N
N

N

HAL

open science

Critical coupling in Cavity Resonator Integrated
Grating Filters (CRIGFs) for SHG control
Olivier Gauthier-Lafaye, Stéphane Calvez, Antoine Monmayrant, Elizabeth

Hemsley, Anne-Laure Fehrembach, Evgueni Popov

» To cite this version:

Olivier Gauthier-Lafaye, Stéphane Calvez, Antoine Monmayrant, Elizabeth Hemsley, Anne-Laure
Fehrembach, et al.. Critical coupling in Cavity Resonator Integrated Grating Filters (CRIGFSs)
for SHG control. EOS Annual Meeting (EOSAM 2023), EOS, Sep 2023, Dijon, France. pp.06007,

10.1051/epjconf/202328706007 . hal-04770759

HAL Id: hal-04770759
https://laas.hal.science/hal-04770759v1

Submitted on 7 Nov 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://laas.hal.science/hal-04770759v1
https://hal.archives-ouvertes.fr

EPJ Web of Conferences 287, 06007 (2023)
EOSAM 2023

https://doi.org/10.1051/epjcont/202328706007

Critical coupling in Cavity Resonator Integrated Grating Filters (CRIGFs) for

SHG control

Olivier Gauthier-Lafaye'"*, Stéphane Calvez'**, Antoine Monmayrant!-***, Elizabeth Hemsley

Fehrembach?'¥ Evgueni Popov®:*

2, woknok

, and Anne-Laure

'L AAS-CNRS, Université de Toulouse, CNRS, 7 Avenue du Colonel Roche, 31400 Toulouse, France
2 Aix Marseille Univ, CNRS, Centrale Marseille, Institut Fresnel, F-13013 Marseille, France

Abstract. We demonstrate experimentally critical coupling for nonlinear conversion in grating-coupled Fabry-
Pérot planar microcavities known as Cavity-Resonant Integrated Grating Filters (CRIGFs). Novel asymmetric
designs offer Q-factors from 1000 to 7000 and allow critical coupling with maximised SHG. We developed an
improved coupled-mode model for the linear and non-linear spectral response of CRIGFs which allows accurate
insight on the intrinsic and coupling losses in these microcavities.

1 Introduction

Cavity Resonator Integrated Grating Filters (CRIGFs)
are planar Fabry-Pérot microcavities supporting standing-
wave localized modes that can easily be coupled from the
surface through a grating coupler (GC, see Fig. 1). Con-
trary to the more common Guided Mode Resonant Filters
(GMREFs) that efficiently couple to plane waves, CRIGFs
couple to tightly focussed beams matching the extension
of the central GC, typically of a few pm. CRIGFs thus
enables denser device integration, but also higher power
density which allows studying non-linear processes using
low power continuous wave lasers.

2 Non-linear asymmetric CRIGFs

When fabricated on Lithium Niobate On Insulator (LNOI)
substrate, the localized mode in CRIGF can provide en-
hanced second harmonic generation (SHG) [1]. Both spa-
tial and spectral properties of this SHG can be controlled
and tuned by engineering the CRIGF cavity. This allow to
integrate monolithically in one substrate several SHG mi-
crocavities with varying properties that can be addressed
from the surface.

Recently, CRIGF with asymmetrical GC were pro-
posed theoretically to fine control the coupling strength of
the localized mode to the outside world and achieve ex-
alted Q-factors [2]. This approach ensures coupling losses
tuning while keeping other resonator properties (resonant
wavelength, mode extension, etc...) constant and thus en-
ables reaching critical coupling.
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Figure 1. Schematic of the CRIGF : planar Fabry-Pérot cavity
(green bragg gratings) supporting a localized mode coupled by
an asymmetric grating coupler (orange).

3 Critical coupling in CRIGFs

We report the modelling, design, fabrication and experi-
mental characterization of asymmetrical CRIGFs with en-
hanced Q-factors and SHG conversion efficiency.

More specifically, we fabricated several CRIGFs in-
tegrated on an LNOI substrate and measured their linear
and non-linear spectral responses for various asymmetry
offsets A between the GC and the standing-wave mode lo-
calised inside the planar cavity (see Fig. 1). The asymme-
try offset A allows the fine tuning of input- and output-
coupling strength of the mode to the outside world. In
particular, for A = Agc/4, with Age the period of the
GC, the GC and localized mode are in quadrature and the
coupling strength is null. By varying the offset A over
[0 — Agc/4], one controls both the Q-factor of the mi-
crocavity in the ~ [1000 — 7000] range (see Fig.2, red
curve) but also the SHG enhancement (see Fig.2, blue
curve). Both Q factor and SHG curves are roughly sym-
metric around A = Agc /4 (dashed black line), where SHG
signal is null as the coupling strength is also null and Q-
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Figure 2. Experimental SHG efficiency (blue) and Q-factor of
the localized mode (red).

factor estimation is meaningless (zero signal). On each
side of A = Agc /4, the SHG conversion efficiency reaches
an optimum (solid black lines around A = 130nm and
295nm). To ensure that this optimum does correspond
to critical coupling, we developed an improved coupled-
mode model specifically for CRIGFs, based on the Fano
model proposed in [3]. In particular, this model introduces
partial coupling between incident focussed beam and the
localised mode due to modal overlap mismatch between
the incident beam, the GC and the localised mode. Using
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Figure 3. Estimated intrinsic losses k; (black dots) and coupling
losses k. (red dots) and expected evolution from first principle
(dashed lines). White dots corresponds to points where the model
is inaccurate (zero signal).

this model to analyse both linear spectral reflectivity and
transmission and spectral SHG, we can estimate all the rel-
evant properties of the mode localised inside the CRIGFs.
In particular, we can retrieve both the intrinsic losses k; and
coupling losses k. for each fabricated asymmetric CRIGF,
as shown in Fig. 3. This confirms that the intrinsic losses k;
(black dots) stay constant as expected from first principle
(dashed black line) while the coupling losses k. (red dots)
evolve with the asymmetry offset like the integral overlap

between the standing wave localised mode and the GC, ie
like k.o cos®(2A/Agc) (dashed red line). With these evo-

lutions of k; and ., we can confirm that the optimum in
SHG efficiency does correspond roughly to k; = k. (black
vertical lines), confirming that we achieved critical cou-
pling in CRIGFs. As a an added bonus, this model clearly
highlights the fairly high intrinsic losses of our current
CRIGFs, opening the way to further design and techno-
logical improvements.

4 Conclusion

In this contribution, we have experimentally confirmed
the theoretically proposed asymmetric CRIGF design for
controlled coupling and SHG enhancement. Moreover,
we have developed an improved coupled-mode model for
CRIGF analysis that give unprecedented insight on the lo-
calised mode inside the CRIGF. It will be harnessed to
improve both our designs and fabrications steps, in par-
ticular to reduce the fairly high intrinsic losses that limit
the performance of our current non-linear CRIGFs. In our
presentation, we will detail all the design and fabrication
steps together with the newly developed model.
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