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Design and Kinematic Analysis of the Reticle Stage for Lithography Using VCM

Min-taek Oh®, Mun-su Kim', Jung-han Kim*

Abstract

algorithm.

This paper presents a design of the reticle stage for lithography using VCM(Voice Coil Motor) and kinematic analysis.
The stage has three axes for X,Y,6., those actuated by three VCM’s individually. The reticle stage has cross coupled
relations between X,Y,8. axes, and the closed solution of the forward/inverse kinematics were solved to get an accurate
reference position. The reticle stage for lithography was designed for reaching both high accuracy and long stroke,
which was 0.1um (X,Y)/ 1urad(6.) accuracies and relatively long strokes about 2mm (X,Y) and 2 degrees(6,). Also
this research presents a rotational compensation algorithm for the precision gap sensor for the stage. Simulatton results

show the overall performance of the whole algorithm and the improvement quantity of the rotational compensation
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Fig. 1 Design of the reticle stage
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Fig. 2 Conceptual diagram(top view)
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Fig. 3 Defined coordinate of the stage
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Fig. 4 Gap changes acconding to X directional movement
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Fig. 5 Movement of E according to stage rotation

Fig. 59} go] 4 Hjo|& ¥ 499 & Ele.—i)7}
Jq%' AR gsio] Al B S3A Aol o E7t
=,

F'Z[.r.._—zh 1]

1 0 Ol cosfl sinf0}{1 00
0 I 0]]—sinfoosf0|{0 10
—r, H) 1 0 0 1)]e, v, 1
= (o — Joosf— I sinf+x . (1D)

(r —or,)8inf +1 cosf+y, . 1]

A7IA FHA B S G, = 4 (1D)Y yEEY]
Adigol 2z,

oGy = — r)sing — l,cosf—y, (12)

A7IA E'z AlA BY 3 49 Holng
(o~ Joos =1 sinb+x, =z, (13)

AL (13)2 roff diste] Ae]stH,
= (.-rb +1]Hi116)se(:9 +(1— 5009)41‘,,.- (14)

HZ YO G, = oreet Zo] 8 4 Yk

SGL = LoosO — (y—y, )sind +x, (15)
o 7} A
y= 1y, +1,sinb)secdd + (1 —secd)y, (16)

3T T(ARA AAE O ot W)
HA 7,5 Ak A (6)2 A (4ol dieishH

T = —(G — G, — T.tand) (17)
A (172 7.5 4 9l diddste olg 4] 3)ell dielstd

7, =G, —G, — 7 tan (18)

r

=G -G +((" G, — T, tanf)tand

fié

(;:1 o G:u + (G;; - (;;M- )t‘dﬂ@
1+ tan’d

(19)

R

4 (194 T3 7, 8 4 (6)) st o}F 4 (4)
of dletd oRkE T s e 4 gl



QOIE] . AZS - AYSE
7, =—(G,—G,— 7. tanf) (20) y=ztanf+ d=xtanf + (y, —x, tanh) (26)
=G, ~G+(G -G, — 7;1:&119)1:&:(19
(d=y—xtanf =y, —x, tanh) (27)
. G{i_GJc_(Ga_Ga?)tang
T = s (21) soy=(z—x, )tanf+y, (28)
2 717 W& &
Aeishe, Jlstetd 47 8 b AAUG G 6) V1 B CF X RS S SO (D3
alz Z‘L__ G, G‘C‘ T:’rj ZF0 75_
S 49, 4 (), (19), 21T 4] (15) (12)5 o] &3} FATR G, Coo T 2ol Tl
22 2] 9 Za
A0 Ag0|A Y FAEY ol F(T,, )2 7+ + G, =(z, —x,)tanf—y, (29)
o]
e G =(z, —z,)tanf—y,. (30)
3.3 o 7|17eHA SM(Inverse kinematics B
3314 G, T ) 3.3.2 G, Yob7l
3.1 Gy G 78 Ze o AN AY ZRA Al QU 24 919 o
olMol= B4 7,767} 0|4 ), o|F TRl 93t A
MAE 5 T, 7,070 Fold 8, °1 T oo} A Hii,y,) % T HEL ot 2tk
Gy Gy G. W FH2A. A B 254 Al 9 7
ol 4d 919 9909 A 18] SAAR AHLEE F 100
1 0] HFA AL H'= (i, y,, 1)[ 0 1 0] (31)
& Aol ZAel wEAS T L
: cosf sinf0y'1 0 0yl OO
Kz, —1,) (22) {wsingmsm}{o 1 ?}{0 1 0}
1 0 O 0 0 N,y INT. T 1
I'=(zx,, —i,1) 0 1 0
(7 =1, )[“"’zs i, 1, 1] = [—l,0080 —(y, —y, )sinb+z, + T, (32)
— i 010f{0 10 :
[ S(;DGOOSQ(’)J[SES " 1][]; fZ; J T ﬂ—lzoosg—(ya—ys)sm@-kscé + 7, (33)
= [(z, — =z, )oosf—I;sinf+z, ~ 7}, (23) Yy = Lsind+{y, —y, JoosO+y, + 7. (34)
(z, —x,)sind+1 0080 +y, -l-.’Z;,l] i
A4 A7} 2bEo] Sl Hael T dolge] Hue 4
z,; =(z,—z, )Joosf@—lsinf+z, + T (24) Hyl Atz Fuol Ao Wl A (35)¢} z)
Y; = (:I:b—:r:s )Sin9+l10089+y3 <+ Y; (25)
A To| Eutah: 40 7127)% tand o|EHE o] uf AR - n
o 24l wAe ofet 2ol e % gk 4 (398 AHE A H(oyg,)E EBSOE
d=yt ——g =y +—— 36
v Y et Y T g A (36)
A
B(Yb.O) C(.Y(.,O) X O . = =
. — A (36)S 4 (35) thY ¥ xof st} s,
z=(yy + 5wy~ y)tand (37)

Fig. 6 Movement of I, H according to stage rotation
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Fig. 7 Inclination of the sensor plate and the experimental
system of rotational sensor effect

Table 1 Sensor outputs according to plate rotation

A B c

deg Output | Dist. | Qutput | Dist. | Output | Dist.

