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ABSTRACT 

To examine the field enhancement factor for conducting hemispherical carbon nanotube 

(CNT) tip between two parallel plates. Hemispherical CNT tip is more realistic than floating 

sphere. To get the more accurate value of field emission and the screening effect of the 

cluster of hemispherical CNTs tip, the electrostatic potential for hemispherical CNT has been 

derived. Using mirror image method as Ahmed et al.[5] and Wang et al. have used to 

calculate field enhancement factor and screening effect of array of CNTs by considering 

floating sphere for any positional distribution of CNTs. The nature of electrostatic potential 

decreases with increase in radial distance as a point charge. We have derived an expression 

for field enhancement factor for individual hemispherical CNT tip. The screening effect for 

cluster of CNTs for any positional distribution dependence on the length of the CNT and the 

spacing between the CNTs is shown. Then compare the proposed model with experimental 

result of CNT with hemispherical tip.  
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CHAPTER 1: Introduction to Carbon Nanotube 
 

1.1 Introduction 
Materials have been of great interest to human beings since immemorial. a few years ago it 

was found that we can use rocks to break things which we can't break with our bare hands. 

than it was found that if a rock containing copper was placed on a fire, molten copper could 

be collected. this discovery lead us to production of metals from metal ores. in this way 

civilization keeps on changing from stone age to bronze age and  then iron age. the current 

age of silicon and other advanced materials. the coming age will be dominated by 

nanotechnology or we can say nano age[1]. 

New technologies requires new materials which is provided us by materials science and 

engineering.  microstructural engineering  has helped us a lot in understanding the structure 

of materials. the unique properties of materials due to ultrafine particle sizes were recognized 

early in the 20th century. the classic lecture by Richard P Feynman titled  "There's plenty of 

room at the bottom", on 29 December 1959, at the annual meeting of the American Physical 

Society, opened up a whole new field which was known as 'nanotechnology'[1]. 

The word 'nano' is derived from a Greek word means dwarf. mathematically nano is one 

billionth (10
-9

) of a unit. Exact definition for nano can't be defined. so we can say 

nanomaterials can be those materials which have at least one of their dimensions in the 

nanometric range, below which there is significant variation in the property of interest 

compared to microcrystalline materials[1].  

According to Siegel nanostructured materials can be classified into four categories according 

to their dimensionality: 0D: nanoclusters, 1D: multilayers, 2D:nanograined layers and 3D: 

equiaxed bulk solids. All these are shown in fig. 1.1 

 

Figure 1.1 Schematic diagram of confinement in quantum well, quantum wire and  quantum dot. 

Nanostructures materials fascinates us as it may occur in several different geometric 

configurations including rods, tubes, wires horns, shells, pores, etc. They have unique 

properties and are developed for specific applications. Some famous and mostly used 

nanostructures are nanowires, nanorods, nanoshells, nanotubes and nanofluids. As we are 

using nanotubes in this project work so let's have a brief introduction about nanotubes. These 
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are tubes which have their diameters in the nanoscale. Mostly used nanotubes are carbon 

nanotubes. These are alltropic form of carbon and other allotropes of carbon are graphit, 

amorphous carbon, diamond, carbon cluster like         etc[2] as shown in figure 1.2. 

 

Figure 1.2 Allotropes of carbon: (a) Diamond, (b) Graphite, (c) Lonsdaleite, (d) C60 

(Buckminsterfullerene), (e) C540 (see fullerene), (f) C70 (see fullerene), (g) Amorphous carbon, (h) 

Singled-walled carbon nanotube. 

They exhibit different properties due to different bonding and structures. There are two 

hybridization states of carbon i.e.            . Graphite, carbon clusters and CNT are     

hybridized and diamonds are     hybridized. Graphite and carbon cluster are of same 

hybridization but atoms arrangement in both are different i.e. in graphite atoms are arranged 

on the plane and in carbon clustaers like         and etc. are in shape of football i.e. in case 

of     we called it fullerenes which were discoverd by Rick Smalley and co-workers in 

1985[2]. 

There are different types of CNT, Single walled nanotubes and Multi walled nanotubes, their 
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length to diameter ratio exceeds nearly 10,000. At the end of these nanotubes half fullerene 

molecules is capped. Bacon originally proposed that nanotubes are graphene sheet rolled like 

a scroll but it was Ijima who first determine that nanotubes were concentrically rolled 

graphene sheets with a large number of potential helicities and chiralities[2]. 

