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Abstract:

The devices used for sensor protection against laser pulses are called optical limiters. The ideal optical
limiter has the characteristics has a high linear transmission for low input (e.g. energy E or power P), avariable
limiting input E or P, and a large dynamic range defined as the ratio of the E or P at which the device damages
(irreversibly) to the limiting input. Such devices can also be used as power or energy regulators. However, since
the primary application of the optical limiter is for sensor protection, and damage to detectors is almost always
determined by fluence or irradiance, these are usually the quantities of interest for the output of the limiter.
Getting ideal limiting response turns out to be possible using a wide variety of materials, however, it is very
difficult to get the limiting threshold as low as is often required and at the same time have a large dynamic
range. Because high transmission for low inputs is desired, the material/device must have low linear absorption.
These criteria lead to the use of two-photon absorption (2PA) and nonlinear refraction phenomena in practice.
Any materia (both inorganic or organic) which shows nonlinear absorption can be used for practical limiters.
Unfortunately, except in the IR region, 2PA coefficients of inorganic solids are too small for most of these
applications which look to protect against nanosecond sources. Organic materials have the potential for larger
nonlinearities and are being actively investigated. In addition, if small linear absorption can be tolerated, reverse
saturable absorbers can be effective. Here the transmitted fluence is reduced so that the energy of along pulseis
limited as well as a short pulse as long as the pulse width is less than excited-state decay times. In this paper, we
have andysed the characteristics of the ideal optical limiter and reviewed the recent efforts by many researchers
on the realization of best optical limiter using nonlinear organic materials.

Index Terms:. Ideal Optical Limiters, Practical Optical Limiters, Organic Material Optical Limiters& Optical
Limiters for Photonics
1. Introduction:

The word ‘Ideal system’ refers to the system which has ideal characteristics i.e., perfect in every way.
It is what the mind pictures as being perfect. The characteristics of the present system can be improved towards
the characteristics of the ideal system by doing research and innovation [1-2]. The concept of an idea gas, ideal
fluid, ideal engine, ideal switch, ideal voltage source, ideal current source, ideal semiconductor devices like
ideal diodes, ideal transistors, ideal amplifiers etc. have been defined and taken as standards to improve the
quality and performance of such practical devices or systems. Similarly, Ideal business system [3-4], Ideal
education system [5-7], ideal technology [8], ideal strategy [9], ideal energy source [10], ideal banking [11-13],
ideal software [14], and ideal library [15] are also defined and their input characteristics, System characteristics,
output characteristics, and environmental characteristics are studied. It is found that, by keeping such
hypothetical devices or systems in mind, researchers have continuously been improving the
characteristics/properties of practical devices/ systems to upgrade their performances. Hence, ideal properties of
a device or a system can be used to upgrade or improve its properties towards reaching 100% efficiency. By
comparing the properties/characteristics of a practical device/system with itsideal counterpart, one can find out
the possible modifications in that device /system towards reaching the objective of achieving such an idea
system[2].

Thefield of nonlinear optics has been rigoroudly investigated for over fifty years. Sinceits beginningin
1960, after invention of the first Laser by T. H. Maiman [16], the field has grown to encompass a widely diverse
array of phenomena such as second harmonic generation first observed by P.A. Franken, et al. in 1961, [17], the
electro-optic (Pockel’s) effect [18], sum and difference frequency generation [19], third harmonic generation
[20], stimulated scattering [21], multi-photon absorption [22], and nonlinear refraction [23]. Each of these
effects has the potential to be used for some practical application. For example, second harmonic generation is
extremely useful in doubling frequency of lasers to expand their spectral coverage, while optical parametric
processes similarly expand spectral range through difference frequency generation. Second harmonic generators
and optical parametric oscillators represent applications that have reached some level of maturity in that they
exist as commercially available products. The development of other nonlinear optical processes are either still in
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their infancy or stagnant in their progress. The most notable example is the intensity-dependent refractive index
and intensity-dependent absorption, which hold great promise in device applications but the development of
which has stalled due to the lack of suitable materials [24].Since the discovery of self-focusing in materials with
an intensity-dependent refractive index, and the realization of the ability of these materials to produce intensity
dependent phase shifts, all-optical devices have been a topic of rigorous investigation. Early theoretical and
experimental results spurred interest in optical analogs to transistors, logic gates, switches, routers, multiplexers,
de-multiplexers, and much more. The research has continued as an information-hungry society demands more
information and faster transmission rates requiring high speed, increased bandwidth networks. As the internet
reaches into the home of the average consumer and optical communication networks approach the tens or
hundreds of gigahertz speeds, system begins to push the limits of electronic devices. Increasingly, system
designers will turn to al-optical systems that are free of the data-rate constraints imposed by the use of
electronic devices to transmit and receive signals [25].

In this paper, we have anslysed the characteristics of the ideal optical limiter and reviewed the recent
efforts by many researchers on the realization of best optical limiter using nonlinear inorganic, organic, and
nano materials using different configurations.

2. Characteristics of Ideal Optical Limiter:

Optical limiting is one of the important applications of third order optical nonlinearity of materials.
Nonlinear optical materials can be used for protecting sensors against high-intensity laser pulses and high-power
laser beams. Devices developed for this purpose are called optical limiters. An optimum practical optical limiter
can be designed and fabricated by predicting and studying the characteristics of an ideal optical limiter. Anideal
optical limiter is a photonic device or component has ideal optical limiting characteristics. It can take any
intensity input laser beam both continuous wave (CW) or pulsed wave of any time duration. It has to process
such incident light beam internally using nonlinear properties of the medium and provide output laser beam of
constant intensity or fluency. The input-out characteristics of an ideal optical limiter is shown in Figure 1. It
shows high linear transmission for low input power or energy and constant output power or energy for a large
variable range of input above limiting input threshold power or energy so that such device can be also used for
power or energy regulation. In practice, it is possible to realize ideal limiter characteristics at least above certain
minimum input power or energy is possible using different nonlinear materials which show high nonlinear
susceptibility, even though it is difficult to achieve both requirements of low limiting threshold and large
congstant output range simultaneously. In practice, to get high transmission at low input power or energy, the
limiting material used should show low linear absorption [26-27]. Based on the above discussion, we can list the
characteristics of an optimum practical optical limiter as follows:

v" Must possess high linear transmittance with wide transmission range.
v" Should have low limiting threshold level (the input power/energy corresponding start of saturation).
v" Should show fast response time (CW, nano to femto second signals).
v Should show broadband limiting response through the entire visible spectral region.
v" Should have low light scattering inside the material medium.
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Figure 1: Input-output characteristics of an ideal optical limiter
Thus an optimum practical limiter is a device which shows linear transmission characteristics below a
threshold level and fixes the output to a constant level above it, thus providing safety protection to sensors or
human eyes.
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2.1 Model of Ideal Optical Limiter System:

