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Abstract 
In this study, we seek to analyze and numerically evaluate a plasmonic sensor. To form the sensor 

structure, we use several amplifiers, such as two rings attached to each other and a cavity, as well as 

two metal insulating metal waveguides (MIM). At the beginning of this simulation, we must examine 

the resonant wavelengths and the refractive index of the resonators using the finite difference time 

domain method. By changing the refractive index and changing the dimensions of the cavity and the 

rims, we seek to investigate the sensor performance and the conduction characteristics of the 

plasmonics and to obtain the effect of these parameters. To evaluate the sensor performance, we 

calculate the three factors of sensitivity coefficient S, quality factor Q and figure of merit (FOM), here 

we reach the sensitivity of 987.6 nm / RIU. Such a plasmonic sensor with a simple framework and high 

optical resolution can be very useful for sensor systems on optical circuits. 
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1. Introduction 

By miniaturizing and reducing the dimensions of plasmonic structures, fully integrated high-

efficiency optical devices can be designed. Plasmonic science deals with the interaction of 

radiant electromagnetic waves on the surface of metals and their conducting electrons, and has 

the ability to enclose electromagnetic waves at dimensions much smaller than the radiant 

wavelength [1,2]. Plasmonics are divided into superficial plasmon plasmons and localized 

surface plasmons[3-5]. Plasmon surface polaritons (SPPs) are transverse electromagnetic 

waves bounded at the interface between metal and dielectric materials that can propagate up to 

several micrometers. The ability of surface plasmon polaritons to overcome the limitations of 

classical optical diffraction has made their use as energy and information carriers in fully 

integrated, popular and attractive circuits and optical devices. Among the various structures of 

Polariton, SPP surface plasmons, insulated metal-metal structures, and insulated metal-

insulated structures are two common types of plasmonic structures. Also, the most important 

plasmonic components are based on the structure of active and inactive devices. Active 

environments are anisotropic and can be changed by applying an external factor, refractive 

index and length, but inactive environments are isotropic and have only one refractive index 

and are unsuitable for switches and sensors. Currently, one of the most important researches 

using surface plasmons is the detection of refractive index[6-12].. The resonance wavelength 

or angle of surface plasmons is very sensitive to environmental changes, and by changing one 

of the two, the range of surface plasmon effects can be controlled at the nanoscale, leading to 

a significant application in the development of high sensitivity. High integrity and design of 

refractive index sensors will be applied. In this research, we try to build a plasmonic sensor by 

using plasmonic structures and changing the refractive index and examining the resonance 

wavelength [13-15]. 

 

2.Structural model and theory analysis 

The Droud model is used to describe metal and plasmonic waveguides in the design of 

)1(sensors, as this model can be integrated into finite difference time domain simulations:    

ωiϒ  +2ω  /2
pω -  ∞ε   = (ω)  

Here ɛ∞ =1  gives the medium constant for the infinite frequency, ωp = 1.37 × 1016  refers to 

bulk frequency for plasma, γ = 3.21 × 1013  means damping frequency for electron oscillation, 
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and ω shows incident light angular frequency. The proposed structure is shown in Figure 1, 

which consists of two waveguides and a cavity and two rings attached to each other. When the 

simulation starts, the input wave starts moving from the left side of the waveguides and goes 

to the right side of the waveguide after passing through the amplifiers. The width of the two 

waveguides is w1 = 50 nm. The cavity has a length of w2 = 20 nm and a height of 100 nm, 

which is located at a distance of 12 nm from the waveguide. The two rims attached to each 

other have an inner radius of r = 65 nm and an outer radius of  R = 100 nm. Pin and Pout are the 

monitors for measuring the input wave and the output wave, respectively, and the transmission 

is calculated by T = Pout / Pin. 

 

 
 
Figure 1: Two-dimensional image of a plasmonic sensor 

              

The simulation bed is made of silver and the environment inside the rings, cavities and 

waveguides is composed of air. Because the wavelengths of the waveguides are smaller than 

the wavelength of the radiated light, only the TM core wave is present in the sensor structure. 

The TM wave, with a strong magnetic field intensity, starts to excite from the left and 

propagates in the waveguide, and the closer it gets to the output, the lower its intensity. Each 

resonators reflects part of the input wave to the input part. The distribution of the electric field 

at the resonant frequency of the simulated structure is shown in Figure 2. According to the 

shape, the maximum radiation takes place inside the rims. When the field distribution in the 

cavity and the two rings is the same, the energy loss is reduced. As a result, all dimensions 

must be optimized to achieve maximum field distribution in the rings and cavities. 

