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Optimization of XUV optical system by real-coded genetic
algorithm based on wave aberration theory
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Abstract: The XUV optical system composed of mirrors and gratings has the property of plane-
symmetry. Combining the wave aberration theory of the Lu plane symmetric grating system and the
root mean aquare aberration evaluation function, the multi-parameter objective function for
optimizing the XUV optical system is obtained. In order to solve the objective function with
multiple independent variables and a large value interval, a real-coded genetic algorithm based on
decimal is developed in this paper, and it is used for the optimization of two XUV optical systems.
The optimized value obtained is traced with the optical simulation software Shadow, and compared
with the reference. The results show that the optical system optimized in this paper has a significant

improvement in imaging quality, indicating that the wave aberration theory and the real-coded
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genetic algorithm in this paper are effective in optimizing the XUV optical system, which provides

a new idea for the optimal design of such systems.
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Fig. 1 Schematic diagram of imaging of plane-symmetric
optical system
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Fig.2 Schematic diagram of the optical path of adjacent optical elements in the sagittal plane of a multi-element optical system
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Fig. 6 Imaging spot diagram of XUV monochromator (A1, A2, A3, A4 are the spot diagrams obtained by using the program based on

wave aberration theory according to the optimized values in this paper, B1, B2, B3, B4 are the simulation results in Shadow based on

the optimized values in this paper, C1, C2, C3, C4 are the simulation results in Shadow based on the data in the reference)
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Fig. 7 Schematic diagram of system in the meridional plane
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Tab. 4 System parameters of XUV spectrometer

a/(°) 0/(°) ro/mm rj/mm r/,/mm Fm2/Mmm R|/mm
—88 —86 358.39 1000 180 349 3430.98
ATESHAY (mmxmm) ALK 2/nm J& BT 8/C) e Ag/nm HEIE YN
129x1.8 3,44, 6 86.022 1, 853800, 84.7412 457.93 -1
PRAETE S o /mm ZIREERE f/mm~"  SBIRT AU 0y /rad  SEIRINR KB 6,/rad SRS U/rad
0.01 600 0.0050 0.0025 0.0022

x5 MUER

Tab.S Optimization results

flifesa p1/mm Ry, /mm 02/mm re/mm rg/mm /(%)
HRXA 10~137 500~8691 10~4105 0~150000 0~150000 —46~90
E =P 42.74 2057.29 235.07 70.38 62.17 9.905
AR SCARARAE 53.10 2345.07 82.02 60280.02 52.56 81.042
100 100 100
75+ 75+ 75t
E 50l 50t 501
2 25t _ 25} P 25t
B 0 S 0t LA TR 0F g,
o 25t 25} X 25}
g -s0f -50 | 50}
st 75} 75t
-100 L . . Jo —100 L . . J —j00 e . . .
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Fig. 8 Ray tracing results (Al, A2, A3 are ray tracing spot diagrams obtained by using the results of reference [15], and B1, B2, B3
are ray tracing spot diagrams obtained by using the optimization values in this paper)

&6 KkTE5FEEFE FWHM {ERIXTEE

Tab. 6 Comparison of FWHM values in horizontal and vertical directions

" N 3 nm 4.4 nm 6 nm
F X /pum F Y /um F X /pum F Y /um F X /pm F Y /um
EZ DTN 70.7436 7.7899 49.5754 7.7912 41.8226 5.6821

AL 16.0606 68.1836 9.0490 1.7933 6.9501 69.3618
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