Ideal optical limiter model is developed by considering various characteristics under 4 categories such

as Input conditions, Systems requirements, Output conditions and Environmental conditions. These
characteristics are analysed with an aobjective to achieve the goal. An ideal optical limiting system shall have
characteristics which can be predicted and classified. Based on various factors which decide the ideal optical
limiting system characteristics, a model consisting of the input conditions, output conditions, system
requirements, and environmental conditions is developed by using focus group method [28-34]. The block
diagram of such ideal optical limiting system and interconnection of various components is shown in figure 2.
The ideal properties of a device can be used to improve the properties of the practical device with an objective
to achieve 100% efficiency.

ENVIRONMENTAL CONDITIONS

SYSTEM
INPUT CONDITIONS REQUIREMENTS OUTPUT CONDITIONS

Figure 2: System model of Ideal optical limiter characteristics.

A. Input Conditionsfor Ideal Optical Limiter:

v

v

v

v

v

Anideal limiter device should capable of taking input light beam of any intensity without any material
damage.

An ideal limiter device should capable of accepting input light beam without any reflection or
scattering from incident surface.

Any variation in the input intensity or power between zero to infinity should maintain constant output
intensity irrespective of input intensity variations.

Anideal optical limiter device should capable of taking input light beam of any wavelength/frequency
of entire electromagnetic spectrum.

An ideal optical limiter device should capable of taking input light beam of continuous wave or of a
pulsed wave of any time duration.

B. System Requirements:

v
v

v

v
v

An ideal optical limiter possesses high linear transmittance with wide transmission range throughout
electro-magnetic spectral bandwidth. i.e., it should have infinite bandwidth.

The transmission characteristics of an ideal limiter vary depending on the incident intensity due to
nonlinear properties of the active limiting material.

The nonlinear material medium used for fabrication of ideal limiter should have very high nonlinearity
for entire bandwidth.

The nonlinear material medium used for fabrication of ideal limiter should limit any laser beam of any
power of both CW and pul sed.

The nonlinear material medium used for fabrication of ideal limiter should not degrade the quality of
output beam.

An idea optical limiter should show immediate response time to CW, nano, pico, or femto second
signals).

An idea optical limiter should have zero light scattering inside the nonlinear material medium and
other optical components used.

An ideal optical limiter may use any type of third harmonic nonlinearity including nonlinear absorption
or nonlinear refraction and correspondingly either Type 1 or Type 2, or Type 3 optical limiting
configurations.

Anideal optical limiter isasimple and easily portable system.

Depending on the application, the output threshold level (power/energy) of an ideal limiter should be
controlled at any level between zero to infinity and the efficiency of the system is always 100%.

C. Output Conditions:

v

v

An ideal optical limiter shows linear transmission characteristics below a threshold level and fixes the
output to a constant level aboveit.

The output intensity/fluency of ideal optical limiter is independent on the wavelength and pulse
duration of the laser beam.
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v" Anideal optical limiter should have low limiting threshold level (the input power/energy corresponding
start of saturation at output).

v"In the case of the ideal optical limiter, the output power/energy leve is fixed at a constant value
irrespective of variations in input power/energy between zero to infinity.

v" Anidea optical limiter provides high-quality Gaussian output beam of constant amplitude irrespective
of the quality of input laser beam.

v" The ideal optica limiter system will be sustainable for a long time at desired output without any
mai ntenance.

D. Environmental Conditions:

v" An idea limiter should provide constant output for any environmental conditions like changes in
temperature, pressure, and aging.

v" Anideal limiter should provide constant output irrespective of its location in the photonic device, or its
geographical location and the performance should same with time or replacement of material used for
optical nonlinearity.

v" An ided limiter should be a low-cost device and the value it creates through its usage in photonics
should far above than its cost.

v" The Ideal optical limiter device operates in a low-cost environment. It does not need an expensive
location, a huge amount of infrastructure and huge investment.

The above 25 characteristics are together constitute necessary conditions of an ideal optical limiter. The
ultimate objective of any nonlinear materials research for optical limitersisto find a suitable material which can
show optical limiter characteristics close to ideal optical limiter characteristics. Thus an ideal limiter is a device
which shows linear transmission characteristics below a threshold level and fixes the output to a constant level
above it, thus providing safety protection to sensors or human eyes.

3. Practical Optical Limiters:

To reach close to the above characteristics of an ideal limiter, the practical optical limiters can make
use of nonlinear materials which show both nonlinear absorption and nonlinear refraction. For optimum
nonlinear absorption, the nonlinear material can make use of two-photon absorption property or reverse
saturation absorption property and nonlinear refraction property simultaneously. Practical optical limiters
usually will have three regions in their input-output characteristic curve with linear region, active region, and
saturation region as shown in figure 3. Organic materials are potential candidates for larger nonlinearities and
are getting importance to be used as effective nonlinear absorbers by showing sometimes the combined effect of
two-photon absorption and reverse saturation absorption in addition to effective nonlinear refraction through
thermal nonlinearity [35-41]. Due to their high resultant third harmonic susceptibility, organic materials
including dyes are considered to be suitable candidates for practical optimum optical limiters.
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Figure 3:A Practical optical limiting behaviourwith linear, active and saturation regions.
3.1. Principles of Practical Limiters:
The first practical optical limiters for continuous (CW) lasers were based on thermal lensing effect in
absorbing liquids. Thereafter, two-photon absorption, self-focusing in Kerr liquids, nonlinear scattering from
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carbon particle suspensions (i.e. diluted India ink) and among other processes have been suggested for pulsed
laser sources [42]. Typically, it is desirable for a practical limiter to keep its transmitted focusable energy below
about 1 mJ even for inputs energy up to many millijoules, while maintaining a linear transmittance of nearly
50%. As per the definition of optical limiter, it has to protect the human eye. While it is relatively easy to
provide protection against a single wavelength, the presently available tunable high-power laser sources require
practical limiter which works over a broad wavelength band. The device itself must also have a high damage
threshold [43]. To meet al these demanding specifications of ideal limiter, the research for realizing optimum
practical limiter has progressed on two areas. The first is to design and characterize new limiting materials,
while the other is to design new optical geometries that maximize the range of protection using available
materials[42].

