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Abstract: A plasmonic slot waveguide excited by evanescent wave coupling of a silicon strip 
waveguide is studied to be used as a label-free biosensor. The plasmonic slot waveguide enables 
strong electric-field enhancement in a small volume inducing higher interaction between the light 
and the analyte. 
OCIS codes: (280.1415) Remote sensing and sensors; (350.4238) Nanophotonics and photonic 
crystals 
 

1. Introduction 

In many fields the advances in fabrication technology have led to a reduction in size of devices by several orders of 
magnitude. One area that benefits in particular from this trend is the optical sensing especially by combining nano-
structures to optical waveguides that pave the way for integrated optical sensors [1]. In fact, optical waveguides are 
the key elements of integrated photonics devices that perform mainly guiding in addition to other applications. This 
kind of technology is of great current interest for the development of sensors [2]. Single-cell analysis (SCA) – a new 
emerging field of research in life sciences – is increasingly recognized as the key technology for the explication of 
heterogeneous cellular behavior, which is not accessible from bulk measurements [3]. This work describes a new 
optical sensor, based on a plasmonic slot waveguide cavity (PSWC), which could achieve SCA by measuring the 
protein secretion of a cell under stress in a multiplexed manner on a 2D array (Fig. 1). In previous work we studied a 
periodic PSWC excited by a multimode slab waveguide [4]. The device has potential applications as a refractive 
index sensor in the near-infrared with a sensitivity of 730nm/RIU (Refractive Index Unit) nevertheless the aim to 
localize the sensing area is not fulfilled. 

2. Discussion 

We reduced the interaction volume by the use of a gold plasmonic slot waveguide which confines the optical mode 
in a sub-wavelength slot (Fig. 2) [5]. Thus, our configuration consists on adding a slot cavity made by gold on the 
silicon waveguide cladded by a SiO2 layer. This plasmonic waveguide is excited by evanescent wave coupling from 
an underlying silicon strip waveguide. A polarization-maintaining (PM) lensed-fiber is used to couple a wide 
spectrum (1200-1650nm) form a supercontinuum laser source to the silicon waveguide. The transmitted spectrum, 
from which the resonance shift is extracted, is measured with an optical spectrum analyzer. 
 

 
Fig. 1. Schematic view of a multiplexed 2D array of PSWC 

sensors on top of which a red blood cell is immobilized  
Fig. 2. SEM picture of the fabricated PSWC (a 10nm gold coating 

has been performed to facilitate the SEM observation)

 



We study the transmission as a function of the cavity length. A guided mode is excited and propagates along the 
metallic slot. One notes that the transmission greatly depends on the cavity length. In fact, interference harmonics of 
this guided mode lead to additional peaks in the transmission spectra as in a Fabry-Pérot cavity. In the Fig. 3 on can 
see this resonating behavior. This result is obtained using CST Microwave software based on FDTD simulation. 

 
Fig. 3. a, Transmission spectra map calculated with CST MWS of a PSWC excited by the fundamental TE mode of an underlying silicon strip 
waveguide for cavity lengths from 0 to 1000nm in 20nm steps. b, Transmission spectrum for a cavity length of 600nm extracted from graph a. 

c, Two PSWC transmission spectra showing a resonance red-shift of 371nm/RIU during a change of refractive index of the surrounding medium 
shown. d, e, Absolute E-field at the first and second resonance frequency represented with a colored linear scale. 

For a given cavity length (L=600nm), where the resonant peak is located at 1.55µm, we study the sensing 
properties of a PSWC on a single mode waveguide. It turns out that such a device is sensitive to refractive index 
changes in a sub-attoliter volume. The cavity shape is optimized thanks to a parameter study and its sensitivity can 
be maximized to 370nm/RIU. The sensitivity drops compared to the periodic PSWC array because of the lack of 
lateral coupling between adjacent structures. Nevertheless, the Q-factor of the resonance of the single PSWC is 
increased because of the higher coupling between the fundamental mode of the silicon waveguide and the PSWC. 

3.  Conclusions 

We studied the periodic PSWC and the single PSWC. We showed the potential of this nano-structure as refractive 
index sensor of the surrounding medium. A simple Fabry-Pérot resonator can be a good model to discuss and 
understand nano-cavities. Future work will focus on microfluidic integration and single-molecule detection. 
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