finveauanale nzaeuAMMANIZI

[ LY d
518UIATINT VYAV VANY T

[ ar a d a ° [ é
msfanngridumiveminluinideIscvpamTugnseilulnsddnnsefing

Synthesis of carbon nanotube films by CVD for microelectronics devices.

1ag

SA.ATIANNIY 17 50a

Assoc. Prof. Dr. Toempong Phetchakul

RCH -

TA

/\ \/‘) Q
_[A "
( 1aHD
V... cligsel
nnzides....., 69725
--------- a o v a

% lﬂO‘l 1J 1 7 n 2. 2550 aNNIIVYUTIIYIA

------------------------

................................




Aaanssndszmia

#3Tovoveunuan1iToutsna Alfmsaifuayumeinady s ldauide

0o ! 9 a a a o = 4 daw a g = 4
ﬁTLiﬂﬁﬁ?\ihlﬂﬂ'JUﬂ ‘U'ﬂﬂl'ﬂ'ﬂﬂmﬂ'1ﬂ'3"]ﬂ'6lf‘lﬂ7]5ﬂuﬂﬁllﬁ3ﬂuﬂﬁﬂﬂﬂlﬁﬂﬂi'E‘Juﬂ?f AN

q

a & u = Y o
IMINTTUFNAAS aoumalulatnszroundudgunmIaIANIE U AUMTECHAZ TMEC lu

U

N L4

[ a 4 1 dy @ a

a5 3auaz3ina 1z nIWa18SEMUasTEM usnnniveveunaiindnylussdudadiafiou
a o LY =y @ 1 (Y

ANZIMINTTUAAAS ﬂmuumaiuiaawazi]?mmé’n%’mmw1samﬂszm"l¢’fuﬂ wwBUS NI

d o o o o @ K o a = 9 1 =3 a <
wadus nazuedaney wia lye SndnwiseaudSynes taun wiedsyiyd Tnasugimung

N 4 o ¢ o Iy o o a
”l.umﬁﬂwﬂamﬂ?mﬁammswmmmimmswwﬂaumsuauuﬂumﬁ

so1. @5 AN AYARA



AsHe

1. The 10th International C

JenannlnsamsIdelunatszinms

onference on New Diamond Science and Technology (ICNDST-10),

May 11-14, 2005, AIST Auditorium, AIST, Tsukuba, Japan.

2. The 3rd International Conference on Material for A

dvanced Technologies (ICMAT 2005),

July 3-8, 2005, Singapore.

3. The 28" Electrical Eng

ineering Conference (EE-CON 28), October 20-21, 2005, Thailand.

I

11



w S
b
&
5
*
%1

;I Am

‘; LN

it

i,

‘a4 e

v

8

¢

£
Wt
\

N

’:J

JRL

Aligll e Ui )

] Ut &)
bos LA ool
WAV RIS

AR > ¢
(T2

e

7o,
el

5 (53 (5} L g £V 4
fIPVIpg N TRV | (6L
,1(“
Gor VL0

) _ .
nondootd hoag aur sio2)

vntal fo 9

yioergotsrsY voeaionsisel [ulr bl

; ;
FURETTIOR0Y 9
b e L 140

I

%



Final Circular
he 10th International Conference on New Diamond Science and Technology

3 : 8 %240 3
FM image of single crystal diamond strface grown by p! J;n‘a C»/D

B Welcome Message from ICNDST-10
¢ ll ICNDST-10 at a Glance
i M Oral Program - .
B Poster Program : 46“‘
B Conference Proceedings _ 12’
B Proceedings Manuscript : et g2 8
M Information — welovci i il 4
B Accommodation — : ik R Lo b

M Registration Information : At sy {
B Invited Speakers , : wdr 18 .}
H Conference Committees e -18 &
This conference is co-organized by Japan New Dlamond Forum (JNDF), ks '
New Energy and Industrial Technology Development Orgamzatlon(NEDO)and

National Institute of Industrial Science and Technolog y Japan(AIST)




- .
e
. e
-
e
- 2




26-33  Control of p-type surface conductivity through
_harged membranes on the hydrogen-terminated diamond
<surface

