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ABSTRACT

This study analyses the Brillouin susceptibilities of weakly piezoelectric, magnetoactive semiconductors
depending on free and bound charge carriers. To generate formulas for the real and maginary parts of
Brillouin susceptibilities, the coupled mode technique was applied. Under Voigt geometry, it is
presumable that the semiconductor sample will be lit by an off-resonant pulsed laser. For numerical
estimations, we choose n-type doped InSb crystal at liquid nitrogen temperature and illuminated by a

pulsed CO: laser at 10.6 um wavelength. To improve Brillouin susceptibilities and their sign change,
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external magnetic field.

1. Introduction

The fabrication of effective nonlinear optical (NLO)
devices, such as optical frequency converters, optical
amplifiers/oscillators, sensors [1, 2], optical signal processing,
and pulse squeezing [3], depends on the results of experimental
and analytical studies of NLO susceptibilities. These studies
provide vital information about the optical properties of
materials. Additionally, changes in the sign of NLO
susceptibilities result in NLO phenomena including
attenuation/amplification, self-defocusing/focusing, and optical
amplifiers, optical limiters, and optical switches [4, 5].

The choice of an NLO medium and its operating
frequency are both essential elements in the design and
construction of effective NLO devices. Semiconductor crystals
stand out among the numerous nonlinear optical media now in
use for fabrication of NLO devices because [6, 7]: (i) The large
number of mobile charge carriers (free electrons) present in
doped semiconductors exhibit additional fascinating NLO
phenomena; (ii) The relaxation time of carriers may be
controlled by materials designing and device structuring; (iii)
The observation of large magnitude NLO susceptibilities in
close proximity to the band-gap resonant transition regimes;
(iv) The use of changes in refractive index/ absorption
coefficient; and (v) Operating the devices either optically or
electrically

In addition to these benefits, doped semiconductor crystals
exhibit a variety of optically excited coherent modes, such as
plasmon mode, which results from plasma oscillations,
acoustical phonon mode, which results from lattice vibrations,
optical phonon mode, which results from molecular vibrations,
polaron mode, which results from a conduction electron along

efforts have been made to adjust the doping concentration, external magnetic field, and pump intensity.
The ability of the chosen sample to serve as a potential candidate material for the fabrication of
stimulated Brillouin scattering dependent widely tunable optoelectronic devices, such as optical
switches and frequency converters, is confirmed by the change in sign of enhanced Brillouin
susceptibilities in weakly piezoelectric semiconductors under the proper selection of n-type doping and

with its self-induced polarisation, and polariton mode, which
results from a strong interaction of a At the expense of
coherent pump radiation, these coherent modes produce
intriguing NLO events [8-10]. Due to its numerous technically
significant applications in a variety of NLO devices and laser
spectroscopy, stimulated Brillouin scattering (SRS), among
other NLO phenomena, is currently one of the most prominent
study topics [11]. SRS is a third-order NLO phenomenon that
results from the medium's internally produced acoustical
phonons scattering a coherent pump wave. SBS has been
investigated in both the resonant and off-resonant transition
regimes of semiconductor crystals [12, 13].

To improve the performance of NLO devices,
semiconductor resonant Brillouin nonlinearities (SRBNs) have
been used [14]. However, the SRBNs-based NLO devices have
sluggish speeds. This is due to the fact that SRBNs are heavily
dependent on energy build-up, carrier relaxation times, and
population changes during the actual transition. The
semiconductor non-resonant Brillouin nonlinearities (SNBNs),
on the other hand, are typically smaller in size but exhibit a
noticeably quick response time. They appear in the off-
resonant transition phase. This is such that SNBNs do not
require the establishment of new carriers or their relaxation.

Ultrafast optical switching devices are employed in
contemporary digital optical communication systems, where
signals are carried at high bit rates and high speeds. Despite the
fabrication of many high refractive index NLO materials [15],
there is still a strong need to investigate alternatives,
particularly those that are compatible with semiconductor
device technology, due to the rapid development of planar
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devices like add-drop filters and wavelength division
multiplexers/de-multiplexers in complex networks. Large
optical nonlinearity coupled with quick response times at low
pump fields is required to build high-speed compact optical
switching systems with low power consumption. It is also
preferred to choose materials with a very quick response time,
minimal attenuation and absorption at the working frequency,
low toxicity, and good mechanical and thermal stability.

