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ABSTRACT

Using hydrodynamic model of a semiconductor plasma, a detailed analytical investigation is made of the Raman
instability of Stokes component of scattered wave in an obliquely magnetized (with respect to the direction of
propagation) centrosymmetric semiconductor. The origin of stimulated Raman scattering process lies in effective third-
order optical susceptibility c«® arising due to induced nonlinear current density and the interaction of pump wave with
the density fluctuations generated within the medium. The total refractive index and absorption coefficient are
determined via ce®. The threshold pump intensity and optimum pulse duration for Raman gain are obtained. The
analysis establishes that large refractive index and small absorption coefficient can be obtained in a magnetized diffusive
semiconductor plasma which provesits potential as candidate material for fabrication of cubic nonlinear devices.
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INTRODUCTION

Stimulated scattering of laser radiation is one of the most active areas of research in the field of nonlinear
optics, on one hand, it provides fundamental and microscopic information of the interaction of laser beam
with matter, and on the other hand it has numerous applications in the area of modern optics [1]. When an
intense laser beam propagates in a medium, it may excite the natural mode of vibrations of the medium, i.e.,
the electron-plasma and ion waves. When one of the excited modes is of high frequency, it gives rise to
stimulated Raman scattering (SRS) [2, 3]. SRS is among the earliest-discovered nonlinear optical processes.
In SRS process, the pump decays into another electromagnetic wave and a Langmuir wave. Such a
phenomenon was first observed by Woodburg and Ng [4] in organic and inorganic liquids. An analysis of the
scattered radiation reveals the existence of frequencies that are shifted down or up by increments equa to
vibrationa frequencies of the material irradiated and are referred to as Stokes and anti-Stokes scattering,
respectively. The theoretical description of SRS was given by Hellwarth [5], who treated it as a two-photon
process with full quantum mechanical calculations.

Various aspects of SRS and its consequent instabilities have been investigated in gaseous plasmas [6-8]. But
the practical utilization of semiconductors drew the attention of many solid-state physicists to examine the
role of semiconductors in the areas such as spectroscopy, lasers, device fabrication etc. The electrica
properties of semiconductors lie in between those of metals with nearly free electrons and insulators with
tightly bound electrons. This intermediate situation makes semiconductors attractive as nonlinear devices in
electronics as well optics because their properties can be influenced easily by fields, compositions and micro-
structuring. Hence, the supremacy of semiconductors as active media in laser communication, modern
optoelectronic devices, optica computing [9] and all optical signal processing [10] is unquestionable and
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hence the understanding of the mechanisms of transient effects in these crystals appears to be of fundamental
significance.

In the recent past, a significant amount of research work on SRS and its consequent instabilities in magnetized
centrosymmetric as well as non-centrosymmetric semiconductor plasmas have been reported by severa
groups [11-15]; the theoretical predictions and experimental measurements are far apart. Severa experiments,
with short laser pulses of low intensity, suggest that SRS starts below the theoretically estimated threshold
value, whereas some experiments with high-intensity radiation reveal that SRS signal levels saturate at much
lower values than their theoretically predicted values. Hence, more comprehensive efforts in SRS theory are
needed.

In most of the investigations of nonlinear interactions the nonlocal effects such as diffusion of the excitation
density that is responsible for the nonlinear refractive index change has been ignored. The diffusion of carriers
is however expected to have strong influence on the nonlinearity of the medium, particularly in high mobility
semiconductors viz., 111-V compound semiconductors. Therefore inclusion of carrier diffusion in theoretical
studies of nonlinear phenomenon seems to be important from both the fundamental and applied view points,
and has thus attracted the attention of many groups recently [16-20].

