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PREFACE

The interaction hetween electronz and lattice vibrations
is one of the fundamental interaction procaesses in solids,
Parmentaer 1 was the first to describe the interactibn between
electrons and acoustic waves in solids. The interaction
betveen acoustic waves and electrons comaenly known as
‘acoustoelectric Effect' has been the object of numerous

theoretical and experimental studies in the past as well s

in the presentt 14,

The fact that the electron-acoustic phonon interaction
(EAVI) can lead to the amplification of acoustic waves by the
application of de wleoctric field has been commercially
exploited for the fabrication of delay lines, acoustoelectric
awnlifiers, acoustoelectric oscillators etc. Since the
acoustic wave is 105 times slower than the electromagnetic
waves, it enables once to design and fabricate very sophisticated
signal proceseing dovieces which are orders of magnitude smallar
in size than its electromagnetic counterpart and parform the
samme: functions. 1In addition to this EAWI also gives useful
information about the band structure of the material and
scattering mechanismz. During the last decade the acousto-
elactric activity hos been shifted from bhulk waves to surfare
aconstic waves., This is because of the ecase with which tho

propagaticn of the surface waves can be controlled and guided.
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EAWI in general leads to three different effects in
solids wviz. (i) it results in the absorption of the wave,

(1i) contributes to the value of elastic constants and hence
changes the acoustic wave velocity, and (iii) leads to the
appearance of an electric £icld called Acoustoelectric Field.
Hut30n2 first pointed that large parametric interaction betwoen
electrons and acoustic phonons in niezocelectric semiconductors.
Later, Hutson et.al 3 demonstratad for the first time that it
was possible to amplify acoustic waves in CAS by the application
of da @lectric field. In a subseguent naper White4 gave a
detailed theory for the amplification of acoustic waves in
piezozlactric sémiconductora . Since then piezoelectric
semiconductors have besn cxtensively used to study the ZAW"

and in the fabrication of acoustoelectric and signal processing
davice 1.

The present thesis is mainly concerned with the
theoretical study of the amplificetion of acoustic waves in
plosonlectric semicondictors., In addition, second harmonic
gencration and nonlinearity arising in clectron mass and

collision froguency due to EAWI have alsc been considered.
There are three different theoretical approaches
ertensively employed to study the EAWI in piezoelectric semi-
conductors.
(i) Phenomenological approach,

(1i) Boltzmann transcort equation approach,
s q
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and (ii1) Quantum mechanical approach.

In the phenomenological approach it is assumed that the
average velocity of the electron is equal to the drift velocity.
This requires that during the time acoustic wave travels a
distance of one wave length, the electron undergoes many
collisions. This approach is tharefore limited to the low
frequency region i.e. for gl & 1 ( g is the wave number of
the acoustic wave and 1 is +the mean free path of the electron),
Nevertheless the condition gl ¢« 1 can be met over a wide range
of frequencies of interest in piezoelectric semiconductors such
as CdS15 + The Boltzmann cquation approach is valid for the
entire frequency range of acoustic wave and has been widely usaed
especially for high mobility sondconductors such as InSb. ‘Thu
guantum mechanical approach is valid for very high frequencies

and s rong electric and mognetic ficlds.

In the prasent thesis we have used both phenomenological

and Boltzmann equation approaches.

In this thesis we have first developud a theoory for the
wmplitication of acoustic waves by the application of an
¢lectron density gradicent. The importance of this method of
amplification lics in the fact that extrinsic semiconductorsa
doped by the different processes have a built-in space-
dependent impurity concentration and have a carrier conecrtiate
ion aradiecnt. In such semiconductors, therefore, when the

acoustic wave propagates along the density gradient
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(decresasing density gradient), the wave gets amplified cven

when there is no de field present in the semiconductor.