The description above makes it very evident that SNBNs
are crucial to today's high-speed digital communication
systems. The improvement of SNBNs has been a key factor in
raising the general performance of associated NLO devices. In
the past, SNBNs and the performance of associated NLO
devices have typically benefited from micro-structuring and
compositing [16]. In addition to these, doping (free carriers)
and externally applied electric/ magnetic fields can both affect
semiconductor optical nonlinearities. These techniques have
been used to understand the mechanics underlying a number of
NLO events, including electro/magneto-optic effects [17].
When exposed to external electric and magnetic fields, many
researchers [18-20] have found that a variety of M-V
semiconductors' terahertz (THz) emission is significantly
enhanced. Additionally, III-V semiconductors support a variety
of vibrational modes and provide a variety of new scattering
channels in the presence of external electric and magnetic
fields, both of which have been applied to opto-acoustic
diagnostics [21].

As far as the author is aware, there has never been a
systematic investigation of how free and bound charge carriers
affect Brillouin susceptibilities in weakly piezoelectric
magnetised semiconductors. In the current research, we
concentrated on the theoretical analysis of weakly piezoelectric
magnetised semiconductors' Brillouin susceptibilities that
depend on free and bound charge carriers. Expressions for real
and imaginary parts of the free and bound charge carriers
dependent Brillouin susceptibilities in weakly piezoelectric
magnetoactive semiconducting crystals exposed to off-resonant
laser irradiation have been developed using the coupled-mode
theory [22]. For applications in rapid NLO devices, such as
optical switches and frequency converters, efforts have been
made to adjust the doping concentration and the external
magnetic field to increase the magnitudes of Brillouin
susceptibilities and change their sign. Finally, a set of data
appropriate for weakly piezoelectric semiconductors (n-InSb)
irradiated by a pulsed CO, laser at 10.6 um wavelength has
been used to make a thorough numerical explanation.

2. Objectives

The goal is to investigate the weakly piezoelectric
magnetoactive semiconductors' free and bound charge carrier-
dependent Brillouin susceptibilities and to determine the
suitability of a chosen sample for the production of widely
tunable stimulated Brillouin scattering-dependent
optoelectronic devices like optical switches and frequency
converters.

3. Theoretical formulations
In weakly piezoelectric magnetised semiconductors, free
and bound charge carriers dependent Brillouin susceptibilities

are discussed in this section. Three coherent electromagnetic
fields' parametric coupling causes SBS to occur:

(i) an intense pump field E(x,t) = E; expli(kyx— )],

(ii) an induced acoustic wave u(x,t) = u, expli(k,x—,1)]

(iii)) a Stokes component of scattered pump field
E (x,t)=E expli(k,x—m,1)].

The relations of energy and momentum conservation to be
satisfied among these waves are: 7o, =ho,+ho, and
Tk, = hk, —hk_, respectively.

In order to magnetize the weakly-piezoelectric
semiconductor, we assume it be immersed in a static (or dc)
magnetic field EO = ZB, (i.e. perpendicular to wave vectors k,
, k, and k). Such the field geometry is termed as ‘Voigt
geometry’ [23]. In order to obtain expressions for Brillouin
susceptibilities, the fluid model [24] has been used. This model
imposes restrictions on the analysis and valid for k, [<<1,
where k, is the acoustical phonon wave number, and / is the
carriers mean free path.

