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Development of Three D.O.F Alignment Stage for Vacuum Environment

Sang-Jin Han*, Jong-Ho Park** and Heui-Jae Pahk***

ABSTRACT

Alignment systems are frequently used under various semiconductor manufacturing environment. Particularly in
PDP(Plasma Display Panel) manufacturing process, the alignment system is applied to the combining and sealing
processes of the upper and lower glass panels of PDP, where these processes are performed in the vacuum
chamber of high vacuum and high temperature. In this paper, the X Y@-alignment stage is developed to align
PDP panels. Because of high vacuum and high temperature environment, the alignment chamber has been designed
to isolate the inner part of the alignment chamber from the outer environment of high vacuum and high
temperature, in which every part of the alignment stage is inserted. As it is difficult to attach feedback sensors to
the alignment stage in the alignment chamber, the alignment stage is implemented with the open loop algorithm,
where the parallel link structure has been designed using step-motors and ball-screws for structural simplicity. The
kinematic analysis is performed to drive the parallel link structure, based on the experiments of
actuation-compensation of the alignment stage. For the error compensation, the hyperpatch model has been used to
model the errors. From the experiments, the positional accuracy of the alignment stage can be improved

significantly.

Key Words : Alignment stage(¥ 8t91HE 2€]0]R]), 3 D.O.F(3&}-5), PDP panel(PDP #'g), Vacuum(T &),
Parallel link structure(® & # 33 %), Kinematic analysis(7] 783 34), Accuracy(Y XA AL ),
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P = positional  vector(1x3) of ith Lucas
{f} = fixed coordinate system pivot(P; ~Ps) w.rt {f}

m} = moving coordinate system
(m} ving Y "P; = positional vector(1x3) of ith Lucas
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pivot(P; ~ Pg) wrt {m}
Xeo Yoo 82 =X, Y, 6 Positional variables of
center of stage respectively
a = A half of length between Axis; and Axis;
(a=180mm)
I = Length of Link {/=100mm, /=1,2,3)
ki = Moving distance of Pi on Axis i(i=1,2,3)
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T A EAY AET AXE Folxe
&g Sy, delldEes JLgE T o
ZBA 3AFE WA E 65 OARE F3td
A FAle] A Alejrt et E dedd
E Al2"e g3t 34 dtolA AlgHEH, &
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Fig. 1 The conceptual diagram of the 3 d.o.f
alignment stage for vacuum environment
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Table 1 The specifications of the actuating parts

Axis No. 1,2,3
Step motor(1.8 °/step), PK266-03A,
Motor
VEXTA
. Micro stepping driver, PANTHER LD
Driver . .
(Revolution/1000 step, 1um resolution)
Controller MMC-PV4, SAMSUNG
Control Open loop
Ball-screw MDK 0801-3(range :*5mm), THK

P
a \ 1
tucas Pivot Moving Plate

Fig. 2 The kinematic structure of the 3 d.o.f. stage

Fig. 3 Two kinds of the Lucas Free-Flex flexural
pivot (&R : Precision Engineering)
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FA7 - uEE . wEA . AL ITEEA AsAE Aus

SARE 25 TESAL, B AN A%

2ozl  #atze F92 B (Lucas
Free-Flex flexural pivot)2 ©]&33ith. F7t2x 3
B2  Lucas Aerospace Power Transmission

Corporationoll A A§A+8He F 831 (flexural hinge)
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AL 799} Bluste 7ty 4 2R 9 F
W 2) A (backlash) F9 20 AAY & UL ¥
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Ba 4 dy)] g3 Fert Q=F
dHe] AFEE FAY T UEF
£ ¥ = A F(electrical-feedthrough) &
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Fig. 4 A picture of the 3 d.o.f stage
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o, %F1~3 oM &Fel= A P, Py, Py B4 / = 100m 12
NBHY ki, ky, kS #E Holok Fh. ky, ky ks 2 = 180m a3)

