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Piezoelectric and electrostrictive contributions to optical
parametric amplification of acoustic phonons in
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In the present analytical investigation, we have explored the piezoelectric and electrostrictive contributions to optical
parametric amplification of acoustic phonons in magnetized doped I1I-V semiconductors. Expressions are obtained for
effective second-order optical susceptibility and threshold pump electric field for the onset of optical parametric amplification
process. Parametric gain coefficients are obtained for different cases, viz. piezoelectric coupling only, electrostrictive
coupling only, and piezoelectric and electrostrictive coupling both; well above the threshold pump field. Numerical estimates
are made for n-type InSb crystal kept in an external magnetostatic field and illuminated by a pulsed CO: laser. The results
indicate that the threshold pump field for the onset of optical parametric amplification and parametric gain coefficients can
be tailored by monitoring the material parameters (such as carrier concentration, piezoelectric and/or electrostrictive
coefficients), dispersion characteristics and an external magnetostatic field. It is found that proper selection of externally
applied magnetostatic field reduces threshold pump field and enhances gain profile of the optical parametric amplifier. The

results strongly suggest the potential of n-InSb-CO2 laser system for the fabrication of optical parametric amplifier.
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1. Introduction

The studies of parametric interaction (Pl) processes
play a distinctive role in nonlinear optics due to their never
ending technological applications [1-4]. Pl processes have
been used to generate tunable coherent radiation at a
frequency which is not an output of any laser source; these
frequency conversion techniques give significant methods
for broadening the spectral range covered by coherent
sources [5, 6]. Optical harmonic generation, sum/
difference frequency generation, optical parametric
amplification/  oscillation/  generation,  spontaneous
parametric down conversion, optical Kerr effect, self
focusing/ defocusing, self phase modulation, cross-phase
modulation, cross-polarized wave generation etc. are some
of the PI processes in a nonlinear medium. In optical
parametric amplification (OPA) process, a weak signal
interacts with a high frequency coherent pump wave and
both the original signal as well as generated difference
frequency signal (known as the idler) gets amplified.
Currently, OPA is of particular interest because of its
immense applications in science and technology [7,
8].Optical parametric amplifiers have been recently used
to detect weak signal at wavelengths for which sensitive
sensors are not available [9].

While surveying ongoing global research activities on
OPA, it has been found that the manipulations of threshold
pump field and gain coefficient have been important issues
to improve the efficiency and functionality of optical
parametric amplifiers due to limited availability of

nonlinear optical media with desirable properties. It has
been observed that among the various nonlinear media
[10], especially 111-V semiconductor crystals, have been
regarded as most promising materials for fabrication of
optoelectronic devices based on OPA [11].In addition, in
these crystals, various coherent modes such as acoustic
phonon (AP) mode, optical phonon (OP) mode, polaron
mode, polariton mode etc. may be excited at the expense
of pump wave [12] and adopting the coupled mode
approach, a strong tunable Stokes mode may be
accomplished as a signal wave at the expense of pump
wave.

OPA of APs in semiconductor plasma has been
studied by Ghosh and Khan [13]. Gupta and Sen [14]
explored the role of electrostriction on parametric
dispersion and amplification of APs in doped piezoelectric
semiconductors. Singh et al. [15] investigated the effects
of carrier heating on parametric dispersion and
amplification of AP in piezoelectric semiconductors. Lal
and Aghamkar [16] studied the effect of doping
concentration and a transverse magnetostatic field on
threshold and gain coefficient of OPA in IlI-V
piezoelectric semiconductors. Ghosh et al. [17] explored
the role of diffusion of carriers on OPA of APs in
magnetized semiconductor plasmas.

Literature survey reveals that in previously reported
results, OPA of AP in IlI-V semiconductor crystals has
been studied at length but nevertheless, the threshold value
of pump electric field for the onset of OPA is observed
very high and parametric gain coefficient quite low.
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Keeping in mind the poor efficiency of optical parametric
amplifiers, comprehensive efforts are in great demand in
the modeling of important phenomenon of OPA.