The oscillating pump electromagnetic field generates
density perturbations and derives an acoustical wave in the
semiconductor crystal. Let x be the lattice position and u(x, t)
be the departure of lattice position from its original position so
that one-dimensional strain in the direction of +x axis (i.e.
along the pump wave propagation direction) is given by
Jdu/dx. Using Ref. [13], we may express the equation of
motion of u(x, t) as:

’u C du

F
. du _ Ly
Jt~ pox

M_"oa 1
“% p (1a)

where C is the linear elastic modulus of the crystal such that
the acoustical wave velocity is given by v, =(C/p)"*. p
represents the crystal mass density. In order to take account of
acoustical damping, we introduced the term 2I' (du/dr)
phenomenologically. F,, stands for the net force per unit
volume accomplished by the medium in the presence pump

electromagnetic field, it can be expressed as [13]:
F, = FY + F®  where

OE, . .
FY =—Ba—“ represents the first-order force arising due to
x

piezoelectric property, and

F® =li(EOE;:) stands for second-order force arising due
2 0x
to  electrostrictive
semiconductor crystal.
Here B and vy are piezoelectric and electrostriction
coefficients of the semiconductor medium, respectively. E, is
the space charge electric field of the semiconductor medium.
The complex entity's conjugate is indicated by an asterisk (*).
It is important to note that the ions inside the lattice change
into an asymmetrical position in the presence of an oscillating
pump electromagnetic field, often causing a contraction in the
direction of the pump field and an expansion in the direction
perpendicular to the pump field direction. The electrostrictive
force thus produced in the crystal is the source of the
electrostrictive  property. The medium experiences a
piezoelectric force as a result of the electromagnetic field of an
oscillating pump and the elastic characteristics of the lattice.

property  of  weakly-piezoelectric

Page | 138



In the earlier studies, the origin of SBS has been taken into
F? ; the contributions arising due to F® has normally been
ignored. To examine free and bound charge carriers dependent
Brillouin susceptibilities in weakly piezoelectric magnetised
semiconductors, we integrated piezoelectricity's forces in the
current analytical examination. After including the effects of
piezoelectricity (substitution of F in Eq. (la)), the modified
equation of motion for u(x, f) of lattice vibrations in a weakly-
piezoelectric magnetized semiconductor crystal becomes

o%u E&_ Ju

du du _PoE,
a poxt | ‘ot

a £
- + L2 (EE).

1b
2p ox (16)

The other basic equations in the formulation of Brillouin
susceptibilities are:

%+V\70 +(voijvo =~ [E, + 7, xB,))] @
ot ox m

ﬂ+vﬁ +(17 i)ﬁ +£6 i}ﬁ =
or U ax )t U a0

on, v, v, on,

~LIE+@,xB) )
m

$+noa+n,¥+ Oax—O (4)
- o’ -
By =15 -(E) ®)
X
BPu o
= 6
ax eax eaz(°) € ©

These equations have been used by many researchers in
theoretical studies of SBS in  weakly-piezoelectric
semiconductors. For detailed description of these equations,
the reader is address to follow Ref. [13]. Here, n, (v,) and n,
(v,) represent the equilibrium and perturbed carrier
concentrations (oscillatory fluid velocities), respectively. v
stands for electron-electron collision frequency. m is the
electron’s effective mass. e is electronic charge. P, stands for
nonlinear polarization originating from acoustical vibrations
derived by pump electromagnetic field.

The forces F® and F®@ generate carrier (here electrons)
concentration perturbations in the semiconductor medium
which can be obtained by using the method adopted by
Aghamkar et al. [13]. We differentiate Eq. (4), substitute the
value of E, from Eq. (6), first-order derivatives of v, and v,
from Egs. (2) and (3), respectively and after mathematical
simplification obtained coupled equation of carrier density
perturbations as

9’n, _ on, nyek’u” N
+V—L+ @ + 8,8,A+V E})E,E,
o o e me, B, TE)
=ink E @)
2
where E——(E ) L , ® V%
eff /2 ( / )k P (VZ +w§)l/2 ’
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—2 (electron-cyclotron frequency), and
m

