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1 Summary

Owing to advantageous nonlinear and electrooptic properties [1], thin-film lithium
niobate (TFLN) or lithium niobate on insulator (LNOI) features among the cur-
rently most popular technological platforms for integrated optics [2]. Waveguides
are typically of rib or strip type, with slanted sidewalls, prepared from TFLN slabs
of some standard thickness. In response to the question

How do the modes actually look like?

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 [3].
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Coordinates: {X, Y, Z} – crystal, {x′, y′, z′} – device, {x, y, z} – channel, oriented at angle θ.

Effective index levels and polarization characteristics are computed by rigorous
numerical analysis on the basis of the JCMwave finite element solvers [4], where
our simulations can rely on tight limits for effective indices as provided by ana-
lytical solutions for respective TFLN slabs [5]. We restrict to the linear regime.
Material dispersion [6, 7] and the anisotropy of the lithium niobate core medium
[8] 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 orienta-
tion. For the channels with diagonal and non-diagonal core permittivity, symmetry
classes can be distinguished that differ in their consequences for modal degeneracy
and polarization conversion.
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• Core permitivity ϵ̂f :
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• Frequency domain description ∼ exp(iωt),
ω = kc = 2πc/λ, target vacuum wavelength λ.

• Guided modes: Solve

curlE = −iωµ0H, curlH = iωϵ0ϵ̂E ,(E
H
)
(x, y, z) =

(
E

H

)
(x, y) e−iβz,

for mode profiles E, H and effective indices N = β/k.

• Polarization conversion interference, half-beat length Lc =
π

|β1 − β2|
.

• Characterization of modal polarization:
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TE, Π = 1, TM, Π = 0, intermediate (↔ marker colors).

3 Symmetry
Mirror symmetry y ↔ −y,
ϵx, ϵy, ϵz, δ ∈ R, even in y modal parity,
(Re, Im) E•, H• are even (+) or odd (−) functions of y.
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Two classes SYM, ASY; modes of different classes can be degenerate (crossings);
dispersion curves for modes of the same class “repel” each other (anti-crossings).

Non-diagonal permittivity,
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All modes belong to a single symmetry class CPX; no degeneracies observed;
dispersion curves “repel” each other (anti-crossings).

4 Hybrid modes λ = 1.550µm

X-cut, d = t, w = 0.2µm, θ = 49.25◦ (CPX)
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X-cut, d = t, w = 0.2µm, θ = 49.25◦ (CPX)
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Lc = 1033µm

Z-cut, d = t/2, w = 1.05µm, Lc = 40µm (ASY (a) & (b))
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5 X-cut, rib waveguides
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X-cut, d = t/2, w = 0.6µm, θ = 45◦ (CPX)
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6 X-cut, strip waveguides
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X-cut, d = t, w = 0.2µm, θ = 45◦ (CPX)
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7 Z-cut channels λ = 1.550µm
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Z-cut, d = t/2, w = 0.9µm, (SYM (a), ASY (b))
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Z-cut, d = t, w = 0.2µm, (SYM (a), ASY (b)
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Z-cut, d = t, w = 1.435µm, Lc = 64µm (ASY (a) & (b))
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8 At half the wavelength λ = 0.775µm, w ∈ [0, 2]µm
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9 Computational setting

Simulations with the JCMwave solvers [4], finite element method (FEM):
• Computational windows (x, y) ∈ [−2µm, t + 2.0µm]× [−b/2− 3µm, b/2 +

3µm], for λ = 1.55µm, and channel base width b = w + 2d tan(ϕ).
• Boundary conditions, N & S: PEC, E & W: transparent boundaries (↔ PMLs).
• Adaptive mesh refinement, target accuracy 5 · 10−8 (N -eigenvalues).
• Where applicable: Symmetry enforced by PEC or PMC conditions at y = 0,

computation on half the window.
• Benchmarking by comparison with other tools (COMSOL, CST).
• Tight limits for effective index intervals from analytic TFLN slab solver [5].
• Automated parameter scans: Computations with SYM/ASY symmetry on half

the window for diagonal part of the permittivity & perturbational correction.
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