7} FHHF (-9 &L 2= AL Fig 68 F
FACNA 4z 39 B, o YPFO B o3}
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9] A9 HEYL E=§0.
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S HALEL /A, Fig 10E5E 1 . v
JHEAD AT ARG Sn(i, - £y 2w I o gy 09
gAY H e "P(ix3, i=1~6) AtoldlE ke = ycta -2sin é;z-l+(1 -(x+a - cos #-a)’)” (15)

L] _ 2 1,
419 BAZ APRh /A £ me A7 n b T (16
AZRA Y} SFHAFAE 7F2R = AE
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ot cos 8 ,—sinf ,0x, r
P/l1_| sinf, cosd .0y, "P; '
[ 1 ] 0 0 00 [ 1 ] ?
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Link:
we}A), Fig. 59 Fig. 691419} F1~2 Alo]9
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Ips=(-I+hs, 0, 0) (4)

142



ez - gEgs - GEA  §FFLTHEA Aisd Ang

Axist Axis2
2a
Py Y e St
WLinki - Link2
I:J Links Ps Ax Axisa
I e aal, M
z./ {th{m}

Fig. 6 The Coordinate systems of the 3 d.o.f.
stage

m
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@ .~ 4
fP4,o(-u,o,0) fPG,o(0,0,0) X fPS,o(a,0,0)

Fig. 7 A movement of the 3 d.o.f. stage
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o= gxte] mAWAAL Eojorgoi® gury
0z gxte] nAYAAE HAHoz FIdE
B »3o] Yasy] fio, dnHezE 3
A ATE go] 3, FXHoz HAE A
BE fdate A4 Auxe 29 27 A @
of wal s ol$ wzEA Wiln @dsrx
522 old Ut ZHE Fojo X HF
sFE.

3ARE 2HolAY AU EAE &7 A
A, AB)~(10)228E H17)~(19)9 4
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Silxe, Vo 82) = ( Xca - cosO +a )2+( Ye-a * sinf
Ak Y - P =0 an
Slxe, Yoo 02) = ( xcta - cos@ -a Y+ ycta - sinf
Ak Y -F =0 (18)
fixe, Yo 02) = (xcHlks Y4y - F =0 (19)

A1) ~(19) "y dgduRolnz &
1~3 9ol &l A P, P, P; 24279 olF
AL ki, ke, k7 FOIAE, X4 YL o] 43
A 2dolA 9 FA9 X, YRES 5D x, y.
.8 FFd, B dFAE  Newton-Raphson
Method& o] &3t & TR Table 2= 37}
FE 2Holxg R 7R A4 P I F
g9 &9} A7ty HE AYAES Eolu.
71 es Ar|Fee] e uasfuyd grj7E
o] dnFo] FEITGE AL AT 5 .

Table 2 Some results of Inverse & forward
kinematics analysis

Solutions of Solutions of
Case Inverse Forward
Kinematics Kinematics
x = 1.0000 mm |k = 0.4242 mm| x = 0.9999 mm
I] y=20000mm (k2= 3.5658 mm| y = 2.0000 gmn
g= 8.7266 mrad |k3 = 1.0200 mn| § = 8.7264 mrad
x = 4.0000 on
x = 40000 on |k =-2.2226 mn
y = 0.9999 mm
I y=10000 mm [k = 4.0525 mn
9= 174534
9= 17.4532 mrad k3 = 4.0050 mn
mrad
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Fig. 8 The measurement experiment with the

laser interferometer
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o) eAze ZRslor AN, 2vlold £F
WYE 2 AztEst 4w AE ZHYY
Aol 9@ eAHEARY eahge FASA
o},

8: [mrad]
3

Fig. 9(a) The actuation range of the stage on
the Y-4 plane

2 > Yclmm]

The
stage on the X-Y plane

Fig. 9(b) actuation range of the

59 HPxT 9 Az o3|
2449 A A meldtoln, wat
A, o) W] wAsA HE SALY eae F
Amollolng, HYPE ¢ A= 3 Hid
dAstE ZAAY eAE 283 FAE F 3
o}, =%, WPA oxAE AAGY) I 4T
& E(unidirectional motion)2.2 33] ¥R},