It has been found that in piezoelectric semiconductors,
which are natural candidates for converting mechanical
energy to electrical energy or vice versa, the collective
oscillation of the lattice can easily be coupled strongly
with plasma wave through piezoelectricity [18]. Moreover,
piezoelectricity of the medium provides the important
spectral characteristics of propagation in semiconductor
plasma. In this context, several features of semiconductor
have been extensively explored based on piezoelectric
interaction between phonons and plasmons [19]. The
motivation of the present study is to obtain large
parametric gain coefficient at low threshold pump field via
n-InSh-CO; system by controlling the material parameters
and/or externally applied magnetostatic field.

In highly doped semiconductors, because of the de-
Broglie wavelength of plasma particles (electrons/holes)
much larger than the inter-fermion distances, various
quantum effects such as degeneracy pressure, electron-
tunneling, Landau quantization etc. may arise [20, 21].
The disparity in nonlinear behaviour of quantum
semiconductor plasmas from that of classical ones have
been reported [22-24]. These investigations are based on
guantum hydrodynamic (QHD) model of semiconductor
plasmas. This model is useful to investigate the short-scale
collective phenomena in highly doped semiconductors [25,
26]. By including the quantum diffraction terms and the
statistical degeneracy pressure, QHD model becomes a
generalization of the usual fluid model. Using QHD
model, Ghosh et al. [27] compared the OPA characteristics
of AP mode (without and with including quantum effect)
in un-magnetized piezoelectric semiconductors and
observed the similar nature of curves in both the cases.
They found that the magnitudes of threshold pump field

for the onset of OPA at n, =2x10* m™ are 9.109x10°

Vm* when quantum effects are excluded and 2.086x10°
Vm~ when quantum effects are included.

Keeping in view the possible impact of piezoelectric
and electrostrictive coefficients, our aim is to study OPA
of APs in magnetized doped II1-V semiconductors. For
this we employ the well known hydrodynamic (fluid)
model of semiconductor plasma. Using the coupled mode
approach, parametric gain coefficients are obtained for
different cases, i.e. electrostrictive coupling only,
piezoelectric coupling only, and electrostrictive and
piezoelectric coupling both. An externally applied
magnetostatic field on doped I11-V semiconductor crystal
put several restrictions on the used fluid model [28, 29].

The structure of the paper is as follows: In section 2,
expressions are obtained for effective second-order optical
susceptibility, threshold electric field and parametric gain
coefficients in a transversely magnetized semiconductor
crystal using a single component fluid model. Section 3
includes the discussion of the analytical results obtained in
the previous section. Section 4 enlists the important
conclusions.

2. Theoretical formulations

We consider the well-known hydrodynamic model of
homogeneous n-type semiconductor plasma with electrons
as carriers exposed to an intense pump wave and an
external magnetostatic field under thermal equilibrium
satisfying the condition: kal = 1; k, the acoustic wave

number, and | the carrier mean free path. In magnetized
I11-V semiconductor crystals, the piezoelectric and
electrostrictive coefficients are non- isotropic and hence
the off-diagonal components of the susceptibility tensor
are finite. For the sake of convenience, we consider
generation of longitudinal AP mode in the semiconductor

medium possessing 43m symmetry and for such mode the

piezoelectric and electrostrictive tensor reduces to a single
component [30, 31].

2.1. Effective second-order optical susceptibility

In one dimensional configuration, OPA can be
described by parametric coupling among three waves:
(i) the input strong pump beam field

& (%, 1) = & expli(kyx—Q1)],

(i) the AP mode u(x,t) =u,exp[i(k,x—<,t)], and

(iii) the scattered Stokes component of pump wave
field & (x,t) =& exp[i(k,x —Qt)].

The momentum and energy exchange between these
waves can be described by phase matching conditions:

nk, = 1k, + 7k, (momentum conservation relation)
hQ, = hQ, + hQ, (energy conservation relation).

The time varying pump field produces piezoelectric
strain (via first-order forces) and electrostrictive strain (via
second-order forces) and thus derives an AP mode in the
crystal. The induced strains modulate the optical dielectric
constant and cause an energy exchange between pump and
scattered waves. Let the deviation of a point x from its
mean position be u(x,t), so that the one-dimensional

strain is a_u_ The first- and second-order forces acting

oX
along x-axis in terms of piezoelectric (p) and

electrostrictive (y) coefficients can be expressed as
og y O « .
—2 and £ — respectively.

