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PREFACHE

In the last two decades the interaction of acoustic
waves with conduction electrons (commonly known as
acoustoelectric effect) in Semiconductors1"6 as well as

7-10

semimetals has been studied extensively both experi-

mentally and theoretically, The electron~phonon inter-
action leads to (i) absorption of the acoustic wave11,
(ii) change in velocity of sound 12 ang (iii) acousto-
electric field13. The absorption of the wave arises due
to the transfer of energy between electrons and phonons,
as the clectrons cannot completely follow the wave, Onc
of the important aspects of acoustoelectric effect is
that amplification rather than absorption occurs under
favourable circumstances, c,g., when either an external

T 15, applied

dc electric field or a temperature gradient
along the direction of propagation of the acoustic wave,
exceeds certain threshold value.The clectron-phonon inter-
action also contribuhcs a real part to the elastic constants,
thercby changing the velocity of sound, The acousto-
electric effect arises because the energy transfer between
phonons and clectrons 18 accompanied by the momentum
transfer, This change of momentum leads to a dc force
acting on electrons, which can be loocked upon as an
acoustoclectric ficld, The amplification of acoustic waves

hag been exploited for the fabrication of wariocus devices
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such as (1) acoustic wave amplifiers14:16

, (ii) acoust.o-
electric oséillators17 and (iii) delay lines18, The study
of the acoustoelectric effect may also gilve valuable
information regarding the electron scattering mechanisms,
the energy band structure and elastic constants of a semi-
conductor, In metals,the amplification of the acoustic
wave cannot be achieved as the required high electric
fields cannot be maintained19.

Mogt ofvth@ theoretical investigations on absorption/
amplification of acoustlc waves in semiconductors assume
a degenerate veloclty distribution of electrons and a
constant relaxation time, Jacoboni et al.zo and Sharma%1
amongst others, pointed out the importance of (i) the
nondegenerate (Maxwelllan) distrdbution of clectron
velocitics and (ii) the relevant energy dependence of
relaxation times, in the study of acoustoclectric absorption
and amplification, Both the investigations cmployed the

2

Cohen, Harrison and Harrison (CHH) model 2 for the collision term,

to account for the scabtoring of electrons, Recently,
Sharma and Kaw23 have shown that the use of the CHH m.odel22
for collision Lterm is not valid for energy dependent
relaxation times as it fails to conserve the electron
density., They have proposed a new collislon model which is
cqually valid for cnergy dependent rolaxation times, Using
this, thoy derived an cxpression for the absorptlon

cocfficiont of acoustic wave when acoustic phonon scattering
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is dominant, Thoy have predicted that the behaviour of the
absorption coefficient of the acoustic wave, in the high
frequency limit, should be obtained24 for qJQ_P?\ and not
for Q){5~p>f§g~ as predicted by carlier workersgo, Using
the collisioﬁ&%erm proposcd by Sharma and Kaw23, Sharma
and Singh.?'5 have developed a theory for the acousto-
clectric absorption/amplification in nondegenerato
semiconductors with parabolic energy bands whon acoustic
phonon scattering is dominant, Their theory is, however,
inapplicable at low temperaturcs, where the ionized
impurity scattering is tho dominant scattering mechanisn,
In rocent past, there has been considerable interest
in the offeccts of the nonparabolicity of cnergy
bands on the propagation of acoustic waves in
pilazoclectric semiconductor326’27. In nondegenerate scml~
conductors, the nonparabolicity of cnergy bands, affects
the acoustic wave absorption coefficient and the velocity of
sound significantly, only when strong magnetic ficlds are
appliodgé. Hoyever, in modcratcely doped semlconductors,
the nonparabolicity of cncrgy bands playsa gignificant role
even in the absence of maghnetic fields, Recently,
Sutherland and Spcctor27 reported the cffects of non-
parabolicity of ecnergy bands on the acoustic wave propago-
tion, however,assuming the relakation time to be constant.,

In a rccont paper, Sharma and Singh15 suggested that
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an cxternal temperaturc gradient across piezoelectric
scmiconductors should lgad to the amplification of the
acoustic wave, However, they did not calculate the change
in the veloclty of sound and the absorption/amplification
cocfficlent of the acoustic wave. Also, their theory is
not applicable to ferroelectric semiconductors with strain
dependent dielectric constants, in which case the cffective
clectron~acoustic wave coupling is much larger than in
piczocleetric matorialsgS.

