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OPTICAL AND PHOTONIC MATERIALS 
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ABSTRACT 

Optics, optoelectronics, and photonics are all subfields of the same discipline known as 

photonics. Due to the interrelated nature of these areas, they each play an important part in 

the development of contemporary technology. In the experimental and theoretical research 

that supports these technologies, a wide variety of topics, from the atomic-level alteration of 

materials to the creation of optical systems, are investigated. These technologies form the 

foundation of modern society. The International Conference on Optical, Optoelectronic, and 

Photonic Materials and Applications (ICOOPMA) has proven to be quite effective in terms of 

bringing together specialists from a variety of disciplines. Additionally, it has developed into 

a recurrent event on the agenda of the conference, which draws participation from a broad 

variety of academics working in a variety of subjects. The ICOOPMA convention for 2014, 

which took place at the University of Leeds, carried on the tradition of previous years. At the 

conference, there were a total of 220 attendees, and they represented 40 different countries. 

This one-of-a-kind issue of Semiconductor Science & Technology contains a collection of the 

many presentations that were made at the conference. Inorganic semiconductors, carbon and 

polymeric materials, inorganic glass and crystalline materials, and metamaterials and 

plasmonic were the four primary topics discussed during the conference. In each of these 

subfields of research, research on a wide variety of topics, from the most fundamental 

materials to the uses of those materials in devices, was carried out. There were approximately 

seventy invited papers that addressed recent breakthroughs in each field, along with keynote 

and plenary lectures by important personalities from all around the world. 

Key Word: photonics, optoelectronics, 

INTRODUCTION 

There is a group of materials known as optical and photonic materials that may be used to 

manipulate and change light in a variety of different ways. They are essential to the 

development of a wide variety of optical technologies and systems, including lasers, fiber 

optics, photodetectors, and light-emitting diodes, amongst others. Because of the one-of-a-

kind properties that these materials possess, they are able to modify the way light behaves in a 

broad variety of contexts. 

The following are some important properties shared by optical and photonic materials: 

Optically clear and transparent conditions come first: These materials often have a high 

optical clarity, which indicates that they enable light to travel through them with just a little 
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amount of light being absorbed or scattered. This feature is very necessary for the optical 

apparatus to be able to transfer light in an effective manner. 

Second, the amount of light that is bent as it travels through a substance is measured by a 

property known as the material's refractive index, which is represented by a number. Because 

of the often tunable and programmable nature of the refractive indices of optical and photonic 

materials, lenses and other optical components may be constructed from these types of 

materials. 

Nonlinear optics' inherent characteristics Several different types of materials exhibit nonlinear 

optical phenomena. This indicates that little changes in the amount of light shining onto a 

substance can have a big influence on the material's optical properties. The occurrence of this 

phenomena is necessary for the proper operation of electronic equipment such as frequency 

converters and ultrafast laser sources. 

The bandgap is a feature of photonic materials that determines the energy range throughout 

which photons may be absorbed or emitted. This property is particularly essential for 

semiconductor-based photonic materials because of its importance in determining the energy 

range. This feature is necessary for the operation of lasers and LEDs on the most fundamental 

level. 

Other materials may create light when exposed to it, a process known as photoluminescence, 

while certain materials have the feature of photoconductivity, which implies that light can 

change the material's electrical conductivity. Some even continue to produce light even after 

they have taken it in, a process referred to as photoluminescence. Optoelectronics makes use 

of both features in the many different devices that fall under its purview. 

As a result of recent developments in nanotechnology, the study of nanoparticles has become 

increasingly significant in the field of photonics. Because of their diminutive size and the 

quantum effects that this gives rise to, nanoparticles and nanocomposites exhibit peculiar 

optical characteristics. 

The seventh topic of discussion focuses on chiral materials and metamaterials, both of which 

make use of artificial structures to produce uncommon optical features such as negative 

refractive indices. Chiral materials have a unique reaction to light that has been circularly 

polarized. Chiral materials are differentiated from metamaterials by their inherent ability to 

control the circularly polarized state of incident light. 

