Guided modes of integrated optical thin-film lithium niobate channels
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The modes of rib or strip waveguides made with TFLN / LNOI technology are influenced, among other param-
eters, by the crystal configuration, the symmetry, and the on-chip orientation of the channels. We highlight the
effects of the core anisotropy on modal hybridization and polarization conversion.

TFLN / LNOI photonic circuitry

Owing to advantageous nonlinear and electrooptic properties, thin-film lithium niobate (TFLN) or
lithium niobate on insulator (LNOI) features among the currently most popular technological plat-
forms for integrated optics. Waveguides are typically of rib or strip type, with slanted sidewalls,
prepared from TFLN slabs of standard thickness. Parts (a) and (b) of Fig. 1 illustrate the geometry.
With this contribution we survey the influence of the many parameters that enter, with emphasis on
the effects of the core anisotropy, for waveguides of X- and Z-cut types.

Properties of guided modes

Effective index levels and polarization characteristics are computed by rigorous numerical analysis
on the basis of the JCMwave finite element solvers [1]. We restrict to the linear regime. Material
dispersion and the anisotropy of the lithium niobate core medium are fully taken into account. Besides
the channel width as the most tangible parameter, for X-cut configurations we look in particular at
the waveguide orientation. Fig. 1(c) shows an example. Our simulations can rely on tight limits for
effective indices (thin gray lines in Fig. 1(c)) as provided by analytical solutions for respective TFLN
slabs [2]]. Implications of the channel symmetry and of a non-diagonal core permittivity for the modal
parity, and thus for the analysis procedures, are discussed. Fields can become pronouncedly hybrid.
If excited with balanced relative amplitudes, the modes with the profiles in Fig. 1(d) effect a full
periodic conversion between TMgo- and TE; -like guided fields.
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Figure1: X-cut TFLN rib waveguide, schematic (a) and cross section (b); crystal, device, and channel coordinates
{X,Y,Z}, {«',y,2'}, and {z,y, z}; (c): effective indices N versus channel angle 0, (d): electric profiles of hybrid
first and second order guided modes for § = 55.9°, half-beat length L. = 100 pm for complete polarization conversion.
Parameters: t = 0.6 um, d = t/2, ¢ = 1um, w = 2 um, ¢ = 30°, material parameters for SiOy and TFLN media at
wavelength 1.55 pm. Marker colors in (c) indicate polarization: blue: TE-like, black: TM-like, red: intermediate.
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