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PREFACE

Light scattering has received a tremendous
impetus in recent years due w the advances in low-power
gas lasers. This phenomenon has becomie a powerful
neans of probing the basic properties of matter and
has stimulated the industrisl development of a variety
of lasers such as He-Ne, ionized Ar, Kr. Basically,
light scattering can be used as a probe to study the
electronic structure and clectron-phonon interaction
in semiconductors. This study is particularly fruitful
when the frequency of the exclting radiation is near
one of the allowed optical transition frequencies of
the medium, This is because there is an enhancement
in the Raman scattering cross-section under this
condition. This enhancement of Raman scattering cross-
section for the laser energy near o critical point
energy is called resonant Raman scattering,

Resonant Raman scatbering in semiconductors. has
been studied at lengta both,theoretibally and experi-
montally1. The first theoretical description of
resonance Raman scattering in semiconductors was given

2 who considered free electron-hole palrs as

by Loudon
intermediate scattering states, A comparison of this

theory with the results of carly e}cpe:c’:'unents?’’)+ on



resonance Reman scabtering in semiconductors at M
critical point showed that the obscrved enhancements in
cross-section were incorpatible with the predictions of
Loudon's theory. A more complete theory was later given
by Ganguly and Birman5’6 for hydrogenic excitons as
intermediate scattering states. Their theory was found
to give correct results at the My cdge, but 1t falled at
the saddle-points. This is because at a saddle-point
an exciton is no longer hydrogenic. Other'theories7'1o
have also been proposed for resonznce Reman scattering
in semiconductors, but none of these theories could
account for the observed behaviour of Raman scattering
cross section at the M1 saddle-point., Therefore, it is
ﬁmmﬂgﬂﬂ to formulate a theory of resonance Raman
scattering at saddle-points of semiconductors, wﬂich
would cxplain, at least qualitatively, the observed
featuros.

The present thesis is divided into two parts.
In the first part a theoretical formulation of one-
phonon resonant Raman Scabbtering at the critical points
of scmiconductors is given ahd the theory is applied to
zincblende crystals. HEmphasis is placed on scattering
near the saddle-points, The Raman scabtering amplitude
has been calculated in the vicinity of various critical

points for both interacting and non-interacting electrons.



The calcwlations have been made under the asstmption
that the scattering matrix elements are momentum inde-
pendent i,e. the dominant eiectron-phonon coupling 1s
of the deformation potential types

The second part of the thesis deals with a
theoretical treatment of resonance Raman scattering
near the excitons in Cu20. Resonance Raman scattering
in 0420 has been studied at great length experimentally.
This is due primarily to the fact that its optical
properties have been studied exbensively in the past
and because its exciton energies f211 within the
range of available laser energies, The refined experi-
menbs have led to the observation of resonance effects
at 15 yellow excitoﬁ, whose excitation is dipole-
forbidden. Multiple resonance effects have also becn
observed at the n=2 and higher excitons of the yellow

serics.

The entire work will be presented in six
chapters. The important points concerning each chapter

are given below,

In the first chapter, the formulation of a
general theory of one-phonon resonant Raman scattering
of light at the critical points in semiconductors is

discussed in great detail, As mentioned before, both



interacting and non-interacting cleetrons arc congidered
a8 Intemediate scattering stotes in the fbrmulatién of
the theory. The effect of elcciron-hole interaction is
discussed within the framework of the Slater-Kosﬁer
~model.  The Coulomb nature of clectron-hole interaction
at‘saddle*pointé and its effect on Raman scattering is
also discusseds In both coses cnbancement in scattering
1s predicted near the saddle-points, in addition to
resonant scattering negr theAmetastable excilton
ehergles.

The work done in this chapter has resulted in

the following publication:

"Resonant Ramen Scattering at the Crdtical

Points of Semiconductors®™ - Physical Review B,

Vol.8, 676, 1973,

In chepter two the theory, in a slightly modi-
ficd fom, is gpplied to zineblende ecrystals. The one-
phonon Stokes-Raman cross—scctions are computed mumeri-
cally for Inis, Gals and InSh using an empirically
dctérmined joint density of states. These caleulations
clearly indicatc a correlation between the structure
In the energy-dependent Reman crosg-sections and the
Van Hove critical points, The broad esscntial features

of 1ight scattering near the M1 cdge are brought out by



the results. Thesc are large resonance enhgncements,

deep minima between the resonances and large absolute

cross-seetions, Rinally, the theory is comparcd with

the availsble cxperimental data on Tnds, Gabs and Insh'™17,
The results of this chapter have appeared in

the following papers:
"Resonance Raman Scattering at the Saddle-Points
of Semiconductors" - Physics Lebters 24, 215,
1972.

‘WResonance Raman Scattering at the Critical
Points of Zincblende Crystals' - Physica Status
$1idi B, Vol.60, 855, 1973,

Chep ter threc discusses in detall the dipole
scattering at the forbidden yellow cxciton in Cu20.
The 1s yellow exciton in Cu20 being dipole—forbidden,
dipole scattering at this exclton occurs via a two-
phonon process., Two-phonon dipolc Tresonance Reman
scattering near the forbidden yellow exciton in Cu20
has been observed experimentally by Falicov ct 3116.
In this chapter the theory of two-phonon Raman scattering
ab a forbidden exciton is worked out and the two-phonon
amplitudes calculated on the basis of this theory. The
theory is then compared with the experimental resulis.

Strong resonant enhancement of the first-order



Ranan lines of the nomally forbidden odd-parity phonons
has been rccently obscrved by Compgan and Cummins17 in
a0 at the dipole~forbidden 1s yeollow exciton. The
appearance of these oddé-parity phonons in the scattering
is cxplained by the fact that the cxclton-radiat
interaction near the 1s yellow exeiton is of elcctric
quadrupole nature. The resonance cinhancement of these
Raran lines ggg’explained by including the dioctric
quadrupole term of the cxciton-photon interaction in the
calculation of Raman cross—scction, In the fourth
chapter the theory for one-phonon dipole resonance

Raman scatfering has been modified to include the
glectric quadrupole temm of tnﬂ (% c'ton adiztion
interaction and the Raman cross-scctlong have been
calculated, Again, the theory 1s compared with the

experinental data.

The fifth chapter discusses resonance effcets

abt n=9,3,%, ... cxcitons in Raman scattering in Gz ,0.

Sharp regonance enhancements have boen OboOfVOH by

18

in some two-phonon Reman modes of Gu,0

Yu and She 5

around the n=2 %o n=b peaks of the yellow exciton
series, On the-high-energy side of cach resonance there
is an antiresonance. & similar situabion arises in

the case of absorption spectra where again one finds

antilrcsonances on the high-cnergy side of the peaks.



Antircsonances in the absorption spectra are caused by
interfercnce of the exciton with the continuum due to
the background of one-electron absorption. Similar
interference cffects show up in ?ho experiments of Yu
and Shen18. In this chapter, a theoory incorporating the
interference effects is formulated and is compered with

the experimental results.

In the sixth chepter we have summarized end

discussed the main results of the thesis and have out-

lincd the scope for further work.
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