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Abstract In order to realize the figure accuracy of A/100 peak-vally (PV) value for the lithographic projection
objective, the effect of gravity deformation on the optical performance of large-aperture Fizeau interferometer with
super accuracy has been deeply analyzed. The optical configuration designed with a wavefront aberration of 1/1000
(PV) and a numerical aperture(NA) of 0. 36 in image space are employed to test the spherical surface with a diameter
larger than 300 mm. One element in the configuration is analyzed by the finite element method (FEM) under two
supporting types: adhesive support and retainer support. Based on the finite element analysis(FEA) results, surface
deformation and body displacement due to gravity are obtained under a certain condition of load. By Zernike
polynomials, the surface deformation is fitted, the wavefront error is acquired, the optomechanical conversion is
finished, and a proper supporting type is proposed. When this supporting type is applied to the whole configuration,
the wavefront aberration of the system achieved is better than A/100 (PV). The result verifies that super accuracy
can be reached. Besides. the data offered here will be useful for a reasonable interferometer design.
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Fig. 5 (a) Schematic of primary adhesive and secondary

pads; (b) schematic of retainer and spacer to mount
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Table 1 Material specifications

Material E /Pa v o /(kg/m*)
A-alloy 70.6X10° 0.33 2.70X10°
Fused silicon 74,59X10° 0.16 2.2X10°
BK7 82.0X10° 0. 206 2.51X10°
Rubber shim 9X10° 0. 34 1. 15X 10?

3.2 BERTHBLERESH
BEARILH ST T 2000 A~ = 4E LK T R FIA TR
AT A B AE A A T7 ) EARIE R R PV {E A
RMS fER/MIn 2 Fi5k 3 Pin
# 2 R SRR A J7 W B AR T B R/ (R nm)
Table 2 Surface deformation in 3 directions using

retainer and spacer to mount(unit; nm)

Deformation results X Y 4
Upward PV 6. 0000 6. 0000 15
surface RMS 1.3134 1. 3099 4,6972
Downward PV 6. 0000 6. 0000 14
surface RMS 1. 5630 1. 5599 4.5124
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Table 4 PV and RMS of wavefront after sequential deformation of the lens surface

Designed Lens 2 Lens 2-3 Lens 2-4 Lens 2-5 Lens 2-6 Lens 2-7
PV 0.001 0.002 0.003 0.003 0.002 0.002 0.003
RMS 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 001
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Fig. 10 System wavefront caused by gravity using

retainer and spacer to mount

5 4k ®

T = A FE Fizeau T 5 A 3R TH A5 i 2 1Y
R T R T AR R NA 85 X X
PR A T o TR T AR E K
XFF A/100 PV A K19 2R e 0w A ) 1) S8
KXEIEM AR 2Z5WR K. ARSCHHA RITE
XF B AT BT B A o 2T 4 P ) — B A R S
AT AR AT T 34009 50 . 45 R B 32
FEE A S S5 5 . X A B AL &R B i Rl R AT
TR BT . S A A R AR I R e B S O AR
BN RGVEHT A LR MRS EZ S, RS
BRI SR8 T A/100 PV (H K, 58 420l 2 & it
BRI LAY BR T X 3 752w (R A .

s X X #

1 Xu Deyan, Wang Qing, Gao Zhishan e al.. Current Optical
Elements Testing and International Standards [ M ]. Beijing:
Science Press, 2009, 1~20
wER, £ OF. ma L BT T R 5 E bR AR
[M]. Jbst: Bref et . 2009, 1~20

2 Miao Erlong, Zhang Jian, Gu Yongqiang et al.. Measurement
error analysis of high precision fizeau interferometer for
lithography projection objective[ J]. Chinese J. Lasers, 2010,
37(8): 2029~2034
W, 5k f, A BIOR . T OB R I A RS
FFBAGERZE L] F B, 2010, 37(8): 2029~2034

3 J. Schmit, K. Creath, M. Kujawinska. Spatial and temporal
phase-measurement techniques: a comparison of major error
sources in one-dimension[ C]. SPIE, 1992, 1755, 202~211

4 J. Schwider, R. Burow, K. E. Elssner et al.. Digital wavefront
measuring interferometry: some systematic error sources [ J ].
Appl. Opt. 1983, 22(21): 3421~3432

5 K. Creath. Phase-measurement interferometry;: Beware these
errors| C]. SPIE, 1991, 1553 213~220

6 Xing Tingwen., He Guoliang, Shu Liang. Measurement errors in
the 193 nm phase-shifting point diffraction interferometer[ J].
Opto-Electronic Engineering , 2009, 36(2): 67~72
RAESC, TE R, 4F 25, 193 nm B AH S AT 5T 3540 00 0] 5150 2%
AAHTLI]. e LA, 2009, 36(2): 67~72

7 Ma Qiang, Liu Weiqi, Li Xiangbo e al.. Analysis of diffraction
wavefront error in point diffraction interferometer [ J]. Acta
Optica Sinica , 2008, 28(12) . 2321~2324
5 5R, XA, W SF. ST A b /INFL AT S D i i 2
SAMELI]. g g4k, 2008, 28(12) . 2321~2324

8 Liu Dong, Yang Yongying. Tian Chao et al.. Analysis and
correction of retrace error for nonull aspheric testing[ J]. Acta
Optica Sinica, 2009, 29(3) . 688~696
XU ZR. B, WO . AR ZA A Y B AR R 25 4y
WG aELT]. 65 4R, 2009, 29(3): 688~696

9 Xu Rongwei, Liu Liren, Liu Hongzhan et al.. Support schemes
and thermal effect s analyses of large aperture interferometer
mirrors[ J]. Acta Optica Sinica, 2005, 25(6); 809~815
Broth s XISE N, XU R 45 KA T WA F 1 ORI 5 %
I AHL]]. k454, 2005, 25(6); 809~815

10 Wu Qingwen, Lu E, Wang Jiaqi ez al.. Study on the surface
figure changes of primary mirror centerally supported under
gravity load[J]. Opt. & Precision Engng. » 1996, 4(4); 23~28
RIG, B ERYEFE AEMER TR0 S B R TE
AEHFFEL]]. k% T4, 1996, 4(4) . 23~28

11 Zhang Dejiang, Liu Liren, Xu Rongwei et al.. Finite element
analysis for wavefront error of lenses induced by gravity[J]. Acta
Optica Sinica , 2005, 25(4); 538~541
FRAT, XIS, tRoRAE . BEHERIESIRERENART
ST, RSk, 2005, 25(4): 538~541

12 Wu Xuhua, Chen Lei, Wang Lei. Design and test of reference
mirror in @300 mm interferometer [ J]. Opt. & Precision
Engng. » 2007, 15(8); 1235~1240
R, &, T &, 0300 mm T EANS %R0 S K
[J. Jd4F% T4, 2007, 15(8): 1235~1240

13 Li Fu, Ruan Ping, Zhao Baochang. Study on the surface
deformation of flat reflector under gravity load [ J]. Acta
Photonica Sinica , 2005, 34(2) . 272~275
2 fE, BUo PR REER. TR R OF A BRI B gE LT ],
HF F AR, 2005, 34(2): 272~275

14 P. A. Coronato, R. C. Juergens. Transferring FEA results to
optics codes with Zernikes: review of techniques[ C]. SPIE,
2003, 5176:. 1~8

0712001-5



