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ABSTRACT: Plasmonics is a new field of photonics that has shown promise in a variety of practical 

applications. This technology has a lot of potential for developing light-sensitive sensors and better optical 

devices. Surface-plasmon resonance (SPR) monitors are distinguished by their ability to detect minute surface 

alterations. A significant amount of effort has gone into developing a surface plasmon resonance-based optical 

sensor that is both fast and sensitive. This device's primary application is in medical, specifically for early 

disease diagnosis. This study looks at numerous elements that were explored in order to improve the monitor's 

sensitivity. Form symmetry and the surface plasmon resonance (SPR) mode are two instances of this. 
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1. INTRODUCTION 

The proliferation of powerful processors and the recent improvements in technology have resulted in 

substantial changes across a wide range of scientific and technological sectors, including photonics. These 

changes have been brought about as a consequence of advances in technology. Within the realm of 

photonics, plasmons are a concept that has been investigated and put into practice ever since the discipline 

was first established. They are both fascinating and helpful.When a metal and a dielectric are subjected to an 

interaction at optical wavelengths, the outcome is the generation of surface plasmon waves that have the 

same wavelength. Surface plasmons have made it possible for scientists to alter the composition of materials 

and the properties of those materials in ways that were previously unimaginable.  

This has allowed them to create new possibilities. This is because they have a number of desirable 

properties, such as the ability to confine light at the nanoscale and resonant behavior. This is the reason why 

they are so advantageous. In addition, it has been proved that these qualities are advantageous in the field of 

biomedicine through many studies. At the interface between the metal and the dielectric compound, a high 

electric field and a lowered group velocity are both observed. In addition, the group velocity is found to be 

decreased.  

Plasmonics is a subject that has captured the attention of scientists and engineers due to the characteristics 

that explain why it is so fascinating. Utilizing it in a wide range of applications, such as near field imaging, 

nanolithography, and solar cells, is something that they intend to do in the future. When electromagnetic 

waves and moving conduction electrons in metal interact with one another, the outcome is the development 

of a surface plasmon polariton, which is also referred to as an SPP.  

The movement of the particles is facilitated by the contact between the metal and the dielectric, which 

results in the amplitudes of both layers steadily decreasing. SPP, which is an abbreviation that stands for 

single photon processing, is applied in order to get around the diffraction limit. To put it another way, this 

makes it possible to construct optical devices on a scale that is significantly smaller than what is now 

achievable. When it comes to the process of building a surface plasmon resonance (SPR)-based monitor, 

sensitivity is just one of the many elements that need to be taken into consideration during the process. 

Increasing the sensitivity of the SPR sensor can be performed through a number of various methods that are 

completely different from one another.  

Constructing the aperture pattern, determining the composition and thickness of the metal sheet, and making 
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the suitable choice of the wavelength at which the device will function are all included in this. Based on both 

theoretical considerations and actual research, this paper presents a collection of confirmed sensitivity 

optimization approaches.  

2. SPRMODE 

There are two distinct varieties of surface plasmon resonance (SPR) monitors, which are essentially two 

distinct kinds of platforms. Two examples of surface plasmon propagation are referred to as localized 

surface plasmons (LSP) and propagating surface plasmons (PSP). One of the modes that is believed to be 

favorable in the field of biosensing is the SPR mode. With the highest sensitivity rate, the thin layer gold 

surface of the PSPsensor is especially sensitive to extremely minute molecules. This surface also has the 

highest sensitivity percentage. This technique, on the other hand, was able to reach detection limits that were 

far lower than the threshold when it was applied to much larger molecules. The sensitivity of the LSP sensor 

can be attributed to the utilization of nanoparticles that are positioned in close proximity to one another. 

Examples of nanoparticles that fall into this category include nanospheres and nanorods. By modifying the 

dimensions and shapes of the nanoparticles that comprise the LSP mode, it is possible to make the mode 

more responsive to changes in environmental conditions. Despite the fact that the difficulties associated with 

the PSP mode can be handled by integrating the two modes into a single structure, the sensitivity of the 

resultant structure is still lower than that of the LSP mode. This is the case even though the PSP mode 

presented a number of hurdles. Due to the high level of precision it contains and the ease with which it may 

be manufactured, the combination is suitable for use in commercial settings. This is because of the nature of 

the mixture. In the next paragraphs, a completely detailed explanation of the construction of the sensor is 

provided. In accordance with the specifics of the situation, the goal is to achieve the highest possible level of 

sensitivity. 

