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Selective growth of Carbon nanotube by

Hot Filament CVD

Mr. Natapong ~ Sungthongjeen  ID. 47015166
Mr. Nirun Inna ID. 47015173
Assoc.Prof.Dr. Toempong Phetchakul Advisor

Educational Year 2006

Abstract

In this report, we propose the synthesis of carbon nanotube by HFCVD on copper and
silicon substrate and selective growth of carbon nanotube. Nickel is used for catalyst material that
is deposited on the substrate before synthesis. In our system, ethanol and hydrogen gas are used as
source material. We study the condition that carbon nanotube film can be grown such as,
temperature substrate, the ration of carbon per hydrogen and the rate of growth , after that, the
selective growth technique is develop for device application.

Carbon nanotube, film is characterized by SEM, RAMAN TEM and EDX. The quality
and morphology surface of carbon nanotube with be known after there investigation. All of the

data is used for developing process.
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2.4.2 Multi Walled Carben nanetubes (MWCNTSs)
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3.2.2 5% Laser ablation
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3.2.3 S5 CVD
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3.2.3.5 Hot filament enhance CVD (HF-CVD)
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Power 106 W,
Temperature 600-700 °C
Time 44 minute
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PARAMETER VALUE
Power 107 W,
Temperature 600-700 °C
Time 35 minute
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PARAMETER VALUE
Power 122 W.
Temperature 600-700 °C
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PARAMETER VALUE
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PARAMETER VALUE

Power 128 W.

Temperature 600-700 °C
| Time 45 minute

i 3000
2000

1000

0 500 1500 1500 2000 2500

- - o
5171 6.31 Raman Spectrum HAAIAUNN Yaanour Iumveufidaunssiuuguses

fiRafgngume Wiy 3 17 figamagiigwseaszanu 600-700 °C

e

TMEC 1.0kV

! ¥ ] [ i - P
31/ 6.32 LKA WD SEM vemanTumivoufifiauugusssiifaiignguma v

Wy 3 917 figuugigmssanlszuna 600 - 700 °C

49



50

3191 6.33 AMRENIIATIEEURIENTARIUTS EDX PUFIUITDITIUFOIUAANYNYUN

il 3 iR Nemumgiigiusealssine: 600700 °C

g/ o a aa M1 ar o o
mngm5a¢maqu,m‘l;uma'lﬂﬁmwummﬂu 3 A dleH s uAT M UoUY
o o 9 d’l’ -y =t ar - g [l o ooy 3 o
Tuiniids duineiisnuaeduis ludnmiluiifa vindusitldasrsaonguaimeel
£y s e} 1 vy
rfueuinTufi a0 Raman spectroscope sedunauiuldin namues G Band 0fii 1580
-1 ' vl -1 1 a = ﬂ ll o
cm’ 92g909INT 109 D Band 8gW 1350 cm naasneziidulszneuiilung WA
1 (] A ] Qg o 1 = 1 8
snnhdaudsznoudu a 71 1ul¥as) e wasnamaw SEM seiianuvuninveuduly

8 iy 4 i o 1
w0 deasivdeuqmmiAveunies EDX (i) A gz iiuseansyasmiveugani



51

a
unn 7
aziwanInaand

Jumsnaaest Iduendanste ﬂm'suauuﬂumuawaﬁmiawuawﬂm'lu

LY Tnu1473 hot-filament chemical vapor deposition (HF-CVD) “Nﬁ"lm‘i ﬂﬂ’c\'ﬁ]ﬂ"lﬂ’)‘mﬂu
o
w3501 (1 atm) Tav1duoanssed (Ethanol) Huumasduiiamiveu Walaneuiuie
111 (carrier gas) vz lduaaaanuaauiinaseanuieu Tasnnnaminanos iFunned
afuount i Aenmgiivosgmuseenglugiesenine 600 - 700 °C HAYEATINT IMDVDS
o 1 [] a at < =
upanoandneyluyaa 8 — 10 condl szoznmlumadunsizy 30-50 W Tapilgnuuguies
' s d’ 3 o=os o)
e fail gseanmeaasailanisina gnsemeasyuni idauiiia giuses
an g/ o o o o o o oy
sanounilagaviifa pusesdanoulasenlaaniladosiinia wazguInsdaneula
oonludatladofinauddaiifaivaiaai Oaihnszyaunsves Tn13a sns w1ty
o ' A oo o,

msvhanamouuuug s i daneu laoon las)

