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ABSTRACT
This paper investigates and builds a highly sensitive refractive index sensor based on the resonance system in plasmonic structure.
The proposed sensor structure consists of two waveguides and five loops. The results show that the resonance wavelength
changes significantly with increasing refractive index, which proves that this method is suitable for understanding and analyzing
the behavior of resonance wavelength and refractive index. In this research, we examine the characteristics of measurement such
as sensitivity and quality factor and competency form (FOM). Compared to replicon sensors based on a similar structure, this
proposed sensor can accept a more flexible amplitude of wavelength and a wider range of refractive index. As a result of this
approach, it can be used in areas such as biochemical and medical analysis.
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INTRODUCTION

Therefore, SPR can be applied to numerous fields such as

Researchers have begun to compress plasmonic structures

absorption enhancement [1,2], magnetic field enhancement

to make them easier to use, given the functional and

[3,4], photocatalysis [5-10], THz oscillation [11-13], Fano

important properties of optical circuits and their increased

resonance [14-17], surface -enhanced Raman scattering

use. These structures consist of metal and dielectric.

(SERS) [18-21], subwavelength lithography [22,23], and

Plasmonic science means enclosing electromagnetic waves

refractive index (RI) sensors [24-29]. For refractive index

in dimensions much smaller than the radiant wavelength.

sensors based on SPR, the resonance is excited mainly in

Plasmonic science can also be found in the interaction of

two modes, the angular mode (at fixed wavelength) and the

radiant electromagnetic waves on the surface of metals and

spectral mode (at fixed angle) [30,31]. In this research, we

their conducting electrons. Plasmonic has two parts:

turn to the second mode, the spectral mode, because due to

localized superficial plasmons and superficial polariton

the low efficiency of the first mode (angular) in a real

plasmons. Surface plasmon resonance (SPR) can generate a

system, the wavelength scanning method is preferred as a

strong electromagnetic field enhancement on the surface of

better and faster tool for measuring the reflection spectrum.

a metal structure, and is very sensitive to the surrounding

Plasmonic filters based on MIM waveguide structures, such

environment.

as asymmetric nanodisk filters and sensors [32-34], circular
ring filters and sensors [35,36], lateral coupled cavity
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sensors [37] as well as cut-off intensifier sensors [38], Is one

Here ɛ∞ = 1 gives the medium constant for the infinite

of the most important and practical optical devices that have

frequency, γ = 3.21 × 1013 means damping frequency for

attracted much attention.To build plasmonic sensors,

electron oscillation, ωp = 1.37 × 1016 refers to bulk

parameters such as high transmission efficiency, high

frequency for plasma and ω shows incident light angular

quality factor, high resolution, optical stability, sensitivity

frequency. The structure of the sensor, which consists of

enhancement and adjustability in a range of wavelengths

two waveguides and five rings, is shown in Figure 1. The

must be considered. By analyzing and increasing the quality

width of the two waveguides is w = 50 nm. The middle ring

of these parameters, we can help increase the speed of

has an inner radius of r1 = 97 nm and an outer radius of R1

information processing in optically integrated circuits. By

= 140 nm and its distance from the waveguides is 12 nm.

analyzing and reviewing and increasing the quality of these

The 4 upper and lower rings have an inner radius of r2 =

parameters, we can help increase the speed of information

110 nm and an outer radius of R2 = 150 nm. Pin and Pout

processing in optically integrated circuits. In this paper, a

are monitors that measure the input wave and the output

wavelength change filter consisting of two waveguides and

wave, respectively, by calculating the natural component of

circular amplifiers is proposed and investigated. To analyze

the Poin Ting vector along the blurred lines. The transfer is

this proposal, numerical simulation will be performed using

calculated by the following equation:

the finite difference method of time domain, but the related
T = Pout / Pin

diagrams will be drawn in MATLAB software.

STRUCTURAL

MODEL

AND

(2)

THEORY

ANALYSIS
The basic equations resulting from the interaction of
electromagnetic waves and matter are expressed by
Maxwell's equationsIn a frequency range, the optical
properties of metals are explained by a plasma model, the
Drud model. Electrons will oscillate in response to the

Figure 1: Two-dimensional image of a plasmonic sensor.

applied electromagnetic field. In the free electron model, at
frequencies much larger than the plasma frequency, the

We consider the environment inside the rings and

dielectric function tends to zero. For noble metals,

waveguides as air and the simulation bed as silver. To

generalization of this model to a frequency range greater

distribute the field in the sensor structure, we enter the input

than the plasma frequency creates a highly polar

wave from the left into the sensor structure. The wave goes

environment due to the filling of the band close to the Fermi

to the output after passing through the resonators. Each

surface [39]. The simulation using

resonator will reflect some input wax. To achieve the

the time domain finite difference method with the Drude

maximum field distribution in the simulated structure, all

model for real for real metals is as follows [40]:

dimensions must be optimized, otherwise we must change
the dimensions of the structure to achieve the maximum
(1)

field distribution (Figure 2).
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Figure 3: Transmission spectra of a plasmonic refractive index
Figure 2: Plasmonic sensor field distribution.

