9 AR oy A&
Ad F YEE FHoF sk I d=2H, AJ*“«?
© = angle between Y1 and Y2 interferometer head 7t & oy 2<21% oM(Abbe) SlHE Fo]7]
& = Yaw error of precision stage st HA Aol & HAMEH A }‘7?101 g o
a,,, = directional orientation of the system A JEAZNEHE AHEIE 497F Ak QE
B = inner angle of polygon between reference plane of i ZHHE o|&ste 2Ho|A 9 Xé 4xE 874 4
plane and of j plane g At B¢, EFstA vio#e 4
¥, = angle between the bar mirror reference plane and the z4 3 ¢ Zﬂ‘ﬂ A wlo] ko] 2jEle] AA
reference plane of a plane of polygon ok vh v e 25 X 9 Y o uivy
Ao og el Az w wEEe Y
1. Introduction g did Xy 8 A4xg 2Ystd 44 ¢
Qow, £ ﬁ::l%f Azso] e B14e Y&}

taEdelst giEx Fo Az 4L & © Ag 5HoZ g
AUEE g78te UG FIvER d3g a4 otz et fo] ke B W] B AFA
A AAEE TR B AURY 4HE ol oste] MEEUT A A dHE o) 9
T A, A Ee AXE Husld LHdEe= 4 B A (Parametric Calibrationyo]th! wi7] W =
2golxet AA, 22lm As 5& FoYsiA A AL &3 HAAAM 6 AFE dHE #H4A 9



TUSESX X 27 H 38 pp.50-57 March 2010 / 51
ez nHsly] flste] PHE o) Bshe Wl A AA, ZAE AXE vy 9 £ A
th o] WL 6 AH% dule FAH Ajayle & g ]%’i’_‘?}

3 AEEg £F 29 AYEd 93y 4 2o, 2HoAY AREE BASL HAF

A FFol A 2 FAH i"* &) % E"* Aol st 3
5 dA e B A8 olE3te Aold, 31'0} TFT(Thin Film Transistor) 2 #28 o]&84

EE AUy 24 4 F M Amisiy 9w B4 ARE HE

Holx AEE FEol L Wiolth 1y ¥

& B8 FRE {5t A& AT A9 2. Precision stage using interferometer system as

8o gtFo] AHE AHIA e o} e & a positioning sensor

AZF . Ag% 9 A#Ee Av)d uet A

7VELE FAHFA SHEE EE 1] By E BAo] ¢gd Zdox FErE $xdF

AeE GAsA ="k 9 FH o H(following error)® 3238817 $i81
Al HAR A7RAYEe v AUiRAYE A% w8 J4F a8]m FHA(Coreless) BE R

dAHoF ANHE FId FAHHE thFd o FARAEIL Zlol=x I H, 94X AMEE

EL 83l BHZE JHES dE B9, 2¥ 10nm E3%5E ZHE Renishaw AF ' SlE|H 2] €]

ol 9] XA me} Aztk. E#dte Wgolrt 1 7h HgHrt

Dg ol e we AEEE e MHEL o435 2eelAol FQ AEe FE P FA@00

oL Aawle] zh= BT £Foz alxgel A mm X 700 mm)°l A 50nm@10mm/s &} F7 o)}

B8 RAS 4 duls AHol 23k Ha 1 wm ©13Fe] AAL, T3]3 larcsee & FZ}x o]t}

el

o
&
o
B2
2%
L,
Ho
fu
s
ok
£
=
g
>

¥

@
ol
)
%

‘?}%ﬂ‘%‘(Reversal Method) -2 9|2 £ (Error
Separation Method)24 ezl A7k By 24
A7AE 2lste] HE =k Evan % Hoken” &
3 Z9 AL WA Hocken 3} Borchardt®
%9] AT E;ﬁa T3}t Lieberman®

FoE2 ANAE A AdE AFEElY &)
Z}‘i’:l =% "Vi"é}«% 2L S+ th Raugh™ 2}
Takac’ & Lieberman® @) &3t} 34 2 249 » A
S FatH oz AAS sk Hume’ & 2 A9 3
4w BAE e Zdx FAMye AMgsge
g, ol & Aol Halzty F3be] wisle]
SHUT Ruijl'® & JEHZ0E S o] 3 2H o
Ao vy AAE 23ZL 2t o EHs
= -8-3FA T}

2 A7 E FoU Ty ol
A EE 7}4‘7]9} ]EH%‘ <l

rto rio g

i
A
7

0% Evan, Hume -1'?44— Ruul# WHg A4l ch
o

o 7led,

oA, B =gl A "oz e A
2 2ol e A R g Ao 4% AAE
A gt

S7EE AU 88 UEIU] Yt 2dHolA
v JEHAR0EE 98t do] 550mm ¢ 1000mm
o] wpH)giy} AXEY. 23 2E S £
a}7] 9138ked ACS AF'? SpiiPlus 7} B&H ) # o] A

A B & g9 §4e 4% £AE F
a5hsty] fste 2, §%, a3 4EE 9%

O

A48 FX(RCU 10)7F HL5 1 A 9
& 2EolA MPEE FHadsr) dte dAF
#7 A 01(23£0.1°C, 50£1% RH) A 28lo] 74 )

Table 1 Descriptions of the stage

FActuator Trilogy 410 Coreless motor
Sensor Renishaw 10 nm interferometer
Guide Sum gap Orifice type airbearing
Amplifier TA 320 linear amplifier
Controller ACS SpiiPlus
Working area | Step(X) = 0.4m, Scan(Y) = 0.7m
Environment | 23£0.1 C, 5041 % RH |
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Fig. 1 Schematic and control block diagram of the
precision stage: (a) Schematic, (b) Control block
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Fig. 2 Errors at scanning motion: (a) motion profile, (b) Y
following error, (¢) X jitter and in-position

3. Principle of calibration of precision stage

3.1 Yaw and straightness
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Fig. 3 Procedure of orthogonality calibration
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Fig. 5 Yaw calibration using a laser calibration system
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(b
Fig. 6 Self-calibration setup for (a) Y- and (b) X-

directional straightness
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Fig. 7 Straightness of the uncalibrated precision stage: (a)
Y-direction and (b) X-direction
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Fig. 8 Calibrated straightness: (a) Y-direction and (b) X-
direction

4. Calibration of orthogonality

4.1 Orthogonality
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Fig. 9 Self-calibration setup and calibration procedure for orthogonality
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4.2 Experimental setup
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5. Result

5.1 Orthogenality error

@ i N

Fig. 10 Experimental setup for orthogonality calibration
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Fig. 12 Results of orthogonality calibration
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Fig. 13 60umX60um cross mark (each one located at four
corners of the patterned glass)
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Fig. 14 XY repeatability test with the vision mark
6. Conclusion
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