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Three-Dimensional Simulation Analysis and Design by Ray-Tracing
Method for Microcylinders and Two Kinds of Lens Duct
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Abstract The coupling system consisting of microcylinders and lens duct is an important part of high power all-
solid-state lasers. Its coupling performance has direct influence on the laser’s output power and beam quality. The
rays distribution inside the system and on the lasering crystal surface should be studied to optimize the coupling
system’s structural parameters. Utilizing a 3D ray-tracing method, the real spatial lights propagating through
mocrocylinders and lens duct are traced and the energy transfer efficiency and light distribution are calculated. The
coupling characteristics of a hexahedral lens duct and a tapered lens duct are compared. The results show that the
hexahedral lens duct needs a bigger length and can achieve higher energy coupling efficiency, while the tapered lens
duct can get the light distribution closer to round and the length can be very short.
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Fig. 1 Schematic diagram of microcylinders and lens duct. (a) Hexahedral duct; (b) tapered cylinder duct
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Fig. 2 Schematic diagram of rays and distribution of energy from an emitting point in LDA. (a) 3D distribution of rays;

(b) distribution of energy in the plane vertical to 2 oriention
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Fig. 3 Schematic diagram of ray-tracing for microcylinders. (a) 3D schematic diagram (only a small portion of

rays are presented) ; (b) cross section in xoz plane
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Fig. 4 Schematic diagram of 3D ray-tracing for the coupling system (only a small portion of rays are presented). (a) Front

view of the coupling system; (b) 3D ray-tracing for microcylinders and hexahedral duct; (c¢) 3D ray-tracing for

microcylinders and tapered cylinder duct
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Fig. 5 Energy transfer efficiency for different » and L. (a) Efficiency for microcylinders and hexahedral duct;

(b) efficiency for microcylinders and tapered cylinder duct
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Fig. 6 Beam shaping effect of the coupling system (36360 rays are calculated). (a), (b) Energy distribution after

microcylinders and hexahedral duct; (¢), (d) energy distribution after microcylinders and tapered cylinder duct
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