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ABSTRACT

Carbon nanotubes (CNTs) are nanomaterial which has very high surface-to-volume ratio. It is
suitable for being developed as extremely sensitive gas detector. The purpose of this thesis is to
present the fabrication process and characteristic of CNTs film for using as volatile organic
chemicals (VOCs) detector. The advantage of this device is simple and compatible in silicon
technology. The device consists of aluminum layer as electrode which is gapped between electrode
is 50 um and CNTs film layer. CNTs films were directly deposited on the pattern of aluminum
electrodes in CVD reactor tube at atmosphere pressure by using precursor mist of ethanol and
ferocence which were source of carbon and catalytic respectively. In the experiment, we compared
the respondent of detector which was deposited by CNTs film at different position and deposition
time by testing in atmosphere of ethanol, methanol and acetone. The experiment found that the
initial resistances of the devices were approximately 10° - 10°Q which depends on deposition film's
condition. The high temperature CNTs films deposition showed the properties of metal whereas low
temperature deposition showed the properties of semiconductor. The detector is able to respond
well at room temperature, depending on position and deposition time which deposited CNTs film.
Moreover the devices were able to respond the testing gas at different concentration as well (for
example it can measure acetone from 1000 ppm to 20 %). However, this experiment showed that
the detector using CNTs still have the problem in recovery time which was detected VOCs at high
concentration, and stability also to be improve in the future. In conclusion, the results from this

experiment can be used as the framework to construct the gas detector from CNTs in the future.
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2.4.2.1 NOMITHMIUBUYTAMTI¥UIALD 1130 (single-walled nanotubes: SWNTSs)
o Y a 9 o ) u’:iy w o ¥ v

selanyae Inssadanadonuurunsi idanduaanailunensainszuennale neun
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22

2.4.2.2 Mo UM UBMHITINAITH 13D (multiple-walled nanotubes: MWNTS)
Y] [ ¥ [ i o ¥ " -1 ] ] - o
mivveaneldanyusdousuadoiunisdounaianluvelva Tasligagudnais

madavIvemeaiiugaiRedfu uazliszoziiss snianemiiy 0.34 Tuwas [6] uaaalu
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YR ey
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sn o b0 919D hiwym i
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VAR R R iy

TR R

q' ¥ o o o @
qu2.7 viewn Tumisueu (n) nuumiaRed (v) uoumaomia
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' wa H 4 o o : &
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3 1 4 2 ¥ o o A ar ¢
TassafunaIdihvesieun Tumisueu Yuegivalnaismsdaisadivesezasunisveu
o ' 7 v a 40 4 a Y
mumisveaew Tumiveu Tasmssaissaraasinilannsoeiuieldenlassadisves
aa a : L} : o A ' A y l L)
ns1IMA 2 53 dndu ns1Iwdlszneu TR onaoudug Fudoudiu FwrumaritiSondwnu
] 4 o s Ll J o i -
31 (graphene sheet) TaolimsiFosdanunu Tnseuiosrare naasladaluzili 2.8 usnu
a4 4 o - a o . ' T
Amdouvunitlonyuiusuaasgiawag (unit cell) YouRuns MU Faulsznoudivesaoy
° o da A - 1 - e .
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ar - & = as -:; - =~ o 1 = ) 9 3
Wuszdnunduiasiniusziifavinluszunumerduuaninaioanaii i Taseaina
» ¥

uoundnuinnumadosmniu luliwadeguauianialidy msizasiu nsduin
Tasaadaeumdsnudininisaiusemouiosan Taos mamAI0733 tight binding Taoda’la

ANUTURUSAIIS)
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k k 2
E(k, k)=xy, 1+ 4003( ﬁ:’a ]cos[ ;aj + 4005’(—;-] (2.4)

mmﬁuﬁuﬂuﬂumsﬁu B‘i?‘l.l1ULLﬂU11|ﬂu’Eﬂﬂiﬁuﬁ$W1ﬂ (7, 4) HAZIOUABUANTU

o é u’: - - d'
YDINUBEWIO( 7 *,-) FAULDUNITDIND AIVUIUDIIA(degenerate) NYIA K ATIYUYDI hexagonal
2D Brillouin zone lauAmManuiinanuduius fundanumes il uaziuauasuandunaz N

