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Design of Beam Expanding Unit for Illumination System of
DUV Lithography

Zhao Yang Gong Yan Zhang Wel

(State Key Laboratory of Applied Optics ., Changchun Institute of Optics, Fine Mechanics and Physics ,
Chinese Academy of Sciences, Changchun , Jilin 130033, China)

Abstract The excimer laser beam is needed to be expanded in one dimension to meet the requirement of square
cross-section distribution for beam shaping unit, because of the rectangular cross-section distribution characteristic of
laser source for projected lithography which holds 90 nm exposure linewidth. The reported beam expanding units have
the deficiencies of serious speckle effect of coherence and the strict tolerance to alignment. A kind of multi-

component parallel reflective expander is proposed aiming at the shortages above. The structures of such beam

1

expanding units are determined by calculating linear equation set. One of the structures, which is called four-

component beam expanding unit, has only one transmissivity to reduce the cost of coating. A synthesis comparison is
Key words

executed at the aspects of tolerance analysis, transmission efficiencies and uniformities of output beam. According to
=]

the simulation results, the designed four-component beam expanding unit is proven to be an optimal scheme by the
geometric optics;
OCIS codes 080.2208; 080.2740; 080.4035; 080.4298

evident reduction in speckle effect and tolerance sensitivity. Meanwhile, the homogeneity of output beam is

improved, which is favorable to enhance the uniformity of the whole illumination system.
illumination-system design;

analysis; excimer laser source; single transmissivity; temporal coherence
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one-dimensional beam expanding unit;

tolerance
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Table 1 Structures and parameters of the solves of beam expanding unit

Value of I 3 4 5 6
Structure
chart
Symbol A, — A, A A,
7,,=5/6;
7,,=5/6; i ] )
S 7,.=1/2; 7,,=5/6; 7, =1/2; 7,,=b/6; 7,,=4/5;
Transmissivity 7r:7j 9.34: No solution m=2,3; 7,,=3/5; 7,,=2/3; 7,=3/4; 7,=2/3;
r, <3/5; 7,,=3/5; 7,,=1/2 7,=1/2
7,=1/3
Number of sub—units 3 s 4 5 5
Size /mm? 9X 12X 60 = 8X12X90 6X12X120 6X 12X 150
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Table 2 Comparisons of four kinds of beam expanding units

Cylindrical lens

Graded transmissivity plates

Four components Three components

Number of sub-units — 4 3
System tolerance —0.5299 —0.9591 —0.7807 —0. 8076
Total transmission /% 86.8 83.7 87.6 88.5
Uniformity 5 /% 67.7 22 30
Temporal coherence Yes No No
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