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Development of Mirror Mount for Ultra-High
Abstract

Reproducibility Metrology
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the mirror due to disturbance in the mount is analyzed with ANSYS and the reproducibility of different metrology
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In order to improve the reproducibility in mirror metrology, a mirror mount used in high repeatability
mount can be achieved is better than 30 pm. The structure of the device is finally confirmed, and reproducibility
analysis; mirror mount for metrology

interferometer is developed, and simulations and testing are undertaken to evaluate the device. The deformation of
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mount is calculated. The calculation results indicate that root mean square (RMS) of the reproducibility that the

testing is carried out on high repeatability interferometer, the testing result indicates that RMS of the reproducibility
caused by the mount devise is better than 70 pm, which meet the 0. 1-nm RMS requirement of the error budget.

measurement; extreme ultraviolet lithography; high repeatability interferometer; finite-element
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Fig. 1 Ideal kinematic mount
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Fig. 2 Type of kinematic mount for high reproducibility metrology. (a) Type of ball-V;

(b) type of ball-bearing; (¢) type of ball-roll and linear bearing
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Fig. 3 FEA model of the optic mirror
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Table 1 Material properties

Density / Elastic Poisson
Material )

(kg/m*) modulus /GPa ratio
Zerodur 2570 90. 3 0. 25
Invar 8130 148 0. 29
Epoxy 1220 0. 689 0.43
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Fig. 4 Deformation of the mirrors due to disturbance in the mount. (a) Figure change of F, influence;

(b) figure change of M, influence; (c) figure change of M, influence; (d) figure change of M, influence
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Table 2 Calculate of reproducibility of metrology

mount type 3

Disturbance Sensitive Figure RSS
load RMS /nm RMS /nm  error /nm
F,=0.28 N 0. 014900 0.00410
M,=3.14 N+ mm 0.004625 0.01400
M, =2.22 N+ mm 0.000965 0.00210 026
M,=2.22 N+mm 0.000235 0.00052
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Table 3 Reproducibility of different metrology mounts

Type of mount Reproducibility RMS /nm

Ball-V 0. 260
Ball-bearing 0. 086
Ball-rotation and linear bearing 0.026
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Fig. 5 Mirror mount for the ultra-high

reproducibility metrology
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Fig. 6 Mirror used in reproducibility test
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Fig. 7 Result of wavefront reproducibility measurement

o3 A S B T &L A6 T 2 R S 4 AL [
SEBE B RMS 2 0. 126 nm, H AR 800 K /N )
RMS #7y 82 pm, F Bk A TR 15 2 i
P S AR T 96 D 19 52 ) 5 = I 350K/ ) RMS 2
62 pm, 2 E IR KGN S A AT IS BOR R 2
[F) I TR S A/ 20 B Bl B AR B 40 5% — AR Y
SR 2E R R o gk A B I P = R
Z. TUAF T 4598 .

1108008-4



R A2 B T TR A 0 S 4325 B T4

1)y A0 52 4% 5% 8 5 ke 00 T B A2 B 4R
RMS {5 T 70 pm. i# 22 RMS 29 0. 1 nm 152 B
THEFREK

2) A4 RMS 9 26 pm (95 BUPE {7 FLAE R
FH AR RMS O 62 pm AR BCKR L (HIEF] T 4tk
g FA) T JE 52 TR JBE o w0 B (A AR By 45 22 D0 i B 05 LA
Lot Ak B85 3R 3 20 0 e R 4 2R 7 RS L R i
WA 7 RS2 B 45 R A B

5 4 e

AN R T AR T — R S
BB E IS M TV A B B Y T
TEREI . $EH T S AT T R L T
Sty Y AL AL, A ANSYS BF 5 53 i 7 4%
R/ WIRRBIASEA IS EN SR S )
12 B A B A 45 R 3R 0 L B R e % S IR
T 30 pm RMS (HIEZ BPELS R . #0287 4K
SR Eag P = W e = - o R N il W i )
TR B I R B, R S %
Ho R ZE RS RMS £ T 70 pm, I £
RMS 50. 1 nmf) & BT hREKR

& F X
1 B. Wu, A. Kumar. Extreme ultraviolet lithography: a review
[J1. J. Vac. Sci. Technol. , 2007, B25(6): 1743~1761
2 R. Hudyma. An overview of optical systems for 30 nm resolution

lithography at EUV  wavelengths [ C ]. SPIE., 2002,
4832 137~148

3 M. Lowisch, P. Kuerz, H. J. Mann e al.. Optics for EUV
production[C]. SPIE, 2010, 7636: 763603

4 T. Miura, K. Murakami, K. Suzuki e al.. Nikon EUVL
development progress summary[ C]. SPIE, 2006, 6151 615105

5 T. Hasegawa, S. Uzawa, T. Honda et al.. Development status
of Canon's full-field EUV tool[C]. SPIE, 2009, 7271 72711Y

6 Chen Hua, Shi Zhenguang. Sui Yongxin e al.. Thermal
deformation analysis of optical surfaces caused by environmental
temperature during interferometric testing [ J ]. Acta Optica
Sinica , 2011, 31(1): 0112007
MR A SRS BEORT SF. T U R A R R E 5 1k A 5 T A
FEartrl)]. gk, 2011, 311 0112007

7 Yang Guanghua, Li Yanqiu. Thermal and structural deformation
of projection optics and its influence on optical imaging
performance for 22 nm extreme ultraviolet lithography[J]. Acta
Optica Sinica, 2012, 32(3): 0322005
Botte, 2Rk, 22 nm K5 S OG 2P B AR RN 45 4 A8 T8 K H
BEfg L] &% 24, 2012, 32(3): 0322005

8 Zhang Jian, Liu Weiqi, Wang Rudong et al.. Effect of gravity

performance of  super-accuracy Fizeau
interferometer[ J]. Acta Optica Sinica, 2011, 31(7); 0712001
ik, XA, Bk % HEAE MBS E Fizeau T W
e R L], £ % 24, 2011, 31(7): 0712001

9 P. Kurz. Optics for EUV lithography [ C]. Burlingame: 2nd
International Workshop on EUV Lithography, 2000. 1~14

10 Wang Zhongsu, Zhai Yan, Mei Gui et al.. Design of flexible
support structure of reflector in space remote sensor[]J]. Optics
and Precision Engineering , 2010, 18(8) . 1833~1840
FHER. B Al S ARG E R R B
Wit k5 4% 42, 2010, 18(8): 1833~1840

11 D. L. Blanding. Principles of Exact Constraint Mechanical
Design[ M. Rochester: Eastman Kodak Company, 1992. 68~74

12 L. C. Hale, R. M. Hudyma, J. S. Taylor e al.. High-NA
camera for an EUVL microstepper[ C]. Scottsdale: 15th Annual

deformation  on

American Society for Precision Engineering, 2000. 1~4

EBERE AT 4

1108008-5