= * = aa 4
i3 Tenesiaikoverlap) 7 0.04 eV i l¥ns IatiguauiadiunuunaTans

‘ Unit cell

YV

51t 2.8 TAssv10MAMADY (hexagonal lattice) 483 2D 3114 Tavyiiaradgaunudan

a { i o &
vinunusssdmasyvuidlonju (hombus) ¥nlszneudvezasuueniiveu

o q' . - = o
$1uu 2 ezaeu (r,uaz 7,) Tavn G uaz 4@, Ao ylanAAD;

K kx

Brllouin zone

514 2.9 Y5170 Brillouin zone LAZHANATTIUNY (reciprocal lattice) Y83 2D N3 11N 9a
#1185 11 2D Brillouin zone 5on119a T, M, K naz K Taoh b iy b,

fio ?‘iﬂI%’l‘)‘ﬂﬂﬁllﬁﬂﬁ‘h’nﬂmﬂ;(recipmcal lattice vectors)
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[

91031 2.9 HaAIVF1IL Brillouin zone Y04 2D 31 1WA FufuuSnuitanumnnasga
Fungaiiinnumnnasgaiigananate gafiy uazi;;ﬂﬁaﬂam:w‘inuuf{mﬂwm Brillouin
zone unuAwdgydnwa I, M , K nag K awddy %anmuﬁwn?nmﬁuim;ﬂnnm‘é‘uu
Tauit 5t 5, Ao 351 TwsnoauaafiznAp i (reciprocal lattice vectors) vaananfizdmundy
(reciprocal lattice ) ANWFWUTTZNI1 gilanARes ALTEn Insnoauanfianmos Feogly

¥
PV xoy A kk, iy eansodouaums 1ddal

; =[2_f,2_f} g {310,_2_”] 2.5)
N3r oa J3r a
T a ApAIAIAIAATY (lattice constant) ¥B3 2D NI TAAIT
a=\a|=|a,|=142Ax3" =246 A

lunsdigliawadyes SWNTs ssfivuiad ngiuidiensuSsuivuiugiamadves
nshuiesnniianuaunasitesnd Falupilit 2.10 urasaafianamasuveaieu Tu
mfueuiisalinamsiu Fulszneulldw ¢, Aenamesiinamuduseursveariom
Tumfveu Son G, 31 chiral vector itz 7 Aenames nuAmmamuunuvosiow Tumsiveu
waz3on 7 41 Transhational  vector M1MN308FWIBANNTURUT VBRI Hare 4
dadelud
(3

L]

=] U = & - o e
@ouaumseglumenvousvaaly(real-space) Feszneudan a du  a&, uaz
Sy 2 S fe 7 uar m 0< m < n ) Tavdanls n uaz m AedunAegvey

nawaa

C, = nﬁ" + mﬁ: =(n,m)

(2.6)

v >
Wioannanuemves €, Ae anunuduseuiveae aniudurdiugudnalavene

»
(diameter, d, ) ansasmrmun 1adail

d = 'Ch‘ _ \jch'ch _ m/nz +m2 +nm
t T V4 V1

(2.7)
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Circumferennal
direction

31t 2.10 waafimnamaouvesiow Tumsueu Tau C, =44, +24d, SWNT
- a P 4 ' -
gilawad Ao uSnuANsN ¥ N =28 uazyusznin G way C, fie yu'lysea
6(0<0<30°)

yairdunafion1uo1IWUse C-C voavou lumisveu (249 dvaason) eI
aRouifieufunsiiu (142 Saaasew) sznuANUBINUSE C-C voarisu Tumiueu o1
o uazyusznin G, uaz g, Gonh ywlysea (6) Hmegsznin (0<6<30°)

P w 9 a
Famnnuduius 1aaail

C.a4, 2n+m
cosf = — = - (2.8)
24 15,' 2Jn’ +m’ +nm :

