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ABSTRACT 

This paper deals with the study of diffusion-induced parametric amplification and dispersion of 

acoustic phonons in transversely magnetized semiconductor plasmas. The analysis is based on the 

coupled mode theory for investigating the acoustic wave spectrum whose origin is due to the 

parametric three wave mixing process. The acousto-optic field couples with the internally generated 

signal in the presence of a strain, and amplifies/attenuates it under an appropriate phase matching 

condition. The diffusion induced effective acousto-optic susceptibility describing the three wave 

interaction has been deduced from a single component fluid model and Maxwell’s equations. A linear 

stability analysis of the growth rates of the parametrically generated acoustic wave is presented. It is 

found that the significant enhancement in the parametric dispersion (both negative and positive) can be 

achieved by a proper selection of doping concentration and magnetic field. This can be of potential use 

in the study of squeezed states generation as well as in group velocity dispersion in semiconductor 

plasmas. 

 
1.  Introduction 

Parametric interaction of an intense laser beam (hereafter 

called ‘pump’) with nonlinear medium results into generation 

of waves at new frequencies through controlled splitting or 

mixing of the waves which may undergo 

amplification/attenuation depending on the properties of the 

medium and the geometry of applied field. Thus there are two 

distinct viewpoints of the said interaction: material properties 

and wave propagation characteristics. These phenomena can 

well be explained in terms of bunching of the free carriers 

present in the medium under the influence of the externally 

applied fields and those associated with the generated wave 

[1]. Thus any mechanism influencing the bunching of carriers 

is expected to modify the linear and nonlinear properties of the 

medium and hence the associated phenomena. Since bunching 

of carriers induces a density gradient in the medium, their 

diffusion becomes inevitable and thus can play a crucial role in 

parametric processes. 

In a nonlinear medium the breakdown of the superposition 

principle may lead to interaction between waves of different 

frequencies. There exist a number of nonlinear interactions 

which can be classified as parametric interaction of coupled 

mode. In the phenomena of parametric interaction of coupled 

modes, the energy of external pump wave is transferred to the 

generated waves by a resonant mechanism that takes place 

when the field amplitude is large enough to cause the vibration 

(with the external field frequency) of certain physical 

parameters of the system. The phenomenon of parametric 

interaction plays a distinctive role in nonlinear optics. 

Parametric processes have been widely used to generate 

tunable coherent radiation in a nonlinear crystal that is not 

directly available from a laser source [2, 3]. Parametric 

amplifiers, parametric oscillators, optical phase conjugation, 

pulse narrowing, squeezed state generation, etc. are some of 

the important devices and processes whose origin lies in 

parametric interaction in a nonlinear medium. Besides these 

technological uses, there are several other applications of 

parametric interaction in which basic scientists are interested 

[4, 5]. It is well known fact that the origin of parametric 

interaction lies in the second order nonlinear optical 

susceptibility 
)2(χ  of the medium. Flytzanis [6] and Piepones 

[7] have, respectively, studied 
)2(χ  in different frequency 

regimes and the sum rules for the nonlinear susceptibilities in 

solids and other media. Until now a number of experiments 

have been performed concerning the behaviour of 
)2(χ ; but 

nevertheless, the agreement between theory and experiments 

can be said to be poor. 

Photo-induced light scattering in a nonlinear medium is an 

area of extensive research due to its manifold technological 

applications in optoelectronics. Acousto-optic interactions in 

dielectrics and semiconductors are playing an increasing role in 

optical modulation and beam steering [8-14]. However, in 

integrated optoelectronic device applications, the acousto-optic 

modulation process becomes a serious limitation due to the 

high acoustic power requirements. The most direct approach to 

this problem is to tailor a new material with more desirable 

acousto-optic properties [15, 16]. An alternative method for 

amplifying the acoustic wave within the existing device is also 

being pursued [17-19]. The acoustic wave diffracts the light 

beam within the active medium and provides an effective 

mechanism for a nonlinear optical response in acousto-optic 
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devices. Specifically, the photo-elastic effect in a medium 

causes a variation in the refractive index of medium which is 

proportional to an acoustic perturbation, and this implies the 

existence of a corresponding electrostrictive effect. It induces 

an acoustic response in the medium that is a spatially varying 

quadratic function of the local electric field. 