) 1/2
®, = ["06 ] (electron-plasma frequency).
me

We may express the perturbed electron concentration n,
as: n, =n, (w,)+n, (o), where n,, (known as low frequency
component) oscillates at acoustical wave frequency ®, while
n,, (known as high frequency component) is associated with
electromagnetic waves at frequencies ®,* p®,, in which p =
1, 2, 3, .... The electromagnetic fields at sum (i.e. ®,+ pw,)
and difference frequencies (i.e. ®,— pw,) are termed as anti-
Stokes and Stokes modes, respectively. In the present analysis,
we have neglected electron concentration fluctuations at off-
resonant frequencies (with p=2) and considered the first-
order Stokes mode (with p = 1) only [13]. Under rotating-wave
approximation (RWA), we obtained the following coupled
equations from Eq. (7):

anl on n ekzu* .
! 1f 0 €K 2 2 *
—Lv—L+@n,, + (BY8,3,A+Y'E, )E,E;
or’ o me, : o 0
=—in, k E (8a)
and
azn . an . *
8[2“ + a—;“+ (x)inls in k. E (8b)
Egs. (8a) and (8b) reveal that the slow and fast

components (n,, ,n, ) of the electron density perturbations are
coupled to each other via the pump electromagnetic field (E ).
Thus, it is clear that for SBS process to occur, the presence of
the pump field is the fundamental necessity.

Solving the coupled wave equations (8a) and (8b) and
using Eq. (1b), we obtained an expression for n,, as

22
n, = 80’;0]‘ . (B, 8zAZ""Y zEO) : EE, ©)
2p€d,(Q; +2i @, ) (W, — 0, +2ivey,)

where Q2 =@ —k2v>,

Q2 —ive, )(Q, +ive,)
k2E?

d,=1- , in which

2 =2 2 2 =2 2
Q =0,-0,and Q,, =®, —,.

By ignoring the transition dipole moment, the Stokes
component of induced current density resulting from nonlinear
polarisation of a weakly piezoelectric magnetised doped
semiconductor crystal may be written as follows:
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J () =nev,, (10a)

which yields

gok k0 (v —ie))(BY8,8,A+ Y Ey)

ch (0‘)5) =

2
E, E . (10b
2p3,(Q; +2iT, 0, )(ey) — ! +2ive,) [E,[" E; . (10b)

Weakly piezoelectric magnetised doped semiconductor
crystal's nonlinear induced polarisation, which is a time
integral of induced current density, can be stated as follows:

Pfd((os)zjjl,d(cos)dt:_de—(ms), (11a)
l s
which yields
P ( ) 80kakx0‘)io‘)?) (BYSISZA + ’YZE(?) | |2
0,)= .
T 2p@,8,(Q% +2iT, 0, )@ — @ +2ivey,)
(11b)

The induced polarization (at ®,) due to induced current
density may also be expressed as

E[E.

P, (o) =¢, (X(zs) )ea (11c)

We know that SBS is a third-order NLO process and
hence the component of F,,(w,) which is proportional to
|EOJ E: yield free carrier dependent Brillouin susceptibility
("), - Comparing Egs. (11b) and (1 1c), we obtain

k ko0 (By8,8,A+V E;)

a™s o p

2008, (Q2 +2iC, 0, (@} — 007 +2ive,)

X5 e = (12)

From Eq. (12), we observed that (xif))cd consists of
following two parts:
(i) an intensity independent part (X};),, ;, (which occurs due
to finiteness of both piezoelectricity B and electrostriction 7y )
given by

BY8,8, Ak, k o’ o,

et = e
B 200 8,(Q% + 21T, 0, (0 — ) +2ivey,)

(12a)

(ii) an intensity dependent part (X§)., ,, (which occurs due to

finiteness of piezoelectricity  only) given by

Yk ko1

o _ 0,
B e td NCeP®,8,(Q] +2iC,®, ) (@] — ] +2ivey,)

» (12b)

1 . . .
where [ :Enceo|E0|2 is the pump wave intensity. m

represents the background refractive index of medium and ¢ is
the speed of light.

Here, we mention that besides P,(w,), the weakly-
piezoelectric magnetized semiconductor medium also
possesses a polarization P, (®,) having its origin in the
interaction between pump wave and acoustical vibrational

mode of the medium. Following Ref. [13], and using Egs. (1)
and (5), we obtain

k k ooy
2p(Q2 +2iC, 0, ) (0 — & +2ive,
The induced polarization (at ®,) due to acoustical
vibrations may also be expressed as

P, (0,)= )|E0|2 E. (13a)

P, (®,) =€, | B[ E; - (13b)
Comparing Egs. (13a) and (13b), we obtain
k k 4,2
(X(;))ps — a .VO)OY (14)