4 - h" ] o = A ar
(U910 mmmwnﬂma{ T QﬂuﬂTUﬂTﬂgHﬂl’?ﬂlﬂﬂ{ﬂﬂi 1D SWNT 99U IUALHAUYDN

o
wour Tumsveu TaslianuduRusasiic,. T =ouaz

2m+n - 2n+m

T2 (2.9)
dR dR

Taoit dy fie mumssaufiiinunniiqaves (2m+n) uaz (2n+m) wazninilvwvos dp

° o a o ¥ o/ ¥ as 1
Snuginnmasuluglaadyes SWNT unudivaunls N ansont lagati
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N = g’*xjr _ 2(n* +m’ + nm) (2.10)
axa, d,

Fetasy Tunsdives SWNT (nm)~(4,2) fauaasluzilii 2.10 finnmaoianua 14 Su
waziinnuezaenvesnisueunmun 28 sxaoy luginwad

iilesningiiaradues SWNT ifluuuy 2D Fagnimualases Innousaaaiiannmes
(orthogonal lattice vector) €, oz 7 sanaaalugii 2.1 Taunanesaafisdundui
duniuffufiTmeesveudusens £, uazfiemevesuny £, cunsagadmuatuldlag

»
¥anudunusas il
¢ R =TR =2x,C.R =TE=0 @.11)

doudaumsdhedu mar £, uaz £, Tavldanuduiusvesaunis 2.9 uag 2.10 9214

Aeaaumsae 11l
(-1, +25,) @.12)

(2.13)

Tuziil 2.10 uamammesuaanadundy K, uaz K, M3y (nm) = (4,2) SWNT first
. >
Brillouin zone Y94 SWNT tmudaoidu w-w’ dauaasluzdil 2.11(n) msizasiuanuua
voudu N uK, (g = 1,.., N-1) szuaasdanmmesaaui lideiilealuiinnives C,
A ci = " A e
rivannveuwaou luiinuiusien luiinniwea C,
Tnssadramadidnnsoiindvos SWNT amisossuieldnin2p as1Ina idmuald

E

22 AB ANUFIIUEMINIzIONdIMYes 2D N1 IduazmANuduRuiMInIza

»
~

Adanuuesg N £, (k) annsofiouums 1adail

E, (k)=Eg_m[k|%|+yK,], [,u=0,...,N—l and “%dm%J (2.14)
2

Tau k Ao 1avRAu(wave number) AIUUAUVDIND SWNT auduldsveanisnszaie

o aa 0 S . & o v
wasniilanmzegu first Brillouin zone ¥83 2D 31 1WA Faansamimsulaldeglugl
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- - 4 & o i
voam K waz £, 18lugii 2.110) Feemnsoaag 1ddaaaalugiin 2.11v) Taoaums
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dgunaasiiunamesnamesaaulunstives SWNT HUQNIINAAINIINNTMYDI 2D
§ A i 24 = '
a1 namesaduimusaiiulyIduaaluziii 2.11() FaziEondt “cutting line” Tugzal
#2.12 uaAe eDOS 494 (n.m) = (4. 2)SWNT MR IUIUAITT tight binding AIWI3TIABST
(parameters) Y,= 29 eV, s =0 uay d._, =0.144 nTumas 131l 2.11(v) wiriulddad
& = ' ' - = o o
8 cutting line Fnnvnaumsh 2.13 hiandniga & (fugainaudiazaeudadunuud
o ) - wa 4 o o
wwsssuiulunsdi 2p n3r i) sniu 42sWNT soiiiiquani@iduasidni
l& Ted C: or 3
(semiconductor) 192 111) eDOS N3zAY Fermi (jﬂﬁ 2.12)
lunsaiasanuduilodu  cutting line HMyA K (K-point) 13U lunstives
& = aa | - o ' Y
(n,m)=(5,2)SWNT %1 SWNT aeiigaauniaiiuTanz(metallic) ¥19ziiszdy eDOS oglu szdu
Fermi level 102 11ud7 (n - m) =3d uaz d=0,1,2..... sziluTans Tuvaish (a-m)=3d 9¢
=S e 4 o o 4 wad 1 " d P ¥ n’l
Spuautaiumsiini Aduguaniansunnaveaiem Tumsveu nidhuldialans

4 o ° ] a o . .
eI NANIFIgARMUARITANYUZMTIIUNTOMIHLYDA chirality

(n,m)=(4,2)