Combination with Other Elements comes in eighth place. Optical and photonic materials are 

frequently mixed with those of other types to produce instruments and systems that are of 

practical utility. This varied collection of materials includes examples such as semiconducting 

materials, polymeric materials, and glass. 



 

International Journal of Research in Economics and Social Sciences(IJRESS) 
Available online at: http://euroasiapub.org 
Vol. 10 Issue 10, October- 2020 
ISSN(o): 2249-7382 | Impact Factor: 7.077| 

 (An open access scholarly, peer-reviewed, interdisciplinary, monthly, and fully refereed journal.) 
 

 

 
International Journal of Research in Economics & Social Sciences 
      Email:- editorijrim@gmail.com, http://www.euroasiapub.org 

  (An open access scholarly, peer-reviewed, interdisciplinary, monthly, and fully refereed journal.) 

 

428 

Optical and photonic materials offer a wide variety of possible applications, some of which 

include, but are not limited to, the following: communications, data transmission, optical 

computing, laser technology, biomedical imaging, quantum optics, and many more besides. 

Research in this subject is advancing, which will lead to the creation of novel materials with 

enhanced optical properties and, as a result, advancement in a wide variety of other 

disciplines. 

Because of their negative permittivity 2 and negative permeability, NIMs are distinguishable 

from other materials in that they exhibit a negative refractive index n in specific frequency 

ranges. This property was initially postulated in 1967 by a Russian scientist by the name of 

Victor Veselago.Veselago followed by commenting on the extensive variety of peculiar 

phenomena that may be shown by such materials, such as the inversion of Snell's law of 

refraction, the inverse of Cerenkov radiation, the Doppler effect, and the formation of 

negative radiation pressure. These are only few of the examples that he provided. merging a 

wire structure with a negative 2 and a split-ring-resonator structure with a negative allowed to 

produce the first purposefully negative dielectric materials at microwave frequencies in the 

year 2000. These materials were created by merging the two structures. This was something 

that Smith and his team were able to do. NIMs are incredibly versatile and may be utilized in 

a wide variety of contexts due to their fascinating array of features. The concept of a super 

lens was first proposed by John Pendry in the year 2000, and ever since then, its significance 

has eclipsed that of all other lenses. Because of the negative refractions that take place 

between two surfaces, an optical image will be produced by a parallel slab of a NIM that is 

otherwise devoid of geometrical imperfections. The fact that the surfaces of the NIM preserve 

surface polaritons (SPs) that may successfully couple to the exponentially decaying short-

range evanescent EM fields is the key to comprehending how this lens operates. These 

electromagnetic fields can be utilized to get knowledge on the features of an object's 

subwavelengths. The resonant amplification of the evanescent fields carried out by the SPs is 

what enables the evanescent fields to traverse greater distances and arrive at the picture plane 

of the super lens. Because of this, the imaging that is produced by NIM lenses may have a 

resolution that is higher than the diffraction limit, which is a constraint that is inherent to all 

positive-index lenses. 

Optical and photonic materials are a type of material that can interact with and manipulate 

light in several different ways. These materials fall under the category of optical and photonic 

materials. These materials are necessary for the manufacturing of a wide range of different 

technologies and pieces of equipment, including, but not limited to, telecommunications, 

lasers, optical sensors, displays, and solar cells, to mention just a few examples. They play a 

very significant role in the process of managing the transmission, generation, and detection of 

light throughout a broad spectrum of wavelengths and frequencies, and their role is quite vital. 
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A list of key features and functions that optical and photonic materials exhibit may be 

found below: 

The term "transparency" refers to the capacity of a variety of optical materials to allow light 

to pass through them without a discernible decrease in light intensity because of light 

absorption or scattering. This property is necessary for the operation of a wide variety of 

applications, including lenses, windows, and optical fibers, amongst others. 

One of the characteristics of a material is referred to as its "refractive index," and this index 

may be used to calculate the speed at which light passes through the material. Substances 

having a high refractive index cause light to bend more than substances with a lower 

refractive index, which allow light to pass through with only a slight degree of deflection. 