2e,p(Q2 + 2T, w, (@} — 0 +2ive,)

From Eq. (14), we observed that (x$),, is independent of
pump intensity and it occurs due to finiteness of
electrostriction of the medium. Moreover, from Egs. (12a),
(12b) and (14), we observed that (x%"),,;» (X5 ). and

(x%),, are complex quantities. These can be put forward as:

(3) 3) 3)

X5 Deasi =M easidr g Dea i s

3) (3) (3)

X5 Vet = Vedgaly + U5 ) asali» and

(Xg) )es = [(X(;) )es ]r + l[(Xg) )es ]i :

Here [(X3)e.i], and [(X5 )] represent the real and
imaginary parts of intensity independent and free carrier
dependent Brillouin susceptibility ((x}'),.;). respectively.
Similarly [(X3) ], and [(X5 )], Tepresent the real and
imaginary parts of intensity dependent and free carrier
dependent Brillouin susceptibility ( ('), ). respectively.
[, 1, and [(x3),,]; stand for the real and imaginary parts
of bound carrier dependent Brillouin susceptibility ((x5),, )
respectively.

Rationalizing Egs. (12a), (12b) and (14), we obtain

 BY8,8, Ak, k, 0, 00 [€2; () — @) — 4V, @, 00 ]

[(XS))('d,Ii]r - 1 : S > 2w 2.2
20,6, (Q; + 4T 0, [(0, —,)" +4v-oy ]
(15)
g - TREGGIRI0-0) -4 0,0,
X edaalr = Negpo,8, (QF +4T2w)[(0f — @) +4viey ]
(16)
) ] BY3,3, Ak, k o ax [T, , (00 — )+ V@, ]
X5 earili = >
B et 20,8, (QF +4T202)[(00F —)> +4v 0} ]
(17)
2 2 3 2 2 2
Yk koo, I[T",0, (0, —.)+Vo,0,]
[(X([;))ud,hl]i = o . >

Neg PO, (Q +4T202 )[(0] — @] ) +4v> ;]
(18)
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k k opy [Q2 (o) — ) — 4V, w,0,]

@y 1 —_tats ’ 19

(0571 2e,p(Q* +4T2 02 )[(0f — @7 )* +4v7 ;] (1

[(X(3)) ] — kaks wg’yz [Fa w, ((Dg - 0‘)?) + V(Di ('oo] (20)
B Jesdi

2€,p(Q] +4T,0)[(0] — )" +4v ey ]

Egs. (15) - (20) show that [(x};") 4 ;], and [(X}§ )] are
influenced by B, v, n, (via ®,), and B, (via @,);
(X5 ) eara), and [(X5")q 1 ); are influenced by v, n, (via ®,
), B, (via @), and I; [(x$)),.], and [(x%),,]; are influenced
by vy, B, (via ®,). In the forthcoming section, Egs. (15) —
(20) have been utilized for detailed analysis.

4. Results and discussion
In order to fulfill the condition viz. off-resonant laser

irradiation, we choose n-type doped InSb crystal at liquid

nitrogen temperature and illuminated by a pulsed CO, laser at

10.6 um wavelength. At liquid nitrogen temperature,

(1) Since the weakly piezoelectric semiconductor medium's
absorption coefficient is fairly low (about 10 m
wavelength), band-to-band transition effects can be safely
disregarded [25], and

(i) Acoustical vibrations are the predominant scattering
mechanism for electron energy and momentum transfer in
weakly piezoelectric semiconductors [26].

Using Egs. (15) — (20) for the material parameters of n-
InSb [13], the Brillouin susceptibilities dependence on various
parameters such as doping concentration 7, , external magnetic
field B,, and pump intensity (I ) have been explored. Efforts
have been targeted at:

(i) determination of appropriate values of n,, B, and I to
enhance Brillouin susceptibilities, and

(ii) searching the usefulness of fast NLO devices based on
Brillouin nonlinearities.

