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Abstract Defocusing amount and spatial distribution of laser energy have a significant effect on the quality of laser
processing. It is a commonly used method in laser processing, and the method can adjust the lens distance between
beam expanders to meet the different needs of defocusing amounts for the different laser processing materials. We
use ZEMAX to model the optical system of laser processing with sequential and non-sequential modes. The beam
expander is a Galileo transmission system composed of two lenses. In the simulation environment, the focal position
and the spot energy distribution on the working plane are measured at different lens distances and tilt angles. The
results show that the defocusing amount is proportional to the variation of lens distance, and the defocusing amount
decreases with the decreasing distance. The negative defocusing amount increases with the increasing tilt angle. On
the working plane, the peak power of laser spot decreases as the distance between the focal points of two lenses and
the tilt angle increase. The effect of lens distance on the laser focusing characteristics is much greater than that of
the tilt angle. The displacement of the laser spot is proportional to the tilt angle. The laser spot mode is always
base-mode Gauss distribution. Finally, the defocusing amount and the spot energy distribution at different lens
distances are measured. The experimental results are in good agreement with the simulation results.
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Fig. 1 Optical system diagram for laser processing
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Fig. 2 Beam expanders commonly used in laser processing. (a) Kepler system; (b) Galileo system
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Fig. 3 Schematic of optical system with sequence mode
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Table 1 Parameters of optical system with sequence mode
Surface Radius /mm Thickness /mm Glass Semi-diameter /mm
OBJ Infinity Infinity — 0.000
STO Infinity 5.000 — 2.500
2 —3.800 5.200 N-BK7 3.500
3 —10.450 26.100 - 5.000
4 50.600 5.100 N-BK7 12.500
5 —50.600 50.000 - 12.500
6 Infinity 50.000 - 10.868
7 61.026 7.500 BK7 15.000
8 —44.842 2.500 SF5 15.000
9 —131.726 95.726 - 15.000
Image Infinity — — 9.826
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Table 2 Parameters of optical system with non-sequential mode

Item Object type Reference object 2 position Material
1 Source Gaussian 0 0 —
2 Detector rect 0 5.000 —
3 Standard lens 2 10.000 N-BK7
4 Standard lens 3 31.300 N-BK7
5 Detector rect 4 55.100 —
6 Standard lens 5 50.000 BK7
7 Standard lens 6 7.500 SF5
8 Detector rect 7 98.226 —
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Fig. 4 Diagram of optical system with non-sequence mode
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Fig. 6 Schematic of tilt angle of beam expander
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Table 3 Parameters of optical system with non-sequential mode when lens tilt angle is changed
Item Object type Reference object 2 position Tilt angle /(*)
1 Source Gaussian 0 0 0
2 Detector rect 0 5.000 0
3 Standard lens 0 15.000 5
4 Standard lens 0 46.300 0
5 Detector rect 0 101.400 0
6 Standard lens 0 151.400 0
7 Standard lens 0 158.900 0
8 Detector rect 0 257.126 0
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(¢) relationship between defocusing amount and lens distance measured in experiment
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Fig. 13 Distributions of spot energy under different lens distances.
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