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Abstract: [ Objective JOptical Circuit Switching (OCS) systems play a pivotal role in optical communication networks. However,
their performance is significantly limited by coupling inefficiency. This paper aims to investigate and optimize an aspherical
lens-based coupling scheme to enhance the coupling efficiency of the OCS system, mitigate the effects of geometric aberrations,
and improve the system stability and overall performance. [ Methods] This study examines the impact of various coupling mis-
matches on system insertion loss, with a focus on mode-spot and axial mismatches. Leveraging the unique light-focusing and ab-
erration-correcting properties of aspherical lenses, a new aspherical lens design was developed and optimized for the OCS system.
This approach seeks to improve the system coupling efficiency while minimizing the influence of geometric aberrations. [Results]
The optimized aspherical lens design significantly enhances the coupling performance of the OCS system, increasing coupling effi-
ciency from 79.57% to 99.92%, approaching the theoretical maximum. The adverse effects of mode-spot mismatch and axial
mismatch are notably reduced, and geometric aberrations are minimized. These improvements contribute to better optical path
uniformity and stability, thereby supporting the reliable operation of the OCS system. [ Conclusion I The optimized aspherical lens
design effectively addresses the insertion loss caused by mode-spot and axial mismatches, substantially improving the coupling ef-
ficiency and optical path stability of the OCS system.
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Table 1  Spherical lens scheme and material properties

LLF1 SF2 N-BK7 F_SILICA
# % 2 /mm 1.234 1.153 0. 944 1.035
%48 /mm 3.177 2.524 2.356 3. 000
A REW) 86. 40 86. 94 68. 47 79.57
4 F 1.54 1.64 1.51 1.45
% it % % R 4F BT W&
T L % 45.75 33.84 64.16 67. 82
B Mk & #0107 /K 8.10 8.40 7.10 0.51
¥ E/g/cm’ 2.94 3. 86 2.51 2.20
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Table 2 Spherical lens design results
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