 

1.2 Single-walled nanotube (SWNT) 

These nanotubes have diameter about 1 nanometer and their  tube length can be thousands 

time longer and length up to centimeters have been produced. These exhibit electric 

properties which are different from MWNT. SWNT can help in miniatirsing electronics 

beyond MEMS[2].   

 

Figure 1.3 SWNT made by rolling of graphene sheet. 

 

 

 

1.3 Multi-walled nanotube (MWNT) 

These are made up of multiple layer of graphite rolled on themselves to form a tube or in 

other words these tubes made of number of concentric tubes. These concentric layer may be 

identical or not in terms of chirality[2]. 

 

Figure 1.4 Multi walled carbon nanotube. 
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1.4 Chirality 

Nanotubes are also classified as armchair, zigzag and chiral tubes depending on their 

chirality. chirality of the tube defined by chiral vector whose equation is             , 

where n and m are integers,          are basic vectors of hexagonal lattice,    is the rolling 

vector about which graphene sheet has to roll to get CNT and   is rolling angle [2] as shown 

in figure 1.5. 

 

Figure 1.5 schematic diagram of formation of different types of CNT. 

For armchair nanotubes, the armchair vector divides the hexagon into half i.e. the armchair 

vector coincides with rolling vector, hence rolling vector will become               , i.e. 

n = m. 

For Zigzag nanotubes, the rolling angle is equal to    , i.e. rolling vector will become 

       , where m = 0. 

For Chiral nanotubes, the rolling angle must be in between           then, rolling vector wiil 

become             , where m  n. m and n values gives the chirality or twist of the 

CNT, values of m and n decides whether single walled CNT is metallic or semiconducting. 

Each CNT is capped with some fullerene caps, as shown in figure 

 

Figure 1.6 Different types of CNT with their different end caps. 
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In general we found that, the armchair nanotubes are metallic in nature, the chiral nanotubes 

are low conducting or semiconducting in nature and the zigzag nanotubes have small 

bandgap and due to this its nature varies from semi metallic to semi conducting. 

 

Figure 1.7 Different types of CNT and their properties. 

 

 

1.5 Properties of CNT 

1.5.1 Mechanical properties 

Carbon nanotubes have high tensile strength and elastic modulus in other words they are the 

strongest and stiffest materials. The strength in these tubes are due to covalent sp
2
 bonds 

formed between carbon atoms. On high tensile strain, the tubes experienced plastic 

deformation and this deformation is permanent. This deformation starts at strains of nearly 

5% and releases strain energy at maximum strain before undergoing fracture. 

  

1.5.1.1 Hardness 

A single-walled carbon nanotubes can bear pressure up to 25 GPa until some 

[plastic/permanent] deformation is not there and then it undergoes a transformation to 

superhard phase nanotubes.  

Although the strength of individual CNT shells is extremely high but a weak shear 

interactions between tube and adjacent shell lead to enough reduction in the effective strength 

of MWNT and CNT bundles down to only a few GPa.  

CNTs are not so strong under compression because of its high aspect ratio and hollow 

structure, they tend to undergo buckling when placed under compressive, bending or stress 

torsional. 

 

1.5.2 Thermal properties 

https://en.wikipedia.org/wiki/Plastic_deformation
https://en.wikipedia.org/wiki/Plastic_deformation
https://en.wikipedia.org/wiki/Buckling
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CNTs are very good thermal conductors, they exhibit ballistic conduction property, As 

compared to copper, CNTs show Measurements show thermal conductivity of 3500 

W·m
−1

·K
−1 

along its axis at room-temperature, a metal can transmits 385 W·m
−1

·K
−1

 which is 

known for good thermal conductivity. 

 

1.5.3 Electrical properties 

Electrical properties depend upon the chirality of the CNTs which we have discussed earlier. 

CNTs with small diameter can influence electrical properties. Theoretically, electric current 

density of 4 × 10
9
 A/cm

2
 can be carried by metallic nanotubes, which is   1,000 those of 

metals such as copper. 

CNTs are referred as 1D conductors because electrons can propagate only through its tube 

axis due to its nanoscale cross-section.  

 

1.5.4 Field Emission 

whenever a high electric field is applied on a conductor the effective energy barrier of that 

conductor get reduced so the electrons easily tunnel through it and get emitted from the 

surface of the conductor. The Field emission display works on this principle. 

