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Field Emission Characteristics and Growth Analysis of Carbon Nanotubes
by Plasma—-enhanced Chemical Vapor Deposition
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Abstract

Carbon nanotubes(CNTs) are grown by using Co catalyst metal. CNTs fabricated by PECVD{(plasma
enhanced chemical vapor deposition) method are studied in terms of surface reaction and surface
structure by TEM and Raman analysing method and are analysed in its electrical field emission
characteristics with variation of space between anode and cathode. Acetyvlene(CoH2) gas is used as the
carbon source, while ammonia and hydrogen gas are used as catalyst and dilution gas. The CNTs
grown by hydrogen(H») gas plasma indicates better vertical alignment, lower temperature process, and
longer tip, compared to that grown by ammonia(NH;) gas plasma. The CNTs fabricated with
Colcobalt) catalyst metal and PECVD method show the multiwall structure in mid-circle type in
tip—end and the inner vacancy of 10nm. Emission properties of CNTs indicate the turn-on field to be
26 V/mm We suggest that CNTs can be possibly applied to the emitter tip of FEDs and high
brightness flat lamp because of low temperature CNTs growth, low turmn-on [ield.
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Table 1. Co catalyst metal pretreatment & CNTs
growth condition.

Co catalyst metal Prelreatment

Co thin film thickness 540 A
NHz or 112 flow rate 90 scem
Ar flow rate 20 scem
RF Power 200 W

DC-bias power 18 W (600 V, 0.03 mA)
600~130 T

Pretreatment time 30 min

Substrate temperature

Carben nanotubes growth
Mixing rate
(CoHoHe or CoH2INH2)

Grow temperature

1:3 (30:90) |, 1:2 (45:90)

600~450 T

Base pressure 2% 10 " Torr
Working pressure 3% 10° Torr
Growth time H~10 min

RI generator &} .
3 em

7)3e] A

Al EufF 5 (Co) 7L substrated o] 2@ F
R/P(Rotary Pump)® 107 Torrel A% s
T/P(Turbo Pump)2 107 Torre] mzlas wh=

cl, Purging gasSl argon(Ar)S 20 scem flow

rate=  Ewre]  FomebE #He1 WA
(pretreatment) +=7FA 28 F&rf Sola452 o
Lo seed3 817 93te]  dilution  gas9!
Hydrogen(H:) X3i= ammonia(NHp S 90 scem
flow  ratez 3083t Eulggich A4

(pretreatment) $HAI7F %3} Aol carbon
source ga*a‘_ Acctvlond(‘»ﬂ )E 30~45 scem @ E
A9 3% 10" Torr® §rA gl i
free 3 )é 22 28 DC bias(600 V, 0.03
g Al ?PP— 5~108 Feok f A6t
FH AlZbo] Hub Ar(argon)s A

=
Ag RE gas® P, 2o AP 34L&

=

=
=
ty 7
>4
4,
)):%

\ ‘.O

Ko
td
ox I

Gaihernel gas 4BE SeAssl ol
SEM(scanning electron microscope:Hilachi
S-4300SE)e®2  #FAsidiow] AAG FHL
HRTEM (High Resolution Transmission Electron
Microscopy:JEM-3000F)  o]-&&be] FAla)g] i,
Rumun spectroscopy(FTS-600= AS HAlnp &



1. of KIEEME(in Korean). Vol. 16, No. 12S. December 2003.

AAWE 548 F487] $18H9 Cathode plate

(184 % 181 ¢cm : l-inch) el
dEAsE walers *}-%3}‘” Or’%
ITO (Indium Tin Oxide)= =244
soda lime glass& Ab&3be] ITO #1-4 H
areas YAAZFHR, L 914 ZnS green FFANE

+  aclive area
2 e

Anode platei=
active

Z2 A7l F burn out FAHL HAEE T # A
% 242 vacuum chamber el 10° Torre] <
& Flof A anodei’-} cathodei’-l gap- 300-700 ym

A5 A2 Elektronix

Sl B s B 151

Abe]l TICN 140 650023. ZAsATE. 2 26 A4
v e HANE S48 FHE] 9
S H o]t |Eo FElEE FEEFE HMYFa
skt

Anode electrode (ITO) Phosphor

Anode plate

Spacer

I Cathode plate

carbon nanotubes Co

ag 2. EbAupeirH e
7] glgk =i

Tz
sy

diode

measurement of

diagram  of slructure

the

field emission properties.

Schematice
with CNTs tips for

Fig. 2.

