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The crystal configuration, symmetry, and the on-chip orientation affect the modal properties of anisotropic
waveguides based on TFLN / LNOI technology. Beyond the direct numerical analysis, modal hybridization
and polarization conversion can be understood, also fully quantitatively, in terms of coupled mode theory.

TFLN / LNOI photonic circuitry
Advantageous nonlinear and electrooptic properties recommend thin-film lithium niobate (TFLN) or
lithium niobate on insulator (LNOI) as a platform for integrated optical components. Rib- or strip
waveguides are prepared from TFLN slabs of standard thicknesses, often with slanted sidewalls, as
illustrated in parts (a) and (b) of Fig. 1. The core anisotropy affects the waveguide properties for all
crystal configurations, where the channel orientation only plays a role for X-cut samples.

Analyzing guidance properties
On the one hand, we compute effective index levels and mode profiles by rigorous numerical means
on the basis of the JCMwave finite element solvers [1], for the full tensor permittivity of the LN
medium. Respective reference results [2] will be briefly discussed. On the other hand, the effects of
the core anisotropy can be adequately modeled in terms of coupled mode theory (CMT). Numerical
solutions for simpler channels with close-by scalar permittivity couple through the anisotropic parts
of the tensor. Effective indices and polarization ratios are predicted with excellent accuracy; CMT
supermodes yield good approximations of the true vectorial mode profiles. Part (c) of Fig. 1 shows an
example. Fields can become pronouncedly hybrid around avoided crossings of dispersion curves, as
illustrated in Fig. 1(d) for one of a pair of near-degenerate, hybrid modes. Upon balanced excitation,
these cause full periodic TE-to-TM conversion of polarization with a half-beat length of about 1mm.
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Figure 1: X-cut TFLN strip waveguide, schematic (a) and cross section (b), crystal and channel coordinates {X,Y, Z}
and {x, y, z}; (c): effective indices N of guided modes as a function of channel angle θ; (d): complex electric profile
components of the hybrid fundamental mode for θ = 49.25◦. Parameters: core thickness t = 0.6µm, cover thickness
c = 1µm, channel top width w = 0.2µm, sidewall angle ϕ = 30◦, material parameters for SiO2 (ns, nc) and TFLN media
(ϵ̂f), with air cover (na), at a wavelength of 1.55µm. (c), markers (overlapping), +: direct computations; other symbols:
CMT approximation; marker colors indicate the polarization ratio Π , blue: TE-like, black: TM-like, red: intermediate.
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