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ABSTRACT 

Present thesis reports the Raman and the photoluminescence 

(PL) investigations of the nanometer scale processes taking place in 

the silicon (Si) nanostructures (NSs). The Si NSs are prepared by the 

laser-induced etching (LIE) technique using an argon-ion laser. 

Different LIE samples having different sized Si NSs are prepared by 

two roots, one by changing the etching time for a given laser power 

density and second by changing the laser power density for a given 

etching time. Surface morphology reconstructions during LIE of the Si 

wafer are studied by scanning electron microscope (SEM) and atomic 

force microscope (AFM). 

The SEM and AFM surface morphological study of the laser-

etched Si NSs reveals that different surface morphological 

reconstructions of the Si wafer take place as a function of etching 

laser power density for a given etching time Depending upon the 

etching laser power density, cracks, pores and pillars like structures 

are formed on the Si wafer. By optimizing the etching parameters 

(etching time and etching laser power density), one can get any of 

these surface morphologies (crack, pore or pillar) due to different 

etching rates at different etching laser power densities. If Si wafers are 

etched at faster rate, wider and deeper pores can be formed. The pore 

width and pore depth depend on the etching laser power density and 

etching time. The SEM and AFM images show that macro- and micro-

surface morphological reconstructions take place simultaneously 
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during LIE of the Si wafer. Macro-surface morphology reconstruction 

takes place at the wafer surface and micro-surface morphology 

reconstruction takes place inside the pores. 

Spectroscopic investigations of the Si NSs are divided into two 

parts, Firstly, investigation of confinement of phonons using Raman 

spectroscopy. and secondly, investigation of confinement of electrons 

using PL spectroscopy. Raman and PL spectroscopic studies show the 

presence of quantum confinement effect in the Si NSs. Room 

temperature PL spectrum is observed in the visible region, which 

reveals the formation of quantum structures in the laser-etched 

samples. Size dependence of the visible PL confirms the quantum 

confinement effect in laser-etched Si NSs. Asymmetrically broadened 

and red-shifted Raman spectral line-shapes are observed due to the 

quantum confinement effect of phonons when very low excitation laser 

power density (- 0.2 kW/cm2) is used. These line-shapes are referred 

to as "Raman line-shapes" in the text. The Raman line-shapes are 

analyzed within the framework of phonon confinement model (PCM). 

True phonon confinement effects without anharmonic effect (i.e. 

heating effect) can be seen using Raman scattering effects only if the 

excitation laser power density is kept of the order of - 0.2 kW/cm2. 

Raman line-shape asymmetry and red-shift recorded at slightly higher 

laser power density (-1 kW/cm2) are attributed to the combined effect 

of quantum confinement and photo-excited electron-phonon 

interference (Fano interaction). At further higher excitation laser 

power density (» 4 kW/cm2), the quantum confinement and Fano 
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related asymmetries are precluded due to predominance of 

anharmonic contribution in the Raman line-shape. 

Raman scattering experiments have been carried out on the Si 

NSs in the excitation laser power density range of 0.2 —2.0 kW/cm2. 

Photo-excitation dependent Raman scattering indicates that the 

Raman line-shape is more asymmetric, wider and red-shifted in 

comparison to that of crystalline Si (c-Si). Increase in the asymmetry 

of the Raman line-shape on increasing laser power density is observed 

due to Fano interference between discrete optical phonons and 

continuum of electronic excitations in the nanometer size Si NSs. 

Quantum confinement of the photo-excited electrons leads to Fano 

interaction for small laser power density in the Si NSs as compared to 

c-Si. Our results show that the electron-phonon coupling can be seen 

without heavy doping of the semiconductor and without using higher 

laser power densities for smaller sizes of the Si NSs. Broad PL 

spectrum of the Si NSs indicates that the continuum of electronic 

states are present in the Si NSs. Photo-induced electronic transitions 

within these electronic states are responsible for Fano interference in 

the Si NSs. 

Size dependence of Fano interaction is also studied by recording 

the photo-excitation dependent Raman scattering from different sized 

Si NSs. Size dependent Fano asymmetry parameters obtained from the 

theoretical analysis of Raman line-shape reveals that Fano interaction 

is more pronounced for smaller Si NSs for a given excitation laser 

power density. In other words, smaller Si NSs will exhibit photo- 



excited Fano interaction at lower excitation laser power density in 

comparison with larger Si NSs. Size dependent Fano interaction is 

observed due to higher quantum interference of photo-excited 

electrons and phonons in smaller Si NSs. Increased energy gap due to 

quantum confinement of the electrons approaches closer to the 

incident photon energy which enhances the electronic Raman 

scattering. It interacts strongly with Raman active optical phonons. 

Electronic Raman scattering responsible in Fano interaction is 

extracted experimentally for different sized Si NSs. Electronic Raman 

scattering is enhanced in smaller Si NSs, where more quantum 

confinement is present. 

Analysis of any possibility of laser induced temperature rise 

during Raman scattering experiment is also done experimentally and 

theoretically in the Si NSs. Theoretical temperature rise due to a laser 

beam is calculated as a function of laser power density for a two layer 

system consisting of thin Si NSs layer on to a thick Si substrate. The 

calculated results show that rise in the temperature is almost 

negligible for laser power density of -4 kW/cm2  or less. A temperature 

rise of -100 K can be achieved for excitation laser power density of 

-135 kW/ cm2. Theoretically calculated sample temperatures are in 

consonance with the experimental temperature calculated by ratio of 

Stokes and anti-Stokes Raman scattering data. For excitation laser 

power densities in the range 0.2 kW/cm2  to 4 kW/cm2, Raman 

scattering results do not show any anharmonic effect. Asymmetric 

Raman line-shapes at low laser power densities (- 0.2 kW/cm2) are 
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observed due to quantum confinement effects. A combination of 

quantum confinement effect and photo-excited Fano interaction is 

also observed at slightly higher excitation laser power density 

(IC 4 kW/cm2). On the whole, Fano interaction in the Si NSs due to 

confinement of photo-excited electrons is exhibited at low laser power 

. _density much before the heating effect which starts at high excitation 

laser power density. Fano interaction still persists at high laser power 

density but it is precluded in the Raman spectra of Si NSs at high 

laser power density. 
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