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Extreme Ultraviolet Lithography Objective Design Based on
Grouping and Graphical User Interface

Wang Jun Wang Liping Jin Chunshui Miao Liang Xie Yao
State Key Laboratory of Applied Optics, Changchun Institute of Optics, Fine Mechanics and Physics, Chinese
Academy of Sciences, Changchun, Jilin 130033, China

Abstract Extreme ultraviolet lithography(EUVL) objective with high NA and large exposure field is the core
component of lithography equipments for high volume manufacture (HVM) aiming at 22 nm node and beyond.The
visual generation of the initial construction of EUVL objectives is presented based on the analysis of the valid
objectives and grouping strategy. With alternation of step by step increasing NA and optimizations, A/50 root mean
square (RMS) composite wavefront error has been achieved in the 2 mm wide arc full field with a chord length of
26 mm. By the aids of Q-type polynomials, the maximum asphericity and diameter of mirrors have been optimized
less than 45 pm and 400 mm, respectively. And finally the full-field composite wavefront error is better than 0.027
A RMS and the distortion is less than 1.5 nm.
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Table 1 Primary design specifications of EUVL objective for manufacture

[tem Specification
Wavelength/nm 13.5
NA 0.3/0.33
Reduction 4x
Wavefront error RMS /A 1/30
Distortion/nm 2 or 1/10 HP
Chief ray angle on mask/(°) <6
Image telecentricity /mrad <2
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Fig.1 Schematic of EUVL objective optical system
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Fig.2 Schematic of ray trace and specification for sub—system group 1
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Fig.3 Schematic of ray trace and specification for sub—system Group3
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Table 2 Primary technical index of optimum EUVL objectives

Item Setl Set2
NA 0.3
Field of view /mm 2 X 26 crc—shaped
WFE (\@ 13.5 nm RMS) 0.019 0.027
Distortion /nm <2 <1.5
Max chief ray angle /(°) 23.53@M3 23.94@M3
Max semi diameter /mm 201.6 194.2
Max asphericity /pm 57@M3 44.8@M3
Total track /mm 1384 1404
Back work length /mm 50 55
Image telecentricity /mrad 1.5 1.7

F3 SeRWIT R EESH

Tabele 3 Primary specifications of set2

[tem M1 M2 M3 M4 M5 M6
Diameter/mm 2222 164.3 205.6 387.5 93.1 265.8
Max chief ray angle /(°) 6.1 6.8 23.9 12.9 12.3 4.6
Max asphericity /pm 30.3 1.0 44.8 14.7 17.7 16.1
Max gradient of asphericity /(pum/mm) 2.02 0.10 4.67 1.12 2.91 1.01
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Fig.8 Asphericity of mirrors before and after optimization of asphere. (a) Asphericity of mirrors in Set1; (b) asphericity of mirrors in Set2
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(a) Distortion varies with field of view ; (b) wavefront error varies with field of view
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Fig.10 MTF of Set2. (a) MTF varies with spatial frequency; (b) MTF@22nm HP (22730 cycles/mm) varies with defocus
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