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Abstract 

Carbon nanotubes (CNTs) are allotropes of carbon having novel properties that make them 

potentially useful for many applications. Among the many applications, a possible 

application of carbon nanotubes is as field emission sources which can be regarded as 

potential second-generation technology to the Spindt metal tips. They exhibit improved field 

emission properties due to their high aspect ratio, high electrical and thermal conductivity 

and good chemical stability. These nanotubes have diameters in the range of few nanometers 

and their lengths are up to several micrometers. A viable electron beam source operating at a 

relatively lower applied voltage in contrast with conventional electron field emitters can thus 

be fabricated from CNT based field emitter arrays. This can lead to the development of future 

vacuum electronic devices including high power microwave tubes, miniature x-ray sources, 

backlight for liquid crystal displays and flat panel displays. 

 

The present research focused on studying and analyzing some important factors and physical 

processes which influence the CNT field emission with an aim to get an increased current 

density and an optimized field emission performance for device applications. The main 

challenge was that of obtaining high current densities over large emission areas at low 

operating voltages. 

 

In the present work, extensive simulations studies of field emission behaviour from single 

and multiple carbon nanotubes were done initially in the diode configuration, using Particle 

Studio (PS) suite of Computer Simulation Technology (CST) software. Simulations from a 

single and a bundle of nanotubes were done to study the effect of several factors including 

effect of emitter geometry, screening effects and edge effects on emission. It was seen that 

the emission current increases with an increase in the nanotube aspect ratio since this 
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approximates to the field enhancement factor β. Simulation results were ascertained by cross 

checking them with emission current obtained using Fowler-Nordhiem (FN) equation 

calculations. Simulation of electric field distributions from nanotube bundles showed that for 

a bundle of closely spaced nanotubes, the field is less than that of a single nanotube due to 

screening effects. The electric field strength is maximum at the edges of the bundle (least 

screened) and minimum in the middle. Therefore, major contribution of emission current 

comes from the nanotubes at the edges. It was also observed that a smaller bundle size gave 

better emission. 

 

To closely replicate the actual device structure, an analytical model was proposed and current 

density calculations for a field emitter array consisting of bundles of nanotubes separated by 

a gap were done over a given emission area using MATLAB. The field enhancement factor 

calculations for nanotubes at different locations in a bundle were done by using the floating 

sphere model taking into account the screening effects. Optimization of current density was 

done for different bundle sizes and spacing between them. As the separation between bundles 

is increased, initially there is an increase in current density due to decrease in screening. At 

an optimum separation, a maximum current density is observed and then as the separation is 

further increased the current density again decreases due to a decrease in emitter density. 

This optimum separation for maximum current density occurred at a linear fill factor of 33%. 

Simulation of field emission behaviour from a bundle of randomly tilted nanotubes was also 

done. It was observed that when the nanotubes are grown in a bundle with some nanotubes 

tilted in a random manner, the emission current is enhanced in comparison to a bundle with 

perfect vertical alignment. Experimental verification of the same was carried out. As a means 

to enhance the emission current, a variable height model was also implemented wherein the 

nanotubes have a Gaussian height distribution. This resulted in a nearly uniform electric field 
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distribution across all the nanotubes and consequently an enhanced emission current in 

comparison to a nanotube bundle with all the nanotubes having the same height. The 

simulations provided an insight into the field emission behaviour of carbon nanotubes which 

provided guidelines for device design.  

 

In the experimental part, in order to verify some of the simulation results a mask for field 

emitter arrays was designed and got fabricated. Multi Walled Carbon Nanotubes (MWCNTs) 

were grown on n-type silicon substrates (resistivity 0.1 -cm) pre-patterned with iron (Fe) 

catalyst. Selective pattern of Fe catalyst was obtained using standard lift-off photolithography 

process and CNTs were then synthesized using thermal Chemical Vapour Deposition (CVD) 

technique. Detailed structural and morphological characterization of the nanotubes was done 

using Scanning Electron Microscopy (SEM), High Resolution Transmission Electron 

Microscopy (HRTEM), Raman Spectroscopy and Ultraviolet Photoelectron Spectroscopy 

(UPS) techniques. Field emission (FE) measurements were carried out as a function of 

electric field in diode mode. Highest current density of ~100 mA/cm
2
 obtained at an applied 

field of 5 V/m was achieved from the random growth patterned sample having bundle 

length of 2 µm and a bundle spacing of 4 µm. The results were correlated with 

microstructure of the film examined by scanning electron microscopy and Raman 

spectroscopy. 

 

Simulation studies were further carried out to analyze and evaluate the performance of a 

triode device. The modulating effect of control gate on field emission properties of the device 

was simulated and dc characteristics at different gate voltages were obtained. The effect of 

gate aperture and relative position of the CNT tip with respect to the gate level on field 

emission was also investigated and modeled. 
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