FRACTURE

COEFFICIENT

SIMULATION

AND MEASUREMENT METHODS

with two cavities.
The first and most attractive performance feature for plasmonic
sensors is the detection of the S sensitivity coefficient, which is
explained by the following equation:

The proposed plasmonic resonance behavior is investigated

S = Δ λ/ Δn (nm/RIU)

(3)

numerically and theoretically. For the numerical approach,
we use the finite difference method of the time domain with

Here Δn is the refractive index change and λres is the

8 layers completely compatible with the absorption of

wavelength at which SP is excited. Depending on the

boundary conditions. The mesh size for both x and y

resonant wavelength, geometry of the structure and

directions is 8 nanometers. To reduce the simulation time

properties of the simulation substrate, the sensitivity can

and improve the performance of the plasmonic sensor, we

vary considerably. According to Figure 4, the maximum

will perform the simulation in two dimensions, and then to

sensitivity for the refractive index is n = 1.2 (mode 3), which

investigate the spectral responses of the proposed structure,

is equal to 2081 nm / RIU. According to Equation 3 and the

we will obtain the waveguide transmission spectra (Fig.3).

diagrams in Figure 4, the resonance wave gradually shifts

To do this, we increase the refractive index of the middle

and its slope increases with increasing refractive index. So

ring by a step of 0.01 from 1.15 to 1.2 and the refractive

there is a linear relationship between the refractive index

index of other rings and waveguides remains constant. This

and the resonant wavelength.

changes the resonance spectra and wavelengths. The sensor
transmission spectrum has three peaks that the right peak (in
the range of 1300-1600 wavelength) has more wavelength
change than the other two peaks and has more flexibility in
changing the refractive index and wavelength shift. So it
will provide better performance. We conclude that in the
design of sensors, the amount of change in resonance
wavelength is more important than the height of the peaks.
To measure the performance of a plasmonic sensor, we need

Figure 4: Plasmonic sensor sensitivity coefficient diagram.

to calculate a few important factors so that we can make an
acceptable and quality sensor.

28

www.tridhascholars.org | December-2022

By plotting the field distribution shape for the state with the
most sensitivity coefficient (2081 nm / RIU sensitivity
coefficient for the refractive index n = 1.2 (mode 3)), we
conclude that, as in the initial state, the maximum wave
value and the resulting field will go to the middle ring, but
the 4 surrounding rings will have more field distribution
than the initial state and will have a greater share in
measuring the sensor (Figure 5).
Figure 6: Plasmonic sensor figure of merit (FOM) diagram.
We see the diagram of the quality coefficient of the plasmonic
sensor in Figure 7. The maximum quality coefficient for the
refractive index is n = 1.16 (mode 1), which is equal to 18.866
nm/RIU.

Figure 5: Electric field distribution at resonant frequency.
The sensitivity coefficient S is directly related to the ability
of the plasmonic sensor to measure small changes in the
refractive index. Therefore, a combination of these
parameters will be known as the figure of merit (FOM).

Figure 7: Q coefficient diagram of Q plasmonic sensor.

FOM is widely used to compare and evaluate different

Using Equations 3, 4 and 5, we draw the graphs of coefficient of

sensors according to their sensory point of view and is

sensitivity, coefficient of quality and figure of merit (FOM).

expressed as the following equation:

CONCLUSION
FOM = S / FWHM

(4)

We see the figure of merit (FOM) of the designed sensor in
Figure 6. The maximum value of FOM is for refractive
index n = 1.2 (mode 3), which is equal to 12.8639 nm / RIU.
The third factor to evaluate the sensor is the quality factor Q:

Recent advances in plasmonic nanostructure technologies
have prompted researchers to discover plasmonic sensors.
Various plasmonic modes such as surface plasmon
polarities (SPPs), localized surface plasmons (LSPs),
associated LSP-PSP modes, and surface lattice resonances
supported by metal or metal-dielectric-metal structures for
detection and marking. Giving attractive technology

Q = λres / FWHM (5)

features are introduced. This study focuses mainly on
plasmonic

waveguides,

fabrication

techniques

and
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navigation methods. In general, any plasmonic waveguide

With increasing discoveries based on surface plasmon wave

will show a trade-off between loss of propagation and

conduction in subwave or deep wavelength regimes, the

absorption of diffusion. Using this information and

plasmonic field is expected to dominate the research and

designing a suitable structure for our desired sensor, we

development of integrated optical communications, data

have reached a sensitivity coefficient above 2081 nm / RIU.

storage, optical sensing, and imaging technology.
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