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ABSTRACT 

Crystalline silicon is at the heart of microelectronics technology but its application to 

optoelectronies is limited due to the indirect band gap and poor photoemissivity. The 

discovery of the intense room temperature visible light emission from porous silicon is of 

great technical value and also provides a simpler approach to investigate electronic structure 

modifications doe to a reduction of crystallite sizes to nanometer scale. The optical and 

electronic properties of porous silicon are still not fully understood although surface effects 

(large surface to volume ratio) as well as quantum confinement elects are attributed to the 

enhanced photoluminescence efficiency. Usually, porous silicon is prepared by 

electrochemical anodization of silicon wafer in an electrolytic cell containing hydrofluoric 

acid by a steady current density. However, wide distribution of nanocrystallite sizes in porous 

silicon leads to a very broad emission hand. Laser-induced photochemical etching without 

biasing is an alternative technique for producing luminescent photosynthesized layers with 

different surface morphology. The laser-induced etching process has an advantage of 

providing, better control of the photoemission characteristics of the silicon nanostructures. 
, 	. 

In this work, luminescent porous silicon layers are synthesized by .photochemical 

etching of a silicon wafer in hydrofluoric acid through the laser-induced etching process. The 

constituent nanostructures have been characterized and investigated by employing 

spectroscopic methods. Raman and photoluminescence spectroscopies can give significant 

infOrmiaion concerning the size and size distribution of silicon nanostructures. A 

phenomenological quantum confinement model for three-dimensional confinement involving 

a Omission distribution function for various nanocrystallite sizes has been used to analyze the 

experimental data in both cases; phonon confinement for Raman spectra and electron 

confinement for the photoluminescence spectra. The spectroscopic analysis allowed 

reasonable estimations of the nanocrystallite sizes and their distributions. 



Synthesis of porous layers has been carried out under different preparation conditions 

like laser power density, irradiation time, etchant concentration, substrate orientation and 

others. It is found that the porous layers of different structures including pore-like and 

pillar-like structures could be produced. The surface morphology of these structures 

investigated by Scanning Electron Microscope (SEM), shows pores / pillars of different 

diameters distributed in the photosynthesized porous layer. Also, SEM micrographs of porous 

silicon layers prepared under identical processing conditions illustrate differences in the 

surface morphology when laser light photochemically etches substrates of different 

conductivities. The surface morphologies and etching rates measurements for n-type silicon 

substrates emphasize that laser-induced etching is a highly orientation-dependant process. 

We have employed a Nd:YAG laser for etching under near resonance conditions since 

the photon energy of this laser ( 1.16 eV) is very close to the silicon indirect band gap energy 

of 1.12 eV at X-point. We used different visible wavelengths of an argon-ion laser for etching, 

under non-resonance conditions. These wavelengths have photon energies far from the silicon 

indirect band gap energy. It is found that etching under resonance conditions produces thick 

porous layers (200-300 	and narrow band PL emission (Pz300 meV) with a single peak. 

While, etching under non-resonance condition produces thin porous layers (1-5 }on) with 

smaller nanocrystallite sizes. The PL emission bands from the thin porous layers are 

characterized by double peak structures and are indicative of bimodal nanocrystallite size 

distributions. Moreover, the etching rates under resonance conditions were found to be 

significantly higher than those for the etching under non-resonance condition. 

A detailed analysis of the first-order Raman line shape 'for the photosynthesized  

porous layers under different preparation conditions has been reported. We have incorporated 

in the phonon confinement model a Gaussian distribution function for the nanoerysial I hes size 

distribution within the porous layer. It is found that our experimental data could be fitted well 

by this model. A depth profiling of nanocrystallite sizes was made possible by analyzing 



Raman spectra taken with different excitation photon energies as different enemies probe 

different penetration depths in the porous layer. 

Three parameters of the first-order Raman line namely: the peak position, the width 

and the asymmetry ratio were discussed for various processing conditions. The Raman peak 

position shills toward lower wavenumbers (phonon softening) when the irradiation time 

increases due to the nanocrystallito size reduction and showed max inIUM phonon softening 

when a power density of nearly 12 \rem is used Cor the etching process. Moreover, the 

asymmetry ratio of the Raman line was found to increase with increasing excitation photon 

energy, irradiation time and the etching photon energy. A low-temperature Raman study of 

porous silicon prepared by laser-induced etching shows phonon hardening when the porous 

sample temperature is decreased from room temperature to 20 K due to a non-linear effect 

in\ l\ inn the splitting, an optical phonon into two or more acoustic phonons. 

effects of different processing parameters like laser power density, 

irradiation tinie, conductivity type, Ill concentration, excitation photon energy and sample 

temperature on the photoluminescence emission of the photosynthesized layer were studied in 

An eleotron-eonlinement model with appropriate size distribution function has been 

used tug explain the experimentally observed photolutnineseenee spectra. 'Ibis model estimates 

the mean nanoerystallite sizes and the size distributions for the nanoerystallites present in the 

porous silicon layer, which contribute to the width of the photoluminescence emission hand. 

Two leak photoluminescence spectra Were observed from porous silicon sal pies 

\OIL ii-type Si was etched with visible laser wavelengths and is attributed to the formation of 

two porous layers. In contrast, single-peak photoluminescence spectra were recorded for 

porous silicon lavers produced by Nd:YAG laser etching which indicates the formation of as 

single porous silicon layer. 



An analysis of the photoluminescence spectra reveals that smaller nanocrystallite sizes 

are predominantly presented at the center of the etched area while larger nanocrystallites were 

found dominant near the edge, The photoluminescence emission could be controlled when 

both resonance and non-resonance etching conditions were used one after the other to produce 

the porous layer. We were able to achieve a narrow photoluminescence band of 220 meV 

width associated with smaller mean nanocrystallite sizes due to the etching effects in the 

second stage. 

Both Raman and photoluminescence studies reveal that smaller nanocrystallites are 

abundant at the top of the porous layer, while larger nanocrystallite are distributed deeper into 

the porous surface layer. Moreover, we found that a larger range of nanocrystallites 

contribute to Raman scattering as compared to the range that contributes to the 

photoluminescence emission. 
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