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Compensator Selection and Accuracy Analysis for Extreme
Ultraviolet Lithographic Objective
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School of Optoelectronics, Beijing Institute of Technology, Beijing 100081, China

Abstract Extreme ultraviolet (EUV) lithographic projection objective must be well-corrected for aberrations after
optimization process. However, selecting compensators to allocate tolerances properly is also needed in
consideration of manufacturability and expected performance. For an EUV lithographic projection objective with
a numerical aperture of 0.33, six compensators are chosen based on the sensitivity to wavefront error and
correlation, and then the tolerances of non—compensators are analyzed. Furthermore, a method based on Monte
Carlo trials is presented to analyze the accuracy of compensators. Using this method, the accuracy of compensators
is obtained. The result shows that the most rigorous thickness tolerances, decentering tolerances and tilt tolerances
are in the range of + 2 pm, =3 pm and + 5 prad respectively, and the accuracy of thickness and decentering
compensators is + 0.1 pm. The root mean square (RMS) wavefront error of the projection system is less than 1 nm
in the probability of 97.7 %.
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Fig.1 Layout and coordinate of objective system
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Table 1 Specification of objective system

Parameters M1 M2 M3 M4 M5 M6

Diameter /mm 248 208 202 423 111 307

Max asphericity /pm 40.0 1.4 40.0 13.7 243 222
Incident angles /(°) 1.5~10.8 5.2~7.7 19.5~24.5 9.4~13.2 1.0~22.7 2.7~6.5
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Table 2 Figure error of six reflective mirrors

Mirror M1 M2 M3 M4 M5 M6

RMS figure error /nm 0.32 0.20 0.89 1.31 0.25 0.22
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Fig.3 Flow chart of compensators selection
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Table 3 Alignment tolerances of non—compensators

Mirror A /pm A /pm A /pm 0, /prad 0. /prad
M1 4 4 10 10 5
M2 8 5 5 10 5
M3 3 3 - 10 5
M4 - - 4 20 10
M5 - - 2 5 5
M6 Alignment datum
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Fig.7 Flow chart of compensators accuracy analysis
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