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PREFACE 

In the last two decades the interaction of acoustic 

waves with conduction electrons (commonly known as 
- 

acoustoelectric effect) in semiconductors
16  as well as 

7- semimetals 10  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 sound12  and (iii) acousto-

electric field13. The absorption of the wave arises due 

to the transfer of energy between electrons and phonons, 

as the electrons cannot completely follow the wave. One 

of the important aspects of acoustoelectric effect is 

that amplification rather than absorption occurs under 

favourable circumstances, e.g., when either an external 

dc electric field1 or a temperature gradient15 applied 

along the direction of propagation of the acoustic wave, 

exceeds certain threshold value.The electron-phonon inter-

action also contributes a real part to the elastic constants, 

thereby changing the velocity of sound. The acousto-

electric effect arises because the energy transfer between 

phonons and electrons is accompanied by the momentum 

transfer. This change of momentum leads to a dc force 

acting on electrons, which can be looked upon as an 

acoustoolectric field. The amplification of acoustic waves 

has been exploited for the fabrication of various devices 



such as (i) acoustic wave amplifiers147 16 ,  (ii) acousto-

electric oscillators17  and (iii) delay lines . The study 

of the acoustoelectric effect may also give 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. 

Most of the theoretical investigations on absorption/ 

amplification of acoustic waves in semiconductors assume 

a degenerate velocity distribution of electrons and a 
21 

constant relaxation time. Jacoboni et al. 
20  
 and Sharma, 

amongst others, pointed out the importance of (i) the 

nondegenerate (Maxwellian) distribution of electron 

velocities and (ii) the relevant energy dependence of 

relaxation times, in the study of acoustoelectric absorption 

and amplification. Both the investigations employed the 

Cohen, Harrison and Harrison (CHH) model22  for the collision term, 

to account for the scattering of electrons. Recently, 

Sharma and Kaw23  have shown that the use of the CHH model
22  

for collision term; is not valid for energy dependent 

relaxation times as it fails to conserve the electron 

density. They havo proposed a new collision model which is 

equally valid for energy dependent relaxation times. Using 

this, they derived an expression for the absorption 

coefficient of acoustic wave when acoustic phonon scattering 



is dominant. They have predicted that the behaviour of the 

absorption coefficient of the acoustic wave, in the high 
. 	24 

frequency limit, should be obtained 	for (:/ 	and not 

for cO'Co ,.›.:L as predicted by earlier werkers2°. Using 

the collision term proposed by Sharma and Kaw23 , Sharma 

and Singh25 have developed a theory for the acousto-

electric absorption/amplification in nondegenerate 

semiconductors with parabolic energy bands when acoustic 

phonon scattering is dominant. Their theory is, however, 

inapplicable at low temperatures, where the ionized 

impurity scattering is the dominant scattering mechanism. 

In recent past, there has been considerable interest 

in the effects of the nonparabolicity of energy 

bands on 	the propagation of acoustic waves in 

piezoelectric semiconductors
26:27 

In nondegenerate semi-

conductors, the nonparabolicity of energy bands, affects 

the acoustic wave absorption coefficient and the velocity of 

sound significantly, only when strong magnetic fields are 

applied
26 However, in moderately doped semiconductors, 

the nonparabolicity of energy bands playsa significant role 

oven in the absence of magnetic fields. Recently, 

Sutherland and Specter27  reported the effects of non-

parabolicity of energy bands on the acoustic wave propaga- 

tion, however lassuming 	relaation time to be constant. 

In a recent paper, Sharma and Singh15  suggested that 



an external temperature gradient across piezoelectric 

semiconductors should lead to the amplification of the 

acoustic wave. However, they did not calculate the change 

in the volocity of sound and the absorption/amplification 

coefficient of the acoustic wave. Also, their theory is 

not applicable to ferroolectric semiconductors with strain 

dependent dielectric constants, in which case the effective 

electron-acoustic wave coupling is much larger than in 

piezoelectric matorials
28 

In the proposed thesis the author has developed 

thoories for the acoustooloctric absorption/amplification 

in nondegenerato semiconductors with parabolic energy 

bands. The Boltzmann transport equation approach has boon 

employed. The theories are applicable when (i) both 

acoustical and optical phonon scattering mechanisms are 

simultaneously present (applicable at high temperatures) 

and (ii) ionized impurity scattering is the dominant 

scattering mechanism (applicable at low temperatures). 