PECVDY 9@ dathiefis 48 Holg59
T g e
o3 plasma ¥ 2 source gasetel H & Fof
gas nAv. a7 32 SvieHCed A=

540 AZIA WHAA Saupnfiiel 4EE %

, dilution gasel

Absbsdich FA7E $hEeE Gy e 457
F7rE g BogEo, oliz HAAzidAdA ZHo
e FA7) ‘%1‘-9' A Heel o1& «llFel 9
s v oseed/t 2 HALAD, FATE FAETE
Ll ue seed?) W*é o EhAvnREHvL 2 A%

7 ekl W

(c)
a" 30 g A o Bhauke{e A
Hlal (a) 53 A (B 15 A (¢) 40 A.
Fig. 3. CNTs growth by Co thin film thickness
(a) 5 A (b) 15 A (c) 40 A.
18 4, 5, 6ol A3 34 s A(dilution gas) & He
9} NH: gas plasmas AREEE we] ghivpeF
HooAlawaE mAlebsdek 19l Al 4h)is

NH:¢ He gas plasmal wh&2 #Axg8 2 H g

as=



dE AS7h etchings] wd e seed7} 2
& He]Fg o ofe w2 EhiurfH
4 % Ale), Mol A% e seed?t &
¥ He gas/t FA Al H oL s i

K 09‘_':1

32 ox

€) NH, plasma
r

= A NI, I gasel w2 dAxe] @ el
T A

=
Fig. 4. Pretreatment & growth of the CNTs by
NH;, H: gas.

gl B A 919l Ho® NHiy gas plasma®l H
WE, Mgte] g gAynfBr gadels wst
E‘ o] = glth ghaitbiBH A48 A7le] =

Toll whel xzst® Aol dubfm, Aol wht
ag, oz A4 ZrlslA 2es onF. o=

Gatbem Byl AASH A source gasvl Sl

et vl Eo] (hAgy] wielh uleky
Solgde] WE7F Srbsiw A Al CNTs¢ke]
7l gt Eobebar, A ASm dHola] gl

o
wRBIh Esdiz wel gast ol Al

iz AETl A3lEe], moli: AL woly
Y, AR E w2 i, raalEe 7hs
ol trelx iz Aziglvk 2% 6ol A= NHu9b
I gas plasma®l shAuveiiy A3 L1706 o2

AAES BT gk F Gas?b @R

9 ARl mAE 9Foz NH:E AHEAE Z 9
o= 600 T7HAl ®hiaueRrrl 43 HAAD,
o] Ageli= 450 Colahnx el vhsagict
EF w2 2EANE vtze &AAEATL 27
gl A gdel whe] ool ot (450 Tl
she WEdss 48 dFgAdol Farsun. wet
A gl A AT A, NH;u: HoB AHEelg2
4ol ghaibmirae] dolst du, AR, £F

W 7] H 2 A B 83| 4], Vol 16. No. 128, December 2003,

4+ - n
-
E T /
= ¥
= /
= / ~
Z 2t F e
Q / oy
5 /
£ /
£ “Lf =
S ‘ —=&— H, plasma
- /j ~@— NH_ plasma
a
of o
1 L L " " L
n 2 4 [ a8 1

Growth time (min)

a3 5 gapnefue

Fig. 5. Growth time Vs length of the CNTs.

A AgE Vs A Aol

10k LS —=— H_plasma
\\\ * NH, plasma
— 08 \*
G kS
-
-E \
5 oesp \
2
§ 04 \
5 . N
] \
0.2 \
-
\“-—-.
u
0.0 [ .
L L L L L L
700 650 600 550 500 450

Growth temperature of CNTs
¥ 6. NH;, H: gas plasmacls warbHr
AgEEe we AAE
Fig. 6. The growth rate of carbon nanotubes

as a function of the growth temperature
during NHz, H: gas plasma process.

A

1283 (D band ) jl

; 1601 ( G band )
N
|

[ 1i1

M e "‘w
bt W g W

!
(] 500 1000 1500 2000

Intensity

Wave number (cm ')

Y 7. warheRne ey s

Fig. 7. Raman spectra of the CNTs.



1. of KIEEME(in Korean). Vol. 16. No. 128, December 2003.

=% zﬂ.ﬂ@ = R R Rk -} _Fx.zi E_‘.A],O_

; ] 48
B35 $13 FT(Fourier Transformed) Raman
spectrumeltt. TEM2 &2l ZAGxE +438
=d £o|sh}, Raman #2412 ZAARSH
Z2y uhgg @e Agte] AT el
¥ 7¢] Raman F4elA ghid E5iol st
v FzH Age dt 1283 cm| BolA
graphite disordersl ¢]%t D peak?}, Ve e
o S|E= 1601 em | F-voll Al graphitef’ﬂ & f\"_

[ b & AAH GAMLFEUE ¢ F A5

(h)
agl 8. BhAubitiE el TEM o] v A]
(a) CNTsel & & (b) ‘6;1,‘7'*’11"
Fig. 8. TEM images of the CNTs.

