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AAbbssttrraacctt  
The aim of this thesis is to explore the advantages of various composites useful for new-

age optoelectronic devices by simple and low cost fabrication techniques and further 

developing wavelength ordered template assisted growth of these composites which 

utilizes the advantage of both photonic and electronic states in single advance functional 

materials. Understanding the physical and chemical mechanisms of composite formation 

and its effect on its properties are the key objectives of the thesis. 

Work presented in thesis 

The results obtained are conveniently re-arranged into the following chapters.  

Chapter 1:- Introduction 

This chapter elaborately introduces the properties and fabrication of semiconductor based 

nano, photonic, and hybrid composites. Extensive literature survey and current research 

trends are systematically presented. Special focus has been given to explain the 

fabrication conditions and subsequent structural, electrical and optical modifications 

while the individual entities are turned into composite systems. The present work is based 

on exploring new and low-cost fabrication techniques (primarily based on 

electrochemical methodology), extensive investigation of various semiconductor thin film 

fabrication strategies, porous silicon based photonic and nanocomposites, template-

assisted self-assembled systems and inorganic-organic hybrid composite systems. 

Chapter 2:- Experimental Techniques 

Details about different fabrication methodologies and characterization techniques shall be 

discussed in this chapter. Several fabrication techniques namely, electrochemical thin film 

deposition, thermal vapour deposition, electrochemical anodization, spin-coating of thin 

films and electro-spinning of nanofibers are discussed. To understand the structural 
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aspects and surface quality several characterization techniques were utilized, namely 

Glancing angle X-ray diffraction (GAXRD), Scanning Electron microscopy (SEM), 

Atomic-force microscopy (AFM), cyclic voltammetry, X-ray photoelectron spectroscopy 

(XPS), high-resolution optical Microscopy. The optical characterization techniques used 

are Absorption, Transmission, Reflection and Photoluminescence spectral analysis, 

photoconductivity measurements and white-light and single-wavelength ellipsometry. 

Chapter 3:- Structural and optical characterisation of semiconductors and 

nanocomposites grown by electrochemical deposition method 

This chapter provides the detailed investigation of various semiconductor (ZnO, PbO, 

PbS, SnO) thin films deposited on both conducting and semiconducting substrates using 

electrodeposition process. Systematic optimisation of deposition parameters such as 

electrolyte, pH, temperature and deposition potential are presented. Along with 

electrodeposition, several other deposition/growth methods were also been used for 

comparative studies. These thin films were characterized by several structural (XRD, 

SEM, AFM, XPS etc.) and optical characterization (absorption, photocurrent etc.) 

techniques to understand the growth mechanism, structure and consequent optical 

properties. Finally, the optimised methodology has been used to fabricate nanocomposites 

by space-filling the nanoporous matrix (such as porous silicon). These optimised 

conditions are further used to obtain photonic architectures by space-filling of self-

assembled polymer opal templates (Chapter 6) and/or simply by intercalating suitable 

organic moieties to yield IO hybrid composites (Chapter 5). 

Chapter 4:- Structural and optical characterisation of Photonic nanocomposites 

In this chapter fabrication of porous silicon (PS) from electrochemical etching of n- and 

p- type crystalline silicon have been discussed. Systematic experiments were performed 

to establish a relationship between fabrication parameters with physical parameters 
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(thickness, porosity) and optical constants. Precise control over thickness (upto λ/8 

thickness) and refractive index (n=1.4 to 3.0) has been successfully achieved. Several 

photonic structures, namely, distributed Bragg reflector (DBR), single and coupled 

microcavities for selective wavelengths were successfully designed, fabricated and 

analyzed. Modified photoluminescence is demonstrated from the organic dye saturated 

porous silicon and further extended to PS based single and coupled microcavities. 

Significant modified dye emission (emission line narrowing and enhancement of 

emission) is observed when photonic cavity mode of microcavity is weakly coupled to the 

emission states of the organic dye. The experimental work, transfer matrix simulations 

and cavity modelling all together explain the tunability and optical field confinement 

within the microcavity. 

Chapter5:- Hybrid composites: Electrochemically processed Inorganic-organic 

nanocomposites 

This chapter explores a straight forward method to deposit new class of self-organized 

Inorganic-Organic (IO) hybrid composites, from the family of (R-NH3)2 MI4 ( M=Pb, Sn 

and R is organic moiety). Conventionally, these IO hybrid films were fabricated from 

chemical synthesis followed by spin-coating. These IO hybrids can also be achieved from 

intercalation of pre-synthesized organic moieties into thermal vapour deposited inorganic 

(MI2) thin films. In this chapter a new method has been extensively explored: 

electrodeposition of inorganic matrix followed by intercalation of organic moiety. 

However, the electrochemical deposition of metal iodide (MI2) is not straight forward, 

therefore, careful optimisation of several chemical methods have been systematically 

carried out. Various structural (XRD, AFM, SEM) and optical (absorption, emission and 

photocurrent) techniques were employed to optimise the device-quality thin film 

fabrication. While the Pb2+ based inorganic-organic hybrid composites show 
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strong and stable green emission (~510nm) at room-temperature due to Mott type 

excitons, Sn2+ based IO hybrids show exciton photoluminescence at 616 nm and found to 

be very unstable under ordinary conditions. Systematic structural and optical studies were 

performed to understand the structural modification and consequent emission 

degradation. It was successfully demonstrated that post-processing methods could 

conveniently avoid such emission degradation. 

Chapter 6:- Semiconductor photonic structures from template self-assembly 

This chapter is dedicated to the first-time demonstration of ordered IO hybrids photonic 

structures using template self-assembly method. The microspheres naturally self 

assembles into FCC crystalline structure and works as templates through which 

microstructures can be carved. For template-assisted growth, polymer microsphere 

templates are prepared by sedimentation method onto a pre-defined area of conducting 

substrate. Later, desired semiconductors are selectively electrodeposited into the 

interstitial spaces of self assembled polymer sphere templates, using the optimised 

parameters achieved in Chapter 5. Subsequently, the polymer spheres were removed, 

resulting in inverted voids as perfect replica of the spheres. This chapter discusses the 

self-assembly methods and implications of photonic structure fabrication. 

Chapter 7:- Inorganic-organic hybrid embedded polymer photonic crystals 

While the self-assembly of microsphere has been discussed in Chapter 6, the long-range 

ordering of self-assembly templating is far to achieve from the sedimentation methods. In 

this chapter another commercial way of fabricating wave-length-ordered self-assembled 

polymer microspheres, also known as three-dimensional photonic crystals, having long-

range upto several meters is explained. These polymer opal (photonic crystals) systems 

are fabricated from shear-induced ordering of ensembles of core–interlayer–shell particles 

synthesized by an emulsion polymerization process. The net refractive index contrast 
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between core and the shell polymers are of 0.11. Various pre-synthesized IO hybrid 

composites are mixed in a polymer extruder at elevated temperatures to achieve the 

desired photonic composite. The complete process involves extrusion, applying linear 

shear by rolling and edge-induced sheering, ultimately resulting into sheets of hybrid opal 

composite freestanding films. These stretchable photonic composites are analysed from 

structural and optical characterisations. This chapter reports the systematic fabrication, 

optical performance and stability studies of these new types of hybrid photonic 

composites. Such composites with open networks of these highly light emitting IO 

hybrids held apart by lattices of hard spheres, give combined properties and structural 

tunability in the colour effects due to photonic bandgap tuning, offering many potential 

functional applications. 

Chapter 8:- Conclusions and scope for future studies 

This chapter deals with conclusions, salient features and future scope of the work 

presentedin the thesis. 
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