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SUMMARY

An optical and hybrid integrated sensor based on the Vernier effect principle and implemented with porous silicon
and polymer waveguides is studied to detect low concentrations of biomarkers such as Bovine Serum Albumin (BSA).

The principle of the Vermnier effect integrated sensor adopted consists of a reference micro-resonator (MR) cascaded
to another MR, the sensing MR, which is sensitive to analyte concentration. Waveguides based on porous silicon material
are used to constitute this sensing MR transducer in the part of the sensor where BSA molecules are grafted to benefit
from its large specific surface and its high surface sensitivity. The other parts of the sensor including the reference MR are
constituted by low loss polymer waveguides.

The presentation will focus on the theoretical study and the design of the sensor, particularly on the evanescent
coupling between porous silicon and polymer waveguides. Then, the fabrication of the sensor, using standard
photolithography will be detailed. Moreover, characterization on optical bench and comparison to theoretical results will be
presented.

This hybrid Vernier effect based sensor demonstrates a theoretical Limit Of Detection (LOD) of 0.019 pg.mm2and a
sensitivity of 12.5 nm/(pg.mm-2). To our knowledge, these values are 8 times lower for the LOD and 200 times higher for
the sensitivity compared to the state of the art of Vernier effect biosensors implemented with bulk materials.

1. INTRODUCTION

Thanks to its porosity, porous silicon (PSi) material is particularly interesting for sensing applications as it allows to
reach high homogeneous sensitivities based on refractive index variations of analytes not only localized in the micro
resonator (MR) environment but also in the core of the porous material optical waveguide. A first and recent publication
with PSi MR gave homogeneous sensitivities up to 560 nm/RIU for a sensor based on refractive index variation. '

PSi is also biocompatible as its surface can be functionalized for grafting biomolecules.2 Surface detection is different
from homogeneous detection as the interaction between EM-field and grafted biomolecules is enhanced when the
waveguide specific surface increases. PSi is interesting for surface detection, as its high specific surface up to 800 m2/cm3
dramatically increases the waveguide surface sensitivity to molecules grafted in its pores.3

If the sensitivity and the LOD are respectively presented in nm/RIU and RIU for homogeneous sensing, different units
are used in the literature for surface detection. In this presentation, we will use respectively nm/(pg.mm-2)and pg/mm? for
surface sensing sensitivity and LOD. A theoretical PSi MR surface sensitivity to Bovine Serum Albumin (BSA) has been
calculated up to 0.02 nm/(pg.mm-2).4

One way to highly increase the sensitivity of the sensor is to take benefit from the Vernier effect with the use of
interferences between several interferometers. The evanescent surface sensitivity has already been experimentally tested
with two cascaded Mach Zehnder (MZ) with silicon nitride (SiN) waveguides with a sensitivity of 0.06 nm/(pg.mm2) and a
LOD of 0.155 pg.mm-2.5

The novelty of our present work consists on the choice of hybrid polymer and PSi waveguides in a Vernier effect
integrated optical structure based on two cascaded MRs in order to obtain the best contrast, sensitivity and LOD for surface
detection application.

2. RESULTS AND DISCUSSIONS

The spectrum optical response of a MR represented in Figure.1.(a)(top), can be measured with a spectrum analyzer
and shows maxima of transmission at resonant wavelengths. These resonant wavelengths depend on the effective index
of the waveguide and shift with the grafting of analytes on the waveguide surface. The sensitivity of the MR is proportional
to the shift of the resonant wavelength called A)esmr in Figure.1.(a) (middle). The interest of the Vernier effect in increasing
the shift, Advesvemier, thanks to the combined interferences of the two cascaded MRs is illustrated in Figure.1.(a) (bottom).



PSi waveguides based MRs have been demonstrated recently for biological analyte detection with high sensitivity

thanks to its high specific surface which increases the quantity of analytes grafted in the waveguide.2
However, the main drawback of the PSi waveguides are the high optical losses which limit the practical application
of a sensor which entire structure is only based on this material.

So, in order to increase the sensitivity and reduce the propagation losses, an hybrid Vernier effect integrated optical
transducer presented in Figure.1.(b) is proposed in this presentation. In this structure, low losses SU8 polymer waveguides
are used for the reference part of the transducer and PSi waveguides are used for the part of the transducer, sensitive to
the analytes. The coupling between the waveguides is eased by adiabatic tapers presented in Figure.1.(c) which relax
successive photolithographic alignment constrains necessary for the fabrication of the transducer.

The theoretical study of hybrid Vernier effect transducer has been performed by optimizing the Free Spectral Range
of the reference MR (FSRr) and the MR sensitive to analytes (FSRsens). This study leads to the calculation of high
sensitivity up to 12.5 nm/(pg.mm-2) and a very low limit of detection of 0.019 pg.mm2 for BSA sensing applications.? The

preliminary experimental results of the implementation of this device will then be presented.
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Figure 1: (a) Transfert function of the reference MR (top) MR sensitive to analytes (middle) and Vernier effect of the two cascaded
MRs (bottom) (b)Top view of the hybrid Vernier effect sensor constituted by a reference MR and a MR sensitive to analytes (the
transducer) (c) Perspective view of the adiabatic taper for polymer to porous silicon waveguide coupling.

3. CONCLUSIONS

In this presentation, an integrated Vernier effect sensor based on hybrid polymer/PSi cascaded MRs is investigated. The
combination of polymer and PSi waveguides reduces the total optical propagation losses and the Vernier effect structure
enhances the sensitivity compared to a single PSi MR. With this structure, we demonstrate a theoretical calculation results
of 0.019 pg.mm-2 for surface LOD and 12.5 nm/(pg.mm-2) for sensitivity. These results are respectively 8 times lower and
200 times higher than state of the art Vernier effect biosensors.>8 Experimental implementation of this structure is currently
under development and preliminary experimental results will be presented.
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