In the proposed thesis the author has developed
theories for the acoustoclectric absorption/amplification
in nondecgenerate scemiconductors with parabolic energy
bonds, The Boltzmann transport cquation approach has boen
emnployed, The theorics arc applicable when (i) both
acoustical and optical phonon scattering mechanisms are
similtancously prescnt (applicable at high temperatures)
and (ii) ionized impurity scattering is the dominant
scattoring mechanism (applicable at low temperatures),
The effoets of the nonparabolicity of energy bands of
degencrate semiconductors on the acoustoclectric
absorption and the threshold value of the drift velocity,
have also been investigated, In addition, theorics basad
on hydrodynamic approach have been developed for acousto-
clectric absorption/amplification in piczoclectric and

ferrocloctric scmiconductors, It is found that the
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collision term, proposed by Sharma and Kaw23, leads to
absorption/amplification cocfficient significantly
difforent from that predicted by the CHH model, The
analyses in chap%ers I - IV are based on the Boltzmann
cquation approach and are valld over the entire fregquency
range of acoustlc waves, However, the thcorics developed
in Chapter V, based on hydrodynamic equatblons, are
limited to the casce of low frequencics (CV Qé:_ \)

The proposcd thesis is divided into five chapters,

sunmaries of which arc as follows; -

Chapter-IL: AcoustoelOCtric Absorption in Nondegencerabtoe
Semiconductors at High Temperaturcs

In this chaptor we develop a theory for the acousto-
cleetric absorption of acoustic wave in nondegencrate
semiconductors at high temperaturces (above 3OOOK), wherein
both acoustical and optical phonon scatterings arc
similtancously present., The Boltzmann equation is solved
to obtain an oxpression for the part f1 of the veloclity
distribution function of clectrons, the spaco-time

variation of which is the samec as for the acoustic wave,

-
i

i.e,, as ‘QXYJC ﬂ(ai'ﬁrw(xﬂf)%‘ The interaction between
acoustic wave md clectrons is taken into account via the
doformation potential coupling. The equilibrium distribu~
tion function of clectron velocitlivs 1s considered to be
Maxwoellian, Tho scatbering of clectrons in the prosgcncc

of tho acoustic wave has been taken into account by tho
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collision term proposed by Sharma and Kaw ~, The cenergy
bands of the semiconductor are considered to be parabolic,
The coxpression for f1 is used to obtain an expression for
the curront density (duc to acoustic wave) which, in turn,
leads to the conductivity tensor, Using the

expression for the conductivity, and following Harrison29
and Spector16, we obtain an expression for the absorption
coefficiont of the acoustic wave. The theory is valid for
the entire fregquency range of the acoustic wave, Thoe
variabion of the absorption coefficient with acoustic wave
frequeney in a nondegencrate somdconductor at various
tomporatures has beon numerically investigated for relevant
paramctors, The results have been compared with the casc
whoen only acoustical phonon scattering is considered to

be dominant, It is scoen that the results obtained in the
two cascs differ significantly in the low freguency

region,

Chaptor-IT: Absorption/Amplification of Acoustic Waves in
Nondegenerate Semiconductors at Low Temperaturcs

In this chapter we dovelop a theory for the
absorption/amplification of acoustic waves in gcmiconductors
with parsbolic cnergy bands, The theory is applicable at
low temperatures (%—1009K) because the ionized impurity
gscattering is the dominant scabteoring mechanlsm,
The Boltzmenn cquation is solved for the distribution

function of clectron veloclties, The lonized dmpurity
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scattering is incorporatcd in the thceory by the usce of the
colligion model suggested by Sharma and Kaw23. Thé external
dc clectric ficld is along the direction of propagation
of the acoustic wave, The interaction between the acoustilc

wave and cloctrons is again via the deformation potential

1
1?
distribution function, the spacce~-time variation of which

coupling, Using the cxpression for £ the part of the
is thce game as for the acoustic wave, the conductivity

and hence the absorption/amplification cocfficicnt is
caleculated, Comparison of the rosults with those obtaincd
using thoe CHH m0d0122 for collision term shows that the
absorption/amplification of the acoustic wave differs
significantly at low frequencies, However, the results
obtained at high frequencics arc morce or less the same,

