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ABSTRACT 

We have investigated optical properties of novel semiconductors of current 

interest with particular emphasis on the electronic states, carrier confinement, and lattice 

vibrations. Optical techniques such as photoluminescence (PL) and Raman spectroscopy 

are being used to study the physics and materials properties of semiconductor 

superlattices, nitrides, and nanostructures. Our research work has three parts describing 

three relatively distinct research areas, which involve. optical properties of such novel 

electronic materials and microstructures. The basic research is directed towards 

applications to variety of industrially important new materials for light emitting devices. 

In the first part, we have investigated the pseudo-direct optical transitions and 

interface properties in GaP/A1P short-period modulated superlattices (SLs). The 

photoluminescence intensity enhancement in the modulated structures is attributed to the 

enhanced strength of the optical transition, which is related to the electronic states 

resulting from the disordered period in the structures. Using a first-order perturbation 

theory, we have evaluated the band mixing factor and the relative oscillator strengths of 

the quasi-direct transitions in these superlattices. We have also used confined optical 

phonons as structural probe in the Raman scattering measurements to investigate 

interface properties. The confined optical phonons in GaP and AP layers are strongly 

sensitive to the layer thickness and the presence of atomic scale roughness at the 

interface. The interface disorder is manifested by the observation of GaP- and A1P-like 

interface phonons. 

The second part utilizes light scattering technique to investigate vibrational 

properties of GaN epitaxial films grown on various orientations of sapphire substrates. 

We have estimated the relationship between the Raman peak shift and epitaxial strain in 

wurtzite GaN grown on (0001) C-plane sapphire. Quasi-polar phonon modes in GaN 

layers grown on lower symmetry sapphire planes are also observed in polarized Raman 

measurements. We have also performed a detailed analysis of defect-induced Raman 

scattering in resonance with yellow luminescence transitions in GaN layers. The 
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observation of strong Raman lines in the low energy region is attributed to the electronic 

excitations of donors involved in the yellow luminescence transitions. 

In the last part, we have investigated optical properties of as-prepared and 

oxidized porous silicon films using photoluminescence (PL), Fourier transformed 

infrared spectroscopy (FTIR), and Raman scattering. The PL peak energies from the 

porous silicon layers are observed in the range 1.6 — 2.4 eV. From Raman scattering and 

resonantly excited photoluminescence results, we propose that light emission from 

porous silicon originate from quantum confinement effect in the samples with PL peak 

energies < 1.9 eV. The recombination through surface states, followed by the carrier 

generation in the nanocrystalline silicon is responsible for the luminescence in samples 

with PL peak energies > 1.9 eV. We have also calculated the Raman line shape from 

optical phonons in silicon nanocrystallites. The size dependent resonant Raman line 

shape is also evaluated by considering porous silicon as an assembly of spherical 

quantum dots. 
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