(a)Tip—end of the CNTs (h) mid-circle

oy 82 A4 E"-}i%!-:%?*lﬁﬁ{ TEE Aet
fléle] TEMS stEapsivh dds shavliey
I:','f dre]l  Hle] ?;1 T UL 5 Edmultiwall
nanotubes)d FEUYE ¥ F slow, A
Zw] & (Cor7t ghabiadrae] £ i SAlE
= oAoR ol AlAele] & tip growth modelS]
2 ghelal 4= qlvh # F5 9 S (ke A 9 EJ""“-}
e Hde Addshd 30 nmE= A8,
ﬂ'oﬂ 10 nme W 3ol ik FHuEEe ('ram
size'® 15 nm =72 wolFm gloh
20x10" J 3
3 v ;
1.8x10° & Spacer 300 m A
¥ Spacer500m A ’ &
16%10% | = Spacer700 m ‘ %
= 14x10° | & ¢
g 1200 | A
Eo] t
E o0t [
3 [
c 8.0x10° | f
L
@ 6.0x10°
E &
W 4.0%10
2.0x10°
ﬂ"] i gt i i »
0 200 400 600 80O 10001200 14001600 16002000 22002400 2600
Applied Voltage [V]
(a) spacer’l &% wo] HEdF
.00
r B Spacer300 m
-85+ # Spacer500 m
4 Spacer700 m
100 |
105

log (11V7)
2

o
in

=

-12.0
125
. i ; ; i i i ;
0.0004 0.0005 0.0006 0.0007 0.0008 0.0009 0.0010 0.0011
14V
i
(h) w& 43t Fowler-Nordheim Plot
agl 9. g HA HE B4
Fig. 9. Field emission characteristics of

the

CNTs (a) Current-Voltage characleristics
(b)Fowler-Nordheim Plot of the CNTs.



EFNEAN g
dolf WEAA, wEdF o
turn-on A& FARERRlc) Oare} ol

300 g, 700 pmed
278 V/imm, 286 V/m, 2.6

gap(spacer) 2]
Es
spacer<t4 ] 500 4m,

turn on fieldi= Z+7}

Viem7b vhsber], «5-54-8 29 9b)elA] 24
dee]  FAlEHE  zFoen  RHol WEHFT
Fowler-Nordheim #5915 #eletdo16]. —1d
93= spacer® WEAIA WE AR 542 2aE
A, spacer/t A HFLE ST Hge A wWE
A #gken], tum-on AgHE EZ7ted )
cathode®l anodeAlole] <4st #9tS »pak o,
spacer’}t 714 EAib-uel ¥ to] zHa-3)
£ FEAAZ ddRer FHeldeomd WEHAF

% AopAiz 4

il Tres il
2 Bol®T glon] #x @aun-EHe FEDA
o] ME BAgor HAWEZS FUHE 5+
ek olef @ AAME FAY] Y MA £
i Atz BadwFRe) Ex #dd Ao,
27, 7|Fzke] HEAG Hu el gare] ot
of gkol gl Al ¥ v 17

a2 10, iR el AAME R
Fig. 10. Field emission image of CNTs.

4. 8 2
Ghaub e T H = PECVD R o &) g4 e,
CNTs-FEDel  &-&317] 9she], i+ %(Co)2l

S, A4S DC-bias, dilution gass o] £

1253

) R A ) 5.8 A,

Vol. 16, No. 128, December 2003,

NIL;, H-

Al AL O
i R

-5

(B3

no]

seed 7

# jl, 2=

gas plasma H| lsksich g4
ol o A ehE SR
F gAvdm, 43 _—
Alglstel Frhatd e, NI L".E]- H:
Agatel s o A-P480 Teldl

v
|
tl-r', E /;_1} =

ghatbfine 4

oSO

£ oo

gas plasma=

A 7ol 7Hsstgiet TEM &4 =45
bol Ade dAed 30 nmE FHEHH, F7ke

10nme| I

SR A

MWNT(Multi-wall nanotubes)$3 o,
BRI Co tipd 15 nm 27 &
Zhi= 'l‘ip growth model %2 o2 A#s YL
¥ T ddth

HMBtA A ZEAleEH 2,
71 4ol uhel turn-on Y-S F
fieldi= 2.6 V/imet FN plotell 4=
£ HolFm 9lrl, PECVD ¢

PR $aE Ad7E 5

.
TrH

vl - S Ho bt 1

spacer& spacer 7}
/Fabich turn on
3} e

A 2o

L.

f.: :(r

turn-ond < 5
(uniformity) £ Mo Fa
o] sk A=) ‘;J.