The plasma effects in a semiconductor are a subject of 

continuous special attention, because of the attached 

technological interest and also for being a quite appropriate 

system for testing ideas and methods in the area of plasma 

physics. Although parametric interaction of waves has been 

extensively studied in the past few years [20-24], there are 

tremendous possibilities for further exploration and 

exploitation due to the poor agreement between theories and 

experiments [25-27]. The current trends in the field indicate 

that this old but fascinating phenomenon is still hotly pursued 

by both theoreticians as well as experimentalists, and an 

increasing number of interesting applications exploiting 

parametric interaction are being discovered or are yet to be 

discovered. 

Today, semiconductors are used in most of the 

sophisticated, sensitive and ultrafast optoelectronic devices due 

to their compactness, provision of control of material 

relaxation time and highly advanced fabrication technology. 

The high mobility of optically excited charge carriers makes 

diffusion effects particularly relevant in semiconductor 

technology as they (the charge carriers) travel significant 

distances before recombination. In most cases of investigations 

of nonlinear optical interactions particularly of parametric 

interactions, the nonlocal effects, such as diffusion of the 

excitation density that is responsible for the nonlinear 

refractive index change, have normally been ignored. The 

diffusion is found to alter the third-order optical susceptibility 
(3)χ  and hence significantly changes dispersion and 

transmission of the incident radiation in the medium [28]. The 

study of the reflection and transmission of a Gaussian beam 

incident upon an interface that separates a linear and nonlinear 

diffusive medium has stimulated an effort to include diffusion 

in the computation of nonlinear electromagnetic wave 

interactions in bulk and at nonlinear-nonlinear interfaces [29, 

30].  

Apart from material parameters, the optical properties of a 

material can be modified by an externally applied electric or 

magnetic field. Recently a research group has observed large 

enhancement in 
)2(χ  in the presence of externally applied 

static magnetic field in semiconductor crystals [31].  

Literature survey reveals that in the previous reported 

works, in order to study the parametric amplification and 

dispersion of acoustic phonons in semiconductor plasmas, the 

diffusion effects of the excess carrier density and externally 

applied static magnetic field has not been taken into the 

account. Hence, in the present chapter the author has presented 

an analytical investigation of second-order susceptibility due to 

carrier diffusion current in n-type centrosymmetric 

semiconductor plasma. The vanishingly small second-order 

susceptibility can be enhanced in centrosymmetric media by 

creating favourable conditions through the adjustment of 

material parameters, wave propagation properties and 

externally applied static magnetic field. Interestingly, it has 

been found that the diffusion of carriers may induce 

appreciable large second-order nonlinearity in a magnetized 

diffusive semiconductor, which may be termed as ‘diffusion 

induced second order susceptibility (2)

dχ ’ and may lead to 

parametric dispersion and amplification of the acoustic wave in 

a collision dominated semiconductor plasma ( )ν ω≫  due to a 

pump of frequency 0ω ν≫ , ν  being the momentum transfer 

collision frequency. Moreover, (2)

dχ  is found to maximize at 

considerably low magnetic field ( 00.01cω ≈ ω ; cω  being 

cyclotron frequency). This interesting feature of (2)

dχ  may play 

an extremely important role in operation of parametric 

amplifiers, oscillators, tunable radiation sources etc. Because 

the devices based on (2)

dχ  will require very low magnetic field, 

thereby, reducing their operating cost drastically. 

The analysis is based on the coupled mode theory for 

investigating the acoustic wave spectrum whose origin is due 

to the parametric three wave mixing process. The acousto-optic 

field couples with the internally generated signal in the 

presence of a strain, and amplifies/attenuates it under an 

appropriate phase matching condition. 

 

2.  Theoretical formulations 

The phenomenon of parametric interaction of acoustic 

wave arises because of the coupling that the driving pump 

electric field introduces between the acoustic wave and the 

electron-plasma wave. In the multimode theory of parametric 

interactions, an acoustic perturbation in the lattice gives rise to 

an electron density fluctuation in the medium at the same 

frequency. This couples nonlinearity with the pump field and 

drives the electron-plasma wave at the sum and difference 

frequencies. This electron density perturbation, in turn, couples 

nonlinearity with external field and may reinforce the original 

perturbation at the acoustic frequency. Thus, under certain 

conditions, the acoustic wave and electron-plasma wave derive 

each other unstable at the expense of the pump electric field. 

