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CHAPTER 3
LITERATURE SURVEY

The Non Linear Optical (NLO) process requires materials that
manipulate the amplitude, phase, polarization and frequency of optical
beams.Non Linear optical materials have long been known to interact with
light to produce a nonlinear response and the composition of these materials.
These types of materials generally fall into one of two classes, either organic
or inorganic.
3.1

ORGANIC CRYSTALS
Last two decades, significant efforts have been made in the field of

organic nonlinear optical materials because of their potential applications in
second harmonic generation, frequency mixing, electro optic modulation and
photorefractive properties. Many organic molecules have been reported to
have larger nonlinear optical susceptibilities within the 0.5-2.0 µm
transparency domain.

Organic materials have another advantage that the

properties can be optimized by modifying the molecular structure by using
molecular engineering and synthesis methods.

A very large operating

bandwidth modulation in organic electro-optic devices can be obtained
through its low dielectric constant at lower frequencies.

The organic

materials exhibit extremely large nonlinear optical and electro-optic effects.
The Electronic nonlinearities are essentially based on the molecular units.
Due to the important advantages of the organic materials, they will be widely
used in the field of organic chemistry, materials science, physics and
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electrical engineering.

The organic NLO crystals usually have poor

mechanical and thermal properties and are susceptible for damage during
processing even though they have large NLO efficiency.

Also it is very

difficult to grow larger size optical-quality crystals of these materials for
device applications.
3.2

INORGANIC CRYSTALS
Inorganic crystals are mostly ionic bonded. It is always easier to

synthesize inorganic materials. Often, these materials have high melting point
and high degree of chemical inertness. High temperature oxide materials are
well studied for diverse applications like piezoelectric, ferroelectricity and
electro-optics. Some of the useful crystals discovered are Lithium Niobate
(LiNbO3), Potassium niobate (KNbO3), Potassium Dihydrogen Phosphate
(KDP) and its analogues, Potassium Titanyl Phosphate (KTP) and its
analogues.

Many of these materials have been successfully used in

commercial frequency doublers, mixers and parametric generators to provide
coherent laser radiation at high efficiency in new regions of the spectrum
inaccessible by other nonlinear optical crystal and conventional laser sources.
Pure inorganic NLO materials have excellent mechanical and thermal
properties, but possess relatively moderate optical nonlinearity.
3.3

SEMI ORGANIC CRYSTALS
In recent years, the need of nonlinear optical materials is much

more than other materials (organic and inorganic) because of their
applications in optoelectronics and photonics. Materials with large second
order optical non1inearities, short transparency cutoff wavelength and stable
physico thermal performance are needed in order to realize many of these
applications. To overcome these problems in organic and inorganic crystals,
the combination of organic and inorganic hybrid compounds leads to find a
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new class of materials for electronic industries, called semi organic materials.
In semi organic materials, the organic ligand is ionical1y bonded with
inorganic host, because of their high mechanical strength and chemical
stability. The semi organic crystals possess several attractive properties, such
as high damage threshold, wide transparency region and high nonlinear
the organic ligand results in wide optical transmittance and high nonlinear
electro optic coefficients.

Many NLO based device applications require

single crystals in bulk form. This is achieved only by preparing semi organic
crystals, which exhibit wide transparency, large and bulk crystals.
3.4

NON LINEAR OPTICAL MATERIALS
In the field of electricity and magnetism, yet nonlinearities are

known since scientists have begun to study the phenomena in more detail.
Non Linear Optics (NLO) deals with the study of interaction with intense
electromagnetic field with materials to produce modified fields that are
different from the input field in phase and frequency or amplitude. Second
harmonic generation (SHG) is a nonlinear optical process that results in the
conversion of an input optical wave into an output wave of twice the input
frequency.
However, in the field of optics, nonlinear effects became a subject
of interest only after the invention of the laser. As laser physics started with
the ruby laser with its high pulse intensities, have many classical experiments
in nonlinear optics were successfully performed. Among them second order
processes such as second harmonic generation and sum-frequency generation.
The growth of single crystals and their characterizations towards
device fabrications are most important in both basic and applied scientific
research. Nonlinear optical frequency conversion materials have significant
impact on laser technology.