Properties of Nonlinear Optical Waves Certain types of matter can exhibit nonlinear optical 

effects, which denotes that the way they respond to light is not directly proportional to the 

intensity of the light that is currently being emitted. These materials are required for usage in 

a wide variety of applications, including frequency conversion and optical switches. 

Certain forms of materials are capable, through the process of photoluminescence, of 

absorbing light of a specific wavelength and then re-emitting it at a frequency that is distinct 

from the original frequency. This property is use in light-emitting diodes (LEDs) as well as 

laser gain medium. 

The method of detecting and sensing light using photonic materials is referred to as 

photodetection. The photodetectors that are made utilizing these materials are extremely 

important to the operation of applications such as cameras, solar cells, and optical 

communication systems. 

Bandgap and Absorption: The bandgap of a substance is what determines the range of light 

wavelengths that it may either absorb or emit. This range of light wavelengths is called the 

absorption spectrum. Semiconductors, for example, have bandgaps that can be altered, which 

gives them the adaptability to be used in a wide range of settings. 

The polarization of the light that travels through certain materials can cause a phenomenon 

known as birefringence, which describes the change in the refractive index of the substance 

that takes place. The use of these materials can be of tremendous advantage to the devices that 

are particularly sensitive to polarization. 

The word "metamaterial" refers to man-made substances that have been engineered to possess 

unusual optical properties that cannot be found in naturally occurring substances. They make 

it feasible to design devices that have extraordinary capabilities, such as cloaks that render 

their wearers invisible and lenses that have a negative refractive index. 
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The study of the distinctive characteristics that emerge in optical substances when their 

dimensions are reduced to the nanoscale scale is known as nanophotonic. Plasmonic 

phenomena and quantum confinement are both examples of these features. Nanophotonic is 

an emerging discipline of photonics that explores the phenomena with the goal of creating 

applications like ultra-compact photonic devices. This subfield of photonics is seeing rapid 

expansion. 

Bandgaps and wavelength-selective filters may be made using these materials because of the 

periodic patterns that regulate how light travels through them, which in turn leads to the 

generation of bandgaps. One example of this category of material is something known as 

photonic crystals. 

Researchers are constantly exploring and creating novel optical and photonic materials to 

extend the capabilities of currently existing technologies and offer up new pathways of 

opportunity for potentially applicable applications in the future. In today's world of cutting-

edge technology and scientific research, the subfields of optics and photonics play a 

significant role. The goal of the research that is being conducted now is to enhance the 

efficiency, cost-effectiveness, and integration of these materials into systems and devices that 

are used daily. 

OBJECTIVES  

1. To the study of optical and photonic materials. 

2. To the study of new materials with advanced. 

RESEARCH METHODOLOGY 

The study of photonics aims to maximize the use of photonic energy because of its potential 

advantages. The amount of energy that is carried by a single photon is referred to as its 

"photon energy," and the phrase "photon energy" is a noun. It is possible to determine the 

value of this energy by using equation (1). The levels of energy that photons possess are 

determined by their frequencies; photons with higher frequencies possess greater amounts of 

energy, whereas photons with longer wavelengths possess less energy, where h is the Planck 

constant, c is the speed of light in a vacuum, and k is the wavelength of a photon. h, c, and k 

are abbreviations. Therefore, after having a fundamental comprehension of what light energy 

is, it is necessary to have a comprehension of the ways in which light energy may be 

controlled and administered. Photonic crystals hold the key to unlocking the mystery here. 

The process of developing materials in such a manner that they may impact the properties of 

photons is what is meant to be understood by the term "photonic crystal," which is a term 

used in layman's terms. This idea is comparable to the way that conventional semiconductor 

crystals have an effect on the characteristics of electrons. 
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RESULT AND DISCUSSION  

Graphene is a material that only exists in two dimensions, yet despite this, it is the substance 

that is both the thinnest and the strongest in the whole universe. In addition to this, its charge 

carriers have huge intrinsic mobility, are optically transparent, have zero effective mass, and 

can move for micrometers without scattering when the temperature is at room temperature. 