M INAanai 1A31n Raman spectroscopy umwnmﬂmuﬂﬂ"lﬁﬂﬂﬂmuaﬂﬂau
Raman spectrum 13 2 Uﬂﬂﬂﬂuiﬂﬂﬂﬂﬂﬂauﬂﬂﬁmi}”Elg'ﬂ'iuiﬂﬂm 1580 cm” 11 1320 em’
Tatseanand 1580 cm’ Ao G-band (uamsdsdmlse ﬂﬂumﬂumﬂﬂm)ua peanauf 1320
cm’ 78 D-band (1.mmmmuﬂsyﬂﬂmqu'ln‘lcmﬂ'lﬂm) mgmimm 5 %mmﬂﬁnﬂﬂm

=4

BOARALYDI G-band 3N BBARAUYBY D-band mﬂiﬂ"lﬂ'nmsueuuﬂumnm'lmxu

dniliznenuns narlnd mﬂn:nmuﬂiwnawmmaauq(m‘suauuﬂumw'lﬁ fidavery
'y

ayiot)

2

& alrl df = S ¢ = ¥ 1 a 3/
BUN Yadnpue HUNIVOINANAINNAUR SEM 11873 Naﬂﬁ'lﬂ{]'ﬂlﬂﬂlﬁuﬁlﬂilﬂ‘!

Sl

o = ] 10 =) n’: Y ]
msuauuﬁumnﬂummnmuuumn"lmwzﬁ‘lugmsawuﬂ‘lﬂﬁmu Vet ums s
lrl sml 3 1 @ - oS ol ] £ lls! [ J -:::,1 5
22ranlums Fani e IRNSRUNUTIUI IR FATV AN SEM T Halums
o P ] u’: ) o o g ) “
Sunsredimnsauuaaddiquiniy dodidlu 3 fatumfveunTufiathefamme
»

muuumaauLﬂmmsmmmmmmﬁui]z"lummim'w5ﬂn1"1"l1]mmﬂmw-ﬂzm{nauuﬂu
= a ¥ ' ¥ o 3 o o a ]
'nm“lé'mﬂﬂuNuuﬂﬂunamﬂﬂﬂzﬂammmsuaumnmmms5smwmsmanaaaﬁ"ln
Aol ges 18T e I liAanuen Tufnilugesld

uﬂmjmsﬂwuﬂmaqwmum:mumimms10ﬁmﬁnauuﬂumummwﬂau
fmueutiAd107% EDX (Energy Dispertion X-Ray) Miotusu NI NAIINTSYIUMS
Fuaseidumivonn Tufinisgmiveunndooud lny F39IMN13ATIVAOUNLT

JrusBIRfiHIUNTEUINMS Funseiauown ufinfilssnevdosiguesmiveuiy



52

Gnadiosnniveumsdunsizd is1IAadeAvTinD woFuns eI nez idaivenun
Tumummsmmu1'Iwmﬂﬂaa~mawﬂqmsUﬂuﬁﬁuaﬁaﬁuuﬁaﬁmﬁmﬂuuﬂuﬁaﬂ
Ve UAT19YOINTI u'ausa-vmjsmm*nmnmmmmnau.ﬁﬂa'nﬂmmuuﬂumuﬂ'lé'mmn
sy S umdinn

w3 nasnanestians nm'hJﬁﬂynm"wmuuwa“l‘mfﬂmaﬂaﬂmmmﬂﬂﬂ‘i
sidnmseiindaoly 1,mvmﬂTuTaun"li‘ﬂumsnaﬂ%nmi‘lums‘lmﬁﬂumw Sarm unzqulnseii

¥
Amululszmemianug wm’ﬂmsﬁnymnxﬁmmﬂmzmminnaimﬂﬂﬂsﬂuwamqqaqﬂ



53

Yo
NFITO N

[1] N. Hamada, Mater. Sci. Eng., B 19 (19993) 181,

[2] R.F. Service, Science 271 (1996) 1232

[3] A. Badzian, T. Badzian, E. Breval, Al Piotrowski, Thin Selid Films 398 (2001) 170..

