
Parul Kaushik et.al., International Journal of Convergence in Healthcare, July-December 2023, Vol. 03, No. 02 |81|

International Journal of Convergence in Healthcare
Published by
IJCIH & Pratyaksh Medicare LLP www.ijcih.com

Original Article

Analysis of 1 Dimensional Photonic Crystal Optical Limiters

Parul Kaushik1, Hukum Singh1, Ambika Devi3

1Research Scholar, Department of Applied Sciences, The North Cap University, Sector 23-A, Gurugram, 2Professor, 
Department of Applied Sciences, The North Cap University, Sector 23-A, Gurugram, 3Professor, Amity University, 

Manesar, Gurugram

Abstract

Most of the optical limiting mechanisms depend upon substances with nonlinear optical responses that allow 
light to regulate light and are gaining popularity once again. The realisation of innovative optical limiters 
functioning for extremely low limiting threshold and high damage threshold throughout a larger domain is 
advantageously facilitated by one-dimensional photonic crystals (1D PhC). Researchers have extensively studied 
1D PhC, a periodic nanostructure having a refractive index distribution along one direction. Unfortunately, there 
is little evidence in the research community of their usefulness in limiting high-intensity radiation to safeguard 
expensive optical sensors and systems. Here, a summary of the theoretically suggested, computationally 
simulated, mathematically modelled, and empirically realised 1D PhC reflecting optical limiters is given. This 
review focuses on the limited but noteworthy examination of optical systems based on 1D photonic crystals.
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Introduction

Recent developments in high-power lasers in many 
applications such as communications, energy, healthcare, 
military and defence, and environmental monitoring [1-5] 
also require optical limiters to protect sensitive optical 
detectors and the human eye. Optical limiters are the 
building blocks of a new class of nonlinear optical elements. 
Until now, there are various passive optical limiters 
based on nonlinear mechanisms, such as saturable[6] and 
inverse saturable absorption[7,8], two-photon absorption[9], 

multi-photon absorption[10,11], etc. to many research 
groups to develop efficient optical limiters. Conventional 
homogeneous optical limiters offer a low activation 
threshold between 0.01 and 0.1 J/cm2 under ns pulses 
in the visible and NIR wavelength range [12,13]. Optical 
limiters are preferably used in addition to data processing 
to protect optical sensors from excessively damaging 
laser radiation. Since the 1970s, various approaches have 
been developed to develop optical limiters [14]. However, 
there is still a lack of practical OLs to protect optical 
sensors. The main problem of existing OLs is that their 
working principle based on nonlinear optical effects 
requires relatively high intensity radiation. Because of 
this, in most cases, the optical limiter begins to reduce its 
transmittance at the level of incoming radiation, which is 
much higher than the level necessary to protect the optical 
sensor. Therefore, one of the earliest requirements in the 
development of optical limiters is to lower the limiting 
threshold. In addition, existing passive optical limiters 
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often cause overheating and irreversible damage when 
directly exposed to strong radiation. Reflective optical 
limiters based on 1D photonic crystals can be a solution to 
the sacrificial problem of these optical limiters. In the last 
decade, photonic crystals have attracted the attention of 
researchers due to their ability to block the propagation of 
light in a special region called the photonic band gap (PBG) 
[15]. Since the pioneering efforts of Yablonovitch [16] and 
John [17] in 1987, materials with 1D photonic bandwidth 
have been used to build various functional and advanced 
devices due to their physical properties [18,19]. Among the 
existing 1D, 2D and 3D photonic crystals, 1D photonic 
crystals are most widely used due to their simplicity [20]. 
These robust 1D photonic crystal structures lead to various 
applications such as optical sensors, optical switches, 
optical limiters, temperature sensors, omnidirectional high 
reflectors, etc.[12, 21-23] Metallic nanocomposites composed 
of semiconductors chalcogenides photonic crystals are 
kept inside mind and is best suited for optical switching 
and limiting applications[24, 25] .However, photonic 
crystals consisting of superconductors and dielectric 
materials [26-30] find wide applications in biosensing[22], 
temperature measurement [20], bio photonics due to their 
wider bandwidth, smaller dielectric losses and negligible 
degradation. and gas sensors and sea water devices that 
measure desertification and seawater salinity, etc.[22, 23] 

