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Design of a beam expander with a single aspheric lens

YUAN Wenfeng
(School of Sciences, Shandong University of Technology, Zibo 255049, China)

Abstract: In order to design a beam expander or beam compressor with a single ellipsoidal lens, the comprehensive
learning strategy particle swarm algorithm was introduced. The refraction characteristics of an ellipsoidal surface expressed by the
vector form of refraction law was theoretically analyzed. Fitness data formula in the comprehensive learning strategy particle swarm
optimizer was gotten. A single ellipsoidal beam-expanding lens with length less than 170mm and shrinkage rate of 14. 16 was
designed. The process of beam-shrinking or beam-expanding was simulated by using the ray tracing method. Simulation results
show that a single ellipsoidal lens can play the role in compressing beam or expanding beam, and the comprehensive learning

particle swarm algorithm can be applied to the design of beam expanders/compressors. The results is helpful in simplifying beam

expanding/compressing systems and designing a single expanding/compressing beam lens to meet different requirements.
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Fig. 1  Pathway of light rays parallel to the optical axis through an ellipsoi-

dal surface
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Table 1  Parameters of ellipsoids and ideal image distances after optimization
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h/mm C/mm ™! k Y (3L;")? ’/mm
=1
5 1/4.5000 1 -0.3906 3.3037 x 10~ 12
10 1/7.8750 1 -0.3906 1.4945 x10 % 21
10 1/15.7500 1 -0.3906 1.5399 x 10 % 42
20 1/15.7500 1-0.3906  5.9780 x10°% 42
40 1/31. 5000 1-0.3906 2.3912 x10°% 84
60 1/46. 8750 1-0.3906  7.1504 x10°% 125
80 1/63.0000  1-0.3906  9.5648 x10~% 168

100 1/78.3750 1 -0.3906 8.8221 x 102 209
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Fig.2 Simulation of incident beam refracted and focused by an ellipsoidal

surface
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Fig.3 Schematic of coincidence focuses of two ellipsoidal surfaces
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Fig.4 Schematic of a single ellipsoidal beam expanding or compressing lens
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Fig.5 Simulation of beam shrinking process in an ellipsoidal lens

a—2-D simulation b—3-D simulation
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Fig. 6 Light intensity distribution on the plane perpendicular to the x-axis
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Fig.7 Simulation of Gaussian beam expanding with the help of an ellipsoi-

dal lens
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Fig.8 Simulation of Gaussian beam compression by an ellipsoidal lens
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