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Simulation and Experimental Research of 193 nm Projection
Lithography Lens Supporting

Tian Wei Wang Ping Wang Rudong Wang Lipeng Sui Yongxin
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Chinese Academy of Sciences, Changchun , Jilin 130033, China)

Abstract Lithography is the most important technology when manufacturing of large scale integrated circuit. Since
the resolution of a lithographic tool is determined by the performance of the imaging optics. The surface accuracy of
lithographic projection objectives is on nanometer scale. It is obvious that the fabrication of such high-quality optics
and single lens supporting requires tremendous efforts. In order to design the structure of single lens supporting with
high-precision, the surface form of single lens is studied, under gravitational condition. Then, the support structure
is analyzed in detail by finite element method (FEM) and a new type of flexible support is presented. Analytical
results indicate that the surface figure accuracy of the mirror reach peak valley (PV) of 15.4 nm and root mean
square (RMS) of 3.62 nm under the load case of gravity. In order to accept high accuracy for optical surface form
analyses by FEM, a new method which could remove the surface form of reference surface and the original surface
form of tested surface is built. According to the method, the differences of PV magnitudes and RMS values are only
2.356 nm and 0.357 nm, respectively. The results show that the proposed kinematics mount structures satisfy the
mechanical requirements of mounts for 193 nm projection lithographic lens.

Key words applied optics; 193 nm projection lithography; kinematics support; optical test; finite element method
OCIS codes 080.3620; 240.6700; 200.4560; 120.3620

18 = T AR AL 01 A T FLIE I T 4

=
T T AR B0 8 42 B e e B 4 R RSy DERIOY BRI DAY T AR ORI BR O 20 o B Ik
TARRE AR B B B sy g IR JGAIBI ARG IR XA Bk

=

FERRWE . HATR LB e R IR RGBT AR A B 20~

Wi EHEE: 2012-03-23; WKEIMEMFm B 2012-05-15

EETH: EAET(20092X02205) ¥ Bhif i,

EE® A A 41983, 55 8, B BFIE A, 2GR Bl 2 A0 4% 45 44 B 155 75 1l I AF 5
E-mail: tw_919@163. com

0816002-1



H |

30 F A A R GLUCAT 2OR/NT 10 nm. 285
ZETE » BEIR BB B 2R L B2 B A T
RIE 1~2 nm, KX 7 o0 PR #9001 5 9 B B2 52
PR TR mERY, BiEANCETFRT
193 nmlt 2] 8¢5 1 B 9 0F il T A1 8 e O B Y e %1
B W1 BT S BOR BE S0 AE JE BE . AR SUEE XS
193 nm GRS Y B b BB A S AT 0T 02
A BRITTT ¥ (FEMD X ) B 545 I 45 i b AT 1
Or At A R AR BT BB S A AT T L
LHWRSE . WA TR 193 nm SRR P B
SR BB STHE A

2 TEKE B2 W R AR SO R

Xt 0 B 5 W) B R G0 BB S P 5 A AR
NEE . HEIR SRR NG, b
RGP R ZHOE R 62 o kG BE = 43 BE 11
193 nm S ZIBE5E P 8% b 4R 2 B b2 8 R L B
F I A ARTE 120~270 mm i B 2Z 0], 5556 6% 1%
M4 150 mm, J5& B 25. 4 mm 9 #F 09 £ 96747
AR