The performance of photonic crystals changes greatly by 
changing device parameters such as refractive index. of 
materials, number of layers, thickness of each layer. [20, 

30] Photonic crystals, when used as OLs, are nanoscale 
periodic optical structures that can guide and manipulate 
light in the same way as semiconductor electrons. When a 
defect layer is placed in the centre of the photonic crystal 
structure, the localized state appears as a defect plane in 
the PBG, and the incident light can be confined to that 
defect layer in the PBG. This light localization leads to 
an increased electric field in the defect layer. When a 
nonlinear material is used as a defect carrier, an increase 
in nonlinearity is expected. This increased nonlinearity 
can reflect high-intensity radiation that shields both the 
advanced optical devices and the linearity material. Many 
researchers have done little but significant work in the last 
decade. Considering the truth that there are several reviews 
on the development history and current performance of 
limiting materials, their mechanisms, and devices [14, 44-

47]. Here we offer a critical overview of optical limiters 
based on 1D photonic crystals. In our previous work [24], 
we presented a brief overview of 1D multilayer reflection-

based optical limiters together with other homogeneous 
limiters. However, to our knowledge, there is no such 
attempt to study reflective optical limiters in detail.

Basic design and mechanism of 1D photonic crystal 
reflective optical limiter: The traditional optical limiter 
based on non-linear material provides good protection 
against strong radiation. The enthusiasm of the researchers 
led to the invention of an alternative structure that could 
protect both the sensitive target and the containment 
material from irreversible laser damage. Yoo and Alfano 
presented a multilayer structural scheme to describe 
optical effects using an approximate and appropriate 
scheme. Kahn also explained the same idea by presenting 
a model with alternating linear and non-linear material 
layers. After explicit research, Makri and colleagues 
arrived at the basic experimental design of a reflective 
optical limiter. The components of a practical reflective 
optical limiter include a planar microcavity and a layer of 
nonlinear material. Invented by Charles Fabry and Alfred 
Perot in 1899, a planar microcavity, also called a Fabry-
Perot cavity, is formed by placing two identically spaced 
Bragg reflectors (DBRs) opposite each other. That cavity 
contains two pairs of partially reflecting mirrors, which can 
be composed of semiconductors, insulators, optical glass, 
or any other organic compound. These mirrors are placed 
opposite each other, their reflecting surfaces against each 
other. When a light ray from one mirror hits the cavity, it 
hits the second mirror and some of it is reflected within 
the medium and travels towards the first mirror. A similar 
pattern is followed by incoming light bouncing back and 
forth in the cavity, with small parts missing at various 
stages. When the phase difference is 2π or an integral 
multiple of 2π, a standing wave is formed in the cavity, 
which describes the maximum disturbance that causes 
the cavity to resonate. The resonant wavelength depends 
on the geometric space between the two F-P mirrors, the 
reflectivity of the mirror and the refractive index of the 
F-P cavity.

Distributed Bragg Reflector (DBR): It is an optical 
structure that consists of an F-P cavity and is created by 
layering alternating dielectric films in many layers. As 
depicted in Figure 1, these films, which have varying 
refractive indices, are periodically placed on top of one 
another.

Figure 1 shows a schematic of a microcavity in a 1D 
photonic crystal with a half-wave defect layer sandwiched 
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between two identical Bragg reflectors, each composed of 
alternating quarter-wave layers with marginally differing 
refractive indices.

Figure 1

The total internal reflection of a DBR structure is 
the superposition of all the reflected light. When light is 
incident on a DBR structure, a portion of it is reflected 
at each contact between the layers. There would be a 
constructive reflection with the highest reflection occurring 
at the centre wavelength if the centre wavelength was four 
times the thickness of each film.

Fabrication Technique: DBR structures were 
traditionally constructed using thick metal oxide layers and 
vacuum-grown semiconductor thin films. Devices used for 
light management, such as LEDs, optical filters, etc., use 
this state-of-the-art technology. Other techniques have 
also been employed to create Fabry-Perot microcavities, 
which allow for the creation of thin dielectric layers 
with high Q factors. Sol-gel,electron beam evaporation, 
ion plating, sputtering, molecular beam epitaxy, and [24] 
for 1 D PBG manufacturing are some of the approaches 
presented in the literature.