Apart from material parameters, the optical properties of a material can be modified by an externally applied
electric or magnetic field. The refractive index and absorption coefficient as functions of the applied electric
and magnetic fields are responsible for many electro-optical and magneto-optical effects. Thus recent
attention has focused on the theoretical and experimental investigations of stimulated emission and resonant
amplification of far-infrared radiation in the presence of the electric and magnetic fields. In the presence of a
static magnetic field, the medium supports many new modes and offers many new channels for scattering.
Severa groups [11-15] have studied SRS of a plane polarized pump wave in magnetized crystals. Their case
corresponds to the propagation of a pump wave exactly either parallel or perpendicular to the external static
magnetic field. Such an exact paralel or perpendicular propagation may not be experimentaly feasible.
Moreover the electric field of the pump considered by them is parallel to the propagation vector. Thisagain is

not the case of realistic situation. For a finite semiconductor plasma pump electric field EO must have

components that are both parallel and perpendicular to propagation direction. Thus the most realistic caseisto
consider a hybrid mode propagating obliquely to the external magnetic field.

However, as far as the authors know, no such attempt has been made to determine the third-order optical
susceptibility arising due to the diffusion induced current density and molecular vibrations and subsequently
the nonlinear refractive index and effective absorption coefficient. In the present paper, the authors have
investigated analytically the nonlinear absorption coefficient and refractive index arising due to the SRS of an
electromagnetic hybrid wave propagating obliquely in magnetized diffusive semiconductor plasma. The
physical origin of the process lies in the non-vanishing, nonlinear polarization due to the coupling of the

molecular vibrations having a frequency equal to that of the optical phonon frequency ®,, with the pump
frequency ,, aswell asthe electron plasma frequency , in the presence of a static magnetic field such that

®,, <O, <0,. The motivation for the present investigation stems from the fact that the diffusion of excess

carriers can remarkably modify the nonlinearity of medium. In the wake of high power lasers, such an
investigation with high mobility semiconductor plasmas becomes even more important because it may lead to
a better understanding of the scattering mechanisms in plasma and thus may prove to be a step forward
towards filling the gap between theory and experimental observations.

THEORETICAL FORMULATIONS

This section deals with the theoretical formulation of the total-induced current density J for the signal and the
Stoke’s component of the scattered electromagnetic wave in magnetized diffusive semiconductor plasma. The
well-known hydrodynamic model of a homogeneous n-type semiconductor-plasma with electrons as carriers
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subjected to an electromagnetic pump field under thermal equilibrium is considered. In order to study the
total-induced current density J, let us consider the propagation of a hybrid pump wave

E, = (Epd + Eoy 1) expli (kx—ot)] ()
in a homogeneous n-type I11-V diffusive semiconductor viz. n-InSb embed in a uniform static magnetic field
B, = BOXiA+ B,k inadirection making an angle 6 with the x-axis, as shown in Fig. 1.
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Fig. 1. Geometry of SRSin magnetic field.

In a Raman active medium the scattering of high frequency pump wave is enhanced due to excitation of a
normal vibrational mode. Let us consider that the Raman medium consists of N harmonic oscillators per unit
volume; each oscillator being characterized by its position x and normal vibrational coordinates u(x,t). The

Eq. of motion of asingle oscillator (optical phonon) is then represented as:

o%u(x,t) ou(x,t) F(x1t)
T+Fop +co§pu(x,t): M )

where, ', is the damping constant equal to the phenomenological phonon-collision frequency (~~1O‘2a)t );

®,, being the un-damped molecular vibrational frequency and is taken to be equal to the transverse optical
phonon frequency and M is the mass. F(x,t) isthe driving force per unit volume, which can be obtained by
considering the electromagnetic energy in polarizable materials and is given by

1 *
F(x,t)=§8(g—3j [E,.E]]. €)
0

Here e =g, ; €, and e are the absolute and high frequencies permittivities, respectively. (do./0u),

represents the differential polarizability. Eg = E,+ (v, x B,) represents the effective electric field which
includes the Lorentz force (v, x B,) in the presence of external static magnetic field B,. E, is the space

charge electric field. This infers that natural mode of vibrations within the medium can be driven by the
optical electric field because of non-vanishing polarizability (do/ou), .
The other basic Eq.s of the analysis are:

e

oV 0
EO‘FVVO“F(VO.&JVO :—E Eeff (4)
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oV, 0 0 e

6_tl+vvl +(v0.&jvl +(vl.&]v0 = _E[El +V, x By] (5)
o) .