‘Vf Tanaka*, D Oglwara, Y Sasaki, K Song, H Umezawa, H Kawarada
Waseda University, Japan)

»6.34 Development of diamond MISFETs with low-
iemperature oxided alumina gate insulator

#< Yohara!*, K Hirama!3, T Saitoh23, K Park?3, M Satoh!3, H Umezawal?3,
< Kawaradal3 ('Waseda Umversn'y, Japan, 2AIS’I‘ Japan, 3NEDO Japan) -

#6-35 lon doping of field effect transistor with carbon
snanotube channel by using mass-separated ultra low energy
Kon beams

K Yamamoto!-3*, T Kamimura?3, K Matsumotol»ln3 (1AIST, Japan, ’Osaka
University, Japan 3CRESTJST, Japan)

P6-36 Electrical characterization of homoepﬂaxnal diamond
p-n* junction

T Makinol2*, H Kato!2, S Ri!2, Y Chen!?, H Watanabelv2 K Park!,
H Okushil? (‘AIST Japan, 2CREST JST, Japan)

P6-37 All amorphous SiC based luminescent microcavity

J Xu*, J Mei, L Yang, D Chen, S Chen, W Li, K Chen (Nan_]mg University,
Chma)

M CNT

P71  Development of triode type RF plasma enhanced CVD
for low temperature growth of carbon nanotube

Y Show!*, Y Yabe!, T Izumi!, H Yamauchi? (1 Tokai University, Japan, Eiko
Engineering, Japan)

P7-2  Generation of charged nanoparticles and their

effect on the growth of carbon nanotubes in the hot filament
chemical vapor deposition process

J Lee*, N Hwang (Seoul National University, Korea)

P7-3  Generation of charged clusters in the gas phase and
their deposition as diamond films or carbon nanotubes in the
hot filament CVD process

J Lee, N Hwang* (Seoul National University, Korea)

P7-4  Synthesis of petal-like graphitic nanoflakes on carbon
nanotubes templates
C Chen*, C Chen, I Li, C Lu (National Chiao Tung University, Taiwan)

P7-5 Lateral growth of single-walled carbon nanotubes
across electrodes and the electrical property characterization

W Lee*, Z Juang, C Weng, J Lai, K Leou, C Tsai (National Tsing Hua
Universxty, Taiwan)

P7-6  The preparation and properties of a novel carbon
nanotubes thin films by pulsed laser deposition with various
laser energy in high vacuum

M Rusop!*, R Afrel, M Sharon?, T Soga!, T Jimbo! (*Nagoya Institute of
Technology, Japan, Birla College India)

P7-7  The properties of carbon nanotubes grown by excimer
laser at room temperature in argon gas ambiert

M Rusop*, T Kinugawa, T Soga, T Jimbo (Nagoya Institute of Technology,
Japan)

P7-8  Super long catalyst life time over 20 hours for the
growth of single-walled and muitiwalled carbon nanotubes

T Aikawa*, T Yoshida, T Iwasaki, R Hosaka, G Zhong, H Kawarada
(Waseda University, J apan) '

P7-9  Apossible approach exploring the melting state
of catalyst during the low-temperature growth of carbon
nanotubes

C Lin!*, I Leu2, J Yen!, M Hon!3 (!National Cheng Kung University,
Taiwan, "3Kun Shan Umversn:y of Technology, Taiwan, 3Da-Yeh University,
Talwan)

P7-10 Narrowing of nanotubes with catalytic Ni-C
nanoclusters using microwave plasma CVD

M Nagatsu*, T Yoshida, T Matsuda, T Tanaka, A Ogino (Shizuoka
University, Japan)

P7-11 The growth of aligned carbon nanotubes on catalytic
mesoporous materials

S Lee!*, JHan!, D Kuvshinovl3, A Berdinsky!2, ] Yoo!, C Park!
('Sun, an University, Korea, 2Novosibrisk State Techmcal
University, Russia, 3Boreskov Institute of Catalysis, Russia)

P7-12 Effects of aluminum-based buffer layer on the
characteristics of carbon nanotubes fabricated by plasma-
enhanced chemical vapor deposition