In order to study the parametric interaction arising due to 

the three-wave interaction in an n-type diffusive 

semiconductor, an analytical expression for the diffusion-

induced second order optical susceptibility (2)

dχ  for the 

acoustic wave has been derived in the medium. The 

hydrodynamic model of n-type diffusive semiconductor plasma 

is considered. The suitability of this model seems without any 

loss of significant information, by replacing the streaming 

electrons with an electron fluid described by a few 

macroscopic parameters like average carrier density, average 

velocity etc. However, it restricts the analysis to be valid only 

in the limit 1<<lka  ( ak  the acoustic wave number, and l the 

carrier mean free path). Let us consider a spatially uniform (

00 ≈k ) pump field 0 0
ˆ exp( )E xE i t= ω

�
 which irradiate an n-

type diffusive semiconductor medium immersed in a transverse 

static magnetic field 0 0
ˆB zB=

�

. The parametric interaction of 

pump generates an acoustic wave at ( , )a akω
�

 and scatters a 

side band wave at 1 1( , )kω
�

 supported by the lattice and electron 

plasma in the medium, respectively. The momentum and 

energy exchange between these waves can be described by 

phase-matching conditions:  

0 1 ak k k≈ +
� � �
ℏ ℏ ℏ  and 0 1 aω ≈ ω + ωℏ ℏ ℏ .  

In the interaction of high frequency electromagnetic waves 

and acoustic waves, it has been assumed without any loss of 

generality 0( )ak k k≈
� � �

≫  under the dipole approximation. 
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The basic equations describing parametric interaction of 

the pump with the medium are as follows: 
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The subscripts 0 and 1 refer to the physical quantities 

related to pump and side-band wave, respectively. 

Equation (1) represents the motion of lattice vibrations in 

the crystal in which u
�

, ρ , C, aΓ  and η  are the relative 

displacement of oscillators from the mean position of the 

lattice, mass density, linear elastic modulus of the crystal, 

phenomenological acoustic damping parameter, and refractive 

index of the medium respectively. effE
�

 represents the effective 

electric field, which includes the Lorentz force 0 0v B×
�

�

 in the 

presence of an external magnetic field 0B . The right hand side 

of equation (1) is an external driving force uF
�

 applied by the 

electromagnetic field. In order to derive this equation, consider 

a differential volume dxdydz inside a plasma fluid subjected to 

an external field E. Let the deviation of point x from its 

equilibrium position be ),( txu , so that one-dimensional strain 

is xu ∂∂ / . We introduce, phenomenological, a constant 

)1( 2 −ηε  that describes the change in the optical dielectric 

constant induced by the strain through the relation 

)/)(1( 2
xu ∂∂−ηε−=δε , so that the presence of strain changes 

the stored electrostatic energy density by
22 )/)(1()2/1( Exu ∂∂−ηε− . A change in stored energy that is 

accompanied by strain implies the existence of a pressure. This 

pressure p can be obtained by equating the work )/( xup ∂∂  

done while straining a unit volume to the change of the energy 

density which results in 
22 )1()2/1( Ep −ηε−= . The net 

electrostrictive force in the positive x-direction acting on a unit 

volume is thus )/)(1()2/1(
22

xEFu ∂∂−ηε= . Thus one may 

obtain the required equation (1).  

Equations (2) and (3) represent the electron motion under 

the influence of the fields associated with the pump and side-

band wave, respectively in which m and v are the electron 

effective mass and phenomenological momentum transfer 

collision frequency of electrons respectively. Equation (4) is 

the continuity equation including diffusion effects in which n0, 

n1 and D are the equilibrium and perturbed electron densities 

and diffusion coefficient respectively. In an acousto-optic 

medium an acoustic mode is generated due to the 

electrostrictive strain leading to the energy exchange between 

the electromagnetic and acoustic fields. Under the influence of 

the electromagnetic field, the ions within the lattice move in a 

non-centrosymmetrical position usually producing a 

contraction in the direction of the field and an expansion across 

it. The electrostatic force thus produced is the origin of the 

acousto-optic strain within the medium. Equation (5) describes 

that the acoustic wave generated due to the electrostrictive 

strain modulates the dielectric constant and gives rise to a 

nonlinear induced polarization 
aoP . This polarization results in 

the coupling of the space-charge wave with traveling acoustic 

grating. The magnitude of space charge field thus depends on 

the refractive index grating strength that is proportional to the 

generated acoustic field strength. The space charge field 

therefore couples the pump and the signal field in the presence 

of the acoustic grating. The space charge field E1 is determined 

from Poisson equation (6) where, 
1ε  is the dielectric constant 

of the crystal. The diffusion coefficient D is determined from 

Einstein’s relation (7) in which, k, T and µ  are Boltzmann 

constant, electron temperature, and electron mobility 

respectively. The induced current density ),( txJ  in the present 

case is assumed to consist of a diffusion term only near thermal 

equilibrium at temperature T so that the analysis shall be 

confined only to the role of diffusion current on parametric 

interaction. The acoustic wave and side-band wave 

perturbations are assumed to vary as )](exp[ 1,1, txki aa ω− . 

