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Fig. 1-1 The observation by TEM of multi-wall
coaxial nanotubes with various inner
and outer diameters, d; and d,, and
numbers of cylindrical shells NV reported
by Iijima in 1991: (a) N=5, d,=67A; (b)
N=2, d,=55A; and (c) N=7, di=23A,
d,=65A [1-8].
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Fig. 2-3 Schematic of arc discharge method. [2-3]
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Fig. 2-4 Schematic of laser assisted vapor deposition method. [2-3]
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Fig. 2-5 Schematic of chemical vapor deposition method. [2-3]
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Fig. 2-6 TEM images of SWNTs grown by CVD. [2-4]



Fig. 2-7 TEM image of SWNT bundle. [2-5].
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Fig. 2-8 Temperature dependence of thermal conductivity for copper (a) [2-12] and SWNT (b) [2-13].
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Fig. 2-10 Temperature dependence of thermal
conductivity for MWNT.
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Fig. 3-1 (a) Electron emission at high temperature and low applied field, (b) Electron emission at low
temperature and high applied field (field emission), (c) Emission regimes as a function of
temperature and field for an emitter with ¢ =5eV [3-1].
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Fig. 4-1 Experimental setup for CNT field emitter.
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Fig. 4-2 Overview of experimental setup for CNT field emitter.
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Fig. 5-1 SEM images of MWNTs (a) and SWNTs (b).
SWNTs: Courtesy of Dr. Kenji Hata, Research Center for Advanced

Carbon Materials, AIST.
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Fig. 5-2 TEM images of MWNT before impreg-
nated with nano-sized RuQ, particles (a)
and after the impregnation (b).
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Fig. 5-3 SEM image of one MWNT with RuO,
clusters and EDX spectra at two spots.
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FEM Images:Courtesy of Prof.
Yahachi Saito, Nagoya University

Fig. 5-4 The center FEM image showing strong electron emission from sub-nano sized RuQO; clusters at
a MWNT surface.
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ERLZDREAE THDCONTBIHKT 5 ATREMEN



b, HRTHEMOBREF SN TE
R 2R, RO Z L2804, LaL,
ZNThH, EV/umDEREE T TITHA/em* D

BMBENZEIIELNDIOREINSH D, F
‘ RuO,/30%MWNT
60 <" \
o 5 ["Ru0 /30%MWNT I s \
8 o
% 40
fuic! I 30%MWNT /
£ 30 \\
% [N/
A 20
4
0

0 1 2 3 4 5 6 7
Electric Field [V/pm]

Fig. 5-6 Effect of RuO, impregnation on the
field emission characteristics.
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Fig. 5-8 Comparison between two emitters with

and without RuO; impregnation.
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Fig. 5-9 SEM images of oriented MWNT (a) and
randomly oriented MWNT(b).
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Fig. 5-10 Simulation of the equipotential lines of the electrostatic field for tubes of 1 pm height and

2 nm radius, for distances between tubes of 4, 1, and 0.5 mm; along with the corresponding
changes of the field enhancement factor § and emitter density (b), and current density (c)

as a function of the distance [5-3].
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Fig. 5-11 SEM and TEM images of CNTs. (a)
SEM image of as-grown CNTs. (b)
TEM image of as-grown CNTs. (c) and
(d) SEM image of plasma-treated
CNTs The diameter of each CNT
covered dot is about 70 pm. (e¢) TEM
image of sandwich-grown CNTs. (f)
and (g) TEM image of plasma-treated
CNTs [5-4].
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Fig. 5-12 An aligned array of carbon nanotubes
grown from a uniform catalyst (a),
carbon nanotube array grown from a
patterned catalyst (b). [5-5]
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Fig. 5-13 (a) TEM images for LaB¢ tip-modified MWCNT emitter; (b) high magnification image
for the emitter’s tip showing that most of LaBs was deposited on the tip of the MWCNT
dark area; (c) EDX spectrum of the emitter’s tip. [S-6]
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Fig. 5-14 Optical microscope images and SEM images of MWNTSs on a silicon substrate before
and after serious damages during the emission.



(a)

Fig. 5-15 (a) and (b) SEM micrograph of a nanotube of 0.66pum length and 5-nm radius with the
anode positioned at 2um distance before (a) and after (b) the destruction of the tube.

[5-7]
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Fig. 5-16 I-E curves [(a) and (c)] of several test cycles just before failure: (a) L=1pm, r=3 nm, (c)
L=1pm, r=20 nm. Inset of (a) is the corresponding SEM image of the CNT emitter. (b)
and (d) are the corresponding SEM images of the failure sites. [5-8]
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Fig. 5-17 SEM images of the interfaces between Ti film and CNTs after the rooting process.
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Fig. 5-18 Line elemental analysis of Ti and C at the Fig. 5-19 Comparison of MWNT rooted in Ti

interface between Ti film and CNTs with EDX. film with MWNT dispersed by use of acetone.
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Fig. 5-20 I-V characteristics of rooted MWNTs with Ti film and Ti particles.
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Fig. 5-21 Life time of rooted MWNTs and
aceton-dispersed MWNTs.
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Fig. 5-22 Endurance and stability test of rooted
MWNTs for one month.
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Fig. 5-23 Influence of Ne gas and water vapor on field emission current from MWNTs.
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