W Wang, B Chuang, Y Peng*, C Kuo (National Chiao Tung University,
Taiwan)

P7-13 Atmospheric pressure HFCVD synthesis of carbon
nanotube by using ethanol source

T Phetchakul*, S Cheirsirikul, S Supadech (King Mongkut’s Institute of
Technology Ladkrabang, Thaxland)

P7-14 Transparent conductive film based on carbon
nanotubes and PEDOT composites

J Moon!*, J Park!, T Lee!, J Yoo!, C Park!, I Kim?, C Lee? (1Suugkyunkwan
University, Korea, ’Samsung SDI Korea)

P7-15 Adsorption characteristics of Ru(ll) dye on carbon
nanotubes for organic solar cell
T Lee*, J Yoo (Sungkyunkwan University, Korea)

P7-16 Bulk synthesis and manipulation of gallium-fi Iled
carbon nanotubes
J Zhan*, Y Bando, J Hu, D Golberg (NIMS, Japan)

P7-17 Synthesis of polyynes by laser ablation of diamond
nanoparticles suspended in solution .
H Tabata*, M Fujii, S Hayashi (Kobe University, Japan)

P7-18 Morphological and structural characterization of
fullerene nanotubes fabrlcated by the lquld liquid mterfaclal
precipitation method i

J Minato*, K Miyazawa (NIMS, Japan)

P7-19  Synthesis and characterization of one-dimensional
single-crystalline AIN nanostructures
LYin*, Y Bando (NIMS, Japan)

P7-20 Fabrication of boron nitride nanohorn
C Zhi*, Y Bando, C Tang, D Golberg (NIMS, Japan)

P7-21 The mechanism and characteristics of silicon nanotips
fabricated by MPE-CVD

B Chuang, W Wang, I Teng*, C Kuo (National Chiao Tung University,
Taiwan)

P7-22 Fabrication and optical properties of nanotip arrays

Y Huang!*, C Lin!, H Lo, C Hsu3, K Chen?, L Chen? (National Taipei
University of Technology, Talwan 2Academia Sinica, Taiwan, 3National
Taiwan University, Taiwan)

d Processing

P8-1
process
H Yoshikawa*, Y Nakano, N Sato, T Ikehata (Tbaraki Umver51ty, Japan)

P8-2  Preparation of diamond whiskers using Ar/O, plasma
etching
C Li*, H Yoshimura, A Hatta (Kochi Umvers1ty of Technology, Japan)

P8-3 Nanoprocessmg of carbon materials using vanable
pressure scanning electron microscope
J Niitsuma*, X Yuan, S Koizumi, T Sekxguchx (NIMS, Japan)

B Mechanical Propertles and Applications

P9-1  Tribological properties of partly polished diamond
T Tekeno!*, T Komoriyal, I Nakamori?, H Miki!, T Abe!, T Uchimoto!,
T Takagi! (1Tohoku University, Japan, 2Japan Science and Technology
Agency, Japan)

P9-2  Microstructure of mono-layer diamond tool by self-
propagating high-temperature synthesis

F Zhang*, C Wang, H Yuan, Z Qin, J Fan, Y Zhou, K Fu (Guangdong
University of Technology, Chma)

P9-3  Microstructure of mono-layer diamond tool brazed by
Cu-Sn-Cr alloy

Y Zhou*, C Wang, F Zhang, K Fu (Guangdong University of Technology,
China)

P9-4  Direct simulation of Monte Carlo analysis of nano-
floating effect on diamond-coated surface

1 Nakamori!*, T Takeno?, T Abe2, T Uchimoto?, T Takagi?, Y Kohama?
(!Japan Science and Technology Agency, Japan, 2Tohoku University, Japan

Measurement of oxygeh plasma for diamond etching



Atmospheric pressure HFCVD synthesis of carbon nanotube
by using ethanol source

T. Phetchakul *, S. Cheirsirikul, S. Supadech

‘Electrom'c Department, Faculty of Engineering
King Mongkut's Institute of Technology Ladkrabang .Bangkok, Thailand -
kptoempot@kmitl.ac.th

