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Design of LIBS Beam Shaping System Based on
Plano-Convex Cylindrical Mirror
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Abstract In order to improve the uneven distribution of laser energy in laser-induced breakdown
spectroscopy (LIBS) technology,simulation software was used to simulate the optical path imaging of flat
convex cylindrical mirrors with different focal lengths of 12. 5 mm radius. The simulation showed that the
optimal focal length meeting the laser conditions was 100 mm. On this basis, a shaping system based on
LLIBS beam was built. Compared with the non-convex mirror,the mean square error coefficient of focal spot
light intensity for the strontium element in the sample decreased by an average of 41.91% , the peak-to-

valley ratio of focal spot intensity decreased by an average of 41. 27 % ,the energy uniformity increased by
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an average of 17.23%, and the coefficient of determination for the fitting increased from 0.860 to

0. 914. The results show that the plano-convex cylindrical mirror can improve the uniformity of beam

energy,proving that it is an effective method for laser beam shaping.
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(a)Focal length 90 mm

(b)Focal length 96 mm
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Figure 1 3D layout of optical path chart.
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Figure 2 Beam imaging standard point chart.
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Figure 3 Focal length 100 mm: (a) 3D layout imaging image; (b) Beam imaging point chart.
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(a)NSC physical model

(b)NSC 3D layout imaging map
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Figure 4 Beam path chart: (a) NSC physical model; (b) NSC 3D layout imaging chart.
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Figure 5 Surface vector height chart.
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Figure 6 Block diagram of shaping optical system.
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Table 1 The preparation table of soil samples

Sample number Sr concentration/ %

Co 0.01
C 0.02
C, 0.05
C; 0.08
Cy 0.15
Cs 0. 30
Cs 0. 50
C; 0.70
Cs 0.90
Cy 1. 10
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(a)Before laser beam shaping (b)After laser beam shaping
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Figure 7 Spot energy map.

(a)Before laser heam shaping b)After laser beam shaping
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Figure 8 Actual spot image.
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Table 3 Peak to valley ratio coefficient of focal

(2)

spot intensity before and after laser shaping

BB, BV RGBT 17.23% . fER Y
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Table 4 Energy uniformity before and after laser shaping

Sample number Before shaping  After shaping Increase rate/ %

Co 0. 675 0. 825 22.21
C 0. 665 0.920 38.51
C, 0. 878 0. 888 1. 14
C; 0.677 0. 896 32.28
Cy 0. 799 0. 866 8.33
Cs 0.725 0.902 24.53
Cs 0.913 0. 940 2.98
C; 0. 802 0.892 11. 26
Cg 0. 839 0.914 8. 88
Cy 0.675 0. 825 22.21

Sample number Before shaping After shaping Decrease rate/ %

Co 0.614 0. 507 17. 42
C 0.576 0.223 61.39
C, 0. 989 0. 370 62.58
Cs 0. 650 0.339 47.83
C, 0. 904 0. 496 45.17
Cs 0.615 0.261 57.51
Cs 0.329 0. 146 55.52
C; 0. 455 0. 406 10. 82
Cg 0. 487 0. 307 37.07
Cy 0.614 0.507 17. 42
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strontium element.
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