There are two types electron emitter, cold electron emitter and thermionic emitter. cold 

emission of electron is based on field emission principle and carbon nanotubes have low turn 

on field emission and high current density. CNTs can be used in electron microscopy because 

it can emit single coherent beam of electron. CNTs can be used in multiple electron beam like 

in flat displays. 

The emitted current depends upon the work function of the emitting surface and local field on 

the emitting surface, this dependency can be described by Fowler-Nordhiem (F-N) model as 

shown in figure 

https://en.wikipedia.org/wiki/Thermal_conductor
https://en.wikipedia.org/wiki/Ballistic_conduction
https://en.wikipedia.org/wiki/Copper
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Figure 1.8 Field emission from metallic emitter. 

By quantum mechanical tunnelling, the relation between emitted current density and local 

electric field by F-N equation 

  
   

 

 
     

   
 

 ⁄

  
  

(1) 

where 

                       

               
  

 ⁄      , 

                                  

                

   can be written as   , E is the applied electric field, i.e., E = V/d,   is the field 

enhancement factor. Field enhancement factor can also be written in terms of height and the 

radius of the tip. 

  

1.6 Application of CNT 

1.6.1 A field emission display (FED) 

it is a flat panel display that uses large area field electron emission sources to produce a color 

image by striking electrons on colored phosphor. These displays will consume half of the 

power than LCD system. 

Due to field emission characteristics(i.e. low on field, high current density) of CNT, it can be 

http://en.wikipedia.org/wiki/Flat_panel_display
http://en.wikipedia.org/wiki/Field_electron_emission
http://en.wikipedia.org/wiki/Phosphor
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used as a electron source for field emission displays. It will reduce the manufacturing cost of 

field emission displays and provides enlargement in the dimensions of panels. 

The CNT FED is similar to the conventional Spindt type FED. In this CNT is used as electron 

emitter in place of metal tip. Hence its manufacturing process is easy and low at cost. CNT 

FED structure is shown in figure 1.9. 

 

 

Figure 1.9 Schematic diagram of CNT FED. 

1.6.2 Nanotube speakers 

These are aligned CNT film which is drawn from array of CNT and have potential as 

thermoacoustic loudspeakers. These film have extremely low heat capacity which gives wide 

frequenc response range and a high level of sound pressure. These thin film loudspeakers are 

flrxible, transparent, magnet free and stretchable. 

 

 
 

Figure 1.10 Thin film, flrxible, transparent, magnet free and stretchable nanotube speakers. 

 

 

1.6.3 Nanotube thermocell 

Thermocell are thermogalvanic cell which convert thermal energy into electrical energy by 

electrochemical reactions. The nanotube thermocell works on the same as conventional 

thermocell but in nanotube thermocell, MWNT are used as electrodes which will convert 

thermal energy into electrical energy three times efficiently as compared conventional one. 
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1.6.4 Energy Storage 

1.6.4.1 Lithium batteries 

CNT based lithium ion batteries can be made because CNT have highest reversible capacity, 

can be used as electrodes, high surface area, thermal conductivity, can be utilized as free 

standing CNT so that its specific energy density can be increased by 50% and these 

electrodes can also be used as active ion lithium storage. 

 

 
 

Figure 1.11 Storage of lithium in CNT 

 

 

1.6.4.2 Hydrogen storage 

Hydrogen is good source of energy and it can be used in future in many fields and with the 

help of SWNT we can store hydrogen. there are mechanism of storing hydrogen 

physisorption and chemisorption in CNT. 
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Figure 1.12 Storage of hydrogen in CNT. 

 

 

 

1.6.5 AFM tips 

CNT have many properties like high aspect ratio,  excellent elastic buckling property, 

high Young's modulus, electrical and thermal conductivity. All these properties can be 

made CNT as ideal probes in AFM.  

 
  Figure 1.13 CNT probe in AFM. 

 

1.6.6 Biological applications 

1.6.6.1 DNA sequencing 

Carbon nanotubes can fit in the grove of DNA strand, if we apply voltage across CNT, 

different current signals will appear by different DNA base pair. 
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Figure 1.14 DNA sequencing with CNT. 

 

 

 

1.6.6.2 Artificial muscles 

 
Carbon nanotubes can used to make artificial muscle, these artificial muscles are stronger 

than steel and flexible than rubber. Aerogel made from CNT can electrically power these 

artificial muscles.when voltage is applied the sheet become 220% wider and thicker. These 

artificial muscles can generate 30 time and more force than human muscles.   
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CHAPTER 2: 

       

 

 

Literature Review 

 

2.1 Literature review 

The field enhancement factor depends upon the geometry of the CNT tip as sharper the tip of 

CNT as greater the value of the field enhancement factor i.e. more emission of electron will 

take place. According to Grigory et al[3] CNT with different tips will have different values of 

field enhancement factor i.e. CNT with conical tip of opening angle     will have greater 

value than conical tip of opening angle     because of its sharpness. 