The induced charge carriers are subjected to diffusion in 

the spatially varying intensity of the interfering beams, while 

the electric field associated with the resultant space charge 

operates through the acousto-optic effect to modify the 

refractive index of the medium. The three waves parametric 

coupling of the optical and acoustic (material density) waves in 

the semiconductor are assumed to occur due to bunching of the 

carriers produced by the fields associated with the various 

waves generated in the crystal as a result of the nonlinear 

mixing of the fundamental waves itself. Thus, any process such 

as diffusion, enhancing carrier bunching will lead to an 

amplification of the parametrically generated output signal. 

The interaction of the pump with parametrically generated 

acoustic wave produces an electron density perturbation which, 

in turn, derives an electron-plasma wave in the medium. Thus 

by using the method adopted by Singh et.al. [23], the equation 

of electron-plasma wave is obtained from equations (1) – (7) 

as:

 

                                                      

22 2
2 *01 1 1 1
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n ekn n n ne
n D E u E

t m m xt x

∂ ∂ ∂ ∂
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where 

1
2

2 2

2
1 c

p p

−
 ω

ω = ω + 
ν 

;

 
2

2 0
p

n e

m
ω =

ε
 is the plasma frequency, and 

0
c

eB

m
ω =  is the cyclotron frequency of carriers. 

 

In deriving equation (8), the Doppler shift due to traveling 

space charge wave is neglected under the assumption 

0 0 0k vω >> . This equation describes coupling between the 

acoustic wave and side-band wave in the presence of an intense 

pump. The energy flow from the pump to the generated waves 

shall be maximum when the process is phase matched. 

Resolving equation (8) and using the rotating wave 

approximation (RWA), the slow component (ns) associated 

with the acoustic wave that produces the density perturbation 

at frequency aω  and the fast component (nf) associated with 

side-band wave that produces the perturbation at frequency 

1 0( )apω ≈ ω ± ω , p being an integer; are obtained.  

By neglecting the off-resonant frequencies 2p ≥ , one 

may obtain 

                                     

                                     
2 2 2 *

2 2 *0

2 2

1

( 1)
f f f s

p f eff eff

n n n n ek ne
n D E u E

t m m xt x

∂ ∂ ∂ ∂
+ ν + ω + ν − η − = −

∂ ε ∂∂ ∂
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and 

 

                                                                 

*2 2
2

2 2

fs s s
p s eff

nn n n e
n D E

t m xt x

∂∂ ∂ ∂
+ ν + ω + ν = −

∂ ∂∂ ∂
.                                                       (9b) 

 

Equations (9a) and (9b) reveal that the slow and fast 

components of the electron density perturbations are coupled to 

each other via the pump electric field. Hence the presence of a 

pump field is the fundamental necessity for parametric 

interaction to occur.  

The usage of equations (1) and (9a ,b) and mathematical 

simplification allow one to calculate the low- and high-

frequency components of the density perturbations as: 

 
2 2

0

1

( 1) eff

f

n ek E
n

m

η − Φ
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ε
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and  

 
2 2 2 2 *

0 0 0 0 1

2 2 2 2 2

0 0

( 1)

2 ( 2 )( 2 )
s

a a a a a c

n k E E
n

k v i i

ε ω η − Φ
= −

ρ ω − + Γ ω ω − ω + νω
       (10b) 

 

where 

1
2 2

1 2

2 2 2
1

( / ) effk e m E

−
 δ δ

Φ = − 
 
 

,  

            2 2 2 2

1 1p Dkδ = ω − ω − ν   

and      2 2 2 2

a p a Dkδ = ω − ω − ν .  

