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Abstract  

For the study of parametric excitation, we have considered that origin of stimulated Brillouin scattering (SBS) of the Stoke’s 

component of the scattered mode lies in the third order optical susceptibility. The optical polarization in SBS system arises 

due to nonlinear current density and acousto-optical strain of the medium. The lattice displacement vector or amplitude, 

induced polarization, acousto-optical polarization and threshold expressions are obtained. Using induced and acousto-

optical polarization and coupled mode scheme, the effective Brillouin polarization, the electric amplitude of transmitted 

wave and efficiency of the Brillouin cell have also been calculated. The lattice displacement is slightly enhanced at wave 

number 17
102.2

−×= mk . The required threshold electric field for the onset of SBS is also reduced significantly in the 

presence of magnetic field. The doping level also appreciably influences the effective Brillouin polarization. The study shows 

that a large effective polarization can be achieved at relatively low pump threshold in a magnetized doped semiconductor, 

which makes promising for the fabrication of nonlinear devices based on SBS. 
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Introduction 

Stimulated Brillouin Scattering (SBS) is a process in which an 

intense laser field couples to the Brillouin active normal modes 

and produces exponentially growing scattered fields. The 

process is limited by the usual attenuation mechanism of the 

normal modes. Once a limiting threshold power condition for 

the incident laser beam is exceeded, the exponential gain of the 

process leads to large conversion efficiency into the scattered 

fields. 

 

With the advent of high power lasers and optoelectronics, it has 

become important to study not only the linear optical properties of 

a material but also its nonlinear optical properties. Parametric 

interactions have been studied extensively in solids
1
 and several 

new fronts in the fields of research of nonlinear interaction of 

optical beams with matter such as harmonic generation, 

stimulated scattering processes, etc.
2-4

. The origin of SBS lies in 

the effective third-order optical susceptibility of the medium 

arising from nonlinear induced current density and acoustic 

perturbations due to electrostriction. In SBS phenomenon, the 

signal wave may propagate in any direction but the maximum 

scattering occurs in the backward direction of a characteristic 

frequency downshift of the acoustic frequency
5
. The SBS is 

widely used in high power laser-system for improvement of 

amplifiers, pulse suppression, energy extraction and pulse 

compression etc.
5,6

. Semiconductors are particularly the most 

promising materials showing large third-order nonlinear optical 

state and are used for fabrication of sophisticated optical devices
7
. 

The SBS mechanisms have been employed in high power laser 

system for improvements in amplifiers, isolators, pre-pulse 

suppression, energy extraction and pulse compression, etc. 

Semiconductors are the most promising material showing third-

order nonlinear optical state and are used for fabrication of 

sophisticated optoelectronic devices. 

 

Neogi and Ghosh
8
 analytically investigated the possibility of 

optical phase conjugation via SBS in a transversely magnetized 

semiconductor crystal. The transmitted intensity and efficiency 

of the Brillouin cell have also been studied in an n-type highly 

doped centrosymmetric semiconductor crystal subjected to a 

transverse magnetic field
9
. Recently, Nimje et al.

10
 investigate 

the effects of material parameters on interaction length to occur 

OPC-SBS in semiconductors and found that when cyclotron 

frequency tuned with applied pump frequency interaction length 

is found to be 10
4
  time smaller than in absence of magnetic 

field. In another study Nimje and Ghosh
11

 analytically 

investigated the optical phase conjugation (OPC) reflectivity via 

stimulated Brillouin scattering (SBS) in acousto-optic diffusive 

semiconductor plasma crystal and 72% OPC reflectively 

obtained when cyclotron frequency is in resonance with applied 

pump frequency. 

 

The present paper deals with the study of SBS through third-

order optical susceptibility, originating from finite induced 

current density or induced polarization and acousto-optical 

polarization, in a transversely magnetized n-type highly doped 

semiconductor. Electrostriction is the phenomenon of change in 
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optical dielectric constant of the medium induced by the strain 

whereas the acousto-optic phenomenon is the change in 

refractive index of the medium under the influence of an 

externally applied electric field. In the coupled mode scheme of 

plasmas, we have studies threshold condition for the onset of 

Brillouin instability, lattice displacement (u), acousto-optic 

polarization (Pao), effective Brillouin polarization (Peff) in highly 

doped semiconductor. The theory is based on parametric 

coupling of three finite time varying fields, which gives rise to 

an acousto-optic force that is in turn drives an acoustic wave in 

the medium.  

