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Abstract
The amplification of acoustic phonons in a sup@dat in the presence of an electric field

E=E,+E COS(t) has been investigated theoretically and numeyidai computational methods.
The calculation is done in the hypersound regif@e >> 1) where the attenuation coefficient depends on

- 2n -
the phonon wave vectog| =[T,F] and the frequenag, =10"s™ . An inversion is attained

|r / r0| min_ . .
———M =3, A high frequency build up of
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acoustic energy from noise (phonon spectrum) iginbtl by using specialized spectral techniquess Thi
indicates an amplification of the phonons generatethe terahertz range leading to the possibiity
obtaining a hypersound MASER.

where amplification far exceeds absorption andréti®

Introduction

Semiconductor superlattice has attracted much tadtein the last decade [1-10] as the main form of
archiving the construction of compact and reliadbeirces, amplifies and detectors of Terahertz sglect
range of electromagnetic radiation [11]. The paBsibof either by varying the SL parameters or by
external field makes it suitable for opto - and usto electronic devices. The attainment of the THz
oscillator/amplifier was hindered by the destruetivigh — field domains in the nanostructure buenéc
technique as such the fabrication of synthetic redseby molecular beam epitaxy (MBE) and metal-
organic chemical vapor deposition (MOCVD) techngitggs made the superlattice much attainable [12 —
15].The technique of considering the effect of highfrequency electric field on the hypersound
amplification by Mensah et el [16] is also studiethe field modulates the amplification coefficieviich
favors a regenerative THz amplifier/oscillator wanéris possible to attain a hypersound MASER.His t
paper, a modeling technique is employed to devalomlgorithm using spectral analysis and specidlize
toolboxes [17-22] for the absorption coefficientgenerate the acoustic phonons. From it, a higiufrecy
acoustic noise is produced at a specified samfdeuguency. Photostimulated attenuation is alsdyaed

[23, 24]. In this paper, the first part dealshntiie theory of the attenuation coefficient whére ¢quation

of the sound absorption is deduced. In the secesdian, certain spectral methods are applied to the
equation to deduce the spectrum, sound for theysisadf the hypersound MASER.

Calculation

In solving this problem, the quasi-classical casednsidered as in [25]. The sound waves andghkea
electric field E are propagated along the axishaf - axis of the Superlattice. The sound absmmpti
coefficient is given by the expression [26]
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where A is the constant of deformation potentig, is the density of the sample, s is the velocitgaind,

f(g,) is the distribution function ang is the momentum of the electron with the energythaf
Superlattice in the lowest miniband given as

2
£(p) =22 + AlL- cos(p,d)] @
2m

Herepand p, are the quasi-momentum components across and tlerguperlattice axis resp. taking
k=1and 7 =1. The equilibrium distribution function given by

fo(p) =— 2" exp(_“’;(p)j 3)

mTl, (1A_)

The kinetic equation used to determined the distidin function is given by the Boltzmann equatiorthie
T - approximation as

S 1 g, + £, cosor) XD = -2 (p,1) - 1,(p) @
solution of which is given as
fpt) =] expé)“'Tt fol p— (et + %{sin«o) - sinfet - t)]})] )

For a non-degenerate electron gas, the absorptiefficient from Eq (1) is solved to obtain
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where [ = and the © is the Heaviside step function and
2psw,Asin(qd /2)v1-b?
_ q . . . . . .
=—————  Finally, by making T >> A, @, and integrating by averaging over the period of
2Asin(qd /2) d

the a.c field, Eq (6) is expressed as



o,

= N sz(z) A2 —h2)cj . 2
r_r"k;om[l N (1-b?)sin(qd) > 1+ (kar +22,)

k=—0c0

SRS

<@, 3

1+ (Kar + 2,)

- 7)

Discussion and Conclusion

The absorption coefficient of the acoustic wavéhe presence of an external field is calculates in
Eq (7) and the dependence bf/ ro on Z_ is presented graphically at different values ofand cwr
(see(fig 1 - 8)).
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Figl: Dependence df /I jon z_for Fig 2: Dependerof [ /T, on z and
wr << 1 for varying 2 Zforar <<1

Fig3: Dependence df /T, on z_and z Fig. 4: Dependentd d [,on z_ and z
forcwr =10 fowr =15



The peak values of the graph increase by increagirapdcwr . The a.c field therefore is modulating
the d.c field in a manner similar to the negatiNéerential conductivity inSL where the a.c. field
induces a synchronous modulation of the vejoaitith which the electrons traverse the Biillo

zone. In the above graphs (Fig 1),asandawr increases| / I', becomes more positive absorption until
it reaches a critical valuetd = a)p) where the graph switches over to the negativeratisn side. The

3D graphs of [' /T, on z, and z is shown in Fig. 2, whewr <<1. Withawr >>1, Photostimulated

absorption is observed as in fig. 3 and 4cat =10andl5 above. This observed shift in the peaks for
different values of z andur causes an asymmetric dispersive curve which fanwse absorption than
amplification. Studying the behavior of the graphthe range

- 2_77} reveals an interestingrpimenon see (fig. 5 ).
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Fig 5: Dependence df /T jon z, Fig 6: Dependentd d ', on z_and z for
forawr <<1 wr <<1.
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Fig 7: Dependence df /T, on z_ and z Fig 8: Dependencelof [, on z_and z
forcwr =10 forcwr =15
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The following were assumed for numerical estimaieE ", T = 300K ,A = 0.1eV ,d =102%cm,

s=5*10°cms™, 7 =10, and w, =10"s™. It is observed from the graph that there is an

M/,
inversion and amplification far exceeds absorptamd the rati I_“_0||”“” = 3. This indicates an
0lmax

amplification of the phonons generated in the terahrange leading to the possibility of obtainiag
hypersound MASER. Fig. 6 shows a 3D graph of Eq ky)considering I'/I'O against Z andZz, .
Photostimulated amplification is reported in themsarange (see (fig. 7 and 8)).
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Fig 9: Buildup of acoustic energy from noise
(Phonon spectrum) at Fs =12e3
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Fig 10: The power spectrum

Fig (11) is the spectrum of acoustic noise (phosectrum) obtained by analyzing the useful pathe

spectrum as

y =real (abs(y/2))

®)

The use of the superlattice as a phonon filtetHergeneration hypersound amplification can beeaeu
by varying the sampling frequency to attain difféarghonon spectrum and their corresponding power
spectrum as in fig. 10. The snapshot of the anicdhfdem of the various graphs, (see fig. 11)) reseat
interesting phenomena that is the growing of theehyound MASER which is represented by the inverted

twin peaks.
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fig 11: A snap shot of an animated graph showitgia peak of acoustic MASER
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