B o 2o (&08;) resp y

The equation of motion for u(x,t) of lattice vibrations

due to process of piezoelectricity and electrostriction in the
presence of magnetostatic field can be expressed as

ou
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where & =& +(V,xB)), V, being the oscillatory fluid
velocity of an electron of effective mass m and charge
—e. B,=12B,is an external magnetostatic field. p, C
and T, are the mass density, elastic constant and
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phenomenological damping parameter of the crystal,
respectively.
The other basic equations of the analysis are:
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For a detailed description of these Eqgs., the reader is
addressed to Ref. [15]. Here V,, V,, n,, n, and v

represent the zeroth-order oscillatory fluid velocity, first-
order oscillatory fluid velocity, equilibrium electron
density, perturbed electron density and electron-electron
collision frequency, respectively.

The first- and second-order forces produce carrier density
perturbation within the doped semiconductor crystal,
which can be obtained by using the method adopted by
Singh et.al. [15] as

o’n, N L a2, noekZ Au”

tv— (& E.!s) InlksE (7)
a2 a T e € o
— e — — Qv
where E_}:E(ae), Qp :m,
AN, (B . . o?
A= [ +By], in which A =1-——=—,
& & GRS
QZ
Q, :EB0 (electron  cyclotron  frequency), and
m

1/2
( nge?
Q, _( o ] (electron plasma frequency).

The density perturbation n, oscillate at induced wave
frequency components (i.e. €, and Q) which can be
expressed as: n, =n,(Q,)+n;, (), where n; (slow
frequency component) is associated with vibrations at Q,
and n, (high frequency component) oscillates at the
electromagnetic wave frequencies Q,+Q,. The higher-
order terms with frequencies O (=Q,+pQ,), for
p=2,3,..., being off-resonant, are neglected.

Under rotating-wave approximation (RWA), Eq. (7)
leads to the following coupled equations:

o%n an1 ek?Au”
v g, +NEAL ) i ()

and

nls 5“15

w2 TV a =injkE. ()

—=+Qin,

Egs. (8a) and (8b) reveal that the density perturbation
components are coupled to each other via the pump
electric field. By solving simultaneous Egs. (8a) and (8b),
expressions for n, and n, can be obtained as well as

their values may be determined by knowing the material
parameters and electric field amplitudes. The expression
for n is obtained as

=5k A e e ©)
2p8(Q}, - 2T,Q,) | A,
where Q?, =2 —k?v? (AP dispersion),
A1 (@ —iVQs)Esza +ivQy,) . in whichQ? =02 —
kie? T

andQ?, =02 -0,
The backward Stokes component of the nonlinear
current density can be given as J,, (Q,) = n.ev,

_ Kok Q2 (v—i€2) A, .-
2p(Q2, —2IT,0,)(Q -02) ( A, j&oés (10)

The time integral of the nonlinear current density

yields the induced nonlinear polarization  as
Pcd (Qs) = _[‘]nl (Qs)dt
k,k Q20 .
v e (el S CED
ZPQS (Qad - ZIFaQa)(QC _QO) AZ

Comparing Eq. (11) with the well-known relation
P,(Q,)=¢x?PeE., the  second-order  optical
susceptibility due to induced nonlinear polarization
P, () is given by

2 3
o k Kk, Q, Q5 A (12)
" 208, (QF - 2iT,0Q,)(Q2 - Q) | A,

In addition to P, (€,), the medium should also
possess electrostrictive polarization P, (€2,) arising due to

the interaction of pump wave with the generated AP mode
in the medium. The electrostrictive polarization is obtained
from Egs. (1) and (5) as

kak59372§o§:
2p(Q% — 2,0, )(Q — )

P () = (13)
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Comparing Eq. (13) with the well known relation 2.3. Parametric gain coefficients
P (Q)=¢,xP¢,E., the  second-order  optical