P,=eN|— | UE 6

mw = € (aujo eff ()

o on v o'y

—+V,—+n,—+D—=0 7

a oo o T o0 0
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Egs. (4) and (5) represent the rate Eq.s for the pump and the signal beam under the influence of a static
magnetic field, respectively. v, and v, are the equilibrium and perturbed oscillatory fluid velocities of the
electrons of effective mass m and charge e. Here v the momentum-transfer collision frequency of electrons.
P., given by Eq. (6) is the nonlinear polarization due to modulation of dielectric constant of the medium and

natural mode of vibrations driven by the electric field. At very high frequencies of the field, which are quite
large as compared to the frequencies of the motion of electrons in the medium, the polarization is determined
by neglecting the interactions of the electrons with one another and with nuclel of atoms. Thus the electric

displacement in the presence of an external magnetic field is simply given by D =¢E, . Eq. (7) is the
continuity Eq. including diffusion effects, where n,, n, and D are the equilibrium and perturbed electron

densities and diffusion coefficient respectively. The strong space-charge E, developed due to migration of
charge carriers under the influence of the pump and magnetic fields is determined from Poisson Eg. [Eq. (8)].

The interaction of the pump with the molecular vibrations produces an electron density perturbation, which in
turn derives an electron-plasma wave and induces current density in the Raman active medium. In a doped
semiconductor, this density perturbation can be obtained by using a method adopted by Singh et.a. [21].
Differentiating Eq. (7) and using Egs. (4) and (8), we obtain

2 2 2 2, * .
AL BV Y ”1{52 [V—Hqﬁum—mw(a—“] E, = 'kin:'leEdf ©)
0

ot ot ox° "lvi+ ol 2eM  au

2 2

_ o, +V —eB

where @ = 0)";[ o j Lo, (z ﬁj are the components of cyclotron frequency along the x- and
’ m

2 1/2
zaxesand ®, {z [ e j ] Is the plasma frequency of carriers in the medium. The Doppler shift has been

neglected under the assumptionthat @, ? v? Kk\,.

As per the method adopted by Singh et.al. [21], the perturbed electron density (n;) produced in the medium
may be divided into two components; one associated with optical phonon mode (n,,,) and varies as
expli(K,,X—,,t)] and other associated with first-order Stokes mode (g ) and varies as exp[i (kX —,t)] .

The process of SRS may also be described as the annihilation of a pump photon and simultaneous creation of
one scattered photon and one induced photon. Hence, for these modes, the sti mulaterd Ramarn process under

consideration should satisfy the phase matching conditions: ho, =ho, +ho,, and hk, = -hk; +hk,, known
as the energy and momentum conservation relations which determine the frequency shift and direction of
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propagation of scattered light. By assurmi nga Iorng interaction path for the interacting waves, only the resonant

Stokes component (, =, —w,,k =k, —K,,) are considered, and the off resonant higher-order
r

components are neglected [22]. Here (®,,K,) represents the Stoke’s modes.

Under rotating-wave-approximation (RWA), perturbed density of Raman active medium associated with
optical phonon (n,,, ) and first-order Stokes mode (g ) can be deduced from Eq. (9) as:

g ONg Ny | o VP eNko2U’ (ﬁaj ikn.e
+v +vD <E o +—P |2 E, =—25"E 10a
ot? ot ox? Plvi+al Mo Lau s T om (10
and
aznlp My o°n, V2 ikn, e
P L yv—2 4 vD—2 4| | —— =—— P E_. 10b
ot? ot ox? P\ Verar )| m (109)