An interesting feature of the present analysis is that for
E, <E.(=1.01x10° Vm™';, Y’E; <PBY5,8,A, i.e. on right hand
side of Eq. (12), the first term inside the square bracket
dominates  over the second term and  hence
5 Vetta <X e - For Ey>E., PYO8,A<Y'E;, ie. on
right hand side of Eq. (12), the second term inside the square
bracket dominates over the first term and hence
O ear <X eara - At Ey=E., YE; =BY8,8,A and hence
o Vea.ta = OB ea -

The nonlinear absorption coefficient is accounted for by
the imaginary part of Brillouin susceptibilities, while the
nonlinear index of refraction of the selected NLO medium is
accounted for by the real part. A variety of NLO devices, such
as amplifiers, filters, and couplers, can be designed for an NLO
medium with the use of knowledge of the nonlinear absorption
coefficient and index of refraction [21].

In Figures la and 1b, [(X}). ;] and [(X}),,,]; are
plotted versus magnetic field B, for two different values of
doping concentration (n, =2x10"m> and 3x10”m™),
respectively. These clearly show the substantial enhancements

of (XS], and [(X5)., ], as well as alter of their sign.

The situation at which [(x} ), ], and [(X}§ ). ;] alter their

sign is termed as ‘cut-off” or ‘dielectric anomaly’ [27].
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o
|

-5%10™"7
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-1x10"°
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Figure 1a: Plot of [(xg))cd_,i]r versus B for n, = 2x10" and
3%10" m?.

5%10™7]

1x10°7

5%10"°—

1x10"°~|

[ el (V)
(=)

-1x107"°

-5%10"°—

1107 o s
777777 ny=3x10" m !

-5%10"°]

By (T)
Figure 1b: Plot of [(X(;))cd,u]i versus B, for n, =2x10" and

3%10" m>.

By adjusting value of n, (say 2x10" m”) and varying B,,

we observed that [()}’ )easi], 18 positive while [, anili 18
negative, vanishingly small and remain independent of
magnetic field for 0< B, <2.5T . With further increasing B,,
(X5 )], starts increasing while  [(x5). ,]; starts
decreasing, achieving a peak positive value (
[(X5)egs], =+6.5x10"" m*V?) and peak negative value
(X))o s ]; =—1.5x107"° m*V?), respectively at B, =3.0T.
With slightly increasing B, beyond this value, [(X} ). ],
starts sharply decreasing while [(x}'), ], starts sharply
increasing. At B, =3.5T, both [((y),,], as well as
[(Xf))m’ ;) vanish. With further slightly increasing B, beyond
©

this value, both [(X(;))L,d’h.]r as well as [(x;’), ;] alter their
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sign achlevmg a peak negative value ([(x}),4 ], =-2.5x107"

m*V~?) and peak posmve value ([(5) 5], = +6.5%10" m*V°
%) respectively at =40T. For 40T<B,<45T,
[y )], increases sharply while  [(x}"),, ;); decreases
sharply. For 45T < B, <9.8T, [(X}")..;], remains negative
while [(x5)).. «.i); remains positive and vanishingly small. With
further increasing B, beyond this regime, again [(X})., ],
starts increasing while [(x}),, ;]; starts decreasing, achlevmg
a peak positive value ([(X$),q ], =+7.5x10"" m*V?) and
peak  negative  value  [(’ )easi i =—2.5%107° m*V?),
respectively at By =10.3T. With slightly increasing B,
beyond this value, again [()}’ )easi), starts sharply decreasing
while [(x}'). ], starts sharply increasing. At B, =10.8T,
both [(x5). ], as well as [(x5))., ], vanish. With further
slightly increasing B, beyond this value, again both
(X% )eai], as well as [(x(” )ea.si); alter their sign achlevmg a
peak negative value ([(x})., 1, =—2.5%10"°m*V~?) and peak
posmve value ([(x5)),q 41 = +6.5%107° m’V™?) respectively at

B,=113T. For 113T<B, <11.8T, [(x{)., ], increases
sharply while [(X(S))L <., decreases  sharply.  For
11.8T < B, <132T, [({). ], remains negative while
[(X)eq.s]; remains positive and vanishingly small.