(m) (v)
51 2.1 () Brillouin zone Y93 SWNT gaunudaoidu w-w* Tunsai (n,m) = (4,2)
waz (v) hailoundmiimsanlyu Taonmaed K, uaz K, AeTaninaoa

- /A o ar = — o @
LAANSLIIAIADI ‘H\‘Iﬁn'ﬂuﬁ,ﬂﬂ C, oz T auanau
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(n,m)=(4,2)

Energy (eV)

hitp:/iwaew_photon t u-tokyo.ac jpi~maruyamaiataura/ 1D_DOS hmi

4

51 2.12 3D Brillouin zone Y83 N311WALAZ cutting line §1M5U (n,m) = (4,2) SWNT

4y T ; .
2.5 MIFAATIZHNHIIUAITUOUAIEIT Chemical vapor deposition (CVD)[15-

16]

] o o chg Vo s v
reur Tumsueumuisadunsizd 14 lasnannasisyuegiuauidvesriou Tu
& A o 7 s s ' [T P aa
MIvouNanIms msdunsizvvieu Tuasuewiu anunsoutieenld 3 35nang Ae 1.35
aey . ac 3 5 ga y d
Arc discharge 2.3 Laser ablation 3.3 Chemical vapor deposition (CVD) ##n35n9s35013
a P a Y A A " w a4 VA o o
wazmaiina sutdefuazdaidonuandianu Tasluntiseznaniimsdunsizineurlu
o o A ) s:f a0 o
MiveuA0ITMs 338 matatzilunszuaumsduasiziveur Tuaisueou Taumsuun
afiinsvewdudiuneay (¥u Matimu) vulanz 19U Fe, Ni, Co) Taul¥anuiounie
¥ v a ] 2 o y aad Y a PRPUpE g
Plasma ($192071gunii8gizni1e 500-1200°C $3d1nI1350U YoRveadTlRvaNITONILAY
_y L] r ) J H

vanazauenvesiii ldihe aunseduasigiid awilugduuuawisidesmsla

a0 o A A aad ° I o s a - ¥ aa .
uazndiAgiqanedsiansaiun1FlumsdunsiziiFBaimded1d 33 Chemical vapor

deposition (CVD) Yudaensausndes 1don 5 uuy laun

2.5.1 1UU Hot filament enhance Chemical vapor deposition
Fvwiilumsdunsizvviou Tums veuniindnnsndwdiu3s Thermal CVD uAve 1y
Y ¥ - | a ¥ v
v¥aaIan 5 oU (filament) Tuns Manuiaungungiigamums lunmnnuisulasszuy

9371 Hot-filament enhance Chemical vapor deposition llﬁﬁﬂﬁﬁ'ﬂg 1n2.13
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Flow meter

A

ueanNeana AC supply

b=
=

31]’?!2.[3 3211 Hot-filament enhance Chemical vapor deposition CVD [28]

. »
ing1lit 2.13 aunseefemsiauvesszuy1ddsiiie srnszua i liduva
¥ . A Y a ¥ 4 4 v ' o et 4
a1an 215U (Filament) e Iidannuiouiuiivaatannuiou udrdesmaniimiveu
4 é i ° - li
Wudaulsgreudalfifluunasduiiamsvoudunluszuu iema Tauanuiouvesva
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2.5.2 uUY Vapor phase growth
aad o ' s Yo da s '
Fivmdumsduanzivom Tumsveulasmsldmaninsvewiludiulszneu
iniuunasiutiamsveuldidh livin§asnsumaTanzansw§isornislu Chamber

Taolhil¥ymsoa 317 2.14 naAsTUUYETT Vapor phase growth
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Fe(CO)

3ﬂﬁ2.14 3211 Vapor phase growth

o aa - ¥ [ '
ﬁ‘lﬂ;ﬂ'ﬂ 2.14 Tuszuuve3ls Vapor phase growth 92UIAINIINIOUDY 2 IAINTDUDY
¥¥3139 Chamber Taumanudouit 1 wilimalanzdus uljisvinmuiiuleuazneds
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d 1 s " oo
mivouiieaninlauanudouszunsuazFunsuasuueyninvesma lanzdusalgnsn
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»
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> 4 & =
dunsizvvow Tumsveuldniaznquazlinnuuignige uadaonniezaruguiamia

wazdumuansinave o Tumsveuld

2.5.3 uuy High pressure CO disproportionate process
»
as 1 A ' o -

Feiszilumsdunsizd SWNTs Tasmsddesie co Faldiuunassuiiamsveu 11

" [ A o aaa v a ] ° a v
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A L i