 

The important property attached to solid state plasma is that it 

retains its own physical properties and yet attains the plasma 

state of free carriers present in the medium. The elastic property 

associated with the lattice determines characteristics of the 

propagating waves. For the present analytical study, we have 

considered n-InSb crystal owing to high mobility carriers. 

Moreover, its single-valley energy band gap matches well with 

wavelength of 10.6 µm from CO2 laser. 

 

Theoretical Formulation: We have considered well-known 

hydrodynamic model of a homogeneous one-component 

(electron) plasma irradiated with spatially uniform (k0→0) 

pump filed under thermal equilibrium. In order to make an 

analytical study of the effective polarization of centrosymmetric 

crystal, we derive expression for total current density J for the 

resonant stokes’ component induced due to nonlinear interaction 

of the waves. The total current density J and acousto-optic strain 

in the medium produce effective polarization. The theoretical 

analysis has been divided into the following subsections. 

 

Total induced current density: In order to calculate total current 

density J, we consider pump electric field ( )txk 00exp ω−0E  

parallel to acoustic wave vector ka (along x-axis) in an n-InSb 

semiconductor subjected to dc magnetic field along z-axis. For 

analytical simplicity, we neglect effects of pseudo-potential by 

assuming the sample to be centro-symmetric. For the present 

study, we employ following set equations; 
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 where      000eff BvEE ×+= .  

Equation (1) represents lattice vibration in the medium. ρ, c and 

Γa are the material density, elastic constant and 

phenomenological damping parameters of the medium. All the 

equations and notations are explained elsewhere
9
. 

 

The acousto-optic force gives rise to a carrier density 

perturbation within the medium where Brillouin scattering 

process is active. In a doped semiconductor, this density 

perturbation can be obtained by using the standard approach
12

. 

Differentiating equation (4) with respect to time and using 

Equations (2) and (6), one gets on simplification 
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which ( ) 0Bmec =ω  the cyclotron frequency and 

εω menp
2

0=  the electron plasma frequency. The perturbed 

electron density concentration 1n will have two components, 

which can be distinguished as fast ( fn1 ) and slow ( sn1 ) such 

that sf nnn 111 += . The slow component is associated with the 

low frequency acoustic wave )( aω ; while the fast one oscillates 

at high frequency electromagnetic wave )( 0 aωω + . 

 

Taking into account the stokes component of the scattered 

electromagnetic wave, )( 01 aωωω −=  and akkk −= 0 , we 

obtain the following coupled equation under rotating wave 

approximation 
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Equations (8a) and (8b) indicate that fast and slow components 

are coupled to each other via the pump electric field, which is 

the fundamental necessity of SBS to occur. Using equations (1) 

and (8), we obtain, 
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Where 2
1

22
1 ωϖδ −= p  and  222

2 ap ωϖδ −= . 

From above expression, it is clear that sn1  depends on the pump 

intensity [ ]2

005.0 effin EcI ηε= , 0c  being the speed of light. 
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The resonant stokes component of acousto-optic current density 

due to finite nonlinear induced polarization can be given by 

xsxe evnevn 0
*
111)( +=ωJ .            (10) 

 

Using equations (4) and (9), Equation (10) becomes 
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The first term in above expression represents the linear 

component induced current density and the other term 

represents the nonlinear current density due to three-wave 

interactions. 

 

Lattice displacement vector : The lattice displacement motion 

is represented by equation (1), which leads to lattice 

displacement amplitude u  as 
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in which 5.0
0

22
0 ]cos2[ φkkkkka −+= with φ being the 

scattering angle between ak  and k . 

 
Induced polarization: To begin with, let us treat the induced 

polarization )( 1ω1P  as time integral of the current density 

)( 1ω1J , then one gets  
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Using equations (11) and (13), one gets 
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The above equation, on setting 0)( 1 =ωcdP , enables us to 

evaluate threshold for the onset of SBS as 
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Acousto-optical polarization: Besides the induced 

polarization )( 1ωcdP , the crystal possesses acousto-optic 

polarization aoP  arising due to interaction between the pump 

and the generated acoustic wave. The scattering of 

electromagnetic wave from the acoustic mode affords a 

convenient way of controlling frequency, intensity and 

direction of the pump. This type of control makes possible 

large number of applications involving transmission display 

and processing of information13. 

