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ABSTRACT

A carbon nanotube (CNT) is a one-dimensional cylindrical carbon nanostructure
synthesized synthetically. Since their ground-breaking discovery, carbon nanotubes
have been one of the era’s miraculous materials due to their exceptional properties such
as high electrical and thermal conductivities, high aspect ratio, high mechanical
strength, and chemical stability, as well as their widespread application in a variety of
fields of science and technology. CNTs may be used as nano-interconnects in integrated
circuits, electron sources, hydrogen storage, solar cells, gas sensors, lightweight and
high-strength composites, and tissue engineering, among other uses. Due to their
unusually high aspect ratio, excellent electrical conductivity, nanoscale tip, high
mechanical stiffness, and ability to grow on a variety of substrates, tremendous effort
has been made to replace conventional thermionic sources with CNT-based cold
cathodes for applications such as field emission displays (FEDs), field emission
microscopes, miniature X-ray tubes, microwave amplifiers, and e-beam lithography. An
FE source's critical characteristics for device applications are low turn-on and threshold
fields, a high current density, and temporal stability. Although carbon nanotubes are the
best field emitters till date in terms of high emission currents at relatively low applied
electric fields, a few issues remain, including low adhesion and high contact resistance
between the substrate and the CNTs, poor device temporal stability, large field
screening effects between adjacent CNTs, ion bombardment and space charge effect on

the emitting tip during the field emission (FE) process.

The present thesis focuses on resolving unresolved issues, such as the screening effect
between adjacent CNTs. The screening effect substantially impacts field emission

properties since it decreases the effective electric field on the surface of the emitter. This
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results in reduced emission currents, non-uniform emission, and changes in the F-N
plots. The screening effect may be mitigated by ensuring that emitters are spaced
appropriately. Comprehending and managing this phenomenon is essential for
maximizing the efficiency of field emission devices. It has been proven that the use of
interlayer impacts the adhesion of CNTs with substrate. Adhesion between the emitters
and the substrate is critical for cold cathode applications, particularly FEDs. Due to a
deficiency of catalytic metals on the substrate, producing metal silicide between the
substrate and the CNT layer impairs CNT growth. So, there is a need to find a
straightforward and cost-effective method for creating patterns of vertically aligned
carbon nanotubes (VACNTSs) with the help of interlayer and enhancing their field
emission (FE) characteristics.

The first section of the thesis is based on the growth of patterned vertically aligned
carbon nanotube (VACNT) films without the use of lithography-assisted deposition. A
systematic change in the FE current density of the patterned CNT films grown at
different temperatures was observed. This can be attributed to the less amorphous
carbon over the film surface and optimum growth of patterned CNTs at 900 °C. The use
of interlayers is to create pattern like pillars of VACNTS of various shapes, as well as
enhancing the CNT substrate adhesion. The current density for the CNT film produced
at 900 °“C on the non-patterned substrate is 3.2 mA/cm?, which rises to 16.1 mA/cm? at
3V/um of the electric field, when VACNT bundles are arranged in a circular pattern.
Ultra-thin film-coated or decorated vertically aligned carbon nanotubes (VACNTS)
have improved field emission parameters, including the effective emission area and the
number of active emitters. However, on this topic, there are very few studies available.
Examining FE images may assist in identifying changes in FE parameters before and

after metal decoration on CNTSs. The effect of electronic structure on decorated carbon
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nanotubes field emission (FE) capabilities has been the subject of several studies, with
a particular emphasis on the density of states (DOS) in the 0-10 eV energy band at the
Fermi level. It will be intriguing to investigate, how the electronic structure affects the
field emission properties of VACNTSs decorated with various transition metals and how
the occupancy of d- and s-states in some cases, can play the most prominent role in

governing the field emission properties.
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AR

BIe egd (TS Te T SaHR Bled FRewR § B $BH U A
TR faan ST 81 SAD! 3YIYd UYTd, ST —Hicgd 3o faggd iR dmd
AT d], 3 UG 3HIUTd, S T Qfad 3R I e FRURAT SIY SRR ol
& GrY-a1y faflet &= 4 I AUD SIHANT & HRU I B g0 R G o
U ¢ | HTAS BT YT THIGhd Hfhe B AH1-§exdb-de & =4 H, Sade drdl,
gIZSIoH HSRY, IR I, T AWM, Teb 3R I Wfad aTd HUifoie 3R Had