Optical limiting effect used for practical limiters results from intensity dependent optical nonlinear
processes like nonlinear absorption (NLA), nonlinear refraction (NLR), nonlinear scattering (NLS), photo
refraction (PR), and optically induced phase transitions. The origins of such nonlinearities vary widely. For
example, nonlinear absorption may be associated with two-photon absorption, excited state absorption, or free-
carrier absorption. Nonlinear refraction may arise from, any of the mechanisms like molecular reorientation,
excitation of free charges, the electronic Kerr effect, photo-refraction, or optically-induced thermal heating of
the material. Optically-induced thermal heating or plasma generation in the medium will typically gives rise to
Induced scattering. Optically-induced phase transitions are also usually of thermal origin [44].

3.2 Typesof Optical Limiters:

Active & Passive Limiters: Active optical limiters work based on induced scattering of the laser beam from the
material medium, whereas passive optical limiters makes use of third harmonic optical property like nonlinear
absorption or nonlinear refraction.

Type 1, Type 2 & Type 3 Optical Limiters. These are passive optical limiters and based on the position of
nonlinear material on focus point, away from focus point towards the detector side, and away from focus point
with respect to detection side are classified into Type 1, Type 2, and Type 3 optical limiting configurations
respectively. Type 1 optical limiter make use of nonlinear absorption property of the limiting material, Type 2
optical limiter make use of nonlinear refractive defocusing property of the limiting material, and Type 3 optical
limiter make use of nonlinear refractive focusing property of the limiting material [45].

Tandem Optical Limiters: These optical limiters make use of multiple nonlinear elements in the device
geometry to make use of combined effect of these individual effects as well as to enhance the range of effective
bandwidth.

Reflective Optical limiters: Reflective optical limiter blocks light beam with excessively high total energy by
reflecting them back to space, instead of absorbing them so that the output energy remains constant.

Energy Spreading Types Optical Limiters. These limiting devices work using principles of self-focusing,
self-de-focusing, induced scattering, induced refraction, or induced aberration.

Energy Absorbing Type Optical Limiters. These limiting devices work using principles of nonlinear
absorption or optical bistability. Nonlinear absorption includes Two-Photon Absorption (TPA), Excited State
Absorption (ESA), and Free-Carrier Absorption (FCA).

Cascaded Optical Limiters: By cascading many limiting elements in a single geometry, one can decrease the
activating threshold and damage threshold while increasing the limiting bandwidth. The cascaded optical
limiter shows a low activating threshold, a high optical damage threshold, and broadband limiting properties
[44].

3.3 Optical Limiting Configurations:

Type 1 Optical Limiting Configuration: In this experimental setup, the nonlinear sample is placed in a fixed
position at the focus of the Z-scan setup. The emergent beam from the nonlinear sample is collected to a photo
detector by means of a collecting lens to measure the output power (figure 4). By fixing the sample position at
the focus, the input power is varied and output power is noted. Such experimental setup is named as Optical
limiting without an aperture or Type 1 optical limiting. This type of optical limiting configuration will make use
only the nonlinear absorption property of the nonlinear sample. In this case, both self-focusing and self-
defocusing materials can be used as nonlinear sample [45].

Type 2 Optical Limiting Configuration: This experimental setup is designed only for self-defocussing
nonlinear materials used as nonlinear sample. The nonlinear sample is placed in a fixed position at the valley
point of Z-scan plot of the Z-scan setup and an aperture of fixed hole size is used between the nonlinear sample
and the collecting lens before measuring output intensity by photo detector (figure 5). The input laser intensity is
varied systematically and the corresponding output intensity values are measured by the photo detector. Such
experimental setup is named as Optical limiting with an aperture for negative nonlinearity or Type 2 optical
limiting. This type of optical limiting study will take care of nonlinear refraction property of the nonlinear
sample [45]
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Figure 4: Experimental configuration of Type 1 optical limiter.
Type 3 Optical Limiting Configuration: This experimental setup is designed only for self-focussing nonlinear
materials used as nonlinear sample. The nonlinear sample is placed in a fixed position at the peak point of Z-
scan plot of the Z-scan setup and an aperture of fixed hole size is used between the nonlinear sample and the
collecting lens before measuring output intensity by photo detector (figure 6). The input laser intensity is varied
systematically and the corresponding output intensity values are measured by the photo detector. Such
experimental setup is named as Optical limiting with an aperture for positive nonlinearity or Type 3 optical

limiting. This type of optical limiting study will take care of nonlinear refraction property of the nonlinear
sample.
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Figure 5: Experimental configuration of Type 2 optical limiter
Many techniques are used to measure nonlinear refraction which includes Nonlinear interferometry,
three-wave mixing, degenerate four-wave mixing (DFWM), beam distortion, nearly-degenerate €ellipse rotation,
beam deflection, and third-harmonic generation for direct or indirect measurement. Similarly, various
techniques used to measure nonlinear absorption include transmittance, calorimetry, photoacoustic, and pump-
probe methods. However, the Z-scan technique can be used for measuring both nonlinear absorption and
nonlinear refraction simultaneously but separately.
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Figure 6: Experimental configuration of Type 3 optical limiter.
3.4 Methodology of Study of Optical Power Limiting:
The practical optical power limiters can be optimized by defining and identifying the characteristics of
an ideal limiter. The minimum criteria identified for a material to act as an effective practical optical power
limiter are:
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v" Having high linear transmittance with broad transmission range.

v" Having low limiting threshold level (the input corresponding to the breakpoint in the curve).

v" Having fast response time (e.g. picoseconds or faster).

v" Having broadband limiting response (e.g. the entire visible spectrum).
v" Low optical scattering inside the material.

Effective optical power limiting can be achieved in many materials by means of various nonlinear
optical mechanisms which include self-focusing, self-defocusing, light-induced scattering, light-induced
refraction, light-induced aberration, excited state absorption, two-photon absorption, multi-photon absorption,
photo-refraction, and free-carrier absorption.

Lens Lens

Figure 7: Open aperture Z-scan measurement configuration.