Table 3°] X, Y, 6 W3k tfsh Hd oz R



TR R2 5 - wE g FFFLTRYA A18E ANE

—————————

HEANT36)8 s, XEEge] Hdext
= Y=2m, #=t1.11lmradd =, EA3}}x, Y¥
o] HYYLAE X=0mm, 6=Omradolr] LA
o, gw3dkel Hhe = X=4mn, Y=0mn<l A3
ol A wAEACt. Fig. 1l@@)~()olE ° A&
ZABA T

AAre] ZAAY MYEEY +5m HAE ¢
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Fig. 10 The error sources which occurs in actuating

experiment
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X et Ence (¥-2lep, 9-11.11 tmeaal)

Emrlum]

X Poweonlmml

Fig. 1l(a) The X directional error without
compensation(Y=-2mm, #=11.111mrad)
r ; T ¥ Ovectonm o+ (X0t -0l
| 1
i, P
i i

¥ Postontrm}

11(b) The

compensation(X=0mn, & =Omrad)

Y directional error without

© Drectional Enor (X =4[], YeOlw]}

@ Porton {mmd

11(¢) The @

compensation(X=-4mm, Y=0mmn)

Fig.

without

directional error

Table 3 A result of measurement experiment

X-directional| Y-directional | @ -directional
motion motion motion
Stroke *4mm +t4mm | +22.222mrad
Accuracy | -24.086m | -37.917gm | 0.1880mrad
Re":‘:t;i“ty 2654m | 2.430m | 0.0163mrad

ol A EAHAR LAPE TS o5
of o3 HEE dA9 FAJFLE TS
w2k, o3 FAAHAMY FHE A, T+
TRRE Fol ZHOANE FAIE, 2HolA
T oAU SAH] oid, At o WIFH
A gL Ho A AAEHA €t
F, TEHHEY BRIV He AL oA A4
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HARL ANE7] f8, LA s ¥yPL
237k} ol AHe AAFLE ARFTE ol &
8 sto)wu)x] =d"g F3] AMd(mapping)dt3
oh(Fig. 12) Q&toll oa) AP AT A9 @
2gdo gt o33 FAEt 49 dIHE
Axste], o] g Ao AFete F1~39A49 T
Ee 7|7y Rde T TN AAET
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I K o
forr A

Parametric Space

Ideal Work Space

Modified Work Space
(Original Work Space)

by Error
- (st

Pret(Xret,yret,Bre)

Pias(xiat,yids,Bidr)

Fig. 12 A process of calculating compensated

target point by hyperpatch model
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9XRA Fo] =HATE Table 4o FE 33
t}. 2Holxe XA Y E(@accuracy)s X, YT
oz 7}z 2.643um, 2.450moldtel, WHLE
= 0.0184mrad®| 32 SR HRLH, o] #e] W&
FAE3g)E X, Y, 64l didte] 2tz 2.881
m, 2434m, 0015imrad2 ZHHUTH HAALF
o 9gXAUES) MEALYEG)E TEF1~2°
fate] @A JXALEE 3312m7t HZ
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Table 4 A result of measurement experiment with
error compensation

X directional | Y directional| @ directional
motion motion motion
Stroke +4mm +4mm | £22.222mrad
Accuracy 2.643m 2.450/m 0.0184mrad
Repeatability
30) 2.881m 2.434ym | 0.015imrad
o
[ Compemtnd X Diuctonel Eros | Ya-2 {wrn]) Thatas11 111{resal } j
‘i = G ”Im) 8 . Eoi J

13(a) The compensated X directional
(Y=-2mn, 6=11.111mrad)

error
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13(b) The compensated Y directional error
(X=0mm, 6 =0Omrad)

-

Fig.

l3(c) The compensated @ directional error
(X=-4mm, Y=0mm)
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