- - — In order to obtain the parametric gain coefficient in
susceptibility due to electrostrictive polarization P (€,) P g Gpara

a magnetized doped Il1I-V semiconductor crystal, we

Is given by employ the relation [15]:
k k. Qiy?
@) _ a’\s= <0 14 (@)
Ko = ey (QF —2iT,0, ) (QF — Q22 a4 9 para =n—é[x£§) : (18)
. Using Eqs.. _(1_2) a?g_(ldf)' the ef(fgctive(z;seco(r:;j-order The parametric gain of the signal as well as the idler
optical susceptibility ./ is given as ' =gy’ +xe waves is possible only if g is negative for pump field
Eo| > [Eo.n] -
kastg Qi A& 2 ’ | 0th| i H i
= 5 L — L4y Eq (18) can be used to_ obtain parametric gain
2pe, (Qqy — 200, Q,)(Q; — Q) | Q. | A, coefficient for different cases of interest.
(i) Piezoelectric and electrostrictive coupling both
@15  (By=0):
Rationalization of Eq. (15) yields the imagi t (9para) LASRIAY
ationalization ot Eq. yieldas the Imaginary par para/B,y=0 = 4 22 2 2
of effective second-order optical susceptibility as 2pq (€ +4T5€2, )€ — )
k .k QL0 T QAA, (B
x?] = Jatea x| —2 12 B—+By +v° (18a)
2pe (g +4T502)(2 — ) Q.Q, A%, &
Q2AA B2 (ii) Electrostrictive coupling only (B=0,y=0):
pTi1T2 2
X| ————| —+PBy |+7Y (16)
Q. A5\ & 4 2
kastOQaray
(gpara)B:O,y¢O = 2 < (Q4 +4FZQZ)(QZ —QZ) (18b)
2.2. Threshold pump electric field for the onset of PEo > 2ag a=%a /i % 0
OPA
(iii) Piezoelectric coupling only (B#0,y=0):
The threshold pump electric field &,, for the onset of
OPA process, which is necessary condition for parametric Kok 50,0, AN,
(g para)ﬁ;&O,y:O = 8C)

gain to occur, can be obtained by putting [x?] =0 in Eq.

€l

20000, AEL (O, + AT 200 (@~ )

(16) as
3. Results and discussion
m ? . . . 1/2 . .
io,m=7 1—3 (Qp —iIvQ)(Q, +ive,)l  (17) To have a numerical appreciation of the results
&, 0 obtained in the analysis, we assumed n-type InSb crystal
with electron effective mass m=0.0145m, (m, being the

Eq. (17) reveals that &,,, is independent of type of rest mass of electron), as the representative IlI-V

coupling (electrostrictive, piezoelectric or both) for the  semiconductor crystal. It is assumed to be illuminated by
occurrence of OPA process. Therefore the interaction 10.6 um (Q, =1.78x10s™) pulsed CO; laser. The other
between pump and magnetized semiconductor crystal will
be dominated by the parametric phenomena at a pump
electric well above the threshold field (i.e. &, > &, ).

parameters are given in Table 1 [15].

Table 1. Material parameters of n-InSh crystal at 77 K

Mass Piezoelectric Electrostriction Acoustic Acoustic Acoustic Electron

Density coefficient coefficient damping wave wave collision

p (kg m?3) B (Cm? v (sY) parameter velocity frequency frequency
r, (s v, (msh)  Q, (59 v (s9)

5.8x10° 0.054 5x107% 2x10% 4x10° 2x10" 4x10"
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The main focus of this paper is to study the threshold
characteristics for the onset of OPA and parametric gain
coefficients in transversely magnetized doped IlI-V
semiconductors. We consider the wide range of doping
concentration  (10°m>® <n <10*m™®) and externally
applied magnetostatic field (0<B,<18T).The

magnetostatic field applied on 111-V semiconductor in this
range is feasible. Here, it should be mentioning that
Generazio and Spector [32] developed the theoretical
formulation of free carrier absorption for n-InShb-CO, and
n-InSb-CO laser systems at 77 K by placing the sample in
an external magnetostatic field Bo<20 T.

3.1. Threshold characteristics for the onset of OPA

Using the material parameters (for n-InSb) given in
Table 1, the variation of threshold pump amplitude &,

for the onset of OPA on different parameters such as

acoustic wave number k,, magnetostatic field B,
(introduced via cyclotron frequency €.), doping
concentration n, (introduced via plasma frequency Q)

etc. may be studied from Eq. (17). The results are plotted
in Figs. 1-3.
Fig. 1 shows the variation of &, withk, forn, ~10%
m2and B, =14.2 T (because at this particular value of B,
2