Tho effects of tho nonparabolicity of energy bands of 

degenerate semiconductors on the acoustooloctric 

absorption and the threshold value of the drift velocity, 

have also been investigated. In addition, theories based 

on hydrodynamic approach have been developed for acousto-

electric absorption/amplification in piezoelectric and 

ferroolectric semiconductors. It is found that the 
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collision term, proposed by Sharma and Kaw23 loads to 

absorption/amplification coefficient significantly 

different from that predicted by the CHH model. Tho 

analyses in chapters I - IV are based on the Boltzmann 

equation approach and are valid over the entire frequency 

range of acoustic waves. However, the theories developed 

in Chapter V, based on hydrodynamic equations, are 

limited to the case of low frequencies ((Iv 

The proposed thesis is divided into five chapters, 

summaries of which are as follows:- 

Chapter-I:  Acoustoeloctric Absorption in Nondegenerate 
Semiconductors at High Temperatures  

In this chapter we develop a theory for the acousto-

oloctric absorption of acoustic wave in nondegenerato 

semiconductors at high temperatures (above 300°K), wherein 

both acoustical and optical phonon scatterings are 

simultaneously present. The Boltzmann equation is solved 

to obtain an expression for the part f1  of the velocity 

distribution function of electrons, the space-time 

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

i.e., as ext.) s ,A- 	. Got l. The interaction between 
1 	t j 

acoustic wave and electrons is taken into account via the 

deformation potential coupling. The equilibrium distribu-

tion function of electron velocities is considered to be 

Maxwollian. The scattering of electrons in the presence 

of the acoustic wave has boon taken into account by the 



collision term proposed by Sharma and Kaw
23 The energy 

bands of the semiconductor are considered to be parabolic. 

The expression for f
1 
is used to obtain an expression for 

the current density (duo to acoustic wave) which, in turn, 

loads to the conductivity tensor. Using the 

expression for the conductivity end following Harrison29 

and Spector
16 

we obtain an expression for the absorption 

coefficient of tho acoustic wave. The theory is valid for 

the entire frequency range of the acoustic wave. The 

variation of the absorption coefficient with acoustic wave 

frequency in a nondegenerato semiconductor at various 

temperatures has boon numerically investigated for relevant 

parameters. The results have boon compared with the case 

when only acoustical phonon scattering is considered to 

be dominant, It is soon that the results obtained in the 

two cases differ significantly in the low frequency 

region. 

Chapter-II: Absorption/Amplification of Acoustic Waves in 
Nondegenerato Semiconductors at Low Temperatures 

In this chapter we develop a theory for the 

absorption/amplification of acoustic waves in semiconductors 

with parabolic energy bands, The theory is applicable at 

low temperatures (4-1000K) because the ionized impurity 

scattering is 	the dominant scattering mechanism. 

The Boltzmann equation is solved for the distribution 

function of electron velocities, The ionized impurity 
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scattering is incorporated in the theory by the use of the 

collision model suggested by Sharma and Kaw23. Tho external 

dc electric field is along the direction of propagation 

of the acoustic wave. The interaction between the acoustic 

wave and electrons is again via the deformation potential 

coupling. Using the expression for f ill  the part of the 

distribution function, the space-time variation of which 

is the same as for the acoustic wave, the conductivity 

and hence the absorption/amplification coefficient is 

calculated. Comparison of the results with those obtained 

using the CHH model
22 for collision term shows that the 

absorption/amplification of the acoustic wave differs 

significantly at low frequencies. However, the results 

obtained at high frequencies are more or lass the same. 

