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Simplified optical focusing design method
applied to laser micro ablation

Chang Hao, Ye Jifei, Li Nanlei, Zhou Weijing"

(State Key Laboratory of Laser Propulsion & Its Application, Department of Aerospace Science and Technology,

Space Engineering University, Beijing 101416, China)

Abstract: Considering the optical focusing system in need of compact structure, the small focus spot
size and avoiding the plume pollution in laser ablation micro thruster, the traditional ray tracing method
was used to study the two typical optical design methods of single lens direct focusing and double lens
for collimation and focusing. In the condition of fiber core diameter and numerical aperture for the low
power semiconductor laser output and the design requirement of 50 micron focus light spot, the
relationship between the design parameters of the lens thickness, the focal length and the working
distance was obtained for the single lens focusing system. On the other hand, the relationship between
design parameters such as lens thickness, lens center distance and working distance were also discussed,
in the light of the design scheme of the double lens system for collimated focusing optical system.
According to two typical schemes, the engineering application design parameters were given. The design
method proposed in this paper avoids the complicated optical design process and provides a simple and
practical method for the laser beam microscale focusing.
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Fig.1 Reshaping and focusing light path for

general application
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Fig.2 Concise design of focused optical path
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Tab.1 Ray tracing results of different lens thickness under single lens focusing optical path

Lens thickness/mm

Results of ray tracing

2.00

2.50

3.00

4.00

5.00
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Tab.2 Optical design parameters of different
lens thickness under single lens focusing

optical path
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Tab.3 List of focusing parameters for
semiconductor lasers under single

lens focusing

Lens Lens focal Working Diffraction spot
thickness/mm length/mm distance/mm diameter/pm
2.00 30.65 45.97 1.98
2.50 20.83 31.25 1.35
3.00 16.23 24.35 1.05
4.00 12.01 18.02 0.79
5.00 10.22 15.33 0.67

Item Value
Working distance f/mm 18.02
Distance between fiber head and lens center z/mm 25
Lens focal length F/mm 12.01
Aperture of lens/mm 12.7
Actual optical aperture D/mm 8
Focal spot diameter ¢/pm 50
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Fig.3 Schematic diagram of a collimated focusing light path
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Tab.4 Ray tracing results when the center distance between collimator and focusing mirror changes

Lens Distance between the center of
thickness/mm collimator and focusing mirror/mm

Results of ray tracing

1.0
10

20

1.5 3

2.0 9
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Continued Tab.4

Lens Distance between the center of
thickness/mm  collimator and focusing mirror/mm

Results of ray tracing
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Tab.5 Optical design parameters of different
lens thickness under collimator

and focusing optical path

Distance between the

Lens . Lens focal Working
thickness/mm center (?f COH_I mator and length/mm distance/mm
focusing mirror/mm

2 40.67 40.83
1.0 10 44.19 44.37
20 49.61 49.80
2 10.87 19.94
1.50 3 20.80 20.88
4 21.72 21.81
9 19.73 19.80
200 10 20.67 20.75
11 21.61 21.70
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Tab.6 List of focusing parameters for
semiconductor lasers under

collimator and focusing lens

Item Value
Working distance of focusing lens f/mm 20.88
Focal length of focusing lens F»/mm 20.80
Lens focal length F/mm 12.7
Aperture of lens /mm 3
Focal spot diameter ¢/pm 50

Distance between the center of collimator and 3
focusing mirror/mm
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