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ABSTRACT 
 

Since their discovery, carbon nanotubes (CNTs) have created a colossal interest in the scientific 

world. Due to their small dimensions with astounding structural, electrical, mechanical and 

optical properties, they are considered to be potential candidates for application in lighting, 

display, sensor and fuel industry as electron beam sources, nano photonics, hydrogen storage, 

nano electronics, solar-cell materials and nanosensor. Despite of the fabrication challenges, 

CNTs are widely adopted materials because of easy and cost effective tunability of their 

properties according to demand in devices by suitable surface modifications.  

With the advancement of research in growth and synthesis of carbon nanotubes, the potential of 

Field emission (FE) of electrons has significantly enhanced in both fundamental physics and 

technology. Present day electron microscopes including both the transmission electron 

microscopes (TEM) and the scanning electron microscopes (SEM), require high spatial, 

temporal, and energy resolutions. Field emission of electrons is a quantum mechanical process 

where electrons near the Fermi level can tunnel through an energy barrier and escape to the 

vacuum level on application of a high electric field. When a relatively high voltage is applied 

across the CNTs, electrons are emitted from the CNT tip due to local field enhancement at the 

apex of the tube. The work function, surface morphology, number density of the emission sites, 

defects in CNTs and density of states affect the emission current. In recent years, CNT based 

nanocomposite films have been considered as next generation FE sources, because of their 

structural and temporal stability during field emission measurements. 

Different methods are available for nanotube synthesis. Chemical vapour deposition is simple, 

cost effective, controlled technique for producing carbon nanotubes. Among all CVD techniques, 
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thermal CVD (TCVD) and microwave plasma enhanced CVD (MPECVD) are considered as 

efficient processes for synthesis of CNTs because of high yield, flexibility in substrate choice, 

low by-product content and comparatively higher purity.  

This thesis work has originated with two broad objectives: (i) to understand FE process based on 

theoretical models and simulations and (ii) a detailed experimental study on field emission of 

electrons from various CNT based nanocomposite films. 

 In the theoretical studies, a concept of effective emissive area as a correction factor to the 

standard Fowler Nordheim (F-N) equation has been introduced. With this modification, the 

current density due to field emission is calculated and a comparison with experimental current 

density has been made. This equation has been appropriately rearranged so as to obtain the work 

function of any unknown material, by comparing its FN plot with that of a known material. 

The FE image is captured on a phosphor coated indium tin oxide (ITO) plate used as anode to 

find out the effective emissive area. Later, a detailed image analysis has been made to calculate 

the number density of the emission sites, threshold and turn on fields along with the uniformity 

of the emitter.  

In simulation based studies, field emission from CNT arrays arranged in various geometrical 

configurations is analysed to find out the shape that gives maximum emission current. Out of 

various configurations, rectangular arrangement gives maximum emission current density. The 

current obtained from each ring was plotted and extrapolated to estimate the approximate 

number of CNTs required to obtain desired current.  
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In experimental part, the surface morphology of the CNTs is modified by coating zinc (Zn) and 

its oxide (ZnO) and its effects on the FE properties are studied. It is demonstrated that, FE 

parameters viz. maximum current density, turn-on field of the ZnO coated CNT are 

approximately same with highest enhancement factor and lowest fluctuation in emission current. 

This shows that ZnO coated CNT can be used as potential electron source material for 

continuous electron emission applications. 

Hexaborides are low work function materials widely used as electron sources. CNT films were 

coated with cerium hexaboride (CeB6) and lanthanum hexaboride (LaB6) and FE properties of 

these composites films were studied along with their pristine counterpart. The improved FE 

results are explained by increase in effective annulus, introduction of defects, lowering of work 

function and increment of emission sites as studied by Raman spectroscopy, TEM and ultra-

violet photoelectron spectroscopy. The enhanced stability of the composite films is explained by 

reduction of drifting length and reduction of joule heating. From a comparative analysis of the 

materials under study, the LaB6 coated CNT is found to be the most suitable material for field 

emission process. At the end, this material is proposed as a potential electron emitter required for 

electron emission devices. 
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