The experimental set-up for the demonstration of optical limiting under both CW illumination as well
as pulsed illumination are very similar to the z-scan geometry. The schematic representation is shown in figure
7. A variable beam splitter or variable beam filter is used to vary the input power. The continuous wave laser/
pulsed laser beam of wavelength 532 nm with suitable power is used as the excitation source. The laser beam is
focused normally onto the sample by a convex lens of suitable focal length. The dye-doped polymer sample has
to be moved forth and back along the optic axis in order to change the position of the focal point of the lens with
respect to the sample. The dye-doped film sample is placed after the focal point to get the optimum result. A
lens of suitable diameter is used to collect the output beam coming out of the sample. This beam is then made to
fal on a photo detector. The intensity of the input laser beam is varied systematically and the corresponding
output intensity values are measured by the photo detector. In order to study the optical limiting behavior of the
dye sample, the sample is moved along the direction of the laser beam at the various position around the focus
of the lens (z = 0) forward and backward. The transmittance is recorded using a power meter. It isfound that the
limiting occurs when the sample is placed beyond the focus of the lens. Hence the sample is placed beyond the
focus of the lensi.e. closer to the valley point. The output power should be noted for different input power. The
graph has to be drawn between transmitted output intensity/power versus input intensity/power to study the
optical power limiting behaviour of the sample [46-47].

4. VariousMaterials Used for Optical Limiters:

Wide varieties of organic and inorganic materials are prepared and examined to achieve efficient
optical limiting. Different approaches have been developed towards better optical limiting based on, e.g.,
electro-optical, magneto-optical, and all-optical mechanisms. The all practical optical limiters rely on materials
that exhibit one or more of the nonlinear optica mechanisms like two-photon absorption (TPA), thermal
defocusing and scattering, nonlinear refraction, excited state absorption (ESA), free carrier absorption, photo-
refraction, nonlinear refraction, induced scattering etc. Integrating two or more of these mechanisms has also
enhanced optical limiting, like self-defocusing in conjunction with TPA, TPA in one molecule with RSA in
another molecule. Different experimental configurations like cascaded limiters are also studied to achieve a
large figure of merit and dynamic range [24].

Inorganic Materials: Many inorganic materials have been studied for their third harmonic susceptibility
measurements to be used as effective optical limiters. Dhanuskodi et al. studied two-photon absorption and
optical limiting in tristhiourea cadmium sulphate [48],Rai et al. reported two-photon absorption in TeO,-PbO
glasses excited at 532 and 590 nm [49], Tan et a. reported optical-limiting properties of neutral nickel
dithiolenes [50], Liaros et a. have reported broadband near infrared optical power limiting of few layered
graphene oxides [51], and Fischer et a. studied excited-state absorption and optical limiting in Zinc
Phthalocyanine [52]. The femtosecond optical limiting properties of monoclinic copper niobate is reported by
Priyadarshani et al. [53], Nagargja et a. have reported the influence of annealing on the linear and nonlinear
optical properties of Mn doped ZnO thin films examined by z-scan technique in CW regime [54], and Woldu et
al. nonlinear optical properties of (1- x) CaFe, O,~xBaTiO; composites [55]. Van Stryland et a. [56] have
reported a comprehensive study on optical limiting with semiconductors and in GaAs [57]. Aitha et a. have
studied optical limiting studies in photorefractive pure and iron-doped Bij, SiO, crystals [58], Cook et al.
studied optical limiting with lithium niobate [59]. Similarly, optical limitation of mid-IR radiation in inorganic
vanadium dioxide films [60], carbon disulfide [61], and magnesium ferrite [62] are also reported. Inorganic
metal clusters have shown many advantages like (1) large number of constituent atoms of a cluster can be easily
changes, (2) Various co-ordination geometries and structure types can be exploited to achieve desired nonlinear
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susceptibility. (3) The linear absorption spectral properties can be tailored and modified via oxidation/reduction

and ligand substitution of the clusters.

Organic Materials: Organic materials have many advantages over inorganic materials. In view of the

technological applications of the organic materials, the current research focus is in five technical areas, which

are (1) Structural and multifunctional materials, (2) Energy and power materials, (3) Photonic and Electronic

Materials, (4) Functional organic and hybrid materials, (5) Bio-derived and bio-inspired materials. Organic

nonlinear materials are currently finding importance due to their advantages and benefits for photonics device

fabrication. Some of the benefits of organic nonlinear optical materias are:

v’ Easy to Process: Because they do not require electric poling or the preparation of large single crystals, these

materials are easier to process than inorganic optical materials.

Lower cost: The ease of processing directly transates into alower cost to fabricate.

High Second and Third Order Susceptibility: This technology exhibits exceptional performance in

doubling and tripling the frequency of light passing through it, making it at least comparable to inorganic

materials.

v" Low Didlectric Constant: An optical material with a high dielectric constant requires a larger poling voltage
in order to polarize the dipole moment and can suffer changes in the refractive index. This technology
requires no poling voltage and maintains its refractive index.

v" High Electro Optic Coefficient: Materials with a high electro-optic coefficient are more suitable for
electro-optic modulation for high-speed devices.

v" Colorless: It is believed that the clarity of the doubling material will prevent the absorption of visible light,
allowing awide variety of light frequencies to be doubled.

v' Resigtant to Laser Damage: The tripling material can be exposed to 4,32,000 20-nanosecond pulses at 20
Hz without any evidence of damage to the organic material, making it ideal for use in photonic applications.

Many organic materials like dye doped gels [63], dye-doped liquid crystals [64], metallo-
phthalocyanine/silica gel glass composites [65], Phthalocyanines [66], metalloporphyrin derivatives [67], zinc
phthalocyanines [68], azobenzene [69], and many new organic-polymer composite film [70] have been studied
for their attractive features including few magnitude of higher efficiency of nonlinear susceptibility. More
interest has been shown in dyes and dye-doped polymer films for their optimum responses to broad band optical
limiting properties which include carmine dye [71], Mercurochrome dye [72], oil red O azo dye [73], disperse
red 1 dye [74], propane hydrazides [75], methylene blue [76], acid blue29 [77], sudan red B [78],
Fluoroalkylated BODIPY Dyes[79], azo dyes[80], congo-red and crystal-violet dyes [81], and Rhodamine 6G
doped silica and polymeric samples[82].