By adjusting value of n, at other value (say 3x10" m™)
and varying B,, we observed that the features of the
() a 1), B, and [((§)esl: B, plots remain
unchanged except that the change of sign of [(X(3))Ld,li]r and
[(X)eg.s]; which were occurring at B, =3.5T and 10.8 T
have now been shifted to B, =2.5T and 9.8 T, respectively.
This distinct behavior of [(x(” )ea.sil, and [ 1, occur
due to following resonance conditions:

2 2 2.2
w, o
(i) —5—~ o}, and (ii) ——5-~ 0.
v vV’ +a?)

An exciting aspect of this resonance condition is the
interaction between electron-cyclotron oscillator and electron-
plasmon oscillator. We considered this as hybrid oscillator.
When the pump electromagnetic field interacts with hybrid
oscillator, as a consequence, electron-cyclotron and electron-
plasma frequencies dependent Stokes signal is generated. It is
beneficial to move the scattered Stokes wave frequency to an
obtainable spectral regime in proportion to:

(i o » (or n, ) for fixed w, (or B,),
(i) @, (or B,) for fixed o, (or n, ), and
(iii) combination of ®, and o, both.

By continuously increasing n, (via ®,) and decreasing
B, (via ®,) in the same proportion maintains the resonance
condition at a fixed value of ® . Further, by continuously
increasing n, and decreasing B, without maintaining their
proportion shifts the value of ®, .

At B, =142T, both [((;)0,],as well as [(X5), ]
being independent of doping concentration alter their sign due
to resonance between electron cyclotron frequency and pump
wave frequency (i.e. > ~ ;).

In the proximity of resonance, the electron’s drift velocity
(which is the function of B,) increases, attains a value higher
than acoustical wave velocity and due to this the rate of energy
flow from pump to acoustical wave increases, and consequently
the amplification of acoustical wave occurs. Eventually, the

interaction between pump electromagnetic field and amplified
acoustical wave takes place and the amplitude of scattered
Stokes mode enhances adequately.

The most significant feature of the result is monitoring of

[(X(3> Jeai), and [(X(B) Ved it i

independently n, and B, and also attaining large values of

(G5 ) et ), (05 )eai)i  in
semiconductor crystals. The results obtained in Figures 1a and
1b permit the tuning of scattered Stokes mode over a broad
frequency regime and reveal the opportunity of fabrication of
frequency converters.

by varying simultaneously/

and weakly-piezoelectric
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Figure 2a: Plot of [(Xg>)cd,1d],~ versus B, for n,=2x10" and
3x10" m?at [=5.15x10" Wm™.
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Figure 2b: Plot of [(x(t?))cd,ld]i versus B, for n,=2x10" and
3x10” m”at 1=5.15x10" Wm™.
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In Figures 2a and 2b, [(X§)e0]), and [((5 ) ]; are

plotted versus magnetic field B, for two different values of
doping concentration (n,=2x10"m> and 3x10”m?) at
1 =5.15x10" Wm, respectively. These give a picture of the
enhancement of [(X5) ], and [(X5")e 1 ]; as well as alter of
their signs.

For n,=2x10"m”, we obtained positively enhanced
value of [(X5)w ] = +5.0x107°m*V? and negatively
enhanced value of [(x}'). 1= —5.0x10"°m’V?* at B, =3T
and 10.3 T; alter of their signs at B, =3.5T and 10.8 T, and
negatively enhanced value of [(x§),,],= —5.0x10™°m’*V™>
and positively enhanced value of [(X}). 1= +5.0x107"°
m’VZat B,=40Tand 11.3T.

On the other hand, for n, = 3><1019m"3, we obtained
positively enhanced value of [(X}'). ,],= +5.0x10™°m’V™?
and negatively enhanced value of [(x3)., . ],= —5.0x107"°
m’V? at B, =2.0T and 9.3 T; alter of their signs at B, =2.5T
and 9.8 T, and negatively enhanced value of [(X} ), .],=
-5.0x10"°m’V?  and positively enhanced value of
(X)) ega )= +5.0x107"°m*V?> at By =3.0 Tand 10.3 T.

At By =14.2T, both [(X§)e. ], as well as [(X5)e 1 ]:
being independent of doping concentration alter their sign from
negative to positive and negative to positive respectively.