The above Egs. represent the coupling between optical phonon and first-order Stoke’s mode of the density
perturbations via effective electric field E , which acts as a distributed source that can feed energy to the
scattered Stoke’s component leading to the amplification of thisfield with alarge gain coefficient. Henceit is
obvious that the presence of the pump field is of fundamental necessity for stimulated Raman scattering to
occur. By solving simultaneous Egs (10a) and (10b), n,,, can be obtained as:

) 500, 0Nk, (G | UEEL B [ (37 —iven) (8} +ivo,) N
P 2eM (82, — 2T 0,,) kZ(e/ m)2EZ,

op-~op

(11)

2 2
2 2 2.2 «2 =2 Vv 2 2 2 —2 Vv 2 2
Hered;, = wg, —k,v°, & —mp(mj—wl —k“vD,and &5 = wp[v2+w§2]_m°p -k“vD.
It is evident from the above expression that n,,, strongly depends upon the magnitude of the pump intensity.
The density perturbation thus produced affects the propagation characteristics of the generated waves.
Now the resonant Stoke’s component (w,,K;) of the current density due to finite nonlinear polarization of the
medium has been deduced by neglecting the transition dipole moment, which can be represented as:

J(w) = nyevy, + n;SaIOX .

_ @veE, so(T)iNkop(aalau)éE;fEOEl(v—imo)(l_(Sf—ivml)(6§+ivmop)J_l

o (Vz + (’Oiz) B 2eM (Sgp - 2il_‘op(")op)((ogz - (’Og) klz (e/ m)2 Eesz
=J, ((’31) +J, (031) (12)

The first term of the above expression [i.e., J,(®,)] represents the linear component of the induced current

density. The second term [i.e., J,(®,)] represents the nonlinear coupling amongst the three interacting
waves via the total nonlinear current density including the diffusion current.

Now treating the induced polarization P, (w,) asthetimeintegral of induced current density J(w,), we may
write

P () =] J ()t (13)
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In order to study the effective optical susceptibility y ., the induced polarization in a centrosymmetric crystal
can be expressed in the form of an expansion series as.

2
Pg (o) =g E (0,) = ¢, [X(l) + X(Z) ‘Eeff ‘ + ] E,(»,) (14)

where ¥ and %® are the first- and third-order optical susceptibilities due to the induced current density,
respectively. Because of inversion symmetry ¥, y¥ etc. are al zero. Using Egs. (12) and (13), an
expression for P, (®;) will be obtained; now equating the expressions corresponding to the same power of
E,(®,) inthisderived Eq. and Eq. (14), we obtain

ig,m>
M _ 19, 15
Ko = (02— ) (19)
and
— . . -1
9 = wo05 Nk (Oou/ ou); . (8 —iven,)(85 +iva,,) 16)
“ 2eM e, (82, — 2T 400, ) (@5 — 03)° kZ(e/ m)’E2

Besides the nonlinear induced polarization due to the perturbed current density, the system should aso
possess a polarization created by the interaction of the pump with the norma mode of vibrations generated
within the medium. The scattering of the pump wave from the optical phonons affords a convenient mean of
controlling the frequency, intensity and direction of scattered beam. This type of control makes a large
number of applications possible involving the transmission, display and processing of information. The
molecular polarization is obtained from Eq. (6) as:

£g0iNKy, (90t / U)2|Ey [ E,
™ 2eM (82 - 2T 0, ) (@ — 0F)

op~rop

= et |Ea| B 17)

Thusin a doped centrosymmetric crystal the effective third-order optica susceptibility x(;f) isgiven by

XS = A+ X (18)
Using Egs. (16) — (18), we obtain
_ : . 1
O Nk, (dau/ du)g @, L (87 —iva,)(35 +iva,,) v
" 2eM (05 - 03,)* (35, — 2T ,0,) | © kZ (e/ m)*EZ, ’
=[2@ ]+ 18] (19)

in which | & and [ x? |  represent the real and imaginary parts of effective third-order (Raman)
eff real eff imag

susceptibility. Here k, = [k§ + ki = 2Kk, COS(I)TIZ , where ¢ isthe scattering angle between k, and K, .
Thetotd refractive index of the systemis given by [23]

2
El - (20)

Tl:Th +nnl
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in which n, and n, are, respectively, the linear and nonlinear parts of the refractive index of the material.