ABSTRACT

Carbon nanotubes (CNTs) were grown by hot filament chemical vapor deposition at atmospheric
pressure. Ethanol and hydrogen were used as source. Diamond can be synthesized at condition 8 vol% of the ratio
of H, gas passed through ethanol (for bubbling) to total H, gas. The heated tungsten filament 2300 °C, @ = 0.3
mm,3 mm above substrate radiated thermal to silicon substrate at 850 °C which was on Mo substrate holder. The
high quality of diamond was obtained by Raman spectroscopy inspection. In the case of CNTs, the filament
temperature was about 2000 °C and substrate temperature was in the range 550-750 °C with the same ratio of
carbon source. The growth rate and density depended on the substrate. The silicon substrate which used iron nitrate
(Fe(NOs),) as catalyst and carbon and graphite with non-catalyst substrate were used in this experiment. Both of
them can be obtained CNTs at very difference rate of growth. The case of carbon and graphite substrate was higher
growth rate than the case of silicon with catalyst. The increasing of ethanol increased the growth rate. CNTs were

characterized by SEM and TEM.

. Keywords: Atmospheric pressure HFCVD, Carbon nanotube, Diamond, Ethanol

1. Introduction

It is well known that carbon
nanotubes (CNTs) are very attracting at
present. Due to their unique properties both
electrical and mechanical [1,2], many
applications have been expected such as
electronics devices and sensors [3-5]. Several
methods include the arc discharge, the laser
ablation vaporization and the chemical vapor
deposition (CVD) from catalytic
decomposition of hydrocarbon synthesizing
either the single-walled or the- multi-walled
CNT [6-9]. Among of them, CVD has several

advantages over the others in growing CNT. It

can be synthesized well-aligned both single-
walled and multi-wall CNT and also
recognized as the most promising for industrial
scale-up.

Synthesis of CNT by CVD generally
requires catalyst such as Fe, Ni, Co and alloy
that coated on the substrate prior CNT growth.
The catalysts are usually deposited by
sputtering or evaporation, and an etching
process is frequently employed after the
deposition. Under several of substrate and
hydrocarbon source at the appropriate
conditions, CNT can be grown. Mostly
conditions operated at low-pressure mTorr but
a few operated at atmosphere pressure.

Substrate temperatures 550 — 1000 °C have
been reported.

In this work, the new effective
process has been study. CNTs have been
synthesized by HFCVD at atmospheric
pressure. The ethanol and hydrogen gas were
used as hydrocarbon source. The substrates are
catalyst coated silicon and non-catalyst carbon
and graphite. This process is low cost, short
time operation, easily controlled and
simplicity. From some advantages, it 'is
possible for a commercial process for mass-
product scale.

2. Experiment
2.1 Substrate preparation

Three kind substrates were used for
CNT growing. The first one was silicon
substrate <100>, 450-um thickness. Some Si
substrates were scratched the surface by
diamond particle, diameter @ 3 -um and the
others were mirror-polished surface. Both
substrates were dipped for a few minutes into
the solution of iron nitrate (Fe(NOs),) diluted
in ethanol. Then they were dried by air at room
temperature.



The second one was amorphous
carbon substrate, which received from the
pressed carbon powder. The planar surface was
flat but roughly with 3mm thickness. The last

one was graphite substrate that original circular -

shape was scraped by cutter for planar surface
with 2 mm thickness. In the case of carbon and
graphite, they were not coated any catalyst
layer or particle.

2.2 HFCVD

Figure 1 shows a schematic diagram
of HFCVD system was designed in this study.
The chamber is Pyrex glass and tungsten
filament, @ 0.3 mm, that was heated about
2000°C is 3mm above Mo substrate holder.
The temperature substrate was -monitor by
thermocouple under substrate holder. The
hydrogen was separated in two paths, which
one pass through ethanol for vapor bubbling.
Hydrogen and ethanol vapor flow rate were
controlled by flow meters and valve as mixed
vapor source. The rest reaction gas and by
product were entrapped by water before wasted
in air. Another reason of water stopper is for
safety.

