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Design and tolerance analysis of compound eye lens
in lithography lighting system

LI Mei-xuan'* , WANG Mei-jiao’ , WANG Li' ,LENG Yan-bing' ,DONG Lian-he'
(1. Changchun University of Science and Technology , Changchun 130022, China;
2. College Of Optical And Electronical Information Changchun University
of Science And Technology Changchun 130012, China)

Abstract: In order to distinguish 45 nm target in the very large scale integrated circuit where the numerical aperture is
1. 35 and its wavelength is 193 nm, it is necessary to analyze the error factors which affects lithography lighting uni-
formity,and eventually the tolerance range can be determined. Since the compound eye lens can make the light beam
form rectangular uniform illumination area on the surface of mask, it is a key component in the lighting sys-
tem. Through CODE V software ,compound eye lens is designed,and the illumination non-uniformity is simulated and
analyzed. Considering the compound eye lens design and actual processing, it is concluded that x-direct and y-direct
compound eye curvature tolerance is +10% ,the back-group curvature tolerance is +5% ,the interval tolerance be-
tween front and back group is =50 pm, the location accuracy of eccentric tolerance is =1 pm,the assembly accuracy
tolerance is +3 pm. The results show that the tolerances are reasonable and feasible and can meet the requirements of
high uniformity and high energy utilization of immersion lithography lighting system.
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Fig. 1 Principle diagram of the single slit diffraction
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Fig. 2 Structure of the compound eye lens
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Fig. 3 Light path diagram of tolerance analysis

for compound eye lens
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Fig. 4 Mlumination uniformity curve of compound eye lens group

with Y -direct front surface curvature changes
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Fig. 5 Mlumination uniformity curve of compound eye lens group

with Y -direct back surface
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Fig. 6 Hlumination uniformity curve of compound eye lens group

with X -direct front surface curvature changes
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Fig. 7 Mlumination uniformity curve of compound eye lens group

with X -direct back surface curvature changes
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Fig. 8 Illumination uniformity curve of Y -direct cylinder compound

eye lens group with interval changes
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Fig. 9 Illumination uniformity curve of X -direct cylinder compound

eye lens group with interval changes
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Fig. 10 Ilumination uniformity curve of y-direct cylinder compound

eye lens group with lateral migration
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Fig. 11 Hlumination uniformity curve of X -direct cylinder compound

eye lens group with lateral migration
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Fig. 12 Energy distribution of mask surface
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Fig. 13 Y -direct energy distribution of mask surface
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