The change in tip of CNT shape will change the field enhancement factor by 5% - 7%. As 

shown in figure 

 

Figure 2.1 CNTs with different tips and their field enhancement factor with respect to aspect ratio. 

Many authors have done work on field enhancement factor for Hemispherical CNT tip 
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theoretically and experimentally. Theoretically, many authors have given many expressions 

by considering floating sphere on emitter-plane model and some have given the expressions 

by taking hemisphere on a post model.  

In theoretical approach, floating sphere on emitter-plane model have taken by Nicolaescu et 

al. [4], Ahmed et al. [5] and Utsumi et al. [6] have given the expression for field enhancement 

factor is 

   
 

 
     

(2) 

 

   

hence L=h+  

   
 

 
     

(3) 

 

   

where L is the length of protrusion, h is the height of CNT and   is the radius of the CNT tip. 

Some authors have done the same work by considering hemisphere on a post model. which is 

more realistic, they have deduced many expressions, Rohrbach[7] et al have give the 

expression 

   
 

 
   

(4) 

   

in the limit that L  , this formula become 

   
 

 
 

(5) 

 

    

it is a rough approximation and at L=    

     (6) 

 

 

Accoeding to Kokkorakis, Modino and Xanthakis (KMX)[8] and EV's[9,10] said that all 

these equations are over predicted the value of the apex enhancement factor    for 

hemisphere on a post model at large value of  
 

 
 .  From EV's, the 

 

 
 ratio gives appropriate 

values of    in the range 4 
 

 
      within     by  
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(7) 

 

and gave simpler expression suitable within the range 30 
 

 
      and valid upto      

is 

       
 

 
 

(8) 

 

for smaller values of  
 

 
 equation 3 is good approximation. 

According to KMX[8], the equation for field enhancement factor 

            
 

 
       

 

 

 

 
(9) 

 

gives appropriate result within the range 20 < 
 

 
 < 600. Results of all equations compared in 

Table 1.1[11] 

Table 1.1 

 

 

 
 

Hemisphere on post model 

Eq. 7 Eq. 9 

1 3.37 6.66 

1.3 3.66 6.88 

2 4.32 7.39 

4 6.15 8.85 

11 12.2 13.9 

21 20.3 21.2 

31 28 28.5 

101 77.9 78.6 

301 205 217 

601 382 409 

1001 603 636 

 

Comparison of field enhancement factor obtained by various model and approximations as a 
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function of  
 

 
, where L is the total protrusion length and   is the base radius. 

 

Figure 2.2 Graph between field enhancement factor and aspect ratio of Eq. 7 and Eq. 9 

 

Wang et al has shown the field enhancement factor of hemispherical CNT tip by considering 

floating sphere between the parallel anode and cathode plate. They derived the formula 

   
 

 
     

(10) 

 

and they also derived the influence of the distance between the parallel plates. They modify 

the expression under anode cathode distance influence, 

   
 

 
     + A       (11) 

   

where A is the constant. 

They conclude that the threshold voltage can be lower to some extent by decreasing the 

distance between the plates. The high aspect ratio and the lower distance between the plates 

are the main factors for strong field at apex. 

Ahmed at el[5] have also derived an expression field enhancement factor under any 

positional distribution and for screening effect of the CNT by taking same model of wang et 

al. They derived an expression for screening effect of array of CNT 

       ∑

 
 

       
 
 

 

   

 ∑

 
 

√      ( 
 
 )

 

 

   

  

(12) 

 

 

Theoretically, the field enhancement factor for CNT placed in cluster is smaller than isolated 

because of the screening effect by the neighbouring CNT. And the screening effect depend 
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upon the length of CNT and spacing between the CNTs. They obtain 

 

Figure 2.3 Field enhancement factor vs spacing distance 's ' obtained by Ahmed et al.[5] compared with 

experimental results of Bonard et al.[12] and Nilson et al.[13].  

In this graph as we increase the spacing between the CNTs and length of the CNT remain 

constant, the field enhancement factor first increases then become constant. 