Chapter-~ITI: Absorption of Acoustic Waves in Nonparabolic
Scrd.conductors

This chapter considers the acoustcecceloctric
absorption in nonparabolic degenerate scemiconductors, In
contrast to the analyses of chaptersT and II, we write
down tho Boltzmann cequation in k-space and obtain a
solution for the distribution function of the olectron
volociticg, Since the nonparabolic semiconductors (ITI-V
group compound scemiconductors) cxhibit piczoclectric
properties also, the interaction of acoustlce wave with
olactrons is token into account via both the deformoation

potentinl coupliné and the plezoclectric coupling. The

)
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modificd cxpression for the ilonized impurity scattering of
electrons for the case of nonparabolic degencrate semi-~
conductors is obtaincd and is dincorporated in the theory
through the modified collision mod0123. The nonparabolicity
of encrgy bands is accounted for using the Kanec modol3o,
Finally, an cxpression for the absorption cocfficlent is
obtained as a function of the cnergy gap and degeneracy
parameter, The thcory is applicable to n-InSb at low
tomperaturcs (4~1OOQK). Numerical results indicate that
the absorption cocfficiont initially incrcascs with
degeneracy parameter, attains a maximum and theon decrcasces
for sufficiently high valucs of degeneracy parameter, 1t
is also scon that an incrcasc in the nonparabolicity of
cnergy bands leads to decrcased absorption of the acoustic

WavQ,

Chapter-IV: Acoustic Wave Absorption/Amplification in
Nonparabolic Semiconductors

In this chapter we extend the theory of chapter IIT
for acoustoelectric absorption in nonparabolic degenerate
semiconductors to the case when an external dec electric
field is applied along the direction of propagation of
the acoustic wave, Assuming the lonized impurity
scattering as the main scabtering mechanism of electrons,
and following the method of chapter II, we derive an
expression for the abhsorvntion/amplification coefficient of

the acoustic wave, valid in the entire frequency range
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of the acoustic wave, The consideration of the ionized
impurity scattering as the dominant scattering mechanism,
however, limits the applicability of the theory to low
temperature range (4-1OOOK), It ig seen from the results
that an increase cither in the nonparabolicity factor or

in the degeneracy parameter leads to decreased threshold
drift velocity., The amplification coefficlent exhibits peak
behaviour with degeneracy parameter,

Chapter-V : Absorption/Amplification of Acoustic Wave
due to Temperature Gradient

Part-A: Plezoeleclric demiconductors

Recently, Sharma and Singh15 suggested that
amplification could be obtained by malntaining a temperature
gradient in the dircction of propagation of acoustic wave,
Iin this part, we derive expressions for the absorption/
amplification cocfficicnt and the change in the veloclity
of sound in the prescncc of an cexternal temperaturc
gradicent, e interaction botween the acoustlc wave and
aloctrons is considerced to be purcly piczoclectric., For
a typical n-InSb samplae, the amplification cocfficient as
well as the change in the velocity of sound is found to
incrcasc with tumporature gradiont, The theory is has od
on hydrodynamic cquations and is, thorefore, limitoed to

the case of low froquencies of the acoustic wave, i,c.,

Gl t



Part-B: Terroelectric Serriconductors

A hydrodynamic theory is developed for acoustic
wave = absorption/amplification in ferroeclectric
semicariductors in the prescnce of an cexternal
temperature gradicent, The main result of this part is that
the acoustic wave can be amplificd even when the drift
velocity of clectrons is l@ss‘than the velocity of sound.

Calculations for SrTi0, indic¢ate that, under favourable

3

circumstances, decrease in the threshold value of the
drift velocity as large as 90% can be obtained,

The above work has rosulted in the following
publications/communications: -

1, Acoustoclectric Absorption in Nondegenerate
Semiconductors, Sol.Stat.Elect. 12, 403 (1976),

2, Amplification of Acoustic Waves in Scmiconductors
with Tominant Tonized Impurity Scattering, Sol.
Stat. Elect, 19, 1029 (1976),

3, Acoustoclectric Absorption in Degencrate
Nonparabolic Scmiconductors, J,Appl,Phys,
(In Pross),

4. Acoustic Wave Absorption/fmplification in
Nonparabolic Degeonerate Scmiconductors
(Communicated, 1977),

5. Absorption/implification of fcoustic Waves in
Pinzocloctric Semliconductors in the proscnco
of Bxternal Temperature Gradlcents
(Communicated, 1977)



-11=

6., Absorption/Amplification of Acoustic Waves in
Materials with Strain Dependent Dieclectric
Constants in the Prescence of Extecrnal

Temperature Gradients (Commnicated, 1977).

In addlition to above publications/communications,
the author has also been assoclated with the following
publication which is not included in thc present thesis:

1. Lowering of plasma frequency in semlconductors

due to quantum magnetic fieclds, Phys,Stat,Sol,
(2) 31, K103 (1975).
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