[4] 1. Sayago, E. Lafuente, M.C. Horrillo, W.K. Maser, A.m. Benito, R. Navaro, E.P.
Urriolabeitia, M.T. Martinez, J. Gutierrez, Synthematic Metal 148 (2003) 15,

[5] J. Suehiro, G. Hiroshi, W Ding, M. Hara, Sens. Actuators B (2004).

[6] S. lijima, Nature (1991) 359,56

(7] C. Journet, W.K. Maser, P. Bemier, A. Loisean, M.R. de la-Chapelle, S, Lefrant, Nature 388,
(1997) 756.

[8] Z.F. Ren, Z..P. Huang, J.H. Wang. M.P. Siegal, P.N. Provencio, Sience 282 (1998) 1105.
[9] A. Thess, Science 273 (1996) 483.

[10] C.J.Lee, D.W.Kim, Y.H. Lee, 1. M.Kim, Chem. Phys. Lett.299 (1999) 97

[11] maas NANOTECIN 4 AU 3 fuinu 2548,

[12] http:/lib.kmutt.ac.th

(131 http://encyclopedia.thefreedictionary.com

(141 hitp://www.nanotec.or.th/Webboard/view.php?No=51

[15] 5.3, e asna, ndanneidasueuinTuiafdwds cvp dmivgunael
1 TnsSEnmseiing. e lasanisdavatioayysel.

[16] T Phetchakul*, § Cheirsirikul, S Supdech (King Mongkut’s Institute of Technology
Ladkrabang, Thailand), Atmospheric pressure HFCVD Synthesis of carbon nanotube by using
ethanol source, The 10" International Conference on New Diamond Science and Technology
(ICNDST-10), May 11-14, 2005, AIST, Tsukuba, Japan.

[17] Toempong Phetchakul, Somsak Cherirsirikul, Somkiat Supadech, Synthesis of carbon
nanotube by HFCVD at Atmospheric Pressure, The 9 rd Intermational Conference on Material for
Advance Technologies (ICMAT 2005), Ialy 3-8, 2005, Singapore.

(18] L‘?’Ill?'l\i'}:l L‘Wﬂﬁﬂﬁ ﬁllﬁﬂﬂ L%Uﬁﬁiﬂﬁ ’ﬁl]l.ﬂﬂ'iﬂ fniny. SjT‘N‘}J u"lﬂ'lhl"ﬁﬂ (ﬁﬂ']‘l]u
maluladnsgreumdrdmammsaanszdi), mstszaudmmamaiangsu i afaf 28

(EE-CON 28), 20-21 A01AY, 2548, WHTINNEEBISUMART



MANUIN

a15197 0 - 1 naam S ouNount Thermal conductivities
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Material Conductivity (w/mk)
Carbon nanotubes 3,000 - 6,000
Diamond (Type 1I) 2,000
Boron nitride (theory) 1,300
Beryllium oxide 370 - 590
Water 561
Silicon earbide 490
Silver 418
Copper 380
Aluminum nitride 370
Gold 3l
Aluminum 238
Tungsten 170
Silicon 150
Qil, Transformer 136
Iron 182
Graphite 80 - 250
Palladium 70
Platinum 69
Tin 65
Gallium arsenide 46
Germanium 28
Titanium 20
Quartz 7-14
Indium arsenide 7
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Material Value (N/m?)
Carbon manotubes 1x1,012
Diamond 1000
Tungsten 340x
Steel 172 - 205
Ferrites {(most) 150
Platinum 147
Cast iron 138
Copper 124
Silicon 113
Quartz 79 - 107
Gold 74 — 80
Silver 71--78
Aluminum 69
Tin 41 -45
Lead 14
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jilﬁ 4-2 SEM (Scanning Electron Microscope}
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g'ﬂ‘ﬁ 3-3 EDX (Energy Dispertion X-Ray )
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