® ©)
. and ¥ |.e.,[xeff

refractive index in centrosymmetric crystals because n, and n,, aregiven by

n =y 78] (21)

From the real parts of " i.e, [X(l)} ]real , we may study the phenomenon of the total

and

n=[x% ], (22)
Now to study the total absorption coefficient o, one may use the following standard relation
oa=0,+o, Eeﬁ‘z, (23)

inwhich o, and o, are the linear and nonlinear absorption coefficients. From the imaginary parts of
ie, [X(l)]mg and 1 ie, [ng)]img, in the following relations, the phenomenon of total absorption can be

studied in the centrosymetric crystals. These relations are

o =[], (24)
and
ocn.=—2% (1@ ]y (25)

Egs. (20) and (23) can be employed to study the nonlinear parameters (refractive and absorptive) of a Raman
active magnetized diffusive semiconductor plasma.

The steady-state Raman gain coefficient of the Stokes component in the presence of a pump well above the
threshold value is obtained as [21]:

Or(®,) = _%[Xéﬁ)lmg ‘Eeﬁ ‘2' (26)
0

where ¢, being the velocity of light in vacuum.

Thetransient gain factor g isrelated to steady-state gain coefficient [24] through
Ok = (20Xt ) 2 —Ty 1, Tot, < OgX, (27)

op-p’
where X isthe interaction length.

The interaction length (x) becomes very small for backward scattering because the Stokes pulse and the laser
pulse travel in opposite directions and hence, their overlap region cannot exceed the length of the laser pulse;
viz., for atypical pico-second pulse laser, the interaction length is of the order of a millimeter. Thus following

Wang [25], for very short durations (t, <107'°s) the interaction length should be replaced by ¢t /2
(where c, isthe velocity of light in the crystal medium). Consequently by making g,z =0 in Eq. (27), the
threshold-pump intensity for the onset of transient SRS can be obtained as:

lyy =Ty / 2Gegy (29)
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where GR:gR/Ip is the steady state Raman gain coefficient per unit pump intensity, and

|, = 0.5]’]8000‘é0 Using T, =37x10"s" and g,=120m™ a | =355x10°Wm~ for a
centrosymmetric semiconductor-plasma and Eq. (27), we obtained the threshold value of pump intensity for
the onset of Raman instability as 2x10°Wm™ . However, for comparatively long pulse duration (1,2 10°s
), the cell length can be taken equal to x, and under such circumstances, we obtain

gTR = (FOp’tp)llz[_(l—‘oprp)ll2 + (gRX)llz] . (29)

Using the above Eqg., one may obtain the optimum value of pulse duration t

2

p.opt » A0OVE Which no transient

gain could be achieved. This can be obtained by making g, = 0, which yields:

Tpopt ¥ Or /T (30

A caculation for centrosymmetric semiconductor plasma using the values given earlier gives
T p opt =1.35x10°®s. This value of T,on NOL ONly explains the washing out of Raman gain a large pulse
duration but also suggests that optimum pulse duration can be increased by increasing the intensity of the
pump.

RESULTS AND DISCUSSION

By analyzing Eg. (19), it can be realized that the externa magnetic field and wave number have strong
influence on xﬁff). Considering the factors 812 and 85 , it may be concluded that xfff) is strongly influenced by
carrier number density and diffusion coefficient. A close look at Eq. (19) reveds that the effective Raman

susceptibility xf;’f) is a sensitive function of carrier concentration (via plasma frequency o), externaly

applied static magnetic field (via cyclotron frequency _) and diffusion coefficient (through the factors o,

and 3, ). xf;f) with carrier density 10%* m 3 purely due to diffusion current is found to be ~ 2.55x10*® esu.