, Q. ~ €, and the factor (1—9—3] — 0 in Eg. (17), which
QO
lowers &, ). It can be inferred from this figure that &,

is very sensitive to the dispersion characteristics of
acoustic wave.
In anomalous dispersion regime (Q, >k,v,) of the

acoustic wave, &, decreases rapidly; whereas in normal
dispersion regime (€, <k,v,) of acoustic wave, ¢,
remains nearly constant. However, as we approach the
dispersion-less regime (Q, =k.v,), &, decreases very
sharply acquiring a minimum value (&, =5x10°Vm) in
the presence of non-dispersive acoustic wave (Q, =k,v, ).
Hence lowest &,, can be obtained in the dispersion-less
regime of acoustic wave.
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Threshold Pump Amplitude, &, (><106 Vm_l)

1 2 3 4 5 6 7 8 9 10
Acoustic Wave Number, k, (><1O7 mfl)

Fig. 1. Variation of threshold pump amplitude &, with

acoustic wave number k, for n, ~10?m?3, B, =14.2T

Fig. 2 shows the variation of &, with B, forn, ~10%
m2 for different cases, viz. anomalous (Q, >k,v,),
normal (€, <k,v,), and dispersion-less (Q, =k,v,)
regimes of the acoustic wave. It can be observed that in all
the three cases, &,, starts with a high value at in the
absence of B, ; remains nearly constant for B, <10T and
decreases sharply attaining a minimum value
(& =5.4x10°Vm™) at B, =11T. With increasing B,
beyond this value, &, increases sharply and remains
constant over a narrow range of B, (=11 — 13 T). With
further increasing B,, &,, again decreases sharply
attaining a minimum value (&,, =1.6x10°Vm?) at
B, =14.2T. Beyond this value of B, &,, shoots up. The
dip at B, 11T and 14.2 T may be attributed to resonance

conditions: , ~ Q, (via parameter Q) andQ_ ~Q,

2
(via parameter (1—23}), respectively. Around these
0
resonance conditions, the drift velocity of electrons (which
is also a function of magnetostatic field) in 1I-V
semiconductor crystal becomes much greater than the AP
mode velocity and because of this more there is a transfer
of extra energy from electron-plasma wave to AP mode,
and eventually the AP mode amplifies. In turn, the
amplified AP mode strongly interacts with the pump wave
and as a result of this the scattered Stokes mode field

strength enhances largely, thereby reducing &, ,, . While at
off-resonant  conditions,

fluctuations in  electron
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concentration in semiconductor crystal causes damping of
AP mode thereby decreasing the rate of energy transfer
from electron-plasma wave to AP mode, finally leading to

larger &, .

Q. >ky,

a

Threshold Pump Amplitude, &, (><106 Vm‘l)

0 2 4 6 8 10 12 14 16 18
Magnetostatic field, B, (T)

Fig. 2. Variation of threshold pump amplitude éo,th with
externally applied magnetostatic field B, for n, ~10%m

A comparison among the three cases reveals that
except By ~11T and 14.2 T,

oo, kv, > Comda, <y, > Eomda, -k,

Particularly, atB, ~11T and 14.2T, &,, becomes
independent of dispersion characteristics of acoustic wave.

B,=0T

5.0+

4.5+

4.0+

3.5+

3.0

Threshold Pump Amplitude, &, ,, (><106 Vm‘l)

2.5

20 T TTTI T T TTm[ T TTTT1] T T 1T T

Doping Concentration, n, (m*3)

Fig. 3. Variation of threshold pump amplitude &,
with doping concentration n,

Fig. 3 shows the variation of &y, with n, for different
cases, viz. absence of magnetostatic field (B, =0T), and
presence of magnetostatic field (B, =11T, 14.2T). Here
we considered two particular values of magnetostatic field
(B, =11T, 14.2T) because at these two values of B,
o.n is lowest as suggested from Fig. 2. We observed that
in all the cases, &,,, is relatively higher in lightly doped

regime (Mo ~10%° m3). With increasing n,, &, is
higher and remains nearly constant in the absence of
magnetostatic field (B, =0T), while &, is lower and

decreases parabolically in the presence of magnetostatic
field (B, ~11T, 14.27T).

(E.vo,th)BO=14.2T > (E.to,th)BozllT- This
result is well in agreement with the result of Pilak and
Furdyna [33]. Here, it should be pointed out that for
doping concentration n, >10%* m3, the diffusion effects
are pronounced and the theory thereby needs a
modification [17]. Table 2 shows the calculated values of
threshold pump amplitude for the onset of OPA in n-InSh
crystal.