 

The acousto-optic polarization is obtained from equations (1) 

and (5) as  

uEP 0ao )1( 2
0 −= ηε ak              (16) 

 

Effective Brillouin polarization: The effective Brillouin 

polarization at the Stoke’s shifted frequency in Brillouin active 

medium is given by 

)()()( 111 ωωω aocdeff PPP += .            (17) 

 

From Equations (13) and (15), one gets 
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Now this relation may be used to computing the effective 

Brillouin polarization of the medium. 

 

Results and Discussion 

For numerical appreciation of the above analysis is applied to 

a specific case of centrosymmetric crystal irradiated by a 

10.6 µm CO2 laser. The set of parameters has been used in 

the analysis is taken from ref.
14

 and are as follows: 

kgm
31

101.9015.0
−××= , 9.3=η , 33

108.5
−×= mkgρ , 

110102 −×=Γ sa , 111103 −×= sν , 12108.4 −×= msva , 

114
0 1078.1 −×= sω , 11210 −= saω , 15

0 1092.5 −×= mk , 

181008.2 −×= mka , 3241044.2 −×= mne  and .8.151 =ε  

 

It’s well known that the important properties attached to the 

solid state plasma is that it retains its own physical properties 

and yet attains the plasma state due to the presence of free 

carriers. The elastic properties which are related to the 

material density of the medium determine the propagation 

properties. The first experimental observation of propagation 

of sound wave and other properties in In Sb are made by 

Libchaber and Veilex
15

.  For being a single-valley 

semiconductor and having a large density of large density of 

mobile particles compared to other semiconductors, n-InSb has 

been extensively investigated. The band gap of InSb also 

matches well with the wavelength 10.6 µm of pulsed CO2 

laser. 

 

We now focus our attention on the dependence of threshold 

field, lattice displacement and the effective Brillouin 

polarization on wave number, magnetic field, carrier density.  

 

Figure 1 exhibits the variation of threshold electric field thE0  

with the applied dc magnetic field in terms of cyclotron 

frequency cω at fixed wave number and carrier density. 
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Figure-1 

Dependence of threshold pump electric field  ( )thE0  on 

cyclotron frequency ( )cω  for 17
10

−= mk and 322105 −= mxne   
 

It can be seen from the figure that E0th decreases sharply with 

increase in cω and becomes nearly constant at 13
105×≥cω s

-1
. 

Thus, the threshold pump field necessary for the onset of 

Brillouin instabilities can be reduced significantly by 

immersing the crystal in transverse magnetic field.  
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Dependence of lattice displacement (u) with wave number 

(k) for mVE /107
0 = , 09.0 ωω =C  and 322105 −×= mne  

The dependence of lattice displacement (u) with wave number 

(k) is shown in figure 2. The magnitude of lattice displacement 

increases with increasing the value of wave number k and 

attained its maximum value at 17102.2 −×= mk . Further, if 

one can increases the value of k in the range 17
102.2

−×≥ mk  

the magnitude of lattice displacement decreases sharply with 

k. This can be used to achieve large amounts of Brillouin 

polarization, transmission intensity of Brillouin mode and 

efficiency of Brillouin cell. Thus, at appropriate value of k, the 

lattice displacement maximizes, which in turn, produces large 

amplification of the scattered wave. 
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Figure-3 

Variation of Effective polarization ( )effP  with electron 

density ( )en  for E0=10
7
V/m, 09.0 ωω =c  and k0=10

7
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Variation of Effective polarization ( )effP  with Cyclotron 
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Figure 3 shows the effective Brillouin polarization effP  of the 

medium as a function of carrier concentration en in the 

presence of strong magnetic field. As can be seen that effP  

decreases linearly with increase in carrier concentration. It is 

therefore inferred that larger amplification of the scattered 

waves can be obtained in a lightly doped semiconductor. 

 

Figure 4 depicts the dependence of the effective Brillouin 

polarization effP  on cyclotron frequency cω . It is clear from 

this figure that as we increase the value of cyclotron frequency 

the effective polarization of the InSb crystal increases 

parabolically. 

 

Conclusion 

Thus, from the above analytical study we conclude that a large 

Brillouin polarization may be obtained when a low threshold 

pump field propagates without dispersion in a lightly doped III-

V semiconductor immersed in strong transverse magnetic field, 

which makes promising for the fabrication of nonlinear devices 

based on SBS. 
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