Based on the resonance circumstances already discussed in
Figures la and 1b, this behaviour may be explained. With the
help of these findings, optical switches and frequency converter
manufacturing can be explored as well as the tuning of
scattered Stokes waves over a broad frequency range.

A comparison between Figures 2a and 2b reveal that the
nature of dependence of [(X5') .y ], and [(X5 ey )i ON By is
differ not in magnitude but only in their sign; a case similar to
Figures la and 1b. Note that apart from n, and B,
dependence, intensity parameter can also be employed to

enhance [(X3)o 1], -

3

50

45

40

35 -7

30 i

25 -

[(X{zml vl (XIOAM mZV‘z)

20 — -

1(x10”Wm™)
Figure 3a: Plot of [(x?)cd,,d]r versus [ for By=0Tand 14.2 T at

ny =3x10" m”.
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Figure 3b: Plot of [(XS))cd,ld]i versus | for By =0T and 14.2 T at

ny=3x10" m~.

In Figures 3a and 3b, both [(X5 )], and [(X5 e
are plotted versus pump intensity / for B, =0T and 14.2T at
n, =3x10""m™, respectively. It may be seen that for fixed
values of both n, and B, the magnitudes of both [(%}) ],
as well as [(X} ). ); increase linearly with 1. Moreover, for
fixed n,, both [(X5). ], as well as [(X )] are one
order of magnitude higher at B, =14.2T than at B, =0T.
However, realistically an arbitrary increment in pump intensity
may cause the optical damage of semiconductor crystal. When
a semiconductor crystal is exposed to a long pulsed duration
laser, a consequence is the generation of heat energy. Mayer et
al. [28] pointed out that optical damage threshold of a
semiconductor crystal may be decreased by the following
methods: (i) method of free carrier nonlinear absorption, (ii)
irradiating the sample by short pulsed duration laser.

In the present analysis, we considered the irradiation of
weakly-piezoelectric semiconductor crystal by a nano-second
pulsed CO, laser having pump intensity well below the optical
damage threshold the sample.

In Figures 4a and 4b, [(x;"),,], and [(X;),,]; are plotted
versus magnetic field B,. It may be seen that initially
[(X5).,], is negative while [(x5"),,]; is positive, vanishingly
small (~10""m?V?) and remains independent of magnetic
field for 0< B, <14T. But when B, =142T (i.e. @ ~ ),
we obtained [(x5),,].[(X5)..]; =#5.0x10""m’V? and
change of their signs occur at sharp resonance. Due to
departure from resonance, [(%};"),,], decreases while [(X};"),,];
increases sharply and achieve a comparatively smaller value. A
comparison between Figures 4a and 4b reveal that the nature of
dependence of [(x}),.], and [(x})),.]. on B, is differ not in
magnitude but only in their sign; a case similar to Figures la
and 1b.

A comparison between results of Figures 1a, 1b and 4a, 4b

reveal that free carrier dependent Brillouin susceptibilities are
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two orders of magnitude higher than bound carrier dependent
Brillouin susceptibilities.
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Figure 4a: Plot of [(x),,], versus B,.
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Figure 4b: Plot of [(x$),,]; versus B,.

5. Conclusions

In the current study, a numerical investigation of the
dependent Brillouin susceptibilities of free and bound charge
carriers in weakly piezoelectric magnetoactive semiconductor
crystals is conducted. The Brillouin susceptibilities of
magnetoactively doped semiconductors have been studied
extremely successfully using the semiconductors fluid model,
which takes into account both free and bound charge carriers.
The analysis proposes three achievable resonance conditions
for the dependent Brillouin susceptibilities of free carriers and
only one achievable resonance condition for the dependent
Brillouin susceptibilities of bound carriers, at which the

Brillouin susceptibilities are enhanced and their sign is
changed. The analysis also provides tuning of the scattered
Stokes Brillouin mode that is free carrier dependent across a
broad frequency range by altering the doping concentration and
external magnetic field. Weakly piezoelectric, magnetoactive
semiconductor crystals have been shown to have technological
potential as extensively tunable optical switches and frequency
converter hosts.
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