 

The term 2 2 2( 2 )a a a a ak v iω − + Γ ω  represents acoustic wave 

dispersion in the presence of damping, the quantity in the 

square bracket represents the dispersion of pump wave due to 

collision and diffusion of charge carriers and 2

0 ( 1)n e η −  is the 

acousto-optic coupling parameter in an electrostrictive medium 

In order to study the role of diffusion on the nonlinearity 

of the medium, one may express the diffusion-induced current 

density at the acoustic frequency by the relation: 

 
( ) s

d a

n
J eD

x

∂
ω =

∂
.                                                          (11) 

In the coupled-mode approach, the time integral of 

nonlinear current density )( adJ ω  yields the nonlinear-induced 

polarization 
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The diffusion induced second order susceptibility )2(

dχ  can 

be obtained by defining the nonlinear polarization as: 

 
*

10

)2(

0)( EEP dad χε=ω ,                                                    (13) 
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The above equation reveals that diffusion of the carriers 

induces second-order nonlinearity in the medium which would 
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otherwise be absent or vanishingly small in a centrosymmetric 

medium. 

Now rationalizing equation (14), one may obtain the real 
(2)

d
r

 χ   and imaginary (2)

d
i

 χ   parts of the complex (2)

dχ  using 

the relation (2) (2) (2)

d d d
r i

   χ = χ + χ    : 
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and 
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The above formulation reveals that the crystal 

susceptibility is influenced by the carrier concentration n0 (via 

pω ) and by the transverse dc magnetic field B0 (via 
cω ) 

Equations (15a) and (15b) can be respectively employed to 

study the dispersion and amplification/attenuation 

characteristics of the scattered waves in the parametric process.  

As is well-known, parametric amplification can be 

achieved at excitation intensities above a certain threshold 

value. This threshold nature can be obtained by setting 
(2) 0d

i
 χ =   as: 

 

[ ] 1 2
0

( / )
th para

E
e m k

δ δ
= .                                                     (16) 

 

The amplification of the co-propagating waves in the 

electrostrictive medium is due to the linear dispersion effects in 

combination with the nonlinear processes. The steady state 

gain coefficient ( ( )a ag ω ) of a parametrically excited wave-

form of the pump field exceeding a threshold value is obtained 

through the relation: 
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The nonlinear parametric gain of the acoustic wave can be 

possible only if [ ]
id

)2(χ  obtained from equation (15b) is 

negative, which is expected at pump electric field 

parathEE ][ 00 > . 

 

3.  Results and discussion 

The study presented in the preceding section clearly 

reveals that one may observe second-order nonlinearity in a 

weakly magnetized diffusive semiconductor. As a typical case, 

the numerical estimation has been made for n-type III-V 

semiconductor crystal at 77 K duly irradiated by a nanosecond 

pulsed 10.6 µm CO2 laser. The physical constants used are 

[23]: 0.0145 em m=  (me the free mass of electron), 
3 35.8 10 kg m−ρ = × , 11 13 10 s−ν = × , 1 15.8ε = , 12 1

10 sa

−ω = , 
34 10av = × ms

-1
, 14 1

0 1.78 10 s
−ω = × , 10 1

2 10 sa

−Γ = × , 3.9η = . 

 

3.1  Threshold characteristics 

The parametric growth of generated acoustic wave 

requires pump electric field to exceed certain threshold value 

0thE , whose dependence on different parameters such as 

acoustic wave number ka, doping concentration n0 (via plasma 

frequency 
pω ), externally applied static magnetic field B0 (via 

cyclotron frequency cω ) etc. may be studied from equation 

(16). It is clear from this equation that an increase in the value 

of 0( )c Bω  will decrease the value of 1δ  and 2δ  and hence 

0thE .  

As an illustration, Figure 1 shows variation of 0thE  as a 

function of acoustic wave number ka for 24 3

0 10 mn
−=  and 

00.01cω = ω  . Curves (a), (b) and (c) represent the features for 

D = 0.2, 0.3 and 0.5 m
2
s

–1
 respectively. 
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Figure 1: Variation of threshold pump amplitude 0thE  on acoustic 

wave number ka for 24 3
0 10 mn

−= , 00.01cω = ω . Curves (a), (b) and 

(c) are for D = 0.2, 0.3 and 0.5 m2s–1 respectively. 

 

It can be seen that in all the three cases 0thE  decreases 

sharply with increase in k acquiring a minimum value 
5

0 min( ) 8.2 10thE = × , 56 10×  and 5 12.7 10 Vm−×  at 
78.5 10k = × , 76.7 10×  and 7 13.6 10 m−×  for D = 0.2, 0.3 and 
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0.5 m
2
s

–1
 respectively. The increase in value of D decreases the 

value of 0 min( )thE   and shifts towards a lower value of ka. 

