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1 Summary

Photonic circuitry based on thin-film lithium niobate (TFLN) or lithium niobate
on insulator (LNOI) [1] finds applications in current fields of quantum optics such
as the processing of single photon states, where low propagation losses are of par-
ticular relevance. Common fabrication procedures lead to waveguides, where the
losses can be attributed predominantly to the roughness of dielectric interfaces [2].
With their slanted sidewalls, core, and layered exte-
rior, the few established rigorous scattering models (see e.g. [3-5] and references
therein) are not applicable to typical TFLN channels.

As a pragmatic approach towards predicting loss levels, the surface roughness is
modelled by thin layers at the waveguide sidewalls with a small imaginary contri-
bution to the local permittivity [6]. Perturbational integrals [7], evaluated on the
basis of numerically computed mode profiles [8], then serve to calculate the ef-
fect of that layer on the modal i The expressions are i with
the losses being driven by the squared local relative electric field. Our model can
accurately estimate the change of the attenuation with the waveguide geometry,
based on merely a single fit parameter [9]. We show this along loss measurements
for TFLN channels of rib and strip types, in an X-cut, Y-propagation configuration.
Given a particular manufacturing process, respective data will be highly relevant
for the the design of optimized photonic TFLN-based circuits.

2 TFLN/LNOI channel waveguides

© Anisotropic lithium niobate core,
X-cut, Y-propagation -configuration,
target wavelength A = 1.55 um,

w2 0 0
permittivity &= [ 0 n2 0 |.
0 0 n

e Core, ordinary and extraordinary refractive indices n, = 2.1836, ne

o Si0, substrate/buffer and cladding, n, = n¢ = 1.45, air cover, n, = 1.0.
o Frequency domain description ~expiwt, w = ke = 2rc/A.

o Lossy guided modes ~ exp(—i(3 — ia)z),
phase propagation constant /3, attenuation constant c.

o Measured power loss values L in units of dB/cm, a = 0.051n(10) L.

3 Loss measurements
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Fabry-Pérot method, waveguides of lengths ~ 8 mm,
numerically calculated end facet reflectivities.

4 Perturbational loss estimation

Measured losses in structured channels > bulk loss, attenuation of TFLN slabs.
A~ L

s are attributed exclusively to scattering from rough channel sidewalls.

® Basis: Guided modes of the idealized, smooth waveguides,
propagation constants 5 = k Neg, electromagnetic profiles (E, H).
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o Represent losses by regions O of
thickness s at the channel sidewalls,
with a perturbation

o f e (n,y) €D,
dé(x,y) = { 0 elsewhere,

for attenuation strength €”.

@ Then the propagation constant of the mode in the lossy waveguide is 5 — i,
with an attenuation constant

5 Samples, mode profiles

_——_  t=0600nm, d=150nm, ¢ =150nm, § = 60°,
w = 1.0um, 1.3 um.

=1.91967, Il =1

.00,

o {=450nm, d=450nm, ¢ =600nm, 6 = 56°,

== = 1.7um, L

=1

15 4 05

Ner = 1.83836, TT=1

LNOI450b14,

Polarization ratio:

= (7 Re//E;H, dz'd;/)/(Re// (B:H, — EIL) dz'd;/)

I TE. =1,

6 Loss estimates
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Loss measurements and estimates, data per sample ID and polarization:

11072 | afk[107] L[dB/em]

M, S) ™M) E) | M) (E)
_—_  LNOI600bI3, | 1.8 1.38 148 | 485 521
= TE | 404 +0.27 +£0.95
_—  LNOI6O0b29, | 2.0 1.09 108 | 383 379
= TE | 402 +0.11 0.38
_—_ LNOWS0bl4(1), | 2.3 146 122|513 429
— TE | +03 +£0.18 +0.65
o LNOMSO0bI4(1), | 2.1 258 231|907 825
— ™ | +03 +0.39 +1.39
_ . LNOWS0b14(2), | 1.7 243 281|857 989
- TE | 402 +0.22 +0.79
_—_  LNOWS0b14(2), | 2.3 224 | 936 787
- ™ | +03 +1.08

Weighted average:
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€ =0.0194, for s = 20nm.

(
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7 Hybrid modes

based on the fitted value ¢”.

Sample LNOI450b14(1), modes of first and second order:

TMgg, Negr = 1.78819,

8 TFLN rib waveguides
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9 TFLN strip waveguides
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