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Effect of Gravity Deformation on Optical Performance of
Super-Accuracy Fizeau Interferometer
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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 A/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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Table 1 Material specifications

Material E /Pa v p /( kg/m’)
A-alloy 70.6 x 10° 0.33 2.70 x 10°
Fused silicon  74.59 x10° 0.16 2.2x10°
BK7 82.0 x 10° 0.206 2.51 x10°
Rubber shim 9 x10° 0.34 1.15 x10°
3.2
2000
PV

RMS 2 3 o

2 ( : nm)

Table 2 Surface deformation in 3 directions using

retainer and spacer to mount( unit: nm)

Deformation results X Y A
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 3 Surface deformation in 3 directions using primary

adhesive and secondary pads( unit: nm) PV RMS
Deformation results X Y A
Upward PV 16 15 27 ’ i
suface  RMS  3.3664  3.3504  8.0694

Downward PV 10 10 29 PV 1. 0235 nm.RMS 0. 2123 nm;

suface  RMS  2.4805  2.4122 8.3 PV RMS

23 1.9408 nm  0.2499 nm

PV A/100( PV) .
RMS . Py
. 7 PV
PV 15 nm RMS ° A
4.7 nm; A A
PV RMS 27 nm 8

nmo

7 4 - (a) + (b) i)
Fig.7 Schematic of wavefront using primary adhesive and secondary pads for lens 4. ( a) Deformation of the

upper surface; (b) deformation of the lower surface; ( c) total deformation

1
0.2662 nim

8 4 - (a) : (b) ()
Fig. 8 Schematic of wavefront using retainer and spacer for lens 4. (a) Deformation of the upper surface;

ver surface; ( c) total deformation

= 4

0 9 . Code V
Fig.9 FEM model for etalon configuration PV RMS
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Table 4 PV and RMS of wavefront after sequential deformation of the lens surface
Designed Lens 2 Lens 23 Lens 24 Lens 2-5 Lens 2-6 Lens 27
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
3 J. Schmit K. Creath M. Kujawinska. Spatial and temporal phase—

10
Fig. 10 System wavefront caused by gravity using

retainer and spacer to mount
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