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By considering the hydrodynamic model of semiconductor plasmas, we performed an analytical inves-

tigation of stimulated Raman scattering (SRS) of an electromagnetic pump wave in a transversely mag-
netized centrosymmetric semiconductor arising from electron-density perturbations and molecular vi-

brations of the medium both produced at the transverse-optical-phonon frequency. Assuming that the
origin of SRS lies in the third-order susceptibility of the medium, we investigated the growth of the
Stokes mode. The dependence of the stimulated Raman gain on the external magnetic field strength is
reported. The possibility of the occurrence of optical phase conjugation via SRS has also been studied.
The steady-state Raman gain is found to be greatly enhanced by the presence of the strong external dc
magnetic field.

I. INTRODUCTION

Stimulated Raman scattering induced by finite-
amplitude coherent electromagnetic waves has received a
great deal of attention in theoretical and experimental
nonlinear optics research. This topic has been extensive-
ly studied by several authors and there exist some excel-
lent reports on it. ' The theory of the stimulated Ra-
man effect has been discussed by many authors ' ' both
from the classical and from the quantum-mechanical
points of view. In this paper a classical discussion on the
coupling of vibrational waves and light waves via a
molecular system is given. If there are many photons in
the radiation field it can properly be described by classi-
cal waves. In the treatment of coupled-wave problems,
the classical description is even more appropriate since
then the decay or amplification of the waves depends on
the relative phases among them, whereas in the
quantum-mechanical description, if the number of quanta
is prescribed, the phases will be undetermined as required
by the uncertainty principle. The quantum analog of the
classical treatment is obtained from the so-called
coherent state of the field and has been recently investi-
gated in much detail by Sen and Sen in noncentrosym-
metric crystals.

Recently the present authors' (hereafter referred to as
paper I) have analytically investigated the possibility of
optical phase conjugation via stimulated Brillouin
scattering in a transversely magnetized semiconductor
crystal. Motivated by this work' and by the intense in-
terest in the field of stimulated Raman scattering (SRS) in
the present paper we have attempted to study the
phenomenon of stimulated Raman Stokes scattering in a
narrow-band-gap n-type moderately doped semiconduc-
tor crystal irradiated by an intense uniform pump wave.
The physical origin of the phenomenon lies in the non-
vanishing, nonlinear polarization due to the coupling of
the molecular vibrations having a frequency equal to that
of the transverse-optical-phonon frequency co&- with the
pump frequency coo, as well as the electron plasma fre-

quency ~p in the presence of a magnetostatic field such
that 62 z ( ct)p (Q)0 and the electron cyclotron frequency
&, ( (coo) )&co, [=

2 (car+co&)' j. The analysis is

based on the coupled mode theory which was employed
earlier by Ghosh and Dixit. " The chief utility of the
analysis in achieving the nonlinear optical phase conjuga-
tion has been discussed subsequently.

II. THEORY

This section deals with the theoretical formulation of
the third-order nonlinear optical susceptibility g' ' for
the Stokes component of the scattered electromagnetic
wave in transversely magnetized semiconductors. We
have used the particular geometry where the incident
high-frequency spatially uniform laser radiation (pump
wave) Eoexp( icoot) is—applied parallel to the propaga-
tion vector of the density perturbation k (along the x
axis) and the external dc magnetic field Bo is taken nor-
mal to k along the z axis. In order to study the effective
Raman susceptibility arising due to induced nonlinear
current density and the vibrational polarization, the hy-
drodynamical model of a homogeneous one-component
(with electrons as carriers) system is considered. The
semiconductor is assumed to possess an isotropic and
nondegenerate conduction band and being centrosym-
metric in nature the effect of any pseudopotential is
neglected for analytical simplicity. In a Raman-active
medium the scattering of the high-frequency pump wave
is enhanced due to the excitation of a molecular vibra-
tional mode. In the present analysis the Raman medium
is taken as consisting of X harmonic oscillators per unit
volume: each oscillator being characterized by its posi-
tion x, molecular weight M, and the normal vibrational
coordinate u(x, t).

The optical-phonon mode is represented in a one-
dimensional configuration as

a'u(x, t) a
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where F(x, t ) is the driving force per unit volume, which
can be obtained by considering the electromagnetic ener-
gy in the presence of the molecules and in polarizable ma-
terial it is given by

F(x, t)= ,'~(-aa/au)~'(x, t) . (2)

The notations used in Eqs. (1) and (2) are well explained
in Yariv. The other fundamental equations employed
are Eqs. (2)—(4) of paper I and

P =eN(c)a/c)u )pu *E,s, (3)

—N(c)a/c)u )OE,g

nT=

The density perturbation associated with the molecular
vibrations at frequency co beats with the pump at frequen-
cy cop and produces fast components of density perturba-
tions. Following paper I the Stokes mode of this com-
ponent at frequency ms =coo—co can be obtained as

ikEpn T'

S —2 2co z ~s '~~s
where subscripts T and S denote the components of the
perturbed carrier concentration associated with the
molecular vibrations and Stokes mode, respectively, and
Ep=[(e/m)EO —A, 0']; co R =v cpR/(v +II, ); cpR

2 2 2
P L )/ T ~L /~T V eL ~ ~P 0 /mp~p~L2= 2

and Q, =earp/m. The components of Up are given in Eq.
(12) of paper I.