NIRRT & fopan ST 9T 81 ST SHRI 3 Ugd, 30Td, S&¥ fdggd
AMAH ], "R [T, 3 TifAd BRI, 3R e TR & Fedee W I Bt
U & PRU, URURSD USRS Il B HAdt-3Muiid dies bdls
SSID! P GRT Fae P [T IS YA T T & oI b Wics I&oH fodt
(S8, &F IS0 HISH D, TY UaI-X o, ATSshIdd THChIAR], 3R 3-81H
fordiomet S SruET & fore | feagy U & it Ue Wics IcoiA |id &
AUl faRINAT HH -3 3R INIcs Wits, T 3o [aggd URT g9 3R

AN

cfores fRRAT § | BTdiTd dIa ~Hicdd 3UaTdhd HH AL faggd &a § 3= Sfor
YRISH & A T TS I BT o 3T & Sqo® 6, TS e, o gU &, o
TCe 3R WA & i HH I 3R I Judh UR1Y, TR19 fSarsy difed
R, 3 Hedt & d9 98 &7 THIFT UG, 30 THERT 3R &7 Iqoi
(FS) Ufehal & TR Sl fed TR 3faRe THR UHTE, 3Tfe THE g
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AT AR YA GEl B 80 FA W Hisd ¢, O fb omad Headt & =
THIHT YU | BHITTT THTT & Ior 01 DI DT JAT 9 THIAd FRal §
Hifh I8 ST B g TR YHTAT fIggd &F B HH Hdl § | TP URITHRGET
I YRTY HH B W11 &, SRIHH IFoH Bidl § R F-N Y@l § uRad gidl
g1 THIT THTT DY Ioih! & a1 Sferd gul AT Hh HH b o Tebdl 6 |
&7 IS IJUBRUN B G&rell B HABAH P & [T T geT B FHT IR
TSI PHRAT SIS & | T8 YA 81 TR § b eraar &1 SUNT Istice & 1Y
et & SMESH B YU BT 8 | SHOID 3R JsHee & S AT 58 HUTS
3o, fady U @ Wicts Ife fS8 & T Agequl 81 Fsdee R IaRkS
eTgafl Bt HH & HRUI, Feuce R et WRd & & U1g Riferags &1 Idre
el ST 1 ST AT B S, eXAR Bl Heg W Taad WG Pre
AE (VACNTs) & Ued S 3R 3% &5 Iqoi (FE) fa=iwdref &f de™ &
o T ST SR ARTd UHTA At @loH &1 sfra=aehd 5|

IRy BT U TS feriwmhl-Herad urwd &y & IudinT & fo=1 Ue arel eiead
WA HT AHIegd [ @eiee) el & e W snuid g | fafid ao ™
IS ST aTelt Ue arell Weet fhedl & Ths faggd URT ¥9d § U ared
URacH 8T 7| I8 fhed &t g IR HH SFBR Hla- 3R 900 °C W e ard
Hwdt & 3pad fap & U SHeR 38T S I&hdT 81 Sexaad &1 IuanT
fafta snepfadl & dreedieadt & Wil &t v T 99 & I1Y-T1Y FuAdt geaee
3T Bl Fg & e 81 TR-Ue a1 Iside W 900 C W A cNT frer &

fore fagga &7 3v/um W faggd URT 997d 3.2 mA/cm?, S VACNT Sdl &l T



MATBR te & afRyd foar STdT 8 W a9 T8 IR 16.1 mA/cm? T ¢ SITdl
g

3T gaelt fored-aftd a1 Tolt Y ddad TRRGd HTe AHIedd (VACNTSs) = Tt
ITo & 3R lhT Ieol! Bt AT Wigd &F Iqoi- Hucs! & JUR faar g
BT, 39 fIo R, Igd HH ST IUA ¢ | Uhs SIad] 1 ofid HeAe! IR oTg
Tolae ¥ Usd R 91¢ H Uhs AUGS! § URddH & UgaM & H ggrdl
qHA g1 YT Y oY T BT A 8 Io (Th3) TS IR gaael-d
T BT YT BHT TR W 0-10 eV Soll 88 (DOS) & I WR ARy TR & &
1Y P AT H1 fA¥T X1 || I8 S HA1 fGaeRy ghm % gaae e IxaT
fafta derrur urgsii § Toy 7T AT (VACNT) & &3 Ioi 101 &I ol
TUTId &l & IR $3 AT § 8- 3R TH- TRl BT I, & Ifol ol &
fFafd o & w8 U YT o9 Ay 9ot g
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