(o) Fuiluimxduasio 31N 2.15 uaATzUUY09IT High pressure CO  disproportionate

process
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gﬂﬁ 2.15 High pressure CO disproportionate process

2.5.4 11UV Plasma enhanced chemical vapor deposition (PECVD)
» ]
Ssihumsduiinszqleoounulu chamber n3oanlaso Tavldussdunnudgud
o 4 o - L 4 e a J ¥ o
i lesouvesmaiiuunassuiiamivounanduiadunarandunazidi T
UfAsnAuTanzdausalfiser 310 2.16 uaALszULYBIIT Plasma enhanced chemical vapor

deposition

gﬂﬁ 2.16 32111 Plasma enhance chemical vapor deposition
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2.5.5 uUU Thermal chemical vapor deposition
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v - v 4
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ansadunsizinow Tumsuouldiiarnaiu (patemed CNTs) UUFIUTOIANAADINT 1A
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Iasdation J

Electionic Rod

Quartz Tube

ill‘ﬁ 2.17 3211 Thermal chemical vapor deposition

A A o d v J
2.6 1n303deNI¥IuMmsAnTIZriNe M IuAITUOU[15-16]
2.6.1 Innzvidsmaiia SEM
9 da o Aq 9 = 1 - a L] (] o
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v Ed
AOUIALIYBS aUdIFWALINY TEM d1918nAT0UNHIU objective lens l1Aanasuudiodiaiu
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1) Radial Breathing Mode
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2.8 mylszgnanewnlumiveudmivgininingiaia [11-14]
2.8.1 Fuwo3 ian31va (Mlow sensing)
¥ o =2 3 o o ™ 9
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2.8.2 1uleiw 133 (bio sensing)
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2.8.3 IR sensing

2001 IM. Xu[13] 1évimsAnymsadie veu Tumsveudmsuasieduidau
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NCA template Cobalt catalyst Carbon nanotubes

Al anodization — Co deposition —p C H _pyrolysis

a Y % Y aa
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2.8.4 Electro-Mechanical Sensing

T.W. Tombler nazamz[14] 18 mMinaaouuauTANI electromechanical YoevioU1 U
advoulasadaion Tumsueulinainedszningesiiinnunhia 500 Tuwns uazdn
175 w1 T3 (aasagalii 2.28) Taonageumsiavuzils o Tumiveudolaioves
ndpagansseniuuy 1913 1wovzAvY (atomic force microscope; AFM) (uansdagili 2.28 (v)
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mechanical sensor 191
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2.8.5 Chemical sensing
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2.9.1 SWNTs iaz SWNTs bundles
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G)) (v)

31 2.29 viown Tumveundaswiunarsq e (bundies) () 19DLUNTUYDI bundles YD

yourTumiueu (a) NINAAYI 13V bundles (b) MWAIUL13UDA bundles (A)
Outer surface (B) Groove (C) Interstitial channels (ICs) 11@% (D) nanotube cavities

(¥) 7N High resolution TEM 1@d3 SWNT bundle [20]
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SWNTSs (10, 10) szvietiasaufiu 40-200 A1l TaeTidurugudnaiane 1.37 nTuwas uazil
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SWNTs 2 ieAafu (C). Interstitial channels (ICs) Ao ¥9953319 SWNTs 3 viohaanu Tauvll

o d’:’ - o n; ar 1 v
Yu1a 2.6 Saaasey uennimanis luagadiamnsofiszgadudi Tunislureves
ar ] é 3 =
SWNTs 14 Tau SWNTs fanvazilunetaodladuladunilimsenisassdie Tasiivua
YDIND 13.56 DITATOU

o - 1 s :s' = O ] =Y TN

Mamie luagadnanaannsagaduiusnamduuenvetetazusnun g 1A
v = A v - :;q v ar ::i - v

ausnudu Tasduiluezaeunieluananivuialngezgnaagunuinungdnen
2w A Aa & ' A ¥ a ¥
wenanil Man3e luaganlvina@dn iwu He aansonvzumsmdn 1l Iuuinuvesles 14