Nanomaterials: Optical limiting study is carried out in many nanostructures including in pulsed laser deposited

VO, nanostructures [83], CdS nanowires [84], nano spinel ferrites [85], C 60 doped poly

(ethylacetylenecarboxylate) [86], carbon nanotubes [87], gold-decorated graphenenanocomposites [88],

endohedral fullerenes [89], heteroleptic M03S7 clusters [90], cadmium metasilicate nanowires [91], Cu/CuO

Nanostructures [92], Mn doped ZnO nanoparticles [93], graphene-PbSnanohybrid [94], Fe doped CdSe

nanoparticles [95], copper doped lithium tetraborate nanoparticles [96], CdS nanoparticles [97], double wall

carbon nanotube-Fullerene hybrids [98], C60 and C70 solutions [99], gold nanorod thin films [100], silver-
containing nanoparticles [101], -BaB204 nanoparticles[102].

5. Conclusion:

Even though ideal systems are hypothetical systems, which cannot be realized completely in practice,
gives a broad idea on how the practical systems can be improved continuously to reach ideal system
characteristics. The ideal system characteristics of technology, business, education, banking, electrical energy,
software, computing and strategy, discussed in this review, under input characteristics, system characteristics,
output characteristics, and external characteristics shows an opportunity to the scientists and engineers to
develop such practical systems further with an objective to reach the goal.

6. References:

1. Von Bertdanffy, L. (1968). General systemstheory. New Y ork, 41973, 40.
2. Aithal, P. S,, (2016). Review on Various Ideal System Models Used to Improve the Characteristics of

Practical Systems. International Journal of Applied and Advanced Scientific Research, 1(1), 47-56.

DOI: http://doi.org/10.5281/zenodo.159749.

3. Aithal P. S, (2015). Concept of ldea Business & its Redlization Using E-Business Model,

International Journal of Science and Research (1JSR), 4(3), 1267 - 1274.

4. Aitha P.S, (2015).Mobile Business as an Optimum Mode for Idea Business.

International Journal of Management, IT and Engineering (IIMIE), 5 (7), 146-159.

5. Aithal P. S. and Shubhrgjyotsna Aithal, (2015). An Innovative Education Model to realize Ideal

Education System. International Journal of Scientific Research and Management (IJSRM), 3(3), 2464 -

2469.

v
v

80



10.

11.

12.

13.

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24,

25.

26.

27.

28.

29.

30.

31.

International Journal of Advanced Trendsin Engineering and Technology (IJATET)
Impact Factor: 5.665, | SSN (Online): 2456 - 4664
(www.dvpublication.com) Volumel, Issue |, 2016

Aitha P. S. and Shubhrajyotsna Aithal, (2014). Ideal education system and its realization through
online education model using mobile devices, Proceedings of 11SRO Multi Conference 2014, Bangkok,
7/01/2014, 140 - 146, ISBN No. 978-81-927104-33-13.

Aithal P. S., &Shubhrgjyotsna Aithal, (2016) Impact of On-line Education on Higher Education
System, International Journal of Engineering Research and Modern Education (IJERME), 1(1), 225-
235.

Aithal P. S., and Shubhrgjyotsna Aithal, (2015). Idea Technology Concept & its Redlization
Opportunity using Nanotechnology, International Journal of Application or Innovation in Engineering
& Management (IJAIEM), 4(2), 153-164.

Aitha P. S, (2016). The concept of Ideal Strategy & itsrealization using White Ocean Mixed Strategy.
International Journal of Management Sciences and Business Research (IIMSBR), 5(4), 171-179.
Sridhar Acharya P. & Aitha P. S., (2016). Concepts of Idea Electric Energy System for production,
distribution and utilization, International Journal of Management, IT and Engineering (IJMIE), Val. 6,
Issue 1, pp. 367-379.

Aitha P. S, (2016). Concept of Ideal Banking and Realization of it using Ubiquitous Banking,
Proceedings of National Conference on Changing Perspectives of Management, IT, and Socia
Sciences in Contemporary Environment, Manegma 2016, SIMS, Mangalore, India, Vol. 14, 13-24,
ISBN 978-93-5265-6523.

Aithal, P. S. (2016). Ideal Banking Concept and Characteristics. International Research Journal of
Management, IT and Social Sciences (IRIMIS), Vol. 3, No. 11, pp. 46-55. DOI:
http://dx.doi.org/10.21744/irjmis.v3i11.311. ISSN: 2395-7492.

Aithal, P. S. (2016). A Comparison of Ideal Banking Model with Mobile Banking System.
International Journal of Current Research and Modern Education (IJCRME), 1(2), 206-224.
DOI: http://dx.doi.org/10.5281/ZENODO.198708.

Aitha, P. S., & Vaikuth Pai, T., (2016). Concept of Ideal Software and its Realization Scenarios.
International Journal of Scientific Research and Modern Education (IJSRME), 1(1), 826-837.

Aithal, P. S., (2016). Smart Library Model for Future Generations. International Journal of Engineering
Research and Modern Education (IJERME), 1(1), 693-703.

Maiman, T. H. Hoskins, R. H. d’Haenens, 1. J. Asawa, C. K. and Evtuhov, V. Stimulated (1961)
Optical emission in fluorescent solids. Phys Rev 123, page 1145-1150.

Faranken, P. A. Hill, A.E. Peters, CW. and Weinreich, G. (1961). Generations of Optical
Harmonics.Phys Rev. Lett. 7, 118-119.

Yariv A., Quantum Electronics, Wiley, New Y ork, p 450, (1975)

Bloembergen, Nonlinear Optics, NewY ork, Academic Press, (1965)

Shen, Y.R., The Principles of Nonlinear Optics, Wiley, New York, 1975, p. 450

Zernike, F., and J.E. Midwinter, Applied Nonlinear Optics, Wiley, New York, 1973

Van Stryland, E. and L.L. Chase, (1994).Two-Photon Absorption: inorganic materials, in Handbook of
Laser Science and Technology; supplement 2: Optical Materials, section 8, pp. 299-326, Ed. M. Weber,
CRC Press, 1994.

Tutt, L.W., and Boggess T.F., A Review of optical limiting mechanisms and devices using organics,
semiconductors and other materials. Prog. Quant. Electr., 17, 299, 1993.

Shubrajyotsna Aithal, Aithal P. S,, and Bhat, G. K. (2015) A Review on Sustainable Organic Materials
for Optical Limiting Technology. International Journal of Management, IT and Engineering (IIMIE),
5(7), 527-544, DOI: 10.5281/zenodo.62032.