Using equation (16), it can be shown that at a particular 

value of cω  the dip of 0thE  corresponds to 
2 1/ 2 2 2 1

1( / ) [1 ( / )]a p c mk D k−= ω ω ν + ω ν =  and thus influenced by 

the carrier concentration 0n   (via 
pω ), the magnetic field 0B   

(via cω ), and diffusion coefficient D. Obviously, in a heavily 

doped sample, 0thE  minimizes at particular value of ka while 

an increase in applied magnetic field and/or diffusion of the 

carriers further minimizes 0 min( )thE  and shifts towards lower 

values of ka. These results are well in agreement with available 

literature [23]. 

 

3.2  Parametric amplification/attenuation 

characteristics 

The quantitative analysis of the parametric gain constant 

of acoustic wave ( )a ag ω  associated with parametric excitation 

process in n-type III-V diffusive semiconductor as a function 

of different parameters such as pump field amplitude 0E , 

doping concentration n0 (via plasma frequency 
pω ), externally 

applied static magnetic field B0 (via cyclotron frequency cω ) 

etc. may be studied from equation (17).  
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Figure 2: Variation of gain constant of acoustic wave ag  with pump 

field 0E  for 24 3
0 10 mn −= , 00.01cω = ω , 7 15 10 mak −= × . Curves 

(a), (b) and (c) are for D = 0.2, 0.3 and 0.5 m2s–1 respectively. 

 

Figure 2 displays the variation of gain constant of acoustic 

wave ( )a ag ω  with pump field 0E  for 24 3

0 10 mn
−= , 

00.01cω = ω , 
7 15 10 mak

−= × . Curves (a), (b) and (c) represent 

the features for D = 0.2, 0.3 and 0.5 m
2
s

–1
 respectively. For 

these set of data, the values of 0thE  is found to be equal to 
64.5 10× , 63.2 10×  and 6 12 10 Vm−×  respectively. It may be 

inferred that in all the three cases, for 0 0thE E< , ( )a ag ω  is 

negative (which indicates absorption) and remains almost 

constant with the increase in 0E . However, as 0E  approaches 

0thE , ( )a ag ω  falls rapidly acquiring minimum value (
73.2 10− × , 75.8 10− × and 7 1–8.2 10 m−×  for D = 0.2, 0.3 and 

0.5 m
2
s

–1
 respectively) followed by a very sharp rise making 

( ) 0a ag ω =  at 0 0thE E= . Beyond this point, ( )a ag ω  becomes 

positive (which indicates amplification) and shoots up to its 

maximum value ( 73.2 10× , 75.8 10×  and 7 18.2 10 m−×  for D = 

0.2, 0.3 and 0.5 m
2
s

–1
 respectively) beyond which the gain 

constant starts decreasing and becomes minimum. While 

comparing the results of curves (a), (b) and (c), it can be 

observed that with increasing D, ( )a ag ω  increases and the 

corresponding 0thE  shifts towards lower values. A rise in gain 

constant is again witnessed if 0E  is further increased which 

may be explained as follows: The gain increases with 0E  

overcoming the attenuation below threshold field and exhibit 

an abrupt rise due to modification of the effective second-order 

susceptibility which is induced by the space charge field. In the 

acousto-optic device, the acousto-optic interaction parameter is 

modulated by the diffusion current and the modified acoustic-

wave frequency 2 2( )a Dkω − ν  under the influence of the 

intense induced pump field 0E . Beyond this point, the intensity 

of space charge wave is increased resulting in a reverse transfer 

of energy from the acousto-optic field to the material waves in 

the resonant regime resulting in fall of gain. However as the 

pump field increases further, it becomes strong enough to 

derive the space-charge waves overcoming dragging effect due 

to frictional forces and thereby again exhibit rise in gain. 

Hence this variation pattern may be attributed to factor Φ  in 

equation (17). Thus by suitably choosing the strength of pump 

field, we may control the amplification/attenuation 

characteristics of the medium for the generated acoustic wave. 
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Figure 3: Variation of gain constant of acoustic wave ag  with carrier 

concentration (via pω ) for 00.01cω = ω , 7 15 10 mak −= × , 
6 1

0 5 10 VmE −= × . Curves (a), (b) and (c) are for D = 0.2, 0.3 and 0.5 

m2s–1 respectively. 

