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An Automatic Visual Alignment System for an Exposure System

Tai Hoon Cho’ and Jae Yong Seo

*School of Information Technology, Korea University of Technology and Education

ABSTRACT

For exposure systems, very accurate alignment between the mask and the substrate is indispensable. In this paper, an
automatic alignment system using machine vision for exposure systems is described. Machine vision algorithms are
described in detail including extraction of an alignment mark’s center position and camera calibration. Methods for
extracting parameters for alignment are also presented with some compensation techniques to reduce alignment time. Our
alignment system was implemented with a vision system and motion control stages. The performance of the alignment
system has been extensively tested with satisfactory results. The performance evaluation shows alignment accuracy of
lum within total alignment time of about 2~3 seconds including stage moving time.
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Fig. 1. Alignment of fiducial marks on the substrate and
the mask.

Mask

7|z

[uid

B =BdME 2 23d wg2Holx e 3
=118 HEA = oA 5 351% nfx 9} 7| whe]
kA FAAAE FLE) FE3H7] A3 machine

M

vision”]'d, 3ol BaH sfetrlel s FE5e 3
W, AUk e FEE A% PEse) U Eakn

7 .



i

44 ZH

- 27§

2. Vision System T4

wgAaEe] AFHE S e v HA LS T 2
ol 2] fiducial mark G442 FH=37] 913 127 29
CCD 7Hil2} 2off, Z2HAX], Za|Y 2 K. =(Frame
Grabber board)’} 328 PCE 3¢t}

zyd 2= Hojer o] Fhul 2= E 640x480
o] Pz F4e HAEL F JdE 2dS AMEIE
o} FH e 2= 1/27 CCDFPH| 2 AREA], Alekd 9]
(Field of View: FOV)7} 1.2x1.6 mm A =7} HE &,
vj&-0] 4uf, A= (Depth of Field: DOF)7} 150um A%
7t e Ao AT =Y FEEHoE, §
270 100W FA 02 7E Fatoly light guideE 53]
o) dgdr).

A WA, 7 fuiete] Go2RE wlad v
o} 71dnle] 4 FEske Yol FYsled), ol
A3) obzhel A A E oA 7)u FTe)Folt 7
249 § shE A8 £ Aok

Fig. 2. Horizontal and vertical pfojection profiles of a
mark image.
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Fig. 3. Projection profile and its derivative.
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Table 1. An example of mark center extraction using edge-
based and center-of-mass based method [pixel].

AT nRE#H) 71 vk(+)

X y X y
oflZ)71mk | 31571 | 23525 | 350.00 | 193.14
TAZA | 31576 | 23524 | 350.00 | 193.09

Fig. 4. Extraction of the mask mark(#)’s center and the
substrate mark(+)’s center.
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Table 2. Repeatability of mask mark’s height and width
measurement [pixel], o: standard deviation. )

Fhdl2} 1 7} 2

X y X y

He 226.12 226.12 227.32 227.71
3o 0.018 0.020 0.010 0.017

Table 3. Real length per pixel [um].

72} 1 Fhig} 2

Iphl Ipvl Iph2 Ipv2

2.6534 2.6491 2.6395 2.6349
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Table 4. Repeatability of mark’s center measurement, 3o
[pixel]
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Table 5. Repeatability of motion x, y-control, [pixel]

B} ARREle] AEsleRe] Hok BAEY AR 35
& 4 Uk

BE AEA R S Fheea el Bgold
o AL TS oxf, R 93 5o o
Qo il HEoAE A K= 497t ¥t
oA7|Me FE A7 7HEt 1, 2 BF [umelHE &
g W7ix] HEL WS, Table 72 A EE 1
H 33e wjo) Y- oAE Ve B el
A, de] AR = 7| rlAE 9, 3 o]FA17]
F BEE A YRS o, 71 rlae vz wi=
oko] HALE F4ste A& 303 wkE3lo], XA}
9] 3ulE JepIAT

Zlgntaz £33 i e Aol Bge]d Holel
(Table 6)8 A-&-3h= Zio] mf2antaz @2 Fhv)z}
Az go] A HolElTable 3)Xth AL 13] S35t
ol BE AT @A) o= AL B F Utk &
3l ox, y o) BA dAFE (x: OF 2um, y: °F 1.5um)©]
g 71 7)o} 2] Wel 4 (backlash) Ato] M7, o]
g FH ez BYBA )T A9 FE e vS
7228tk 1 AEA] LA EoEE JEYS
P uj7kR] 9] EA|7ke] Eol5-g e 4 Ut
T3k, wAAA 79 S ANEAEEE FA 3 TH

+RFELE +0.002radian (0.114592%) 2HE 3] A A
A= E G zRE sk AS 303 vt

el

—
&
X

7]
7]

Table 7. Alignment error in first alignment trial, 3o [pixel]

BB ol il 7hefc 2
X y X y
Table 3 5.09 2.44 533 243
Table 6 2.43 1.34 2.53 1.34
Table 6 & #4 1 1.12 1.23 1.28 1.21

Table 8. Repeatability of rotation control [degree]

FRzIE [X]

Fh e} 1 Fhele} 2 ki 0.1142
o=k X y X y 30 0.0006
i 11071 | 11873 | 11133 | 112.62 ) _
Table 9. Alignment error in first alignment trial, 3o [pixel]
3o 0.331 0.165 0.347 0.163
7hEt 1 ZhaEr 2
. Ay B o) et ehet
Table 6. Real length per pixel based on Table 5 [um] X y X y
FhdE 1 Fhzk 2 Table 3 1200 | 4.11 | 12.98| 4.00
| Iphl Ipv1 [ph2 Ipv2 Table 6 881 | 332 [ 928 [ 325
2.7097 2.6750 2.6946 2.6638 Table 6 & B4 1&2 | 2.69 3.01 3.13 ] 298
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