Shubhragjyotsna Aithal, P. S. Aithal, & G.K. Bhat, (2016). A Review on Organic Materials for Optical
Phase Conjugation & All-optical Switches, International Journal of Management, IT and Engineering
(IIMIE), 6(1), 222-238, DOI : 10.5281/zenodo.62027.

Van Stryland, EW. Wu, Y.Y. Hagan, D.J. Soileau, M.J. and Kamjou Mansour, (1988), Optical
Limiting with Semiconductors, JOSA B5, 1980-19809.

Hagan, D. J. Xia, T. Said, A.A. Wei, T.H. and Van Stryland, E.W. High Dynamic Range Passive
Optical Limiters, International Journal of Nonlinear Optical Physicsvol. 2, 483-501 (1993).

Rogers, E. M., (1995). Diffusion of Innovation. The Free Press, NY.

Aithal P. S. and Varambally K. V. M. (2006). Security Issues in Online Financial Transactions with
Specia Reference to Banking Industry. In Quality in Service Sector and Managerial Challenges —
Allied Publisher Pvt. Ltd. 2006, |SBN: 81-7764-992-2, pp 103- 114.

Aitha, P. S, & Varambally, K. V. M. (2009). Mobile Business Technology and Business Proliferation
of Banks— A futuristic Approach. Amity Business Review — an Indian Journal, 10(1), 9-25.

Aithal, P. S, and Shubhrgjyotsna Aithal, (2015). Idea Technology Concept & its Realization
Opportunity using Nanotechnology. International Journal of Application or Innovation in Engineering
& Management (IJAIEM), 4(2), 153-164.

81



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

International Journal of Advanced Trendsin Engineering and Technology (IJATET)
Impact Factor: 5.665, | SSN (Online): 2456 - 4664
(www.dvpublication.com) Volumel, Issue |, 2016

Aitha P. S., & Shubhrgjyotsna Aithal, (2015). Managing Anticipated Breakthrough Technologies of
21st Century - A Review. International Journal of Research & Development in Technology and
Management Sciences, 21(6), 112-133.

Aithal P. S, (2015). Concept of Ideal Business & Its Redlization Using E-Business Model.
International Journal of Science and Research (1JSR), 4(3), 1267-1274.

Aithal P. S, & Shubhrgjyotsna Aithal, (2015). An Innovative Education Model to realize Idea
Education System. International Journal of Scientific Research and Management (1JSRM), 3(3), 2464 —
2469.

Perry, J. W. (1997). Nonlinear Optics of Organic Molecules and Polymers, eds. Nalwa, H. S. and
Miyata, S. (CRC Press, Boca Raton, Fla.), Ch. 13, 813-840.

Aithal, P. S, Singh, R. P. &Rao, D. N. (2003). Optica limiting due to frequency up-converted
fluorescence in DASPB dye doped polymer matrix. Proceedings of SPIE, 4797, 229-239.

Singh, R. P., Aitha, P. S. &Rao, D. N. (2003). Optica limiting studies of Disperse Orange and
Disperse Yellow in PMMA-MA matrix. Proc. of SPIE, 4797, 52-58.

Sukumaran, V. S, & Ramalingam, A. (2011). Third order optica nonlinearities and spectral
characteristics of methylene blue. Journal of Quantum Information Science, 1(02), 69.

Rajashekar, B. SagarLimbu, Kamarusu Aditya, Nageswara Rao, G. & Siva Sankara Sai, S. (2013).
Azo doped polymer thin films for active and passive optical power limiting applications. Photochem.
Photobiol. Sci., 12(10), 1780-1786.

Rekha, R. K., & Ramalingam, A. (2009). Non-linear characterization and optical limiting effect of
carmine dye. Indian Journal of Science and Technology, 2(8), 27-31.

Pradeep, C., Mathew, S., Nithyaja, B., Radhakrishnan, P. and Nampoori, V.P.N., (2014). Studies of
nonlinear optical properties of Pico Green dye using Z-scan technique, Applied Physics A, 115, 291-
295.

Hagan, D. J. (2000). Optical Limiting, in Handbook of Optics, Vol. IV, M. Bass, Ed, (Optical Society
Of America 2000)

Sun, Y. P., & Riggs, J. E. (1999). Organic and inorganic optical limiting materials.From fullerenes to
nanoparticles. International Reviews in Physical Chemistry, 18(1), 43-90.

Mathews, S. J., Kumar, S. C., Giribabu, L., &Rao, S. V. (2007). Nonlinear optical and optical limiting
properties of phthalocyanines in solution and thin films of PMMA at 633 nm studied using a cw
laser. Materials Letters, 61(22), 4426-4431.

Shubrgjyotsna Aithal, Aithal, P. S. &Bhat, G. K. (2016).Type 1 & Type 2 Optical Limiting Studes in
Disperse Orange-25 Dye-doped PMMA-MA Polymer Films using CW Laser. International Journal of
Applied and Advanced Scientific Research (IJAASR), ISSN (Online): 2456 — 3080, 1(1), 196-208.
DOI: http://doi.org/10.5281/zenodo.208184.

Shubrgjyotsna Aithal, Aithal, P. S. and Bhat, G. K. (2016). CW Optical Limiting Study in Disperse
Yellow Dye-doped PMMA-MA Polymer Films. IRA-International Journal of Applied Sciences, 5(3),
129-146. DOI: http://dx.doi.org/10.21013/jas.v5.n3.p4.

Shubhrgjyotsna Aithal, Aithal, P. S.& Gopala Krishna Bhat, (2013). Study of Optical Limiting and
Optica Phase Conjugation in DASPB dye-doped polymer films, GSTF Journal of Physics and
Applications (JPA), 1(1), 15-24, DOI: 10.5176/2335-6901-1.1.3.

Dhanuskodi, S., Girisun, T. S., Smijesh, N., & Philip, R. (2010). Two-photon absorption and optical
limiting in tristhiourea cadmium sulphate. Chemical Physics Letters, 486(1), 80-83.

Rai, V. K., Menezes, L. D. S, & De Araljo, C. B. (2008). Two-photon absorption in TeO2-PbO
glasses excited at 532 and 590 nm. Applied Physics A, 91(3), 441-443.

Tan, W. L., Ji, W, Zuo, J. L., Bai, J. F,, You, X. Z, Lim, J. H,, ... & Van Stryland, E. W. (2000).
Optical-limiting properties of neutral nickel dithiolenes. Applied Physics B, 70(6), 809-812.

