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Fig. 3 Schematic diagram of component 17 support structure
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Fig. 2 Analysis, design and optimization of opto-mechanical thermal integration for deep ultraviolet lithography projection lens
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Cross-sectional view of lithography projection lens after overall assembly
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Fig. 6 Material property relationship between optical component, adhesive layer, and support structure
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Table 1 Material properties

Material Density / Young Po s rati Coefficient of thermal Thermal conductivity /
ateria ) oisson’s ratio
(g/cm?) modulus /GPa expansion /(°C™") (Wem '+CY)
Fused quartz 2.201 72.7 0.16 0.52x10°° 1.38
Aluminium alloy 7075 2.810 72 0.25 23.50X10°° 10
Invar steel 4J332 8.100 141 0.30 1.00x10°° 13.9
60Si2Mn 7.850 206 0.28 11.50% 10" 25.53
2216B/A gray 3M 1.300 0.689 0.43 102.00X10°° 0.395
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Table 2 Fringe Zernike polynomials and Seidel aberrations

No. n m Zernike polynomial Seidel aberration
1 0 0 1 Piston
2 1 1 0 COoS @ Tilt-X
3 1 1 psing Tilt-Y
4 2 0 20" —1 Focus
5 2 2 0% cos(2¢) Astigmatism 0° or 90°
6 2 2 p” sin(2¢) Astigmatism +45°
7 3 1 (3,03 — Zp)cos @ X coma
8 3 1 (3,03 — 2,0) sin ¢ Y coma
9 4 0 60" — 60" + 1 Spherical and focus
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Fig. 7 Correction method based on vector height displacement
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Fig. 9 Surface deformation cloud image of component 17 when working at 20 “C. (a) Surface 1 deformation cloud image; (b) surface 2

deformation cloud image
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Table 3 Fringe Zernike polynomial coefficients under + 2 “C temperature change limit

Optical element 1 Optical element 2 Optical element 3
A Surface 1 /mm Surface 2 /mm Surface 1 /mm Surface 2 /mm Surface 1 /mm Surface 2 /nm
1 —2.427067x10"° 1.424381 X107 —2.584727 X107 " 1.868567>X10° —9.524387x10 7 —1.170215x10*
2 —2.483539x 107"  —1.572861xX10 " —1.621862x 10" 4.844941 10" —1.527468X10° —1.680896x 10"
3 —7.381892x10""  —1.665980x 10" 2.340171 107" 1.358655X 107" —2.620776 <1071 —2.798929x 10"
4 7.337144<10°° 7.475565X107° 2.221321X10°° 5.756336X107° 8.358752x107° 9.106803< 107"
5 —3.716965X10"°  —7.785167X 10 % —2.628440X 107 —4.784296x<10"° 8.219012x 107 1.060361x10"*
6 8.205159x< 10’ 1.587273x10 * —1.919281x10 * —1.143515X10 * —1.069341Xx10 * —1.452380x10 *
7 6.711797 <10 3.852177 X107  —3.101850X107" —1.853834x1077 —2.088006x10~" —1.917838x<107"
8 7.415819x10°"° 5.649610<10°"° 7.077392X10"" 1.723248X 107"  —3.253933X10° —4.701978 <10’
9 2.404682>X10 " —2.506335X10 7 4.120477X10°7  —1.878787X 10 ° —5.594270X10 ° —4.678698X 10 °
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Table 4 Image quality of optical system under condition of opto-mechanical thermal integration analysis
Wave aberration RMS /A
Parameter 0 field 0.3 field 0.5 field  0.707 field 0.8 field 1.0 field ~ Distortion /nm
of view of view of view of view of view of view
Opto-mechanical thermal integration
0.0669 0.0669 0.0671 0.0751 0.0796 0.0712 25.61

analysis image quality
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Table 5 Comparison of image quality of optical system before and after opto-mechanical thermal integration analysis
Wave aberration RMS /A
Parameter Ofield  0.3field  0.5field 0.707 field 0.8 field 1.0 field Distortion /nm
of view of view of view of view of view of view
Ideal image quality 0.0073 0.0312 0.0359 0.0333 0.0325 0.0391 <26.00
Opto-mechanical thermal integration
. ) L 0.0669 0.0669 0.0671 0.0751 0.0796 0.0712 25.61
analysis image quality (pre-optimization)
Opto-mechanical thermal integration
0.0197 0.0305 0.0316 0.0328 0.0352 0.0422 5.71

analysis image quality (post-optimization)
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Abstract

Objective To achieve the design of high-precision deep ultraviolet lithography projection lenses, we propose a method
for opto-mechanical thermal integration analysis and optimization of deep ultraviolet lithography projection lenses. This
method can analyze the influence of factors such as gravity, mechanical support structure, and temperature variations on
the image quality of the optical system during the design phase. A novel support mechanism combining axial multi-point
and circumferential three-point adhesive supports is designed to meet the requirements of ultra-high-precision positioning of
the optical elements. Meanwhile, sensitivity analysis is conducted on individual optical elements using the sensitivity
analysis method to optimize the image quality in opto-mechanical thermal integration analysis conditions, which provides

insights and directions for improving the image quality of the optical system.

Methods Initially, an innovative support mechanism combining axial multi-point and circumferential three-point adhesive
supports 1s employed to achieve ultra-high precision positioning requirements for a 212.51 mm aperture optical element.
Subsequently, the thermal-mechanical coupling analysis of the novel support structure is conducted using the finite element
analysis method. The obtained results are adopted in a developed Fringe Zernike polynomial fitting program to compute the
surface peak valley (PV) and root mean square (RMS) of the optical element and thus validate the rationality of the opto-
mechanical structure. Furthermore, the SigFit software serves as the opto-mechanical interface software, enabling the
analysis of individual optical element sensitivity and the influence of overall optical element surface deformations on the
wavefront aberration RMS value and calibration of F-tan @ distortion within the opto-mechanical thermal integration
analysis framework. Finally, localized optimization is performed on elements with high sensitivity to reduce their

sensitivity and ultimately optimize the image quality of the entire optical system.

Conclusions In thermal-mechanical coupling conditions (reference temperature of 22.5 ‘C, +2.5 °C, gravitational force),
the maximum surface profile RMS value of the optical elements is verified to be <<9.86 nm, which satisfies the stringent
ultra-high precision positioning requirements. In opto-mechanical thermal integration analysis conditions (reference
temperature of 22.5 °C, 42 °C limit operating temperature, gravitational force), the optimized wavefront aberration RMS
value of the optical system is determined to be 10.50 nm, with a corresponding F-tan ¢ distortion calibration of 6.00 nm.
Compared to pre-optimization results, the wavefront aberration RMS demonstrates a remarkable improvement of 46.98% ,
while the corresponding F-tan @ distortion shows an impressive enhancement of 77.69% , successfully meeting the design

specifications.

Key words optical design; structural design; opto-mechanical thermal integration analysis; Zernike polynomial; finite

element analysis
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