Moreover,

Table 2. Calculated values of threshold pump amplitude for the onset of OPA in n-InSb crystal

Threshold pump amplitude Wave number

Magnetostatic field Doping concentration

Eoin (VM) k, (m™) B, (T) n, (m?®)
2x10° 5x10’ 0 10%
5.4x10° 5x10’ 11 10%
1.6x10° 5x10° 14.2 10%
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3.2. Gain characteristics of OPA

Using the material parameters (for n-InSb), given in
Table 1, the nature of dependence of parametric gain
coefficients due to piezoelectric coupling only (g,...)p.-0
electrostrictive  coupling  only  (g,..)p-0,-0, and
piezoelectric and  electrostrictive  coupling  both
(9para)ps0,4-0 ON different parameters such as acoustic
wave number k,, magnetostatic field B, (introduced via
cyclotron frequency €_), doping concentration n,
(introduced via plasma frequency Q ), pump field

amplitude &, etc. may be studied from Eqgs. (18a) - (18c).
The results are plotted in Figs. 4-7. In Figs. 4-6, we
considered pump field amplitude &, =6x10" Vm™(>§& ).

Fig. 4 shows the variation of parametric gain
coefficients ((g para)B,y¢0 (9 para)B:O,«RO (g para)[#o,y:o ) with
k, forn, ~10? m3and B, =14.2T.

It can be observed that the gain coefficients are
smaller in anomalous dispersion (Q, >k.v,; k, <5x10’

m™) and normal dispersion (Q, <k.v,;k, >5x10"m?)

a‘a’ a
regimes of acoustic wave. However, in dispersion-less
regime (Q, =k,v,; k, =5x10" m'Y) of acoustic wave, the

a‘a’

gain coefficients shows a peak, independent of type of
coupling. This behavior reflects the fact that

Upara & (% —K2V2)? (via parameter Qj, in denominator

of Egs. (18a) — (18c)). Hence, the parametric gain
coefficients becomes independent of type of (piezoelectric
and/or electrostrictive) coupling and enhance by properly
adjusting the acoustic wave number in dispersion-less
regime.
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Fig. 4. Variation of parametric gain coefficients g, with

acoustic wave number k, for n, ~10?m2and B, =14.2T

Fig. 5 shows the wvariation of parametric gain
coefficients ((9para)py-0 + (Gparadp0.20 * (Yparadprog-0 ) WIth
B, for n, ~10”?m. We observed that except for B, ~11T
and 14.2T, the gain coefficients are relatively small and
nearly independent of magnetostatic field. At B, ~11T
and 14.2T, we observed sharp peaks in gain spectrum. The
peaks at B, ~11T and 14.2 T may be attributed to
resonance conditions Q_ ~Q, (via parameter Q) and

2
Q. ~Q, (via parameter [1—%]), respectively in
0
confirmatory with Egs. (18a) — (18c). A comparison
between the two peaks yields the following ratio:

(i) For p=0and y=0, (GpaaJoazr =1.18x107.
(g para)B:llT

(ii) ForB=0andy¢o,M=11.3.

g para ) B~11T

(iii) For B,y =0 M =6.15%x10%.
(g para)B:llT

1074
\—"F
£
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o
=}
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£ 10°4
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O 10*+
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E (9paradp, 120
S
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o (Yparadp-0,v-0
(Fparadp=0, 720
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Magnetostatic field, B, (T)

Fig. 5. Variation of parametric gain coefficients g,
with externally applied magnetostatic field B, for

n, ~10%m-

Here, it should be pointed out that Lal and Aghamkar
[16] while studying OPA in piezoelectric magnetized
semiconductors observed switching of parametric negative
and positive gain coefficients (i.e. absorption and
amplification) at three different resonance conditions, viz.
(i) acoustic wave frequency and electron-plasma
frequency, (ii) Stokes wave frequency and electron-
cyclotron frequency, and (iii) Stokes frequency and
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modified electron-cyclotron frequency. But in the present
analysis, we obtained sharp peaks of parametric
coefficients at two different resonance conditions, viz. (i)
electron-cyclotron frequency and Stokes wave frequency,
and (ii) electron-cyclotron frequency and pump wave
frequency. Thus the resonance conditions at which sharp
peaks of parametric gain coefficients are obtained are quite
different in both the studies. Moreover, the maximum
value of parametric gain coefficient obtained in the present
study is about 10 times more than that obtained by Lal and
Aghamkar [16].