Liaros, N., Koudoumas, E., & Couris, S. (2014). Broadband near infrared optical power limiting of few
layered graphene oxides. Applied Physics Letters, 104(19), 191112,

Fischer, S. A., Cramer, C. J.,, &Govind, N. (2016). Excited-State Absorption from Real-Time Time-
Dependent Density Functional Theory: Optical Limiting in Zinc Phthalocyanine. The journal of
physical chemistry letters, 7(7), 1387-1391.

Priyadarshani, N., Rao, S. V., &Girisun, T. S. (2016). Investigation of the femtosecond optical limiting
properties of monoclinic copper niobate. Applied Physics B, 122(10), 256.

Nagargja, K. K., Pramodini, S., Poornesh, P., Rao, A., &Nagaraja, H. S. (2016). Influence of annealing
on the linear and nonlinear optical properties of Mn doped ZnO thin films examined by z-scan
technique in CW regime. Optical Materials, 58, 373-381.

Woldu, T., Raneesh, B., Sreekanth, P., Reddy, M. R., Philip, R., &Kalarikkal, N. (2016). Nonlinear
optical properties of (1- x) CaFe 2 O 4—xBaTiO 3 composites. Ceramics International, 42(9), 11093-
11098.

82



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

International Journal of Advanced Trendsin Engineering and Technology (IJATET)

Impact Factor: 5.665, | SSN (Online): 2456 - 4664
(www.dvpublication.com) Volumel, Issue |, 2016

Van Stryland, E. W., Wu, Y. Y., Hagan, D. J., Soileau, M. J., & Mansour, K. (1988). Optical limiting

with semiconductors. JOSA B, 5(9), 1980-1988.

Boggess, T., Smirl, A., Moss, S., Boyd, |., & Van Stryland, E. (1985). Optical limiting in GaAs. IEEE

journal of quantum electronics, 21(5), 488-494.

Aithal, P. S, Kiran, P. P., & Rao, D. N. (2000). Optical limiting studies in photorefractive pure and

iron-doped Bi 12 SiO 20 crystals. Journal of Nonlinear Optical Physics & Materias, 9(02), 217-225.

Cook, G., Jones, D. C,, Finnan, C. J,, Taylor, L. L., &Vere, A. W. (1999, October). Optical limiting

with lithium niobate.ln SPIE's International Symposium on Optical Science, Engineering, and

Instrumentation (pp. 2-16).International Society for Optics and Photonics.

Danilov, O. B., Klimov, V. A., Mikheeva, O. P., Sidorov, A. I., Tul’skii, S. A., Shadrin, E. B., &

Yachnev, |I. L. (2003). Optical limitation of mid-IR radiation in vanadium dioxide films. Technical

Physics, 48(1), 73-79.

Holmen, L. G., & Haakestad, M. W. (2016, March). Optical limiting properties of carbon disulfide at

2.05 pym wavelength. In SPIE LASE (pp. 97310J97310J). International Society for Optics and

Photonics.

Saravanan, M., Girisun, T. S,, &Vinitha, G. (2016). Third-order nonlinear optical properties and power

limiting behavior of magnesium ferrite under CW laser (532 nm, 50 mW) excitation. Journal of

Materials Science, 51(6), 3289-3296.

Brunel, M., Canva, M., Brun, A., Chaput, F., Malier, L., &Bailot, J. P. (1994). Doped Gels for Optical

Limiting Applications. In MRS Proceedings (Vol. 374, p. 281).Cambridge University Press.

Deng, L., & Liu, H. K. (2003). Nonlinear optical limiting of the azo dye methyl-red doped nematic

liquid crystalline films. Optical Engineering, 42(10), 2936-2941.

Hongbing, Z., Wenzhe, C., &Minquan, W. (2005). Study on the optical limiting mechanism of metallo-

phthalocyanine/silica gel glass composites. Materials Letters, 59(11), 1395-1399.

Dini, D., Barthel, M., & Hanack, M. (2001). Phthalocyanines as active materials for optical

limiting. European Journal of Organic Chemistry, 2001(20), 3759-3769.

Martin, R. B., Li, H., Gu, L., Kumar, S, Sanders, C. M., & Sun, Y. P. (2005). Superior optical limiting

performance of simple metalloporphyrin derivatives. Optical Materials, 27(8), 1340-1345.

Ostuni, R., Larciprete, M. C., Leahu, G., Belardini, A., Sibilia, C., &Bertolotti, M. (2007). Optical

limiting behavior of zinc phthalocyanines in polymeric matrix. Journal of applied physics, 101(3),

033116.

Wu, P., Philip, R., Laghumavarapu, R. B., Devulapali, J., Rao, D. V., Kimball, B. R.,& DeCristofano,

B. S. (2003). Optical power limiting with photoinduced anisotropy of azobenzene films. Applied

optics, 42(22), 4560-4565.

Saadon, H. L. (2016). Z-scan studies and optical limiting in a new organic-polymer composite

film. Optical and Quantum Electronics, 48(1), 1-8.

Rekha, R. K., & Ramalingam, A. (2009). Non-linear characterization and optical limiting effect of

carmine dye. Indian Journal of Science and Technology, 2(8), 27-31.

Krishnamurthy, R. R., & Alkondan, R. (2010). Nonlinear characterization of Mercurochrome dye for

potential application in optical limiting. Opt. Appl. XL, 187-196.

Rekha, R. K., & Ramalingam, A. (2009). Nonlinear characteristic and optical limiting effect of oil red

O azo dyeinliquid and solid media. Journal of Modern Optics, 56(9), 1096-1102.

Zidan, M. D., & Ajji, Z. (2011). Optical limiting behavior of disperse red 1 dye doped polymer. Optics

& Laser Technology, 43(5), 934-937.

Naseema, K., Manjunatha, K. B., Sujith, K. V., Umesh, G., Kdluraya, B., & Rao, V. (2012). Third

order optical nonlinearity and optical limiting studies of propane hydrazides. Optical Materials, 34(11),

1751-1757.

Sukumaran, V. S, & Ramalingam, A. (2011). Third order optica nonlinearities and spectral

characteristics of methylene blue. Journal of Quantum Information Science, 1(02), 69.

Zidan, M. D., Ajji, Z., Allaf, A. W., & Allahham, A. (2011). Investigation of the optical limiting

properties of acid blue29 in various solvents. Optics & Laser Technology, 43(7), 1347-1350.

