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Liquid crystal lens with biased-electrode based on
generalized Snell’s law
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Tianjin 300457, China)

Abstract: In liquid crystal(LC) lenses with composite dielectric layers, electrode extension is used to
enhance the central electric field. However, this extension often makes the peripheral refractive index of
the lens deviate from the ideal parabolic model. Consequently, the effective aperture is constricted to
improve focusing quality, resulting in a loss of optical throughput. To optimize the refractive index
distribution across the entire aperture, a biased-electrode L.C lens based on the generalized Snell’ s law is
proposed. An inner-ring and a central biased electrode are added between the peripheral electrode. The
structure effectively modulates the gradient electric field in the LLC layer. Simulation results demonstrate
that at V,=4 V, V,=2.8 V, and V=2 V, the refractive index profile of the lens closely matches the
ideal parabolic model. Optical simulations in Zemax demonstrate that the proposed lens achieves a light
transmission of 85.73% across the visible spectrum. This design improves the transmission by 38. 89%
compared to the conventional LC lens with composite dielectric layers. Meanwhile, tolerance analysis
reveals that the lens maintains excellent beam focusing quality when the lateral offset of the lithography-

aligned bias electrode 1s kept within 0.5 pm. This conclusion provides a basis for process tolerance
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allocation in practical device fabrication.
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Fig.1 Schematic diagram of the biased-electrode structure
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Fig.2 Schematic diagram of the composite dielectric layer lens structure
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