At lower concentration x(;f) decreases by about five orders of magnitude and becomes potentially non-usable

for the fabrication of cubic nonlinear devices. The magnitude of xfff) due to total current density (conduction

as well as diffusion) agrees reasonably with the experimentally observed [26] and theoretically quoted values
[21] using conduction current only.

A detailed numerical analysis of nonlinear absorption and refractive index of Raman scattered mode is made
in a diffusive 111-V semiconductor crystal, viz. n-InSh at 77 K. The crystal is assumed to be subjected to a

10.6pum CO; laser. The material constants are taken as. m=0.0145m, (me the free mass of electron),
n =10%-10"m>, ©,=0.1-09w,, ¢,=1568, v=35x10"s", N=148x10"m>,
I, =37x10"s", o, =3.64x10°s™, (do./u), =1.68x10*° mksunits.

Let us now focus our attention on the physical parameters that affect the nonlinear absorption coefficient and
refractive index of Raman scattered mode.

Fig. 2 shows the variation of absorption coefficient oo and refractive index n of Raman scattered mode with

pump amplitude E,. The curve reveals that with an increase in E,, n increases while oo decreases. The
result is quite obvious because with increase in the transmitted power, absorption should decrease.
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Fig. 2. Variation of a and h of Raman scattered mode with pump amplitude Eo for we = 0.9 wo, wp =

0.12wo, D =0.2m?s%, g = 60°, f=135°in InSb crystal.
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Fig. 3. Variation of a(solid curve) and h (dotted curve) of Raman scattered mode as a function of
magnetic field (viawc / wo) for Eo = 5x10” Vm, wy = 0.12wo, D = 0.2 m?s%, q = 60°, £ = 135°in InSb

crystal.

Fig. 3 represents the qualitative behaviour of absorption coefficient oo (solid curve) and refractive index n
(dotted curve) of Raman scattered mode as a function of magnetic field (via ®,/ ®,). It is found that with

increase in cyclotron frequency ., o decreases sharply and attains a minimum value of about

-1.2x10°m™ when o, ~®,. With further increase in ., o increases. The magnetic field corresponding to

0, ~0, is14.2 T. The refractive index n is a negative quantity for o, < ®, and decreases with increasing

o, . A dight increase in tuning between . and ®, beyond this point causes a sharp rise in n making it

vanish when o, is closely tuned with ®,. After the resonance condition, m increases very sharply. With

further increase in value of ., m decreases rapidly and saturates at larger values of ®.. Such type of
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variation is caused due to the term (¢ — ®>2,) in the denominator of third-order susceptibility (Eq. (19)). This
type of behaviour of n may be utilized in the construction of optical switches.
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Fig. 4. Variation of a(solid curve) and h (dotted curve) of Raman scattered mode as a function of
doping concentration (viaw, / wo) for Eq = 5x10” Vm==, we = 0.9wo, D = 0.2 m?%s?%, g = 60°, f = 135°in
InSb crystal.

Fig. 4 shows the variation of absorption coefficient o (solid curve) and refractive index n (dotted curve) of
Raman scattered mode as a function of doping concentration (via o, / @, ). Here again o, decreases while n

increases with the increment in ®,,. It may be inferred that a very slow rate of change is observed with both

parameters in the regime 0.16 < (o, / w,) < 0.28. Below and above these regime rates of change are quite

fast. Thistype of variation can be understood from the fact that the nonlinear parameters for the Raman mode
depend upon two factors: first the coupling of the electron motion with the acoustic mode responsible for
induced current density and second the nonlinear force due to eectrostriction responsible for deriving the
absorption characteristics. The contribution of coupling between electron motion and the acoustic wave to

% can be seen through the term (87 —ive,)(85 + ivo,, ) insde the square bracket in Eq. (19). For
o, / ®, < 0.16, this coupling parameter increases rapidly while polarization due to electrostriction remains
almost constant; thus o decreases while n increases sharply due to the induced current density. In the heavily
doped regime when o,/ ®, >0.28, polarization due to electrostriction dominates the process which again
resulted in a sharp decrement in o and increment in 1. In the middle regime, both effects combine to give a
dow rate of change.