Hassan, Q. M. A., & Manshad, R. K. (2015). Optical limiting properties of sudan red B in solution and

solid film. Optical and Quantum Electronics, 47(2), 297-311.

Koélmel, D. K., Horner, A., Castafieda, J. A., Ferencz, J. A., Bihlmeier, A., Nieger, M.& Padilha, L. A.

(2016). Linear and Nonlinear Optical Spectroscopy of Fluoroalkylated BODIPY Dyes. The Journal of

Physical Chemistry C, 120(8), 4538-4545.

Gayathri, C., & Ramalingam, A. (2008). Studies of third-order optical nonlinearities and optical

limiting properties of azo dyes. SpectrochimicaActa Part A: Molecular and Biomolecular

Spectroscopy, 69(3), 980-984.

83



81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

International Journal of Advanced Trendsin Engineering and Technology (IJATET)

Impact Factor: 5.665, | SSN (Online): 2456 - 4664
(www.dvpublication.com) Volumel, Issue |, 2016

Geetha, S. K., Kumari, S. P., & Muneera, C. I. (2002). Optical limiting behavior of congo-red and

crystal-violet dyes in solid matrices for nanosecond pulses. Journal of materials science letters, 21(17),

1339-1340.

Sharma, S., Mohan, D., & Ghoshal, S. K. (2008). Measurement of nonlinear properties and optical

limiting ability of Rhodamine 6G doped silica and polymeric  samples. Optics

Communications, 281(10), 2923-2929.

Maaza, M., Hamidi, D., Simo, A., Kerdja, T., Chaudhary, A. K., & Kana, J. K. (2012). Optical limiting

in pulsed laser deposited VVO2 nanostructures. Optics Communications, 285(6), 1190-1193.

Muthukumar, V. S., Reppert, J., Sandeep, C. S., Krishnan, S. S. R., Podila, R., Kuthirummal, N.,

&Rao, A. M. (2010). Optical limiting properties of CdS nanowires. Optics Communications, 283(20),

4104-4107.

Thomas, J. J., Krishnan, S., Sridharan, K., Philip, R., &Kalarikkal, N. (2012). A comparative study on

the optica limiting properties of different nano spinel ferrites with Z-scan technique. Materials

Research Bulletin, 47(8), 1855-1860.

Zidan, M. D., Alsous, M. B., Allaf, A. W., Allahham, A., & Al-Zier, A. (2012). Optical limiting action

of C 60 doped poly (ethylacetylenecarboxylate). Optics & Laser Technology, 44(7), 2282-2285.

Rahman, S., Mirza, S, Sarkar, A., & Rayfield, G. W. (2010). Design and evaluation of carbon

nanotube based optical power limiting materials. Journal of nanoscience and nanotechnology, 10(8),

4805-4823.

Pradhan, P., Podila, R., Molli, M., Kaniyoor, A., Muthukumar, V. S., Sai, S. S. S, &Rao, A. M. (2015).

Optical limiting and nonlinear optical properties of gold-decorated graphenenanocomposites. Optical

Materials, 39, 182-187.

Dong, Y., Sani, D., Echegoyen, L. A., &Podila, R. (2016). Passive optical switches based on

endohedral fullerenes. Optical Materials, 53, 14-18.

Recatala Ferrandis, D., Llusar Barelles, R. M., Barlow, A., Wang, G., Samoc, M., Humphrey, M. G., &

Gushchin, A. L. (2015). Synthesis and optical power limiting properties of heteroleptic Mo3S7

clusters.

Zheng, C., Dai, C., Huang, L., Li, W., & Chen, W. (2016). Self-assembly of cadmium metasilicate

nanowires as a broadband optical limiter. Optical Materials, 54, 50-56.

Mohammadpour, A., Eltahlawy, M., Martino, A., Askar, A. M., Kisdinger, R., Fedosgjevs, R., &

Shankar12, K. (2016). Optical Limiting in Cuw/CuO Nanostructures Formed by Magnetic Field-Assisted

Anodization. Nanoscience and Nanotechnology, 16, 1-5.

Sivasubramanian, D., Ponnusamy, R., & Gandhirgj, V. (2015). Low power optical limiting and thermal

lensing in Mn doped ZnO nanoparticles. Materials Chemistry and Physics, 159, 93-100.

Zhao, M., Peng, R., Zheng, Q., Wang, Q., Chang, M. J,, Liu, Y. & Zhang, H. L. (2015). Broadband

optical limiting response of a graphene-PbSnanchybrid. Nanoscale, 7(20), 9268-9274.

Dangi, D., & Dhar, R. (2016). Study of Non Linear optical properties of Fe doped CdSe

nanoparticles. Journal of Integrated Science and Technology, 4(1), 25-28.

Dhanuskodi, S., Mohandoss, R., Vinitha, G., & Padiyan, D. P. (2015). Low power optical limiting

studies of copper doped lithium tetraborate nanoparticles. Spectrochimica Acta Part A: Molecular and

Biomolecular Spectroscopy, 140, 288-293.

Venkatram, N., Rao, D. N., &Akundi, M. A. (2005). Nonlinear absorption, scattering and optical

limiting studies of CdS nanoparticles. Optics express, 13(3), 867-872.

Liao, K. S., Wang, J., Frichtl, D., Alley, N. J., Andreali, E., Dillon, E. P.& Curran, S. A. (2010).

Optical limiting study of double wall carbon nanotube-Fullerene hybrids. Chemical physics

letters, 489(4), 207-211.

Mishra, S. R., Rawat, H. S, Joshi, M. P., Mehendale, S. C., &Rustagi, K. C. (1994), November).

Optica limiting in C60 and C70 solutions. In SPIE's 1994 International Symposium on Optics,

Imaging, and Instrumentation (pp. 220-229).International Society for Optics and Photonics.

100.zhy, J., Bai, S. W., Zhao, J. W., & Li, J. J. (2009).Tunable optical limiting of gold nanorod thin

films. Applied Physics A, 97(2), 431-436.

101.Martin, R. B., Meziani, M. J.,, Pathak, P., Riggs, J. E., Cook, D. E., Perera, S., & Sun, Y. P. (2007).

Optical limiting of silver-containing nanoparticles. Optical Materials, 29(7), 788-793.

102.Babeela, C., Girisun, T. S., &Vinitha, G. (2015).Optical limiting behavior of 3-BaB204 nanoparticles

in pulsed and continuous wave regime. Journal of Physics D: Applied Physics, 48(6), 065102.

84