Most of the theoretical works based on Boltzmann approach
for the calculation of absorption/amplification coefficicnt

16

have uscd Cohen, Harrison and Harrison (CHH) model Of the
collision term. Sharma ard K&w17, however pointed out that
CHH model of collision term is not valid for energy dependent
relaxation time since it docs not conserve the particles . They
gave an alternste model which was valid cven for energy
dependent relaxation time. More recently, Sharma and Kawla
have shown that one can also use CHH model of collision tern
provided that it is used to calculate the current density on
account of the electrons saving velccity between v and v + &v .
The total current density then is obtained Py performing the
summation over the entirc range of velocity (v =0 to v =o)
In rocont years Sharma and Singh19 and Sharma and Sharma20

have calculated the amplification cocfficient in non~plezc-
electric semiconductors for various scattoring mechanisms

viu. (i) optical phonon scattering (ii) acoustic phonon
scattering. There is no theory which is applicable to
piezoelectric scmiconductors (¢.g. CAS) where theo plezoelectric
scattering is one of the important scattering mechanisms. In
this thesis we have developed a theory for the absorption/
amplification of acoustic wave in piezoelectric semiconductors

by considering the combination of piezoelectric and ionized
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impurity scatterings at low temperatures (20 to 100 K ) and

Piezoelectric and acoustic phonon scatterings from 100 to 300 K.
Another problem we have investigated is the amplification

of Rleustein-Gulyaev waves (BG waves). BG waves have several

advantages over the other types of surface waves for a number

of reasons viz. (i) their particle displacement is simplor,

(11) their propagation path is less affectsd by surface

defects, (iii) they have got deeper penetration depth, and

1 has studicd

(iv) they can transport much more power. Soluch2
the amplification of BG waves in layered structure, Kuzmany
at, alzz have studied the amplification of BG waves in strain

23

dependent materials. Roy and Carbon extended the work of

Rouzeyre and Cambon23 on the depth of penetration of BG wav &
in CdS. They have however trecated piezoelectric proverty s

a smal!l perturbation and Mave considered only semiconducting
property of CdS for a small part of its thickness. In contrast
to thelr work, we have studied the amplification of BG wav.s

in Cds by taking into account its piezoelnctric as wall as
semiconducting properties, Following the work of Viktorov25

on Rayleigh waves absorption in CAS, we have solved the

hecessary differential equations and obtained a gimple
expression for amplification cocfficient.
ZAWI in plezoelectric semiconductors also leads to a

number of Interesting nonlinsar phenomena.One of such is th.

change in electron mass and collision fregquency due to the
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propagation of acoustic wéves. This change arises due to the
electrons whose temperature is modified appreciably because of
the vresence of the field associated with the wave. We have
developed a phenomenological theory to investigate the effect

oL EAWI on elcectron cffective mass and collision frequency.
This study also leads to an interesting result that the
threshold amplification should occur at the drift velocities

greater than the acoustic wave velocity.

The other nonlincer problem we have studicd is the
generation of acoustic second harmonic. Most of the theories
on acoustic second harmenic generation assume a uniform
static electric-field intensity. In reality this is not
true even in trap free samples and one can show that the
electric field intensity varies as the square rpot of the
sample length. By considering this fact, we have developed
a pher )menological theory to study the second harmonic gena~
ration of acoustic waves in piczoclectric semiconduetors.

We have derived an expression for the power associ@tmd with
the gceond harmonic in terms of power associated with the
fundiamentel. Wo have also discussed our results bascd on

numerical caleulation for CAS sample.

Ihe entire work of this thesis mav be devided into five

chapturs, whose brief summrrics are given balow:
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Chapter I

amplification of Acoustic Waves in Piezoelectric
Scmiconductors by Applications of an Electron
Density Gradient

It is vroposed. that it should be possible to amplify
acoustic waves in a piezoelcctric semiconductor having an
elcctron density gradient along the direction of propagation
of the acoustic wave. An expression for the threshold
amplification condition in terms of thicknass and alectron
concentrations at the two faces of the semiconducting slab
has been obtained using hydrodynamic eguations. For a typical
case of InSb it has been shown that the threshold amplificwtion
should occur if the two faces of the scmiconducting slab have

3

dengities 1.0 x 1014/cm and 5.3 x lolg/cmj, respectively.