Chapter-Ill: Absorption of Acoustic Waves in Nonparabolic 
Semiconductors  

This chapter considers the acoustooloctric 

absorption in nonparabolic degenerate semiconductors. In 

contrast to the analyses of chapters I and II, we write 

clown the Boltzmann equation in k-space and obtain a 

solution for the distribution function of the electron 

velocities. Since the nonparabolic semiconductors (Ill-V 

group compound semiconductors) exhibit piezoelectric 

properties also, the interaction of acoustic wave with 

electrons is taken into account via both the deformation 

potential coupling and the piezoelectric coupling. The 
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modified expression for the ionized impurity scattering of 

electrons for the case of nonparabolic degenerate semi-

conductors is obtained and is incorporated in the theory 

through the modified collision model
23. The nonparabolicity 

of energy bands is accounted for using the Kane model
30 

Finally, an expression for the absorption coefficient is 

obtained as a function of the energy gap and degeneracy 

parameter. The theory is applicable to n-InSb at low 

temperatures (4-100°K). Numerical results indicate that 

the absorption coofficiont initially increases with 

degeneracy parameter, attains a maximum and then decreases 

for sufficiently high values of degeneracy parameter. It 

is also soon that an increase in the nonparabolicity of 

energy bands leads to decreased absorption of the acoustic 

wave. 

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

In this chapter we extend the theory of chapter III 

for acoustoelectric absorption in nonparabolic degenerate 

semiconductors to the case when an external dc electric 

field is applied along the direction of propagation of 

the acoustic wave. Assuming the ionized impurity 

scattering as the main scattering mechanism of electrons, 

and following the method of chapter II, we derive an 

expression for the absorption/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 (4-100°K). It is seen from the results 

that an increase either in the nonparabolicity factor or 

in the degeneracy parameter leads to decreased threshold 

drift velocity. The amplification coefficient exhibits peak 

behaviour with degeneracy parameter. 

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

Part-A: Piezoelectric Jomiconduoto s 

Recently, Sharma and Singh15 suggested that 

amplification could be obtained by maintaining a temperature 

gradient in the direction of propagation of acoustic wave. 

In this part, we derive expressions for the absorption/ 

amplification coefficient and the change in the velocity 

of sound in the presence of an external temperature 

gradient. The interaction between the acoustic wave and 

electrons is considered to be purely piezoelectric. For 

a typical n-InSb sample, the amplification coefficient as 

well as the change in the velocity of sound is found to 

increase with temperature gradient. The theory is based 

on hydrodynamic uquations and is, therefore, limited to 

the case of low frequencies of the acoustic wave, i.e. 

(6 L. 



-10- 

Part-B: Feroelectric Ser:dconductors 

A hydrodynamic theory i$ developed for acoustic 

wave absorption/amplification in ferfoeloctric 

semicatductors 	in the presence of an external 

temperature gradient. The main result of this part is that 

the acoustic wave can be amplified oven when the drift 

velocity of electrons is less than the velocity of sound. 

Calculations for SrTiO
3 

indiOate that, under favourable 

circumstances, decrease in the threshold value of the 

drift velocity as large as Wo can be obtained. 

The above work has resulted in the following 

publications/communications:- 

1. Acoustoolectric Absorption in Nondegenorate 
Semiconductors, Sol.Stat.Elect, 12., 403 (1976). 

2. Amplification of Acoustic Waves in Semiconductors 
with Dominant Ionized impurity Scattering, Sol. 
Stat. Elect, 12, 1029 (1976). 

3. Acoustoelectric Absorption in Degenerate 
Nonparabolic Semiconductors, J.Appl.Phys. 
(In Press). 

+. Acoustic Wave Absorption/Amplification in 
Nonparabolic Degenerate Semiconductors 
(Communicated, 1977). 

5. Absorption/Amplification of Acoustic Waves in 
Piezoelectric Semiconductors in the presence 
of External Temperature Gradients 
(Communicated, 1977) 
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6, Absorption/Amplification of Acoustic Waves in 
Materials with Strain Dependent Dielectric 
Constants in the Presence of External 
Temperature Gradients (Communicated, 1977). 

In addition to above publications/communications, 

the author has also boon associated with the following 

publication which is not included in the present thesis: 

1. Lowering of plasma frequoncy in semiconductors 
due to quantum magnetic fields, Phys.Stat.Sol. 
(a) al K103 (1975). 
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