However, some special nonlinear optical
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problems called for crystals with improved properties like high transparency
in the UV region, high nonlinearity etc. This leads to the synthesis of new
NLO materials of high optical quality.
There is a current interest in finding materials that will extend the
wavelength capability of laser sources into UV region and new frequency
conversion materials will have significant impact on applications such as
optical communications technology and laser driven inertial confinement
fusion experiment.

This demands from optical and device physicists for

improved and effective materials to call for world-wide research on NLO
materials which is most targeted and speculative.
3.5

FERRO ELECTRIC MATERIALS
Ferro electricity is a physical property of a material whereby it

exhibits a spontaneous electric dipole moment by the application of an
external electric field. Ferroelectrics are key materials in microelectronics.
Their excellent dielectric properties make them suitable for electronic
components such as capacitors, filters etc. Ferroelectric capacitors are used to
make ferroelectric RAM for computers. The combined properties of memory
devices, piezoelectricity, and pyroelectricity make ferroelectric capacitors as
some of the most useful technological devices in modern society.
3.6

APPLICATIONS OF FERROMAGNETIC MATERIALS
In recent years, ferroelectric materials and thin films have attracted

much attention and exhibited potential in many important applications such as
Dynamic random access memories (DRAMS),
Non-volatile ferroelectric random access memories microarmours
Infrared sensors.
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Piezoelectrics for ultrasound imaging and actuators
Electro-optic materials for data storage applications
Thermistors
Switches known as Transchargers or Tanspolarizers
Oscillators, filters and capacitors
Light deflectors, modulators and displays
At present, the ferroelectric materials suitable for these devices are
Pb(Zr,Ti)O3 (PZT) systems, SrBi2Ta2O9 (SBT) systems, Bi4Ti3O12 (BIT)
systems and BaTiO3 (BT) systems that are studied with a great deal of
interest. In these ferroelectric materials, BaTi0.91(Hf0.5,Zr0.5)0.09O3 (BTHZ-9),
one of the BT systems, which has several advantages such as
An extremely low coercive field,
A high remnant polarization,
Better mechanical strength and
Small deviation in composition could have a strong potential
application for ferroelectric thin film devices.
General properties of KDP single crystals
Potassium Dihydrogen Phosphate (KDP) is an excellent inorganic
NLO material with different device applications. Single crystals of KDP and
its isomorphs are representatives of hydrogen bonded materials which possess
important piezoelectric, ferroelectric, electro-optic, mechanical and nonlinear
optical properties. KDP crystals possess high optical and structural perfection
that make it possible to produce elements for doubling and tripling of laser
radiation frequency.
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KDP is a model system for nonlinear device application therefore it
is used as a standard to characterize the nonlinear optical response of other
crystal samples.

Since the crystal exhibits excellent electro-optical and

nonlinear optical properties it is commonly used in frequency conversion
applications such as second, third, and fourth harmonic generation, in electrooptical modulation, optical image storage and optical communication. Due to
its high electro-optic coefficient large single crystal plates of KDP are widely
applied as Q-switches and laser radiation converters for very high energy Ndglass lasers used for laser inertial fusion experiments. The electro-optic effect
in KDP leads to the applications such as polarization filter, electronic light
shutter, optical rectifier, electronic light modulator, piezo-optic resonator,
transducer etc. They are also used to control the parameters of laser light such
as pulse length, polarization and frequency through the first and second order
electro-optic effect.
KDP crystal is an efficient angle tuned dielectric medium for the
optical harmonic generation in and near the visible region. This material
offers high transmission throughout the visible spectrum and meets the
requirement for optical birefringence, large enough to bracket the refractive
index for even the extreme wavelength over which it is transparent. An
additional advantage of KDP is its ability to withstand repeated exposure to
high power density laser radiation without inducing strains and subsequent
inhomogeneities in the refractive index. These characteristics make KDP a
desirable material for frequency doubling and mixing experiments with many
solid state and dye lasers with fundamental wavelengths between 1060 and
525 nm.
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The above discussed properties of various single crystal motivated to
grow the following crystals.
1. L-valine Ferric Chloride
2. Thiosemicarbazide Manganous Acetate
3. Glycine Manganous Acetate
4. L-Histidine Cadmium Bromide