Figs. 5(a) and 5(b) shows the variation of absorption coefficient o and refractive index n of Raman scattered
mode, respectively as afunction of scattering angle ¢ for three different values of diffusion coefficient D.
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In al the three cases, o starts with a relatively small (negative) value at ¢ = 0°, remains constant up to

¢ =135°, and thereafter decreases sharply with increasing ¢ . For backscattering (¢ =180°), o becomes
independent of ®, and the curves coincide. On the other hand, in all the three cases, n starts with arelatively

small value at ¢ =0°, remains constant up to ¢ =135°, and thereafter increases sharply with increasing ¢ .

For backscattering (¢ =180°), 1 becomesindependent of «, and the curves coincide.
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Fig. 6. Variation of a (first figure) and h (second figure€) of Raman scattered mode as a function of g for
three different values of wcin n-InSb crystal. Here Eq = 5x10° Vm=, wp = 0.12wo, D = 0.2 m?st and f =

135°

Figs. 6(a) and 6(b) shows the variation of absorption coefficient o and refractive index n of Raman scattered
mode, respectively as a function of inclination of the magnetic field with respect to the direction of
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propagation 0 for three different values of ®, in n-InSb crystal. In al the three cases, o starts with a

relatively small (negative) value at 0 = 0°, decreases continuously with increasing 0. Initially, the curves
start separately but come closer as 0 increases. For 6 = 90°, when the contribution of magnetic Lorentz force
becomes maximum, o, becomes independent of 6 and the curves coincide. On the other hand, in al the three
cases, N startswith arelatively small value at 6 = 0°, increases continuously with increasing 0. Initialy, the

curves start separately but come closer as 0 increases. For 0 =90°, when the contribution of magnetic

Lorentz force becomes maximum, o. becomes independent of 6 and the curves coincide.
270

240
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180+
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120

90

60—

30 0= 40 /

0 T T T T T T T T
060 01 02 03 04 05 06 07 08 09

Cyclotron Frequency/ Pump Frequency, w/ g

Fig. 7. Variation of gr asafunction of Bo (via we/wg) for g =45°and 90°in n-InSb crystal. Here Eg =
5x10” Vm™, wp = 0.12wo, D = 0.2 m?st and f = 135°.

Steady State Raman Gain Congant, g (m‘l)

Fig. 7 shows the variation of steady-state Raman gain constant g, as a function of externally applied static

magnetic field (via o, /®,) for 6 =45 and 90° in n-InSb crystal. In both the cases, g, starts with a
relatively lower value and is nearly independent of feeble magnetic fields (i.e. in the imposed cyclotron
frequency regime o, < 0.70,). However, g, increases very rapidly for cyclotron frequencies m, > 0.7, .

The externally applied magnetic field in transverse direction enhances g, nearly three times than applied at
an angle 6 = 45° with the direction of propagation of pump beam.

Fig. 8 shows the variation of transient Raman constant g, with pump pulse duration t, for two different
values of externally applied static magnetic field (o, = 0.2m, and o, = 0.9®,) in n-InSb crystal.
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Fig. 8. Variation of grr with t, for we = 0.2wo and we = 0.9wo in n-InSb crystal. Here Eo = 5x10° Vm™, wp,
=0.12wo, D = 0.2 m?s* and f = 180°.

For a particular value of ®, Gy increases with t, and at a certain value of 7, g attains a maximum
value which remains constant for acertain range of t ;. Such regions can be regarded as quasi-steady states or
quasi-saturation regimes. An increase in value of , shifts the gain saturation regime towards higher value of
T, If T, ischosen beyond quasi-saturation regime, the transient gain coefficient diminishes very rapidly.
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