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The realization of high sensitivity integrated photonic sensors requires strong light/matter interaction. Unfortunately, in an optical waveguide, only the evanescent part of the mode interacts with the cladding medium under test. In this context, we have patented a new concept of waveguide [1] called "Slot ARROW", where the major part of the light is confined in the cladding such as metallic plasmonic and dielectric slot waveguides. This paper presents the modelling, the fabrication and the optical characterization of slot ARROW waveguides. Optical modelling shows that the main advantages of Slot ARROW waveguides are a reduction of propagation losses and the sustaining monomode condition for widths 100 times larger than the slot or plasmonic waveguides. The fabrication process is more robust as it only needs the structuration of the upper layer with standard optical lithography and a RIE etching step. The critical lateral dimension is relaxed to 0.9 μm compared to 0.1 μm for the grooves of slot or plasmonic 2D waveguides. Basic building blocks for optical routing have been designed and preliminary characterizations demonstrate the validity of this new concept.

INTRODUCTION

Photonic sensors have been the subject of active research for detection of a wide variety of biological and chemical applications. Lab on chip devices use standard silicon optical waveguides [START_REF] Vos | Silicon-on-insulator microring resonator for sensitive and label-free biosensing[END_REF][START_REF] Vos | Multiplexed antibody detection with an array of silicon-on-insulator microring resonators[END_REF] with evanescent field based sensing method to detect species surrounding the core part of the device providing a low light matter interaction limiting sensitivity less to 100 nm/RIU. Discontinuity of the normal components of the electric field has been used to create slot TM-like mode in the gap between two dielectric waveguides [START_REF] Carlborg | A packaged optical slot-waveguide ring resonator sensor array for multiplex labelfree assays in labs-on-chips[END_REF]. To preserve a single mode behaviour, the width of the gap is limited to 100 nm. Hollow waveguides such as ARROW (Anti-Resonant Reflecting Optical Waveguide) waveguides [START_REF] Testa | Liquid core ARROW waveguides: A promising photonic structure for integrated optofluidic microsensors[END_REF] are able to perform optical confinement in a large cavity due to the anti-resonant reflecting effect occurring only for TE polarisation.

In this paper, we present a new concept of hybridization of slot and ARROW like modes allowing realization of planar optical waveguide sensor.

SLOT ARROW CONCEPT

The slot ARROW concept is illustrated on Fig. 1. This waveguide is composed of a SOI wafer with an upper silicon and buried silica layers of respective thickness 150 nm and 2 μm. A 20 nm thick layer of silica is first added and encapsulated on a 200 nm thick layer of amorphous silicon with a PECVD (Plasma Enhanced Chemical Vapor Deposition) process. E-beam lithography and RIE (Reactive Ionic Etching) etching steps are used to pattern the top amorphous silicon layer. Waveguide mode calculations are performed with a FVFD (Full Vectorial Finite Difference) mode solver [START_REF] Hu | Modeling the anisotropic electro-optic interaction in hybrid silicon-ferroelectric optical modulator[END_REF]. TBCs (Transparent Boundary Conditions) are added to calculate propagation losses involved by the lateral leakage in the infinite slab waveguide by coupling with the TE slab mode (n eff,TEslab = 2.1554). The effective index (n eff,ARROW = 2.1488, W ARROW = 5 μm) of the TE like mode of the strip Si waveguides in the ARROW part is lower than the lateral slab mode inducing high leakage losses. To overcome these leakage losses, the width of the two waveguides is fixed to W slot = 0.78 μm, in order to match the effective index of the TM like slot modes of ICTON 2020 Tu.C7.1 2 the ARROW part. As the minor component of the slot mode corresponding to the TE polarization is close to 0 in the lateral slab part, hybridization of the ARROW and slot mode provide a complex radiative mode with an effective index (n eff,slotARROW = 2.1531) lower than the lateral slab mode but with a tiny coupling providing leakage losses close to 0.

DESIGN OF BASIC BUILDING BLOCKS FOR OPTICAL ROUTING

The realization of more complex devices such as optical ring resonator needs the design of basic building blocks such as bends and directional couplers. Modelling of a bend is performed with FDFV mode solver in cylindrical coordinates [START_REF] Masi | Towards a realistic modelling of ultra-compact racetrack resonators[END_REF] with TBC. CMM (Conformal Mapping Method) can be used for the modelling of bend waveguides with straight waveguide mode solver in Cartesian coordinates for high values of radii. CMM gives also a physical explanation of the intrinsic radiation losses of a bend caused by the increase of refractive index with radius that can be compared to leakage when the refractive index of the cladding part of the waveguide becomes greater than the effective index of the mode.

In order to decrease this effect in the bend of slot ARROW waveguide, the widths of the slot waveguide (W slot ) are modified respectively to W slot1 = 0.66 μm and W slot2 = 0.8 μm to obtain bend losses lower than 0.2 dB/90°turn for a bend radius of 200 μm (see Fig. 2). Compared to a symmetric configuration where the losses becomes greater than 1 dB/90°turn. Directional couplers are composed of two twin waveguides close to each other. Interaction between the waveguides produces even and odd modes with negative or positive splitting of their effective indexes. Calculation of the effective indexes of the even and odd modes provides the determination of the coupling length L c for an entire transfer of the light power between the first to the second waveguide (see Fig. 3).
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Figure 3. Mapping of the even and odd modes of the twin slot ARROW waveguides.

We can notice that the geometry used for the directional coupler is focused on 3 slot waveguides compared to 4 slot waveguides with a gap because one of the particularity of the slot ARROW mode providing low propagation losses is that the lateral interaction is really tiny resulting on a very long coupling length. The 3 slot waveguides configuration removes this problem with an increase of the coupling effect because the central slot ICTON 2020 Tu.C7.1 3 waveguide is shared by both slot ARROW waveguides resulting in a coupling length of 546 μm at λ = 1.55 μm. As the coupling coefficient used in a ring or a racetrack resonator is in a range of 1% to 3%, the length of the directional coupler is reduced to a few tens of microns.

EXPERIMENTAL RESULTS

As a proof of concept, a first realization of slot ARROW waveguide has been made and fully encapsulated in a silica layer. An integrated optical setup with a butt coupling configuration with an infrared camera is used to inject light in the waveguide and to visualize the propagation of the mode as seen on Fig. 4. Ring resonators are also realized without the silica passivation layer, in order to measure the sensitivity of the device to external perturbations. Qualitative results are obtained with the visualization of light propagation in the ring resonator as depicted in Fig. 5.

The problem is that the device is too sensitive to the diffraction of light by dusts trapped in the vicinity of the slot ARROW waveguide. A new set of optical test devices encapsulated in a silica layer is under fabrication in order to evaluate the propagation losses of the slot ARROW waveguide and with small aperture windows to measure the sensitivity of the ring resonator sensor.

CONCLUSION

In this paper, we have studied the design and the fabrication of ring resonator sensors based on a new concept of slot ARROW waveguide. Experimental validation is given by the observation of light propagation in a straight waveguide.

Fabrication of a new set of optical test devices is under progress for quantitative measurements of propagation losses and all optical parameters of the ring resonator sensor such as the coupling coefficient and the losses.
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 1 (a) Cross section of the slot ARROW waveguide; (b) Mapping of the optical mode.
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  Figure2. Mapping of the mode in a bend waveguide (r = 200 μm, W Slot1 = 0.8 μm, W Slot2 = 0.66 μm, W ARROW = 5.0 μm, h a-Si = 0.18 μm).
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 4 Figure 4. Infrared image of light propagation in a slot ARROW waveguide.