2.3 The condition

- In this experiment, the tungsten
filament was heated by DC power supply up to
the temperature range 2000- 2300°C. The
substrate temperature radiated from. the upper
heated filament was in the range 550-850°C.
The ratio of H, gas passed :

Valve

[N

‘ holder

/
) oamen T

o0 L7 H;0

Fig. 1 Schematic diagram of HFCVD

- W filament
/
—A— | — Substrate
T _ 4]
H, ° | Substrate

— Waste in air

through ethanol to total H, was 8 vol%. The
synthesis time was 30 minutes at atmosphere
pressure.

3. Results and discussion

The deposited films were investi-
gated by SEM. Figure 2 a-d show the surface
of the three kinds of substrate that are Fe
catalyst coated mirror-polished silicon, carbon
and graphite, respectively. The condition was
the same as in 2.3.

Figure 2a shows CNTs of Fe coated
silicon substrate and figure 2b shows the
micrograph of the planar surface. The CNTs
appeared all over the surface. The length was
very long in micron scales. For the non-
catalyst, carbon and graphite, CNTs was
observed as shown in Fig. 2c and 2d,
respectively. The density of CNT was very
dense and in the case of graphite, growth rate
was the highest. The length of CNT deposited
on graphite seems to be longer than the others
are. At the substrate temperature below as
550°C, CNT did not observe on any kind of
substrate. It was investigated that CNT was
depend on the substrate temperature in the case
of silicon substrate when it varied within the
range.

Figure 3 shows the SEM photograph
of the films deposited on scratched surface
silicon and coated Fe later by dipped in
solution in 2.1. The reason is to check that -
when the condition change, high temperature
and high of vapor rate, what kind of film
between. diamond or carbon or both of them
can be deposited. The scratched surface helps
the nucleation for diamond growth under the
appropriate condition. Figure 3a shows the
deposited film when the substrate temperature
and the vapor ratio reaches to or small upper - -
850°C and 10 Vol%. Diamond film was
observed only rather than CNT or carbon. It
means that temperature substrate is higher out
of the range of CNT

Figure 3b shows the deposited film at
the temperature below in the case of Figure 3a,
around 850°C. Amorphous carbon was

“deposited cover the surface easily than CNT.

Some OCNTs were observed wupon the
amorphous carbon but did not observe on
silicon surface. The amorphous carbon was
depended on both the temperature and ratio of
vapor source. Amorphous carbon films
protected the substrate surface so some CNT
were grown on it.
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Fig 2. SEM photograph of carbon nanotube of a) Fe

coated mirror-polished Si, ¢) carbon substrate and d)

Figure 4 shows the TEM images of
CNT. They show that all of them are multi-
walled. The end of the tip is closed. The outer
diameter is less than 10 nm and the inner
diameter is less than 10 nm.

4. Conclusions

CNT can be synthesized by ethanol
mixed hydrogen at atmospheric pressure. The

2m EMT=2000k¢  WO= 8mm Signsi A= SE1 Date 3Fed

ars S Mag s 00KX  Scan Speed = 10 Time 112212

b P

EMT=2000kv WO= 6mm Signal A = SE1 Date 8 Feb 2005

Mag: 200KX Scan Speed =10 Time 11:18:45

coated mirr-polished silicon substrate, b) planar surface of Fe
graphite substrate at substrate temperature 650-750°C

important parameters are substrate temperature
and vapor source ratio. The film can be
deposited on both catalyst-coated silicon and
non-catalyst coated carbon and graphite. The
receiving CNT are multi-walled with high
density. The length of tube is in several micron
scales. This system is easily control and
simplicity. The other advantages are non-
hazard and no pollution do not vast the
material source.

SignalA=SE!  Date 14 May 2004
Time 34455

EHT = 1300V WO= Smm Signal A = SE1 Date 14 May 2004
Mag = 2000K X Scan Speed * 8 Time 102224

Fig 3. SEM photograph at vapor ratio 10 Vol % of a) Fe coated scratched Si surface at substrate temperature
>850°C, b) Fe coated scratched Si surface at substrate temperature around 850°C
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3.2.3.2 Plasma enhanced chemical vapor deposition (PE-CVD)
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