[1] S.
carbon”,

lijima, "IHelical microtubules of graphitic
Vol. 354, p. 56, 1991,
Shoushan Fan, Michael (. Chapline,

R. Franklin, Thomas W.

Cassell, Hongjie

Nature,

,_
J

Nathan
Alan M.
"Self-oriented

Tombler,
D,
of carbon

and

regular  arrays nanotubes  and
their field
Vol. 283, p.
Fuminori
Okada,

Okamoto,
field-emission displavs using galed emitter
structure”, IEEE, Vol. 22, p. 426, 2001.
Philip G. Collins, Michael S. Arnold,

Phaedon "Engineering

emission Science,
512, 1999,
Tto,

Kazuo

properties”,

Yuko
Akihiko
triode—

Yoshinori  Tomihari,

Konuma, and

"Carbon—nanotube—based

[4]

and

Avouris, carbon

nanotubes and nanotube circuits  using

electrical breakdown”, Science, Vol. 292, p.
706, 2001.
Wault A, de Heer, A.

Ugarte, "A

5

]

and D.

carbon nanotube tield-emission

chatelain,



I. of KIEEME(in Korean). Vol. 16, No. 128, December 2003.

[6]

[8]

[9]

[10]

[11]

[13]

[141]

clectron source”,  Science, Vol 270, p. 1179,
1995.

AW oA, FEY, "IFihbFEE 9
&5t | & ] mE el

3, 139, 5=, p. 44, 2000.

Young Chul Choi, Dac Woon Kim, Tae Jae

"

AAYE

R

Lee, Cheol Jin Lee, and Young Hee Lee,
of
carbon on silicon  substrates”,
Synthetic Metals, Vol 117, p. 81, 2001,
Jean-Christophe Charlier, Alessandro
Vita, Blase, Roberto

"Microscopic growth mechanisms for carbon
nanotubes”, Science, Vol. 275, p. 647, 1997

Yoon Tack Jang, Yun-Hi Lee, DBveong

Ju, Jin 1o Ahn, Chang-Ki Go, and
of

Growth mechanism vertically  aligned

nanotubes

De

Xavier and Car,

Kwon

Gong-Seog  Park, "Application carbon
nanotubes to the cathode ray tube-electron

gun”, Vacuum, Vol. 68, p. 79, 2003

428, A3, Fde, FEA, Eeb=et 8
st 714 FERYA DC bias 7F 917FE A

R k=
Ak seE] =], 16, 4%, po 367, -
J. 1. B. Wilson, N. Scheerbaum, S. Karim,

ANeE 547, Wl

N. Polwart, P. John, Y. Fan, and A. G
Fitzgerald, "Low temperature plasma
chemical  vapour deposition  of  carbon

nanotubes”, Diamond and Related Materials,
Vol. 11, p. 918, 2002,

A, FEA

=7, 147, 105, p. 830, 2001.
Chul Chol, Dong Jae Bae, Young
Hee Lee, Byvung Soo Taek Han,
Won Bong Choi, Nae Sung Lee, and Jong

Young
Lee, In

Min Kim, “Low temperature synthesis of
carbon nanotubes by microwave
plasma-enhanced chemical vapor
deposition”, Svnthetic Metals, Vol. 108, p.
159, 2000.

7. I°. Ren, Z. P. Huang, J. W. Xu, J. H.

Wang, P. Bush, M. P’. Siegal, and P. N.
Provencio, "Synthesis of large arrayvs of
well aligned carbon nanotubes on  glass”,

Science, Vol. 282, p. 1105, 1998,

[15]

J. I Han, C. H. Lee, D. Y. Jung, C. W.
Yang, J. B. Yoo, C. Y. Park, H. J. Kim, 5.
(v. Yu, W. Yi, G. 5. Park, I. T. Han, N. 5.
Lee, and J. M. Kim, "NII:
ot nanotubes

substrate  In

cffect on the

growth carbon on glass

chemical
Vol.

plasma  enhanced

vapor deposition”, Thin  Solid Films,

409, p. 120, 2002.

[16] R. 1. Fowler and D. L. Nordheim, “Electron

emission in intense electric fields”. Proc. R
Soc. London, Ser. Al19, p. 173, 1925

D. Y. Zhong, G. Y. Zhang, S. Liu, T.
and L. G
field-emission model for carbon nanotubes
on a metal tip”, Appl. phys. Lett, Vol. 80,
No. 3, p. 506, 2002.

Sakural, Wang, "Universal