 

Next graph, the flied enhancement factor of CNT affected by length of the CNT. In this the 

spacing between the CNTs remain constant and the length of the CNT changes. The same 

behaviour is also obtained by suh et al that the field enhancement factor first increases then 

after a certain value the field enhancement factor decreases due to screening effect.  

 
Figure 2.4 Field enhancement factor vs length ' h' obtained by Ahmed et al.[5] compared with experimental 

results of Bonard et al.[12].  
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CHAPTER 3: An Electrostatic Model for Scanned Field 

Emission 

 

 

3.1 Introduction 

Field emission of electron from CNT depends upon the geometry of the CNT tip as we have 

discussed in chapter 2. Early theoretical work on the field emission is done by considering 

floating sphere Wang et al[14] and Ahmed et al.[5]. The hemisphere on the post model is 

more realistic than floating sphere and we are deriving a expression for more realistic model. 
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Figure 3.1 Schematic diagram of CNT with hemispherical tip. 

3.2 Model 

We are considering image charge effect as Wang et al[14] has done. First we have to derive 

expression of potential using Fredy et al[15] and Indrek[16] method, but we have to derive an 

expression for any arbitrary point on vacuum space so that we can study the screening effect 

for any positional distribution of the hemispherical CNT tip. Fredy et al[15] and Indrek have 

derived the expression for off axis electric field of uniformly charged ring using this method 

we derived for hemispherical CNT tip. 
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Figure 3.2 Schematic diagram of CNT and its image part. 

 

 

 

3.3 Calculation for electrostatic potential of hemispherical CNT tip 

 

We have derived an expression to compute the field enhancement factor of CNT under 
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Figure: 3.3 schematic diagram of hemispherical CNT tip 

any positional distribution of CNTs using a model of a floating hemisphere between 

parallel anode and cathode plates. An expression of potential due to charged 

hemisphere at any point in the space to be derived. An expression of Field enhancement 

factor to be derived. We are considering tip of the CNTs is uniformly charged i.e., Q and 

surface charge density of the tip is  . For potential of hemispherical CNT tip, we are 

considering hemisphere of radius R, base of the tip in on the x-y plane as shown in 

figure 3.3. The curvature of the tip is along z-axis. Taking point A located anywhere in 

space. Due to axial symmetry, we do not lose generality by calculating potential at point 

A(x,0,z). Considering the hemisphere is made from infinitesimal ring charge. As shown 

in figure 3.4. 

Consider a infinitesimal ring charge of strip width dθ at an angle θ is along z axis. 

 

 

 

 

x-

y-

z-axis 
A (x,0,z) 

R 

R 
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Figure 3.4 Ring element of hemispherical CNT tip 

 

Figure 3.5 Base of the ring on XY plane. 

Base of the ring is along x-y plane with radius      . Radius vector   ⃗⃗   is moving along x-y 

 

 

x-axis 

z-axis 

 

 

y-axis 

x-axis 

a 
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plane having angle    

      ̂     ̂ (13) 

 

   |  |      (14) 

  

  |  ⃗⃗ |                    (15) 

 

  ⃗⃗            ̂            ̂        ̂ (16) 

 

Differential charge will be  

                (17) 

     

|  |  |     ⃗⃗ |   √                                       (18) 

 

Then, Potential for hemispherical CNT tip will be 

   
 

    

  

|  |
 

(19) 

 

   
 

    

          

√                             
 

(20) 

 

   
 

    

  

 

        

√   
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√   
 
    

               
  

           
 

 
(22) 

 

As we know that the radius of the cone is in the nanometer and radial distance is in micro 

meter, hence the ratio of both will be approximately equals to 0.001, which can be neglected. 

Using this condition we have three cases mentioned below; 

Case 1: Excluding all powers of R/r 
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(24) 

 

On Integrating 

∫   
   

     
∫ ∫         

  

 

   

 

 

(25) 

 

  
  

     

 

    
 

(26) 

 

Since 

   
 

    
 (27) 

 

  
 

     
 (28) 

 

This potential expression is similar to the potential of sphere or a charged particle, 

hence this expression will be invalid for hemispherical CNT tip. 

 

Case 2: Binomial Expansion and excluding higher powers of  R/r 
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(31) 
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On Integrating both sides 
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For case 2, we can see that the graph is decreasing with increase in radial distance. 

Hence, we can say that this expression will be possible expression for our further study. 

Using this equation, we have derived the Field enhancement factor for CNT with 

hemispherical CNT tip.  

 

 

Figure 3.6 Electrostatic potential vs radial distance. 