Sputtering is the most practical and often used 
method among these for creating reflecting optical 
limiters and multilayer thin film depositions. Sputtering 
has the benefit of making it simple to sputter compounds 
with exceptionally high melting temperatures with thin 
films whose composition is very similar to the source 
material. Sputtering is a cost-effective method for creating 
dielectric microcavities with a large surface area and 
precise composition. Creating alternating dielectric layers 
with exact thicknesses and refractive indices is a dynamic 
process. By adjusting the substrate temperature during the 
sputtering process, the structural and optical characteristics 
of the thin films can also be changed. To create uniform 
and superior photonic crystals, high melting temperature 
metals, photovoltaic layer architectures, and transparent 
conducting oxides can be sputtered. Sputtered films’ 
adherence will also be improved.

Mathematically modelled and theoretically studied 
reflective optical limiters: Yoo and Alfano investigated 
mathematical modelling of multilayer systems to 
simulate the non-linear effects. They all shared the same 
optical limitation for several factors and parameter-
dependent threshold intensity in their uniform intensity 
approximation. Kahn examined numerous multilayer 
system models using the same modelling technique to 
assess the utility of various multilayer compositions as 
optical power limiters. Kahn created models of a few 
systems with features that were quite similar to the ideal 
attributes. For instance, the ten-bilayer system, which 
had transmission plateaus that were almost flawless, 
had alternate layer permittivity values of 2.25 (linear) 
and 1.25 (nonlinear) correspondingly. The fluctuation in 
transmission coefficient with increasing input strength, 
wavelength incident, and dynamic range was explained by 
Kerr nonlinearity.

Experimentally realized reflective optical limiters 
The last two decades have been devoted to experimental 
work to control and improve emission properties of 
limiters by modifying the dielectric surrounding of the 
source. Numerous strategies have been examined for the 
same purpose, including planar interfaces, solid-state 
planer microcavities, photonic crystals, spherical micro 
resonators, and dielectric nanospheres. The most easily 
exploitable PBG devices for regulating the spontaneous 
excited atom emission rate in the weak coupling regime 
among these systems are planar microcavity resonators, 
such as 1 D photonic crystals. The optical limiting in 1D 
metal nanocomposites photonic crystals,[25]1D photonic 
bandgap structures with embedded semiconductor 
nanocrystals,2D photonic crystal structures in the 
visible, and IR region as well as 3D polystyrene band-
edge photonic crystals has been the subject of extensive 
research up to this point.

Phase change material [PCM] based reflective 
optical limiters: By using resonant transmission-based 1 
D photonic crystal reflective optical limiters, the primary 
issues of bulk material-based optical limiters, such as 
their high limiting threshold, low damage threshold, and 
overheating, are ultimately eliminated. These advanced 
new PBG optical limiters do, however, have a constrained 
transmission width and angular sensitivity. These 
limitations are tolerable in some communication domains 
and LADAR applications, but they cannot be ignored in 
spectroscopic and imaging applications due to the vast 
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spectrum range and incident angle dependence. Li and 
coworkers [137] put out a fresh approach to address these 
issues in innovative limiting devices, explaining how 
topological phase reversal-based transmission works in 
1 D PBG structures. The authors merged a 1 D photonic 
crystal with a non-linear photonic crystal L.

Conclusion and Future Outlook

A reliable optical limiter that is also resistant to 
damage caused by lasers is the most important criterion 
among the other requirements for novel optical limiters. In 
order to protect both themselves and the target sensors, 1 
D PhC based reflecting optical limiters have been carefully 
researched as prospective solutions. In this case, a thorough 
study has been given to show the beneficial outcomes of 
using a 1 D photonic resonator for self-protecting optical 
limiting. Rare earth metals and semiconductor materials 
have the ability to reflect high-intensity radiation to the 
environment, protecting complex sensors, when used as 
defect layers in a 1 D photonic crystal. Phase-changing 
materials that are inserted as defect layers in PhC optical 
limiters have been studied.
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