3. SYMMETRICITYOFTHE STRUCTURE 

It is necessary to take into consideration two primary criteria in order to ascertain the level of performance 

that an SPR sensor possesses. When the refractive index is altered, the most important goal is to induce the 

biggest possible resonance angle shift that may be accomplished. This is the most critical purpose. In 

addition, the full width at half maximum (FWHM) is a mathematical representation that depicts the degree 

to which the SPR curve is steep. When the curve is tilted in a particular direction, it is much easier to 

determine the angle of resonance on the curve. After careful analysis, it has been established that the Full 

Width at Half Maximum (FWHM) has a clear connection to the intrinsic sensitivity measure that has been 

developed. For the purpose of carrying out a quantitative estimate of the SPR sensor's internal sensitivity, 

the equation that is presented below is utilized:It is necessary to take into consideration two primary criteria 

in order to ascertain the level of performance that an SPR sensor possesses. When the refractive index is 

altered, the most important goal is to induce the biggest possible resonance angle shift that may be 

accomplished. This is the most critical purpose. In addition, the full width at half maximum (FWHM) is a 

mathematical representation that depicts the degree to which the SPR curve is steep. When the curve is tilted 

in a particular direction, it is much easier to determine the angle of resonance on the curve. After careful 

analysis, it has been established that the Full Width at Half Maximum (FWHM) has a clear connection to the 

intrinsic sensitivity measure that has been developed. For the purpose of carrying out a quantitative estimate 

of the SPR sensor's internal sensitivity, the equation that is presented below is utilized: 
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Both the wavelength and the resonance angle can be modified by adjusting the symmetry of the SPR 

sensor's architecture. This allows for the possibility of making adjustments to both of these parameters. A 

number of studies have shown that the presence of an asymmetric structure causes an increase in the full 

width at half maximum (FWHM) of the reflectivity graph. This is something that has been demonstrated. As 

a direct result of this, the transmission is considerably improved. The asymmetric variation of the SPR 

sensor, which contains ZnO in the middle layer, is an illustration of this fact. This variation is substantially 

more sensitive than the other variations. During the subsequent step, other parameters that lead to an 

improved level of awareness are investigated. One example of this is the thickness of the metal coating.  

Metal Film Thickness: 

In the research that they conducted, Hyuk Rok Gwon and his colleagues discovered that there is a significant 

correlation between the thickness of a metal film and its level of sensitivity. Therefore, Equation (2) can be 

utilized to do a mathematical computation in order to determine the optimal thickness that provides the 

highest level of sensitivity available: 

 

 
There is the possibility that an SPR sensor will consist of more than one metallic layer and one insulating 

layer. There is more that can be done than that. After that, we will cover the many different sorts of multi-

layered devices that are available. 

 

4. MULTI-LAYEREDSTRUCTURE 

When a surface plasmon resonance (SPR) device is made up of multiple layers, it is feasible for surface 

plasmon polaritons to be confined at each contact between a dielectric material and a metal. This is in 

accordance with the theory of surface plasmon resonance. When the distance between two neighboring 

plasmonic surfaces is higher than the decay length of the interface mode, it is feasible to see coupled modes. 

This indicates that coupled modes are achievable. The following are the two categories that can be placed 

within a system that consists of multiple layers: I A dielectric-metal-dielectric contact is created when a thin 

metal layer is interlayered between two thick dielectric layers. This results in the formation of a dielectric-

metal-dielectric contact. Typically, a metal-dielectric-metal contact is composed of two metal surfaces that 

are encircled by a thin layer of dielectric. These components are what make up the contact.  

 In order to change the SPR resonant range and improve the sensitivity of the SPR sensor, Xihong Zhao and 

his colleagues proposed a study in which they developed a multi-layered system. The goal of the study was 

to improve the sensitivity of the antenna. As an additional point of interest, it was suggested that the 

dimensions of the system be reduced in order to improve the sensitivity of the multi-layered system as well 

as the range of its capabilities to detect the refractive index. In order to produce a surface plasmon, it is 

essential to transmit a wave in the direction of the surface from the very beginning of the process. After a 

certain amount of time has passed, new information concerning the influence of wavelength on awareness 

will be presented. 
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Wavelength Region 

When the wavelength is increased, the SPR curve can be seen to become more defined, and the angle change 

can be seen to become less obvious. Instead of the resonance frequency, the wavelength region is what plays 

a role in determining the sharpness of the parabola. Because of this, the infrared (IR) spectrum is inherently 

more sensitive than other color spectrums. The sharpness of the curve as well as the fluctuation in resonance 

angle are also variables that are controlled by the plasmon vector. A thorough examination of the metal and 

dielectric, including both their physical and conceptual components, is required to arrive at a conclusion. 

 

5. CONCLUSION 

The construction of a highly sensitive surface plasmon resonance (SPR) sensor can be aided by the creation 

of a small, multi-layered device that operates in the infrared (IR) and makes use of localized surface 

plasmon resonance (SPR). According to the Kolomenskii equation, this system must be asymmetrical and 

correspond to its requirements. The incorporation of a performance evaluation and the modeling of an SPR 

sensor that satisfies the aforementioned objectives will be the subject of further investigation. 
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