All of these characteristics are present when the material is at normal temperature. It has a 

larger electrical current, an intrinsic characteristic, and a lower resistance than any other 

material that is currently known to exist, and this property is present while the material is at 

normal temperature. In addition to this, its weight is far lower than that of paper, but its 

durability is comparable to that of diamond. It is the first example of a possibly new family of 

materials that has been found to have a thickness of exactly one atom. Graphene has been 

nicknamed a "Wonder Material" because to the multiple intriguing properties that it exhibits, 

and this moniker is well deserved. The real potential of graphene can be leveraged in 

photonics and optoelectronics applications, and the combination of its optical and electrical 

capabilities may be fully explored. Graphene's versatility can be fully utilized in these 

applications. The full potential of graphene may be realized using these applications. The 

widespread commercialization of optical circuits is something that has not been done just yet 

since photons have such a wide range of applications and uses. It has been demonstrated that 

certain hybrid optoelectronic circuits have the potential to considerably improve the 

performance of electronic circuits. The most significant obstacle in developing an optical 

component that can serve numerous functions concurrently has slowed the progress of the 

development of all optical systems. Because of its localization properties, the photonic crystal 

is an exceedingly attractive medium for the development of novel forms of filter couplers, 

lasers, and light-emitting diodes. Photonic crystals are distinguished by their ability to 

regulate spontaneous emission, which is a property that does not exist in any other material. It 

is possible to use photonic crystals in the cavities of a laser or an LED. An excited atom has a 

natural tendency to ''fall'' to a state of lower energy, which results in the atom releasing its 

stored energy in the form of emitted radiation. When an atom ''falls'' to a state of lower 

energy, it releases its energy in the form of emitted radiation. This is an illustration of what is 

known as spontaneous emission, and it can be found in Figure 4. 
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Fig 1 (a) A TEM picture of a core–sheath nanowire composed of GaN/AlGaN. (b) A 

picture taken by a TEM microscope of an InP super-lattice nanowire. (c) A picture of 

heavily branched PbS nanowires taken with a scanning electron microscope. 

 

Figure 4: The disintegration of an atom, which results in the release of an energetic 

photon. 

Stimulated emission, also known as emission, that is spurred by the presence of other 

photons, is a type of emission that occurs when other photons are present. The rate of 

spontaneous emission from a certain beginning state is related both to the density of the end 

states that are accessible at the transition frequency and to the square of a matrix. This 

relationship holds true regardless of whether the transition frequency is positive or negative. 

Modifying the permitted density of states, that is, can also have an influence on it in a variety 

of different ways. Using the equation (3), it is feasible to express the free-photon Density of 

States (DoS), which is indicated by the symbol Df. This is accomplished by dividing Df by 

the unit volume. Where x represents the frequency of the transition and k, accordingly, the 

wavelength of the light. 

 

CONCLUSION 

varying degrees of the permeability of magnetic fields. The re-creation of PC-based 

waveguides and microcavities is made possible by combining the supercell approach with 

flawed PC modelling. (2) The mode of transmission known as "plane wave" transmission. 

Utilizing this approach, one may ascertain the dispersion relationship of periodic three-

dimensional quantum-dot systems. This is achievable because of the method's flexibility. 

Third, an analytical technique that makes use of finite differences in the time domain in 

conjunction with auxiliary differential equations. A faithful reconstruction of the exciton-

polariton resonances that may be seen in quantum dot optical systems is made possible with 



 

International Journal of Research in Economics and Social Sciences(IJRESS) 
Available online at: http://euroasiapub.org 
Vol. 10 Issue 10, October- 2020 
ISSN(o): 2249-7382 | Impact Factor: 7.077| 

 (An open access scholarly, peer-reviewed, interdisciplinary, monthly, and fully refereed journal.) 
 

 

 
International Journal of Research in Economics & Social Sciences 
      Email:- editorijrim@gmail.com, http://www.euroasiapub.org 

  (An open access scholarly, peer-reviewed, interdisciplinary, monthly, and fully refereed journal.) 

 

433 

the help of this technology. It is also capable of determining resonance mode distributions, in 

addition to calculating spectra. 
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