Fig. 6 shows the wvariation of parametric gain
COEfflClentS (g para)ﬁ,y¢0 ’ (g para)B:O,y;tO ’ (g para)B;:O,y:O) with
n, forBo = 14.2T. It can be observed that for low doping
levels (n, ~10° m®), all the curves nearly coincide. The
gain coefficients increase rapidly with increasing doping
levels (n, ~10% m3) and finally saturating at high levels

of doping (nozlo24 m). Hence, the parametric gain
coefficients can be enhanced significantly by n-type

doping in 1lI-V semiconductors in doping range
10°m™2 <n, <10%?m2.
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Fig. 7 shows the variation of parametric gain
CoefﬁCientS ((g para)ﬁ,y;to ' (g para)[i:O,y;:O ' (g para)B:O,y:O) Wlth
&y (58, )forB,=142T and n,~10%m3 We
observed that the gain coefficients increases quadrically
with increasing pump amplitude. Hence, high pump field
amplitude yield larger gain coefficients. Here, it is worth
mentioning that practically the pump field amplitude
cannot be increased arbitrarily because it may optically
damage the sample [34].

In Figs. 4-7, we observed that the parametric gain
coefficient is largest in presence of both piezoelectricity
and electrostriction both (= 0andy #0) while smallest

in absence of piezoelectricity and presence of
electrostriction (B =0andy # 0) in anomalous and normal

dispersion regimes of acoustic wave. In dispersion-less
regime of acoustic wave, the gain coefficients becomes
independent  of type of (piezoelectric  and/or

electrostrictive) ~ coupling.  With &, =6x10" Vm,

B, =14.2T,n, 10 m3and Q, #k_v,, we obtained the
following ratio:

(g para)ﬁ,y:to : (g para)B#O,y:O . (g para)B:O,y#O =1: 2'5><1072 : lelOA

Table 3 shows the calculated values of parametric
gain coefficient in n-InSb crystal.
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Table 3. Calculated values of parametric gain coefficient in n-InSb crystal for &, = 6x10” Vm

Parametric gain Piezoelectric Electrostrictive Magnetostatic Doping
coefficient coefficient coefficient field concentration
Upara (M) B (Cm?) Y (s7) B, (T) ny (m?)
2.5x10° 0.054 5x107%° 0 10%
6.5x10° 0.054 0 0 10%
1.5x10? 0 5x107%° 0 10%
6.5x10" 0.054 5x107" 11 10%
8.5x10° 0.054 0 11 10%
7.5x10? 0 5x107"° 11 10%
4.0x10° 0.054 5x107%° 14.2 10%
1.0x10° 0.054 0 14.2 10%
8.5x10° 0 5x107%° 14.2 10%

4. Conclusions References

In the present study, using the fluid model of
semiconductor plasmas and adopting the coupled mode
approach, the role of piezoelectric and electrostrictive
coupling on threshold and gain coefficient of OPA of APs
in magnetized doped Il1-V semiconductors have been
undertaken. The proper selection of an externally applied
magnetostatic field (around resonance conditions) plays a
critical role in reducing the threshold pump field in
dispersion-less regime of acoustic wave. Moreover, the
high doping concentration is favourable for lowering the
threshold pump amplitude for the onset of OPA. The
parametric gain coefficients can be resonantly enhanced
by properly adjusting the externally applied magnetostatic
field. The parametric gain coefficient is largest in presence
of both piezoelectricity and electrostriction both while
smallest in absence of piezoelectricity and presence of
electrostriction in anomalous and normal dispersion
regimes of acoustic wave. In dispersion-less regime of
acoustic wave, the gain coefficients becomes independent
of type of (piezoelectric and/or electrostrictive) coupling.
The technological potentiality of a magnetized weakly
piezoelectric doped semiconductor as the hosts for
parametric devices like parametric amplifiers and optical
switches are established. In I11-V semiconductor crystals,
OPA in the infrared regime appears quite promising under
the resonance conditions and replaces the conventional
idea of using high power pulsed lasers.
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