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ABSTRACT 

generation for simple model semiconductors in the presence 
of a DC field to many-valley non-degenerate semiconductors 
and applied his analysis to germanium. It is concluded 
that for i•r• frequencies the magnitude of second harmonic 
is proportional to DC field, which is in contrast to its 
predictionl  of an optimum DC field for maxima second bar. 
monk generation in the microwave range of frequencies. 

The author has also investigated propagation of 
electrceagnetic waves in non degenerate semiconductors in 
the presence of magnetic field. This includes hot electron 
riumdcot effect in nor polar and piezoelectric semiconductors. 

The amplification of coupled magnetoelestic node 
in fermagnetic semiconduotors due to its interaction with 
the drifting cotters has also been investigated. 

The emission of electromagnetic radiation is 
studied frOn 4 semiconductor due to spin inversion of the 
carriers on application of small DC field, 

The following is the chapterwise summary of the 
thesis a 

In Chapter I the author has derived the collision 
integrals in Boltzmann transfer equation esplictitely for 
'Various modes of the lattice scattering in parabolic de-
generate semiconductors, Using these collision integrals 



the carrier energy distribution flinctions are derived 
itr arbitrary degeneracy of the charge carriers and for 
various cases of interest of nixed scattering in degen. 
orate semiconductors subjected to DC field. Those 
carrier energy distribution fUnctions are shown to reduce 
to those derived by earlier workers fbr the case of none 
degenerate eemi conductors. 

in ehepter n the author has derived the 
collision integrals explicitzly for various modes of 
lattice scattering in non-parabolic degenerate semicen* 
doctors. These collision integrals are used in the 
Doltzann transfer equation to obtain carrier energy dis-
tribution fbnction in the presence of a DC fold. An 
important conclusion drawn in the case of piezoelectric 
semiconductors is that the corresponding distribution 
function in the presence of DC field can be normalized 
fbr high values of DC fields only when the nonepiaraboll-
city of energy bands is taken into account. Leikhinan2  
has concluded fbr the case of simple model non degenerate 
piezoelectric semiconductors that the corresponding die-
tribution functLon can be non alined for applied DC fields 
smaller than some critical value deteminod ty the para-
meters of the semiconductor. On the other hand it is 
everinentally observed that DC fields much greater than 
this critical value are required to obtain supersonic 
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carrier drift velocities and consequent acoustic wave 
amplification which implies that carriers do not escape 
out of the semiconductor for applied DC fields greater 
than the critical value predicted by Laikhtman2. The 
existing kinetic theories3 of acoustic wave eeplification 
in piezoelectric semiconductors as 	the distribution 
flinction of charge carriers to be Mew*llian at en ele-
vated temperature higher than that of the lattice which 
as pointed out befbre is not at all justified, the diffii 
cultr disappears when non.parabolicity of the energy bands 
is taken into account. 

In Chapter III author has extended the theory 
of nonlinear harmonic generation in the following case of 
interest. It has been shown by MO that there exists 
en optimum value of DC field for maximum microwave second 
harmonic generation in simple model non-degenerate semi. 
conductors subjected to strong microwave and DC field; the 
acoustic mode of lattice scattering was taken into account. 
The author has shown that in the infrared range of fre. 
quencies the amplitude of second harmonic increases in 
proportion with the strength of applied DC field and there 
exists no optimum DC field for maximum second harmonic 
generation in contrast to the case of microwave frequencies 
discussed by Karl. The analysis was egmlied to mery-vaLley 
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non polar semiconductor, Ge; the anisotropy in the magni-
tude of generated second harmonic is also investigated 
for different directions of DC field. 

Paredger effect measurements are one of the 
poverfUl magneto-optical methods used for probing the 
semiconductors. In Chapter V the author has investigated 
the hot electron Faraday rotation and ellipticity in the 
cases of interest pointed below for obtaining information 
about either the energy dependence of relaxation time or 
the effective class of the carriers in non-degenerate 
semiconductors. 

In Chapter IV the importance of the oscillatory 
perturbation in the distribution Arnett= is emphasized 
in the investigations of hot electron microwaremagneto-
optical effects. It is shown that the consideration of 
oscillatory perturbation in distribution function in the 
presence of DC field leads to the change in the sign of 
&radey elliptIcity and to the significant decrease in 
the magnitude of Faraday rotation towards the higher DC 
fields in the case of non-polar semiconductors like Co. 

It is farther shown in Ow ter V that the aniso-
tropy of hot electron Faraday ellipticiity in the infrared 
range of frequencies Ibr Ge is independent of the magnitude 
and direction of the %naiad static magnetic field in the 

5 



linear approximation. It is also shown that the Faraday 
ellipticitzr in the infrared range of frequencies increases 
with the DC field in contrast to its decrease in the micro-
wave range of frequencies. 

It is pointed out in Chepter VI that the Paradeci 
rotation measurements are far easier to conduct as ccepared 
to cyclotron resonance measuments conducted in piezo-
electric saticonductors to obtain information about the 
parameters of the semiconductor. The necessary them*/ is 
developed and the variation of Faraday rotation and elli-
pticity' are discussed as the function of scattering para-
meter and the DC field applied to obtain information about 
the hot electron effects. 

In Chapter VII the author has in estigated the 
amplification of coupled magneto-elastic mode in terra-
=vignette semiconductors due to its interaction with the 
drifting carriers. It is suggested that an analysis of 
the Irpersound generated can be used to draw information 
about the spectrum of spin waves foxy wider range of the 
static magnetic field. An information about the inter. 
action of magneto-elastic waves with the drifting carriers 
is also obtained. 

In Chapter VIII the author has developed theory 
of the rad mai on of radiation due to spin population 



inversion. This absorption is caused by the difference 
in the rates of energy absorption from the heating field 
by differently aligned electrons and nonothermalising 
spin .flip scattering of the electrons. This theory 

explains the low field microwave emission at low temer-
atures from non-degenerate samples placed in a moderate 
magnetic field. 
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