 

Figure 3 shows the variation of ( )a ag ω  with carrier 

concentration 0n   (via 
pω ) for 00.01cω = ω , 

7 15 10 mak
−= × , 

6 1

0 5 10 VmE
−= × . Curves (a), (b) and (c) represent the 

features for D = 0.2, 0.3 and 0.5 m
2
s

–1
 respectively. It is 

evident from equation (16) that 0thE  reduces appreciably with 

an increase in carrier concentration (via parameters 1δ  and 2δ ) 

and hence strongly depends upon it. It may be observed from 

figure 4 that at lower carrier concentration where the 
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considered value of 0E  lies below the threshold value, the gain 

constant is negative and remains almost constant with increase 

in 
pω . However, as 

pω  reaches the value for which 0E  

becomes the threshold field, ( )a ag ω  falls rapidly acquiring a 

minimum value ( 72.4 10− × , 74.8 10− ×  and 7 17.7 10 m−− ×  for 

D = 0.2, 0.3 and 0.5 m2s–1 respectively) followed by a sharp 

rise making ( ) 0a ag ω =  (at 138.4 10pω = × , 136.7 10×  and 
13 13.6 10 s−×  for D = 0.2, 0.3 and 0.5 m2s–1 respectively). 

Beyond this point, ( )a ag ω  becomes positive and shoots up to 

its maximum value ( 72.4 10× , 74.8 10× and 7 17.7 10 m−×  for D 

= 0.2, 0.3 and 0.5 m2s–1 respectively) beyond which the gain 

constant starts decreasing and saturates to a very small value. 

While comparing the results of curves (a), (b) and (c), it can be 

observed that increase in value of D decreases/increases peak 

value of ( )a ag ω  and shifts towards lower values of 
pω . The 

variation of (2)

d
r

 χ   with doping concentration (via 
pω ) in 

magnetized diffusive semiconductors agrees well with 

available literature [23].  
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Figure 4: Variation of gain constant of acoustic wave ag  with 

magnetic field (via cω ) for 24 3
0 10 mn −= , 7 15 10 mak −= × , 

6 1
0 5 10 VmE −= × . Curves (a), (b) and (c) are for D = 0.2, 0.3 and 0.5 

m2s–1 respectively. 

 

Figure 4 shows the variation of ( )a ag ω  with magnetic 

field 0B  (via cω ) for 24 3

0 10 mn
−= , 

7 15 10 mak −= × , 
6 1

0 5 10 VmE
−= × . Curves (a), (b) and (c) represent the 

features for D = 0.2, 0.3 and 0.5 m
2
s

–1
 respectively. At 

0cω << ω , ( )a ag ω  increases sharply due to increase in 

parameter Φ  and attains a maximum value ( 78 10× , 81.1 10×
and 8 11.7 10 m−×  at 138.5 10cω = × , 137.2 10× and 13 14.1 10 s−×  

for D = 0.2, 0.3 and 0.5 m
2
s

–1
 respectively). A further increase 

in cω  (when cω >> ν ) causes a rapid decrease in parameter 

Φ  and hence the growth rate of ( )a ag ω of the AW. While 

comparing the results of curves (a), (b) and (c), it can be 

observed that increase in value of D increases ( )a ag ω  and 

shifts towards lower values of cω . 

 

 

3.3  Parametric dispersion characteristics 

Being one of the principal objectives of the present 

analysis, the nature of parametric dispersion arising due to the 

real part of the second-order optical susceptibility, viz., 
(2)

d
r

 χ   as a function of different parameters such as doping 

concentration n0 (via plasma frequency 
pω ), externally applied 

static magnetic field B0 (via cyclotron frequency cω ) etc. can 

be studied from Eq. (15a).  

 

 
Figure 5: Variation of parametric dispersion 

(2)
d

r
 χ   with carrier 

concentration (via pω ) for 00.01cω = ω , 7 15 10 mak −= × , 
6 1

0 5 10 VmE −= × . Curves (a), (b) and (c) are for D = 0.2, 0.3 and 0.5 

m2s–1 respectively. 

