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Abstract
In the present communication few problems in theaaof Raman and Brillouin instabilities in piezaste
materials with strain dependent dielectric cons{&RDC) was proposed. The stimulated Brillouin tratg and
resulted instability provide a unique tool for ttedy of acoustic domains since it provide a mddoltmwing the
evolution of a particular frequency component pggieng in particular directions. The stimulated Ranscattering
and consequent instability is used mostly as aftro$tudying the vibrations energy level of mollest and lattice
vibrations of the optical branch in the crystaleeTintense experimental and theoretical efforthefpast few years
in this area have yielded a beautiful return in basic knowledge but in addition it has openedwhg to several
classes of new devices with high efficiency and @oiv different interested frequency regions. Thecsss on both
a basic and practical plane offers promise foriooitig useful results and increased knowledge fiature work in
this area. A detail review of the work of wave natetions (linear as well as nonlinear) in solidtestplasmas has
been made by several workers. A state importardarachment in the study of solid v plasmas has broaigbut the
realization that many of the physical charactersstif solid can be explained in terms of the elagargrexcitations
that may be supported by the given solid. One efrtiost important properties of and electron plaamaor hole
plasma is that can support a great variety of ctile modes. A number of workers have studied thigcally and
experimentally. The excitations of various colleetmode in semiconductors. The impetus of “resestains from
its relation to the fundamental properties of sbléd well as the possibility of its technologictlization in solid
state devices. Various types of non linear waverautions occur in semiconductor plasmas (e.g. npetric
modulational, stimulated brillouin and Raman scattes) under suitable condition s giving rise tqegeiable
growth rates.
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I ntroduction

Classically the non linear interactions can brodoy  Light Scattering Basics

called as those interactions in which losslessldar This section is a brief introduction into the basic
loss) non linear energy storage mechanism couples @rinciples of light scattering. While the derivatiof
number of normal modes at different frequency’'stin ~ scattering theory on the basis of quantum fieldthés
generalized dynamic system. It is possible to feedpossible, herein the scattering medium as wellhas t
energy into a system and to excite non linearlight is treated classically, leading to practigathe
instabilities. The feeding of energy to the systeam same results within the scope of this thesis. Qfrs®
called pumping. The non linear interactions can bethere are light scattering effects, as for exaniplthe

grouped into three broad categories:- well-known Raman scattering technique, which deals
1. Basically non linearizable problems. with rotational and vibrational transitions of siag
2. Wave particle interactions. atoms or molecules, i.e., effects in a quantumtlteng
3. Wave wave interactions [1] [2] scale, that must be treated (at least partiallgngum

It was concentrated that attention towards the nonmechanically. However, this thesis deals with the
linear wave wave interaction in piezoelectric maisr  investigation of phonons by Brillouin light scatteg in

with SDDC. condensed Basics and Brillouin Light Scattering
matter. Thus the investigated phonons are classical
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up to micrometer; it is fully justified to applydassic photons to new frequencies. The scattered photays m

theory. lose energy (Stokes shift) or gain energy (antk&so
Stimulated Brillouin Scattering (SBS) shift). If the pump beam is linearly polarized, the
Classically, the thermally generated density polarization of scattered photon may be the same

fluctuations of a material medium are responsible f
scattering of light. These density fluctuationsuteq
compression and rarefaction regions within th mexdiu

(parallel scattering) or orthogonal (perpendicular
scattering). If photons at other frequencies areaaly
present then the probability of scattering to those

and may be considered as consist of two componentsirequencies is enhanced. This process is known as
the propagating component and the non-propagatingstimulated Raman scattering. In stimulated Raman
component. When alight wave is incident, scattering scattering, a coincident photon at the downshifted

from the non-propagating component gives the ckentrafrequency will receive a gain. This feature of Rama

Rayleigh line and scattering from the propagating
component results in Brillouin lines. There is fini
width in Brillouin and Rayleigh lines. The propaigat
component of density fluctuations

scattering is exploited in Raman amplifiers fornsig
amplification.

Stimulated Raman and Brillouin scattering (SRS and
SBS) phenomena have been investigated analytically

behaves as a sound wave of high frequency. Thewith use of density-matrix formulations and assugnin
damping of such a wave in the material medium is parity indefiniteness for the eigenfunctions of the

responsible for finite width in Brillouin lines wlei

energy eigenstates of a two-level system in

non-zero lifetime of the non-propagating component noncentrosymmetric (NCS) crystals. In crystals, mhe

produces width in Rayleigh lines.