Following paper I, the resonant Stokes component of
the current density due to finite nonlinear induced polar-
ization becomes

ie~P~~, (~s)
Cps ( Cpp

—
Cp )

ek EOE,+
(5z+i vcp )( v —i cop)

(eN/2M)(c)a/c)u )O~EO ~

X 1— (7)
6(+ in)I

(6)

J(~s)=

BE& n &e
(4)

Bx
These one-dimensional equations are appropriate for non-
degenerate semiconductors. The molecular vibrations at
frequency co modulate the effective dielectric constant of
the medium leading to an exchange of energy among the
electromagnetic fields separated in frequency by integral
multiPles of cp [i.e., (cop+Pep) where P = 1,2, . . . ]. The
electric induction in the presence of an external dc mag-
netic field is given by D=eE,&+P. ' The equations and
notations are explained in paper I.

The high-frequency pump field gives rise to a carrier
density perturbation within the Raman-active medium.
Now following the procedure of paper I for the theoreti-
cal development the perturbed electron density (nT) of
the Raman-active medium due to molecular vibrations
can be deduced from Eq. (4) as

+ l I (eN/2M )(c)a/c)u )gEO ~'

e (e/2M )(c)a/clu )OEO

where $ co Q7 $ Q) Q)

The first part of Eq. (7) represents the linear com-
ponent of the induced current density while the latter
term represents the nonlinear coupling among the three
interacting waves via the nonlinear current density
J„&(cps). In this present investigation the effect of the
transition dipole moment is neglected in order to study
the effect of nonlinear current density on the induced po-
larization in a transversely magnetized Raman-active
medium.

Henceforth treating the induced polarization P,d as
the time integral of the current density J„&, we obtain the
nonlinear induced polarization due to perturbed current
density from Eq. (7) as

&,„(~s)=
e k e iEOI Ei(cps)

m COOCps(52+ i vCps)

(eN/2M)(Ba/c)u )O~EO~x
5, +imI

(8)

Besides Raman susceptibility, the system should also
possess a polarization created by the interaction of the
pump wave with the molecular vibrations generated
within the medium such that

& .(Cps)=&0(XR') .IEOI'Ei

Using Eqs. (3) and (11),we obtain

e (eN/2M )(c)a/c)u )pcop

(5, +iCOI )(Cop —0, )
(12)

Thus the effective Raman susceptibility of the centrosym-
metric medium is obtained as

(y"'), =(y"') „+(y"'),

e (eN/2M )(da/du )pcop

(5, +iCOI )(Cop —0, )

eke cop

Cpsm (52+ivCps)(Cop —Q, )
(13)

We now estimate the Raman gain constant ~gR (cps)
~
of

The induced polarization at the Stokes frequency sos is
defined by

+cd(~s ) ~0+R ~EO ~ Ei (~s )

It is well known that the origin of the SRS processes
lies in that component of P,d(cps) which depends on
~EO~ E, and the corresponding third-order susceptibility
of the Raman-active medium which is known as the Ra-
man susceptibility yR can be obtained using Eqs. (8) and
(9),

3
(3) ~o

(&R ).d
cpsm (52+ivcps)(cpp
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'
h related to the imaginary Pthe Stokes mode which is re a e

R ') ( =g' „'+igiR ) through
of the medium and cois th refractive index o

the speed of »gh '
f (3i from the imaginary p «Substituting the»lue o +«

f Fq (13) one finds(14)

( ) —[,,E,yz2m c (co20 —A~)]

'(e~nM)(a~pa~ )',(~, n-,
&& [(6 5 —vcocozI') +(vrouw 5 +col"62) ]1 2 (15)

mal magnetic field is thus foundThe efFect of the external magne ic

jlis also strongly dependent on t e pum
through the terms coo and co&.
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tion. The optimum OPC length can therefore be
effectively reduced by the application of a strong magnet-
ic field. The cell length can be further reduced by in-
creasing the carrier concentration as well as the excita-
tion intensity, within the limit of the damage threshold.

IV. CONCI. USK)NS

The present analytical investigation of SRS has yielded
interesting results which can be categorized as follows.

(1) The third-order Raman susceptibility is found to be
strongly dependent not only on the incident pump fre-
quency coo but also on the cyclotron frequency co, corre-
sponding to the transverse magnetic field 80.

(2) In a magnetoactive semiconductor plasma one can

obtain a considerable growth rate of the Stokes com-
ponent Raman mode at a much smaller values of the
pump amplitude Eo. If 8O is taken so large that co, ) coo
then from Eq. (15) one can note that the gain due to
stimulated Raman scattering is not obtained.

(3) The possibility of OPC-SRS has been studied from
the analytical investigation of the steady-state Raman
growth and it has been found that the presence of a mag-
netostatic field effectively reduces the OPC threshold
conditions.
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