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Abstract. In this work, we proposed a numerical study of a novel design of a highly sensitive
plasmonic sensor based on a semi-ring cavity. The spectral characteristics and electric field
distribution are studied using the finite element method. The standard sensor design shows a
sensitivity of 600 nm/RIU which can be further enhanced by decorating nanodots in the cavity.
The radius of nanodots plays a vital role in the amplification of SPPs in the cavity. It is shown
that the total electric energy in the cavity enhances with the increase in the radius of the
nanodots. Therefore, the nanodots decorated semi-ring cavity design can offer sensitivity and
figure of merit of 1084.21 nm/RIU and 57.06, respectively.

1. Introduction

Surface plasmon polaritons (SPPs) are optical waves, emerging from incident photons coupled with
free electrons on the metal surface [1]. The E-field intensity of SPPs is strongly bound along with the
metal-dielectric interface and decays drastically in the direction vertical to the interface [2]. The MIM
WG is most extensively used plasmonic-based nanostructures for the realisation of integrated optical
circuits. MIM WGs are plasmonic structures in which an insulator is enclosed by two metal claddings.
The straightforward design and capability of these WGs to confine light at the subwavelength level are
the key features of this system. To realise highly integrated optical circuits, researchers have
conducted rigorous research on the design of various devices using MIM WGs. These devices include
filters [3], sensors [4], switches [5], couplers [6], splitters[7], among others. Refractive index sensors
have many uses in the biological and chemical fields and have been intensively researched in recent
years, such as the concentration of the solution and pH value, that can be calculated by changes in
refractive index. When a substance under investigation is brought into contact with the sensor, ng of
the MIM WG changes, and as a result, the redshift of the A, is observed. SPs are very sensitive to
changes in the refractive index in the proximity of the surface.

2. Device design

In this paper, a simple and novel plasmonic sensor design is presented, which consists of a semi-ring
cavity side coupled to a MIM bus WG. The geometric parameters of the sensor design are L, w, ry, r
and d which represents the length of the bus WG, the width of bus WG, the width of the semi-ring
cavity, radius of the semi-ring and distance between bus WG and the semi-ring, respectively. For NDs
decorated design, NDs are represented by ND_r. The geometric parameters of the designs are
presented in table 1. A finite element method (FEM) is used to simulate the transmission spectrum and

VI MexnyHapoHasi KoH(pepeHLus 1 MoJoaé&xkHast mkoia « MHpopMalmoHHble TexHomoruu 1 HaHotexHonorun» (MTHT-2020)


https://core.ac.uk/display/346529364?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Cexnust: KoMnbroTepHast onTHKa U HAHO(OTOHHKA
A plasmonic sensor design based on nanodots embedded metal-insulator-metal semi-ring resonator cavity

E-field distributions using commercially available COMSOL software. The schematic representation
of standard MIM semi-ring resonator and NDs decorated MIM semi-ring resonator is shown in figure
1.
Table 1. The geometric parameters of the sensor design.
L(hm) w (nm) d (nm) rl (nm) r (nm) ND_r (nm)
1500 300 5,10, 15, 20, 24

Figure 1. Schematic of a) MIM semi-ring resonator, b) NDs decorated MIM semi-ring resonator.

The metal and insulator materials are defined as gold (Au) and air, respectively. Au is desired as the
metal layer due to its biocompatibility and resistance to oxidation compared to silver (Ag). The

refractive index of Au is calculated from the Drude model: & = &, — w2+ o Where ¢, =9.0685,

®,=135.44x10" rad/s and y=1.15x10" rad/s [8]. The TM mode of the MIM bus WG is excited by a
plane wave. As W << Aincigent, SO ONly fundamental TM mode can exist. The dispersion relation of this
fundamental mode is described as:

gp _1—ev

ek 14 ekw

Bspp
k=k
o ( ko

Bspp

)2 —&p =k, o )2
27‘[
Bspp = Nerrko = Meff -
Here w refers to the width of the bus WG, X shows incident light wavelength in vacuum, &; and &, give
the relative dielectric and metal permittivity, Sy, and nes are propagation constant and effective
refractive index of SPPs, and k,=2#/A is the wavenumber.

3. Sensing performance

In general, ring resonators are susceptible to ambient refractive index and their A.s displays redshift
with increasing refractive index. Here, two significant factors such as sensitivity (S) and the figure of
merits (FOM) are discussed which is used to evaluate the sensing performance of sensors. The device
S is defined as the ratio of the change in A, to the change of the ambient refractive index i.e. S=
Ares/An. The potential to evaluate small changes in the refractive index of a plasmonic sensor is directly
proportional to S and is also inversely proportional to resonance width (spectral dip or peak). The
combinations of these parameters are often referred to as the figure of merits and are described as
FOM=S/FWHM. The spectral response of the sensor is calculated by filling the medium with several
refractive indices. The normalized intensity at the output bus WG is calculated in visible and NIR
wavelength range at n=1.0-1.38. Here, S is calculated for standard and NDs decorated MIM semi-ring
cavity resonator as sown in figure 2. The positive impact of ND_r on S can be observed. As a result,
Smax is obtained at 1084.21 nm/RIU for ND_r= 24 nm. The FOM of the NDs decorated MIM semi-
ring cavity resonator is approximately 57.06.
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Figure 2. The sensitivity of standard and ND decorated MIM semi-ring cavity resonator.

4. Conclusion

We suggested a numerical study of a novel design of a highly sensitive plasmonic sensor based on a
semi-ring cavity resonator. The standard sensor design shows a reasonable sensitivity of 600 nm/RIU
which can be further enhanced by decorating nanodots in the cavity. The radius of nanodots has a
critical role in the amplification of SPPs in the cavity. The total electric energy in the cavity enhances
with the increase in the radius of the nanodots. Therefore, the nanodots decorated semi-ring cavity
design can offer sensitivity and FOM of 1084.21 nm/RIU and 57.06, respectively. The proposed
sensor design shows great potential for nanophotonic applications.
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