Basic Theory

Brillouin scattering is a nonlinear process thah ca
occur in optical fibers at large intensity. Thegar
intensity produces compression (due to electritd fie
also known as pump field) in core of fiber throught

a molecule is excited, the disturbance travelsutino
the crystal as a vibrational wave (phonon mode). We
have considered the scattering of the incident
electromagnetic wave by phonon modes on a common
footing, assuming that vibrations should corresptind
optical phonons for SRS and to acoustic phonons for

process known as electrostriction. This phenomenonSBS. The retardation effect due to finjf€ in NCS

produces

Density-fluctuations in fibore medium. It increastae
material disorder, which in turn modulates the dine
refractive index of medium and results in an
electrostrictive-nonlinearity. The modulated
refractiveindex behaves as an index grating, wich
pump-induced. The scattering of pump light through
Bragg diffraction by the pump induced

index grating is called as Brillouin scattering. €Th
disorder is time dependent so the scattered light i
shifted (Brillouin shift) in frequency by the freguocy

of sound wave. For pulses shorter than 500 pse tiser
no spatial overlap between the pulse and acousti
wave, which results in negligible electrostrictive
nonlinearity .Quantum mechanically the Brillouinifsh
originates from the photon-phonon interaction, and
associated Doppler displacement. In this interactio
either a phonon is annihilated (Stokes procesgipesi
Brillouin shift) or created (anti-stokes procesgive
Brillouin shift)

Stimulated Raman Scattering (SRS)

The Raman scattering effect is the inelastic sdage
of a photon with an optical phonon, which origirsate
from a finite response time of the third order mogdr
polarization of the material. When a monochromatic
light beam propagates in an optical fiber, spordase

Raman scattering occurs. It transfers some of the

crystals is found to play a more significant ratethe

case of SRS than for SBS. The classical differentia
polarizability @a/du), that causes SRS has been
determined from the present formulations in terris o
the material constants of the crystal and the photo
pump energy. Applying Heisenberg’'s uncertainty
relation, we have also obtained a general formata f
the determination of the electrostrictive coeffitie

that is responsible for SBS in crystals. We find

(Balou)ly~10° with y~10'-10" mks units for
important 111-V semiconductors. Both Raman and

CBrillouin gain constants are studied over a wide

frequency spectrum in the semiconductors. The ratio
between the two gain constants indicates that Her t
same pump intensity SBS exhibits higher gain than

SRS by a magnitudewop,ap- -AE

Raman instability of the Stokes component of the
scattered electromagnetic wave has been invedtigate
in an n-type piezoelectric semiconductor in the
presence of a large transverse magnetostatic fidld.
general dispersion relation has been obtainedviiig

the coupled-mode theory and considering that the
scatteéing results not only from the molecular
vibrations produced owing to the pump wave at a
frequency equal to that of the transverse-optical
phonons but also from the electron plasma wave. The
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analysis has been applied to both cases of isatropi anomalously large dielectric and /or Deformation
(Bo=0) and magnetoactive B£0) plasmas. The potential interactions.

threshold value of the pump amplitude necessary for
the onset of instability and the growth rate of the
unstable mode well above the threshold have bee
obtained analytically foB;=0 andBg#0. It is observed
that a large transverse magnetostatic field canced
the threshold value of the pump amplitude and esee
the growth rate of the unstable Raman mode atradect
field amplitude greater than the threshold value.
Numerical estimates have been madenftmSb crystal

at 77 K. The crystal has been irradiated with s@adl
10.6um CO, laser to obtain the necessary electric
field. The analytical as well as the numerical Hssu
have been compared with those of Seen while stgdyin

Results and Conclusion
nThe results of the analysis for specific piezoeiect
materials with SDDC to demonstrate the practical
utility of the theoretical investigations proposedbe
made we also aim to complete to compare our
analytical results with the available experimental
results.

Briefly therefore We wish to study some important
aspects of nonlinear wave instabilities especially
Raman and Brillouin instabilities and the excitatio
mechanisms under different configurations of genera
scientific interest we hope that the proposed veabrdl

be able to contribute to the better understandiniipe

Brillouin instability in n-type magnetoactive . e N
piezoelectric semiconductors. m_echanlsm_s of Rgman _and Brillouin mstablIl.ty in

piezoelectric materials with SDDC and used in the
M ethodology development of semiconductor devices.

In the proposed work, it was aimed at the detailedT_he co_nsideration of crystals.with strain dependent
analytical investigation of Raman and Brillouin dlelegtrlc constant.thus pqssmly offers. an area of
instabilites in piezoelectric materials with SDDC Promises for pursuit's non linear interactions ame

under a variety of configurations of electric and ©XPects the experimental studies on nonlinear
magnetic fields and the wave vectors. The generalintéractions to open a potential tool for energy

dispersion relations will be derived for differdppe of
waves. The general dispersion relations will beveer

conversion and solid state diagnostics in crystath
high dielectric constant.

for different type of waves in the medium using Acknowledgements

hydrodynamic model of plasmas, Maxwell's equations
and coupled mode theory. The electro kinetic braach
of the dispersion relation will be examined. The
propagation characteristics and the possibility of
instabilities will be investigated.

When a crystal is irradiated by any pump field its
dielectric constant does not remain constant besgdo
in fact depends upon the deformation of the mdteria
this is true for both piezoelectrically active aslwas
inactive crystals.

Thus Simple analysis of the modulational instapidif

a laser beam in material with strain dependent
dielectric constants is given in this thesis. Thalgsis

is based on the hydrodynamic model of the plasma in
the collision dominated regime. Using coupled mode
theory the acoustic instability in the medium is
investigated and the threshold value of the pump
electric field and the conditions for the initiatogvth
rates are deduced. It is found that the large value
growth rate can be achieved for materials having an

The author is very thankful to Dr. Sanjay Dixit for
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