Chapt r II :

Dependence of Acoustoelectric Amplification on
Scattoring Parameter in Doped Piezoelectric Scemiconductors

Part A: Piem.oelectric and Ionized Impurity Scatterings

Following the new formalism of Sharma and Kaw18 for

encrgy dependent relaxation times, the Boltzmann equation has
becen used to calculate the conductivity tensor and absorption
coefficient when an acoustic wave propagates through a
nondogenerate piczoclectric semiconductor in the presence of

an uxternal de electric field. The mixed scattering of
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electrons by ionized impurity as well as by piezoelectric
potential have been taken into account. The dependence of
threshold drift velocity, required for amplification, on the
scattering parameter 7%p/£éi ( }Ep and 52{ are the
equilibrium collision freguencies correspond to pilezoelectric

potential and ionized impurity scattering respectively) has

been investigated.

Part B: Pilezoelectric and Acoustic Phonon Scatterings.

The Beltzmann transport egquation has been solved in a
similar way to obtain the conductivity tensor and absorption
coefficient when an acoustic wave propagates through a
plezoelectric semiconductor 4in the presence of dc electric
field. The energy dependent relaxation time and the scatterings
due to plezoelectric potential and deformaticn potential huve
been considered, In addition, the isotropic @art of the
distribution function is assumed to be de field dependent.

The wiifect of frequency of the wave and scattering parameter
z%o'%a. ( i%a ig the equilibrium collision fregquency
corresponds to acoustic phonon scattering) on amplification
coefficient has been studicd. "o have also presentzd some
results basod on numerical calculation for n-Cds in the

form of graphs and discussed them in the last section.
S
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Amplification of Bleustein-Gulyaev Waves in
Cadmium Sulphide

A kind of surface acoustic wave having a pure transverse
particle displacement in piezoelectric crystal is called
Bleustein-Gulyaev Waves 26‘27. 'The propagation of such waves
in semiconducting piezoelectric crystals of class & has been
studied theoretically. By solving the partial differentilal
equations representing the EAWI in the presence of a dc
electric field separately for semiconducting and vacuum rogions
and using the boundary conditions, an expression for
amplification coefficicnt is obtained. ‘The offect of dilflusicn

is also taken into account. lIumerical results are presented

for the semiconducting CdS.

Chapter IV :

Propagation of Acoustic Waves in Semiconductors

Part A . Change in Elrctron Mags and Ceollision Frequency

A phenomenclogical theory is developed to study the
relative change in electron mass and collision frequency when
an acoustic wave propagates through piezoslectric semiconduct-
ors. The results based on numerical calculations show that
this change is appreciable at lower temperstures for n-Cds .
It has been calculated that the change in collision frequency is

as much as 7% for 0.5 watt acoustic power.
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Part B 3+ Threshold Acoustic Wave Amplification Condition

Experimental studies on thc acoustoclectric amplification
in pilezoelectric semiconductors show that the attenuation of
an acoustic wave crosses over to ilts amplification when
electron drift velocitv exceeds the acoustic wave velocity.

We propose that the nonlinemarits in electron mass and
collision freguency arising due to the electric vector of the

field associated with the wive can also cxplain this behaviour.

Chapter V 3

Accoustic Scoond Harmonic Generation in Piezoclectric
Semiconductors: Effect of Nonuniform Electric Field

Intensity

scoustic second harmenic gencration is studied in
nondegenerate piczoelectric semiconductors in the prescnce
of dc wlectric field longitudinal to the direction of
propagation of the acoustic wave. The static electric~fiuld
intensity as well as tho carrier concentration are taken . as
nonuniform along the propagation direction even in trap froe
samples. These assumptions modify the final results of our
theory from the results obtained by carlicr theorics consider«
ably. It is also found that the powér thus celculated for the
second harmonic is enhanced . Comparison with the avail-ble
experimental results show a gualitative agreement. We have:
uged phenomenological theory and that restricts our analysis

to the low frequency region only.
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