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ABSTRACT 
Carbon based structures including, carbon nanotubes (CNTs), graphene 

films, carbon composites have emerged as one of the most promising 

materials ever discovered. Owing to their extraordinary thermal, mechanical 

and electrical properties they are considered as potential candidates for 

electron emitter source in field emission based devices, such as, display 

devices, microwave amplifier, electron gun sources and X-ray tubes. Apart 

from field emission devices carbon based structures have also shown 

suitability to many applications like surface enhanced Raman spectroscopy 

(SERS), gas sensing and catalysis matrix. 

To obtain controlled and low temperature fabrication of carbon based 

structures, the best technique is chemical vapour deposition (CVD) which 

offers simple and low cost growth of carbon nanostructures. A typical 

chemical vapour deposited multiwalled CNT has diameter of few nanometres 

and length of hundreds of microns. Whereas, the dimensions of graphene 

nanoflakes has been defined in terms of height (~ 100 nm), length (~ 200 

nm) and thickness (few nm).  

In the present study, microwave plasma enhanced CVD system was used to 

synthesize carbon nanostructures. A catalyst coated Si substrate was used 

to grow carbon nanostructures. The effect of several parameters such as gas 

flow ratio, gas mixture and catalyst thickness was found to affect the growth 

and microstructures of carbon based structures and in turn affect the 

electron field emission characteristics.  
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A systematic study by varying the thickness of catalyst (Fe) layer has been 

carried out to understand the role of initial thickness of catalyst on the 

morphology and electron emission properties of CNTs and graphene films. 

The morphology and diameter of carbon nanostructures was found to be 

dependent on the size of the catalyst (Fe) nanopaticles.  

The thickness of metal underlayer was varied to investigate its effect on the 

structure and electron field emission properties of carbon based structures. 

Using an underlayer between substrate and catalyst prevents the formation 

of iron silicide and also interacts with Fe to provide more nucleation sites for 

growth of carbon naostructures. Further, a hybrid structure made by 

carbon nanotubes and multilayer graphene is synthesized and its electron 

field emission characteristics have been investigated. The electron field 

emission is explained on the basis of double barrier model. 

Decoration of metal nanoparticles over graphene films strongly affects their 

electron field emission properties which is an important aspect of the 

present research work. The mechanism of surface enhanced Raman 

spectroscopy due to these metal graphene composites have also been 

studied. 

A continuous wave CO2 laser assisted laser ablation system was designed 

and assembled to synthesize the carbon based structures and their 

composites. Various parameters like substrate temperature, laser power, 

target composition and deposition time etc were found to affect the growth 

and morphology of the carbon nanostructures. Sharp wrinkled graphene 

and graphene-ZnO composites are synthesized and their electron field 
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emission characteristics are studied in detail. 

Carbon based nanostructures and their composites were characterized 

using various techniques like scanning electron microscopy (SEM), energy 

dispersive X-ray analysis (EDAX), transmission electron microscopy (TEM), 

micro Raman spectroscopy, etc. The electron field emission studies were 

carried out in a diode configured system which is designed as per the 

requirements of the carbon nanostructure films.  

The results included in the thesis are optimized and useful to set best 

parameters for the fabrication of emitter arrays and further used to obtain 

high current density and stability in terms of a device. 
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CNTs Carbon nanotubes 

MPECVD Microwave plasma enhanced chemical vapor deposition 

LA Laser ablation 

TCVD Thermal  chemical vapor deposition 

MFC Mass flow controller  

sccm Standard centimetre cube 

TEM Transmission electron microscope 

HRTEM High resolution electron microscope 

FWHM Full width at half maximum 

BE Binding energy 

EDAX Energy dispersive X-ray analysis 

CCD Charge coupled device 

MLG Multi layer graphene 

SERS Surface enhanced Raman spectroscopy 

EFE Electron field emission 

F-N Fowler-Nordheim 