FE T S 2 B 5 W) B P S PR R AT T S
5 15 R AT g A 5 | AR AT T A 1 AR AL . PR
S BTET R A R S . R 2 Rk
T XFR Mz sl 2 B, T T DR f b 1 A i
o 2 H A 11932 3, il 32 3h w1 1 s i Ak H
5 A S B A L S X — SR R 2 A
12 Zh i  E SR BE R OT R AR T AN I A ARG
A B AT LA vz R A AR S AR 4T b
WY B R G SR T 20Kk, Rl 1
TR+ 38 B2 SR B TR = S PR Al 1)
Co FYIM Cr 2 A A H . RGEEIALLHE 6 4 H H
JE LS TR, 38 B S PE LR S I AR
%1 A BT REARSE A R Y R IR S5 # F R k
e 5 ) O S B, G A ) BB A S L A R R R 25
BRI S B AR B 2 AR T R R
) BE BB SRS ANIEL 2 TR . W) B S A
SR 3 A S A A FH A5 R RS iR 20 NI A el
JEE T BR T B AR I SCEE A T 0 TR 2 R
B Z X S B sg . 3 A S8 R A Hook
B S P IR A T DA AE A 0 RS B R A T
IR BIOK G 3 0 ) ORG BE . FABRBE E ad IR
MR BB 07 RS Hook 4% St FERIFEAT 45, B
B8 S P B AE SR PR 1) B0 T 40 K il 2 e 4 A BLA 1)
PerE 4 LA N B TARRAS I8 R VS TE .

B 1 HAEE g SR

Fig.1 Sketch map of ideal kinematics mount
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Fig. 2 Kinematics mount structures used in

lithographic lens
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Table 1 Material parameter of the lens and frame

Density / Young's  Poisson’s
Components Material )
(10° kg/m*) modulus /GPa  ratio
Lens SiO, 2.201 72.7 0.16
Mount 2A12 2.700 70. 6 0.33
Flexibility 100 6,200 200. 0 0.35

support

3.2 BRIHTEER

BiF A8 T J2 51 R G 2 M BE Y A, R I
%R TG 2A P B 0 B AR R B R A R B i . X T
R BE MR 22 R G H T AR TE 51 R 1 B T iR 2
FIN L HAS bR g 2 (PV) {E R 7 M (RMS) (57,
XoF V- I8 B 18 TP 1Y) 8 3 < il A2 TR B KN VPV (E R
RMS {i , B[ 2 18 45 2 A 3 — S AR LA P 1w 7 1Y)
ol o R 22 1 34 O AR

R = A BB B S 2 IR OT A i
J& B R T A B A B B 1 S E B A B 4 R
i AF] A g (Matlab) 2 )7 17 180 B 9315 . 10 TE
TR R AR B N AT 5 AT 4R BRI
KB/ e B AT BRI LA, SRS BT B 1
Zernike RE, W3 2 Fras. B R 158 Zernike R %K,
T A Metropro 5 {4 . 45 e W K 5 /s » PVAE R

15. 46 nm,RMS %4 3. 62 nm,

: T T
- oA

M4 A=

Fig. 4 Deformation graph

+0.00506

PaN
Peak

Vallex

pm
I < |Min Area
-0.01031
Power -9.228 nm

Size X 931.0 pi. Remg

Size ¥ 931.0 _ pix Aped]

15,372 nm
m: 3.620 nm

) I
®

Bl 5 F B SRR T 1Y T B

Fig. 5 Surface form of mounted flat
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Table 2 Zernike coefficient of surface form

Term Coefficient Term Coefficient Term Coefficient Term Coefficient

1 1.0733X10°" 11 1.0903 X102 21 2.7857X10°° 31 —1.0346X10""
2 5.0706X10° 12 2.6839X10°° 22 2.1666X10°° 32 —1.2218X10"°¢
3 —8.7245X10°¢ 13 1.3466X10° 23 —2.2503X1077 33 —6.8212X1077
4 —7.3005X10° 14 3.2811X10°7 24 —1.9610X10"°¢ 34 0
5 1.5839X107° 15 —1.9674X10"° 25 8.9737X107° 35 0
6 5.6952X107° 16 —5.9696X10° 26 —5.5561X10°°¢ 36 3.6973X10°°
7 —1.2221X10°° 17 2.8098x10°¢ 27 —8.5030X10°7 37 0
8 —5.7144 X107 18 —2.9464 X107 28 —2.8836X10"°¢
9 7.5363X10"* 19 4.4736Xx10° 29 4.0935x10°7

10 3.5211X10°°¢ 20 8.9337 X107 30 1.6022X10°
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