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Improvement of Beam Shape Modification on Stability of Laser Induced
Breakdown Spectroscopy
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Abstract The Gaussian laser beam is shaped into a flattop laser beam with uniform energy distribution by a
diffractive optical element. The Cu plasma characteristics induced by two lasers are compared, and the improvement
of the beam shape modification on the stability of laser-induced breakdown spectrum is studied. The research results
show that the uniformity of beam energy distribution causes the difference in the morphology of the ablation crater
and single-shot ablation amount. The relative standard deviations of the Gaussian laser and the flattop laser induced
spectra intensity, plasma temperature and electron density are 12.33% and 6.37%, 2.10% and 1.32%, 5.31%
and 0.65% , respectively. The stability of the laser-induced breakdown spectrum after beam shaping is significantly
improved, and the two laser-induced plasmas are all in the local thermodynamic equilibrium state.
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Fig. 1 Schematic of experimental setup
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Fig. 2 Beam profiles and intensity distributions. (a) Beam profile of Gaussian laser;

(b) intensity of Gaussian laser; (c¢) beam profile of flattop laser; (d) intensity of flattop laser
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Fig. 3 Ablation crater morphology of copper sample after 1000 laser pulses. (a)-(b) Gaussian laser; (c)-(d) flattop laser
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Fig. 5 Change of Cu element spectra line intensity with pulse number at Gaussian laser and flattop laser.

(a) Cu 324.84 nm; (b) Cu 327.53 nm; (c¢) Cu 515.29 nm; (d) Cu 521.83 nm
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Table 1 Parameters of selected Cu atomic spectral lines

Wavelength /nm A/(10% s g E./eV
324.75 1.395 4 3.8166920
327.40 1.376 2 3.7858976
510.55 0.020 4 3.8166920
515.32 0.600 4 6.1911751
521.82 0.750 6 6.1920251
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Gaussian laser and flattop laser
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