19 MWNTHaz SWNTs



46

292 MWNT
o o da =S ¥ a a a 9
MIRAFUVDINANAIVEY MWNT annsofin lammznusnuAIAuuenyes MWNT
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2.10.2 FET- Based Sensor
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Equilibrium Structure

Average Diameter of SWNT's 1.2-1.4 nm
Distance from opposite Carbon Atoms (Line I) 283 A
Analogous Carbon Atom Separation (Line 2) 2.456 A
Parallel Carbon Bond Separation (Line 3) 245A
Carbon Bond Length (Line 4) 142 A
C-C Tight Bonding Overlap Energy ~25eV
Group Symmetry (10, 10) Cs5v

Lattice: Bundles of Ropes of Nanotubes: Triangular Lattice(2D)

Lattice Constant 17 A

Lattice Parameter:

(10, 10) Armchair 16.78 A

(17, 0) Zigzag 16.52 A

(12, 6) Chiral 16.52A
Density:

(10, 10) Armchair 1.33 g/em3

(17, 0) Zigzag 1.34 g/cm3

(12, 6) Chiral 1.40 g/cm3

Interlayer Spacing:
(n, n) Armchair 338A
(n, 0) Zigzag 341A
(2n, n) Chiral 339A
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Optical Properties
Fundamental Gap:
For (n, m); n-m is divisible by 3 [Metallic] OeV

For (n, m); n-m is not divisible by 3 [Semi-Conducting] ~0.5eV

Electrical Transport

Conductance Quantization nx (129 kW)-1
Resistivity 10-4 Wecm
Maximum Current Density 1013 A/m2
Thermal Transport

Thermal Conductivity(Room Temperature) ~ 2000 W/m=K
Phonon Mean Free Path ~ 100 nm
Relaxation Time ~10-11s

Elastic Behavior
Young's Modulus (SWNT) ~1TPa
Young's Modulus (MWNT) 1.28 TPa

Maximum Tensile Strength ~30 GPa
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(C+1) P

Jas P fip Anudule 760 mmHg
p. Ao AR lodouveIYBANDI (MmHg)
c,, Ao Usinuanududu (%)
oAU
log p=17.0245 - LY. 2417
224 + 28
p=261.431 mmHg
Ay & = (100)261.431) _ 34.399 %
760
1PNIHsn
log p =8.0449 — oA 1.845
222.7+28
p= 69.984 mmHg
Ay & = (100)) =9.208 %
760
IHNHea
log p=7.8786 — —ﬂ =2.169
230+ 28
p = 147.571 mmHg

AU =_(10_0_XM=]9_4]7%

%

760



uon e
1003
log p=7.555 - ————=3.919
24 2479+ 28
p = 8298.507
faiu g = Mmﬂ=109;_903 %
760
T8}
log p =8.1075 - AT503  _;asn
235.0+28
p=28314
aau C, =_(,lm__'314)=3_725 %
760

1317 4.1 Constants for Vapor Pressure Calculations [28]
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Compound Temperature Range(OC) Constants
A B €

Acetone = 7.0245 1161 224
Ammonia -83-60 7.555 1003 247.9
Ethyl alcohol - 8.0449 1554.3 2227
Methyl alcohol -20-140 7.8786 1473.1 230
Water 0-60 8.1075 17503 2350
Water 60-150 7.9668 1668.2 228.0
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(The simplified organic-vapour sensor based on single-walled carbon nanotube sensor)
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Abstract

This report is a study of the response of volatile organic
compounds such as ethanol, methanol and acetone at atmosphere (1
atm, 28 °C ) on SWCNTS sensors. Sensors is 0.7*0.8 cm size and have a
simple structure which bases on single-walled nanotube thin film
deposited on Si0/Si wafer with Al finger electrodes(finger gap ~50
Hm) by using the CVD pyrolysis of ethanol and ferocence as a
carbon source and catalytic. respectively. The effect of the nanoube
films deposited at different position along the inner quartz reactor on
the characteristics of sensor (response. recovery and repeatability) has

been investigated.

Keyword: carbon nanotubes, gas sensor
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