 

 
      Figure 2: Electric field distribution at resonant frequency  
 

3. Fracture coefficient simulation and measurement methods 

We study the resonant behavior of the desired plasmonic sensor numerically and theoretically. 

For numerical analysis, we use the finite difference time domain simulation method with 

perfectly matched layer boundary conditions (PML). The reason for using this method is to 
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reduce the numerical reflection. We consider the uniform mesh size for the x and y directions 

to be 8 and 8 nm, respectively, and perform the simulation in two dimensions. The reason for 

this is to reduce the simulation time and achieve the desired result. The effective refractive 

index of the sensor with two rings attached to each other and a cavity in the wavelength range 

of 500 to 1500 nm is calculated and the transmission spectrum obtained from the sensor device 

is shown in Figure 3. 

 

 
 

   Figure 3: Transmission spectra of a plasmonic refractive index with two cavities 

 

We increased the dielectric refractive index by a step of 0.01 from 1 to 1.07, which resulted in 

a change in the resonance spectra and wavelengths. The first characteristic to be measured for 

a sensor is the S sensitivity, which is used to quantify the sensitivity of refractive index sensors: 

S = Δ λ / Δn   (nm / RIU)        (2) 

In this equation, Δλ is the change in resonance wavelength and Δn is the change in refractive 

index. According to Figure 3, the sensor transmission spectra have two peaks, which according 

to Figure 4 have the highest sensitivity for the refractive index n = 1.07, which is equal to 987.6 

nm / RIU, and the lowest value for the refractive index n = 1.02, which is equal to Is with 599.6 

nm / RIU. According to this diagram, there is a relatively linear relationship between the two 

parameters of resonance wavelength and refractive index. 

 

 
 
   Figure 4: Resonance wavelength versus refractive index analysis 
 

Since sensitivity alone is not a measure of good performance for comparing different types of 

sensors, and light resolution is also very important for sensors, high FOM is required to 

compare sensors: 
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 FOM = S / FWHM      (3) 

We also need the quality factor of the sensors: 

Q = λres / FWHM     (4) 

Equations 2, 3, and 4 are factors that evaluate the performance of a plasmonic sensor. Using 

these three equations, we plot the sensitivity coefficient S, the quality coefficient Q and the 

figure of merit (FOM). When the two rings are connected and the cavity is placed at a distance 

of 12 nm from the waveguide, we change their refractive index. As shown in Figure 5, mode 

2, which corresponds to the peak to the right of Figure 3, is more sensitive and mode 1 is less 

sensitive. Higher sensitivity reduces the figure of merit (FOM) at the desired point. 

 

 
 
   Figure 5: Plasmonic sensor sensitivity coefficient diagram 

 

Increasing the length of the cavity and rims can improve the sensitivity performance of the 

sensor with a smaller FOM size, which may result in a longer light path and more energy loss. 

 
 
        Figure 6: Plasmonic sensor FOM competency diagram 
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       Figure 7: Plasmonic sensor quality coefficient diagram 

 

According to Figure 7, we obtain the quality coefficient using Equation 4 and dividing the 

wavelength by FWHM, whose value in the refractive index n = 1.07, which has the highest 

sensitivity coefficient, reaches 11.4520. 

 

Conclusion 

Sensors based on surface plasmon resonance are attractive and popular due to the high surface 

sensitivity of surface plasmon polaritons. This sensor has received a lot of attention due to the 

fact that with a very small change in the refractive index of the structure, it causes a very large 

change in the propagation characteristics of the wave. Also as a sensor, it needs a high 

sensitivity factor (S) and a high competency digit (FOM) to provide excellent performance 

with high optical resolution. In this research, we have designed and simulated a plasmonic 

refractive index sensor using a cavity, two interconnected rings and two waveguides. For clarity 

of results and for better comparison, the refractive index of the structure changes from 1 to 1.07 

and the resonant wavelength is calculated at each stage. The proposed sensor structure can be 

considered as a high-sensitivity nanosensor with a value of 987.6 nm / RIU, which due to its 

high resolution accuracy, can change the refractive index of 0.01 for materials with a refractive 

index between 1 and 07 / Is, recognize. Our results and analysis in this study, due to the small 

size of the structure configuration and high sensitivity, can lead to further development of 

plasmonic waveguides in the field of loss reduction and excellent light control in plasmonic 

structures. 
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