 

Figure 5 shows the variation of parametric dispersion 
(2)

d
r

 χ   with carrier concentration (via 
pω ) for 00.01cω = ω , 

7 15 10 mak −= × , 6 1

0 5 10 VmE
−= × . Curves (a), (b) and (c) 

represent the features for D = 0.2, 0.3 and 0.5 m
2
s

–1
 

respectively. It can be seen that there exists a distinct 

anomalous parametric dispersion regime that varies in 

magnitude with diffusion coefficient D. It appears worth 

mentioning that 
(2)

d
r

 χ   can be both positive and negative 

under the anomalous regime. At lower carrier concentration 

where the considered value of pump amplitude 0 0thE E< , 
(2)

d
r

 χ   is negative and remains almost constant with increase 

in 
pω . However, as 

pω  reaches the value for which 0 0thE E= , 
(2)

d
r

 χ   falls rapidly acquiring a minimum value ( 104 10−− × , 
109 10−− × and 1011 10−− ×  SI units for D = 0.2, 0.3 and 0.5 m

2
s

–

1
 respectively) followed by a very sharp rise making 

(2)

d
r

 χ  =0 

(at 138.4 10pω = × , 136.7 10× and 13 13.6 10 s−×  for D = 0.2, 0.3 

and 0.5 m
2
s

–1
 respectively). Beyond this point, 

(2)

d
r

 χ   

becomes positive and shoots up to its maximum value (
109 10−× , 1015 10−× and 1021 10−×  SI units for D = 0.2, 0.3 and 

0.5 m
2
s

–1
 respectively) beyond which the 

(2)

d
r

 χ   starts 

decreasing and saturates to a very small value. The increase in 

value of diffusion coefficient D enhances the value of 
(2)

d
r

 χ   

and shifts the anomalous dispersion regime towards lower 

values of 
pω . Such type of variation of 

(2)

d
r

 χ   with doping 

concentration in III-V semiconductors was reported by Singh 
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et.al. [23] in centrosymmetric semiconductors in the presence 

of hot carriers. 

 

 
Figure 6: Variation of parametric dispersion 

(2)
d

r
 χ   with magnetic 

field (via cω ) for 24 3
0 10 mn −= , 7 15 10 mak −= × , 6 1

0 5 10 VmE −= × . 

Curves (a), (b) and (c) are for D = 0.2, 0.3 and 0.5 m2s–1 respectively. 

 

Figure 6 shows the variation of parametric dispersion 
(2)

d
r

 χ   with magnetic field (via cω ) for 24 3

0 10 mn
−= , 

7 15 10 mak −= × , 6 1

0 5 10 VmE
−= × . Curves (a), (b) and (c) 

represent the features for D = 0.2, 0.3 and 0.5 m
2
s

–1
 

respectively. It may be inferred from this figure that for a 

particular value of D, with increase in cω , 
(2)

d
r

 χ   decreases 

and attains minimum value. A slight tuning in the value of cω  

beyond this point causes sharp increase in 
(2)

d
r

 χ   and attains a 

maximum value. With further increase in value of cω , 
(2)

d
r

 χ   

decreases rapidly and saturates at larger values of doping 

concentration.  The increase in value of diffusion coefficient D 

enhances the value of
(2)

d
r

 χ   and shifts the anomalous 

dispersion regime towards lower values of cω .  

 

4.  Conclusions 

The present chapter deals with the analytical investigations 

of diffusion induced parametric amplification/attenuation and 

dispersion in high mobility n-type semiconductor plasmas duly 

shined by a nanosecond-pulsed 10.6 µm CO2 laser. The 

threshold pump field 0thE  for the onset of parametric 

amplification/ attenuation minimizes at a particular value of 

acoustic wave number k while an increase in applied magnetic 

field and/or diffusion of the carriers further minimizes 

0 min( )thE  and shifts towards lower values of ka. The gain 

constant of acoustic wave ( )a ag ω  changes sign from negative 

(absorption process) to positive (amplification process) at a 

particular value of pump field 0E , doping concentration (
pω ). 

The increase in value of diffusion coefficient D increases 

( )a ag ω  and shifts the value of 0E , 
pω

 
at which change of 

sign occurs towards lower values. The gain constant of 

acoustic wave ( )a ag ω  shows a peak at a particular value of 

magnetic field ( cω ). The increase in value of diffusion 

coefficient D increases ( )a ag ω  and shifts the peak towards 

lower values of cω . A significant enhancement in the 

parametric dispersion (both negative and positive) can be 

achieved by a proper selection of doping concentration (
pω ) 

and magnetic field ( cω ). This can be of potential use in the 

study of squeezed states generation as well as in group velocity 

dispersion in semiconductor plasmas. 
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