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ABSTRACT

generation for simple modol semiconductors in the presence
of a DC fleld to many-valley non-degenarate semiconductors
ond applied his analysis to gen#anim. It is concluded

that for i.r. frequencies the magnitude of second hamonie
is proportional to DC fleld, which is in contrast to Kew's
ynedicuon‘ of an optimun DC field for maxinum second hare
monie generation in the mierowave range ¢f frequencies.

The author has also investigated propagation of
electramagnetic vaves in nonedegenorate serdconductors in
the prosence of magnetic field, This includes hot electron
Faradoy effect in non-polar and piezoelectiric semiconductors,

The emplification of coupled magnetoelastic mode
in ferramagnetic semiconductors due to its intersction with
the drifting carders has also been investigated.

The emission of electromagnetic radiation 4s
studied from g semiconductor due to spin inversion of tha
carviers on application of snall DC field.

The following 1s the chapterwvise summary of the
thesiss

In Chopter I the author has derived the collision
integrals in Boltamann transfer equation explicitely for
various modes of the lattice scattering in parabolic dew
generate semdconductors., Using these collision integrals



the carrier energy distribution functions arg derived

for arbitrary degenoracy of the charge carriers and for
various cases of interest of mixed secattering in degene
erate samiconductors subjected to DC fleld, These
caxrrier energy distritution functions avre shown to reduce
to those derived by earlior workers for the case of none
degenerate semicondnctors,

In Chepter IXI the author has derived the
golldsion integrals explicitely for various modes of
Jattice scattering in non-parabolic degenerate semicon~
duoetors. These colllsion integrals are used in the
Boltzmann transfer equation to obtain carrier encrgy dis-
tribution function in the presence of a DC field, 4An
important conclusion dravn in the case of piezoelectric
sendconductors 43 that the corresponding distribution
function in the prasence of DC fleld can be normalisced
for high vulues of DC flelds only when the non-paraboli-
city of encrgy bands is taken into account. Ledkhtman®
has concluded for the case of simple model nonedegenerate
plezoelectric semiconductors that the corresponding dis-
tribution function can be nomalized for gpplied DC flelds
smaller than sane oritical value determined by the para-
noters of the semiconductor. On the other hand it is
exporinmentally observed that DC fields much greater than
this eritical value are required to obtain supersonle



carrier drift velocities and consequent acoustie wave
anplification which implies that "carriers do not esecape
out of the semiconductor for spplied DC fields greater
than the critical value predicted by laikhtman?, ' The
axtsting kinetic theordesS of accustic wave amplification
in piezocleciric semlconductors assune the distribution
function of eharge carrders to be Maxwellian at an ele-
vated temporature higher than that of the lattice which
as pointed out before i1s not at all jJustified, the diffi.
culty disappears when nonsparabelicity of the energy dands
18 taken intw account,

In Chapter III author has extended the thoory
of nonlinear harmmonic generation in the following case of
interest. It has been shown by Kaw! that thore oxists
an optinum velue of DC fleld for maximum mierowave socond
hamonic generation in simple model nonedegenerate Scmie
conductors subjected to styrong rierovave and DC fieldy the
acoustic mode of lattice scattering was taken into account.
The outhor has shown that in the infrared range of free
quencies the mmplitude of second hammonic increases in
proportion with the atrength of applied DC flald and thore
exists no cptimum DC fleld for maximum second harmonic
ganeration 4n contrast to the ease of microwvave froquencies
disoussed ty Kw’. The analysis was epplied to weny-valley



non-polar gemiconductor, Gej the anisotropy in the nmagni-
tude of ganerated sccond harmonic ia also investigated
for gifferent directions of DC field.

Faraday sffect neasurements ave one of the
poverful magneto-optical methods used for prohing the
gemiconductors, In Chapter V the anthor has investipgatod
the hot electron Faraday rotation and elliptiecity in the
c¢as0s of interest pointed delow for obtaining infomation
about el ther the ecnergy dependanée of relaxation time or
the affective mass of the carriers in non-dogenerate
semicontuctors,

In Chapter 1V the importance of the oscillatory
perturbation in the distritution function is gophagized
in the investigations of hot elsctron microvave nagneto-
optical effeets, It is shown that the consideration of
oscillatory perturbation in distribution function in the
presence of DC flold leads t0 the change in the sign of
Faradey ellipticity and to the significant decrease in
the magnitude of Faraday rotation towards tho .gher DC
fieclds in the ¢ase of non-polar semiconductors like Ge.

It 4s further shown in Chapter V that the enido-
tropy of hot electren Maradsy ellipticity in the infrared
range of frequencies for Ge is independent of the magni tude
and dirgotion of the grplied static magnetic Meld in the



(o’

linear epproximation. It is also ghown that the Faredoy
ellipticity in the infrared range of frequencios increases
with the DC fleld in contrast to its decrease in the miorc-
wave range of froguenciss,

It is pointed out in Chepter VI that the Faraday
rotation measuramenta are rai easior t0 conduet as compared
to cyclotron resonance measurements conducted in pilezo-
electric sesiconductors to obtain infomeation about the
paranetars of the semiconductor. The necessary theory is
developed and the variation of Faraday rotation and elli-
pticity are dioceussed as the function of seattering para-
neter and the DC fleld gpplied to obtain information sbout
the hot electron effacts,

In Chepter VII the author has investigated the
guplification of coupled magneto-slastic mode in ferro-
nagnetic semiconfuetors due to its interaction with tho
drifting carrders. It is suggested that an analysis of
the hypersound generated can be used to drav infommation
about the spectnu of spin waves for wider range of the
statle nagnetic flold., 4An infomation adbout the inter-
ection of sagneto-elastic vaves 'ws,th the drifting carriers
13 nlso obtainod.

In Chsgptor VIII the author has developed theory
of the emission of radiation due to spin population



inversion. 7This absorption is caused by the &ifference
in the rates of energy absorption from the heating field
by differently aligned clectrons and non-thermalising
spineflip seattering of tho eleotrons. This theory
oxplains the low fleld microwave emission at low teepere
atures from non-degenerate samples placed in a moderate
nagnetic field,
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