(V) | (mm) | (V) | (mm) | (V) | (mm)
201 5892 | 1.178 | 5.791 | 1.158 | 4.920 | 0.984
-1.6 {1 5939 | 1.187 | 5812 | 1.162 | 4945 | 0.989
-1.2 1 6.006 | 1.201 | 5.857 | 1.171 | 4992 | 0.998
-0.8 1} 6081 | 1.216 | 5911 | 1.182 | 5.059 | 1.011
-04 | 6,153 | 1.230 | 5960 | 1.192 | 5.111 | 1.022
0.0 § 6.223 | 1.244 | 6.001 | 1.200 | 5.167 | 1.033
04 1 6.289 | 1.257 | 6.042 | 1.208 | 5.214 | 1.042
08 { 6353 | 1.270 | 6.080 | 1.216 | 5.261 | 1.052
1.2 1 6420 | 1.284 | 6.123 | 1.224 | 5.312 | 1.062
1.6 | 6490 | 1.298 | 6.164 | 1.232 | 5.362 | 1.072
20 ] 6.559 | 1.311 | 6.207 | 1.241 | 5410 | 1.082
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Fig. 8 Sensor outputs according to plate
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£ 0!-----------------r---:::::mmmmw-‘“‘W-'-":ﬂ:u-l:: -------------------- - simulation
0055 e -
041 : ’ . : 1 - (A) Enor data of inverse kinematics when uncompen-
-2 -15 -1 0.5 0 0.5 1 1.5 2
0.05. (A) Sensor A Errqr . | _degree sated
e oevseeeree e R Deg | Trans. X(mm) | Trans. Y(mm) | Rotation(Deg)
-2 -0.068 0.048 0.004400
-0.05 : : . l : :
. “‘5 ‘ -f;;g, Sensor B E,,g; ’ 1;5 degriﬁ -1.6 -0.059 0.043 0.003980
-1.2 -0.046 0.033 0.003679
: °L'“""""“ """""""""""""" “ -0.8 -0.030 0.020 0.002172
g . l . 0.4 -0.015 0.010 0.001750
-2 -15 -1 -05 0 0.5 1 1.5 2
(€) Sensor C Error e 0 0.000 0.000 0.000000
Fig. 9 Inverse kinematic error result: (A) sensor A, (B) 0.4 0.014 -0.009 -0.000784
sensor B, (C) sensor C 0.8 0.028 -0.017 -0.001870
L 1.2 0.042 -0.026 -0.002714
R L mmEsaen | 16 | 0057 0,034 20003859
0050 et ! 2 0.072 -0.043 -0.004520
005 . AiTensiton XEmor e (B) Enor data of inverse kinematics when compen-
e sated
e 15_"__2 Deg | Trans. X(mm) | Trans. Y(mm) | Rotation(Deg)
¥ (B) Translation ¥ Error o 2 0.002 -0.001 -0.000405
DU 4 -1.6 -0.003 0.004 0.000134
"h-a.,..,,‘_”_""""“””u |
5 , . ) -1.2 -0.003 0.004 0.000794
() Rotation Errer 0.8 -0.001 0.001 0.000248
Fig. 10 Forward kinematic enor result: (A) X-direction 0.4 20,001 0.000 0.000788
movement, (B) Y-direction movement, (C) 0 0.000 0.000 0.000000
rotational movement ' : :
0.4 -0.001 0.001 0.000178
0.8 -0.001 0.001 0.000054
Al o]zl Aul 5k 0 L2 310)3 1 -
dA A e ﬂﬁj QA lgﬂiit jl l‘—ﬂolEl 1.2 -0.001 0.001 0.000171
o|Th. 18]al Table 32 o] &= 7} 3}
R]I:I}S %;j; _}al;i ]31,:} 51?1632045TH ; /L Z';C:IJ jo 1.6 -0.001 0.002 -0.000014
= o . 1abIe S>= off HA1 =6
; - =8 o men et 2 -0.001 0.002 0.000284
X, Y ®ekol ZhZ) 13.164m, 8.42m 4 §|X| L7} A
RS % 4 A, B &5 2349 AP 081mdeg?] 27
7} Zhastgl e shold 2 9t Table 3 RMS improvement of the compensation
Trans. X | Trans. Y Rotation
5. 2 E (mm) (mm) (Deg)
RMS error of
0.01364 0.00900 0.00092
= gFoAs VEMEL ofof Hjojwlg o]8-8t 2f41d] not compensated
2 3z.0 =2 Aol = AAlstoltt AAE A4
& 347 dEE Eﬂ_] & dAst dAH =242 RMS error of 0.00048 0.00058 0.00011
AE[ol At 7|72l niakelo] A9 glon YTAo| § compensated
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