At        i.e electrostatic potential at z axis will be 
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3.4 Field enhancement factor of a hemispherical CNT tip 
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Figure 3.7 Model of hemispherical CNT tip with its mirror image part. 

Dipole -P and -Q is charge on the hemispherical CNT tip and +P dipole and +Q charge is on 

the image part o  the hemispherical CNT tip. CN is placed between the anode cathode plates 

which is 2d distant apart. Image part of CNT makes the cathode plate at zero potential. 

Voltage    is applied between the plates. Point of observation is in the space having spherical 

coordinates of      . Hence the potential at point of observation will be 
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h>>r, h>>R and r'>>r, 
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    because of the r' term, hence 

Demanding                 we get 
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The Field strength at the top of the hemispherical CNT tip, 
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We take effect of charges only and neglect the dipole moment under the assumption that 

distances between CNTs are quite large compared with their radius. Each nanotube tip will 

have charge −Q and dipole moment −P and their mirror image will have charge +Q and 

dipole moment +P. We take the distance between the     CNT and the CNT under 

consideration as   [5] as shown in figure 3.8, 
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Figure 3. 8 Distribution of hemispherical CNT tips. 

 

where (   ,   ) are the coordinates of the base of the CNTs w.r.t. the base of the CNT under 

consideration. 

 

Demanding          at r = R, 
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The expression for field enhancement factor for the CNT array 
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Let us assume the distance between the CNTs is s, then            
 

  where a and b are 

integers 

      ∑ ∑

 
 

       
 
 

 

   

 

   

 ∑ ∑

 
 

√      ( 
 
 )

 

 

   

 

   

    ∑ ∑
 

          

 

   

 

   

    ∑ ∑
 

          

 

   

 

   

 
 

  

    ∑ ∑
 

          
 
 

 

   

 

   

    ∑ ∑
 

 
 

√      ( 
 
 )

 

 

   

 

   

 
 

   
   

 

 

 

 

 

 

 

(48) 

 

we can neglect terms with multiple of R(radius of the hemispherical CNT tip in nm) and 

h(length of the CNT in   )        
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hence our required expression for field enhancement factor is 
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hence we found that the expression of hemispherical CNT tip and the expression from 

considering floating spherical model of Ahmed et al[5] is same. 

 

 

 

 

 

 

 

 

CHAPTER 4: Results and Conclusion 

 

4.1. Results  

4.1.1 Graph between Field enhancement factor and length of the hemispherical CNTs 

keeping spacing between CNTs constant i.e. s = 1   and vary length of the CNTs upto 

40    . As shown figure 4.1. 
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Figure 4.1 Field enhancement factor vs length of the CNT 

In this plot the field enhancement factor increases due to increase in length of the CNT but 

decreases due to scanning effect which is also observed by Suh et al[17] and Ahmed et al[5]. 

4.1.2. Graph between Field enhancement factor and spacing between CNTs keeping length of 

the CNTs constant at 1  , and vary the spacing between CNTs upto 4   . As shown in 

figure 4.2. 

In this plot we found that as we increase the distance between the CNT, the field 

enhancement factor first increases then become constant at certain value. 

 

Figure 4.2 Field enhancement factor vs spacing 's' between the CNTs . 

According to experimental result of Nilson et al[13]., the field emission from the densely 
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packed CNTs is poor because of the screening effect that reduces the field emission and the 

field emission for low density of CNTs are also poor because of insufficient space. In the 

intermediate the field emission is adequate.  

We have compared our results with experimental results of Nilsson et al[13]. As show in 

figure 4.3 

 
 

 

 

Figure 4.3 Field enhacement factor vs spacing 's' between CNTs Comparison of proposed model with 

experimental result of Nilson et al[13]. 

 

4.2 Conclusion 

We have derived an expression of field enhancement factor for hemispherical CNT tip for 

any positional distribution of hemispherical CNT tip using mirror image method is more 

realistic than floating sphere model. we found that the field emission of hemispherical CNT 

tip is similar to the floating sphere[5]and the field emission of cluster of CNTs depend upon 

the length of the CNT and spacing between them. With increase in spacing between the 

hemispherical CNT the field enhancement factor first increases the become constant at 

certain value which similar to the theoretical result of Ahmed et al.[5] and with experimental 

results of Nilson et al.[13]. With increase in length of CNT the field enhancement factor is 

first increases then after certain it decreases this is because of the the electric scanned by 

neighbouring CNTs as Suh et al.[17] observed.  
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