Hrlgy-eares| Fistens =23
i@ HjojojA0f oHE

Xt

ey
imi

o

gy

>

"

2 jz

(2006. 10. 27 - 28)

B2 LieREO 72X 8Y

z

A

e ax

2d

el
=]

Jok

g

Structural properties of carbon nanotubes: The effect of substrate-biasing

Chang-Kyun Park, Sung-Jun Yun, Jin-Seok Park
Dept. of Electronic, Electrical, Control and Instrumentation Engineering, Hanyang University

Abstract - Both negative and positive substrate bias effects on the
structural: properties and field-emission characteristics are investigated.
carbon nanotubes (CNTs) are grown on Ni catalysts employing an
inductively-coupled plasma chemical vapor deposition (ICP-CVD) method.
Characterization using various techniques, such as field-emission scanning
electron microscopy (FESEM), high-resolution transmission electron
microscopy  (HRTEM), Auger spectroscopy (AES), and Raman
spectroscopy, shows that the physical dimension as well as the crystal
quality of CNTs grown can be changed and controlled by the application
of substrate bias during CNT growth. It is for the first time observed
that the prevailing growth mechanism of CNTs, which is either due to
tip-driven growth or based-on-catalyst growth, may be influenced by
substrate biasing. It is also seen that negative biasing would be more
effectively role in the vertical-alignment of CNTs compared to positive
biasing. However, the CNTs grown under the positively bias condition
display much better electron emission capabilities than those grown
under negative bias or without bias. The reasons for all the measured
data regarding the structural properties of CNTs are discussed to confirm
the correlation with the observed field-emissive properties.
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w4, 500um FA 1~30Qcme] HIAEE e F£4 AAE p-type Si(100)
7179l S5 71FAtold] 3EE 74 H2gA717] et @ 2rg
TAE o83 SIOE 00nm FA% F, 2 Yo Agd etz
(shadow mask)®} DC vl EE(magnetron) 23 E(sputter)E  ©]§-3}d,
150nme} FA9} 100uQeme) HA&& e TN b F35k{ch TIN v
ot ¢oj 5um 2 F3 10um AL ZH= 600600 T2 =i(disk) )@ o] (array)E
A F, RF sIHEE 2WEE o]gstd, Ni Zojutehg 335,
liftoff & Fatd B2 UxfB FAE A3 2o 33 4L 3519
o Y ¥4 UxREE AFAF7] A, NH Eet2uts ofdate Ni &0f
Bete] EW S Sming F9b AZetching) ek o9 o] FulE AWE
FE=2Y Eetz0 gpldEd AN S ol4dtd TAYY 2o, GHy/NHs
7tAEJu 8/1, J1Hex 600°C, RF 47 300W %o ¢4 20min ¢t
719 dpoloj2 HHe -550VellA] 400V7HA WSAIWA B UYxFHE &
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o Ni Zopaeie) 4538 @ oA eruel 43 gAUZE FHa)
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<E 2> 7| HI0Jo{L (a) -550V, (b) OV, (c) 300V =HoIM MEE
CNTS| AES AHER,

<8 3> HIO[O{A (a) -550V, (c) 300V =ZiOIM MEE EHL LieH
29| HRTEM AHEL (b)Q} (d)= 2t ZZOA{] SCHALZI.

o] 719 wholoj At 550Vl 300VAM A4H Ba UxFuse A
2 H3r} Vel $4E ARG FuFos g7 Tad, ot
#©1e] FESEM Zantel dA|stKo] 719 nlolojx Aol 550Vt 300Ve) A
A%E Ba GefB) VAN 43 ARG /B3 £330 o 94
T ¢ ddd = s vloloja Mol 400VelM AZH w©A U}
E=RE7F A ARHA L olft BEF ¢ dlojo]a Ao Qdste
AN Zojuteh Frol Baflae Be dsu, ARt 4z f
2] o] Rojf7) WEo Algdd.

BAYrFuo A4 ALY S (growth mechanism)e Ao e} =
A F M A% Bdo] ANHL e, £ 249087 YxFuo
g Bl EAstd 4Ro) AAHE ¥ 44T (tip-growth model) vhe
Frel weo] Easts Fagel Yk 479 sl e Holx 4
%2 9 (base-growth model)2 AW H 1 QIH7]. 71& Hloloj~ Fi} Ao
H2d g4 ke vojola wsel me B defFae Pz
A AAUEL vaEA gty 2usty 4] 2, B dFeA
433 HRTEM ¥HolAE oo 2 2nst eyt 1839 (@)% ()
of 24z} &9f wpo]o]A(550V)e} ko] ulolo{A(300V) ZAM AAH @
A UkFHo HRTEM AbdE vebdos, I83b)st 3(de 2t A2
B4 xR g 22g dud ARe Jestac. F S50velq 449
B YuRu(2d3b)e W 2ol Fu9 L2 SoNd gt Ni &9
AAE 23 9lof, g AgRdo] $ASNASS ¢ 4 sirh W 300V A
448 @2 UEFA(PId)E  oEHmuliwaled) T guR
(bamboo-like) 2 & Zro1}, § Fo ojwa AL I} YA ¥ o
2ol Wolx 42vde B2 How BANUANE] ot i YuFn
o AAWAYSY eyt dojuke EAH uwlojolA AL HH3)
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<8 4> MEE CNTL ZAMZIf mE UEHRUZ(Fowler-Nordheim
TIi= &),

<S9S, Ba YxnfFEe YE5E Sd@eeV) g2 4 & &,
F-N Z#zols AASZARHfield enhancement factor, HE A4tstsdct.
£33 HaprEo] B3 JA dA(threshold field, By, V/im)gte %2 A
F7b 1pA/em’e] =Y HE o) WA goz AAHYy, Hu AFUE
(maximum current density, Jne, WA/cm))E AHd| 55V/m7} A7tH Qe
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w=175V/m, Jue=245mA/c’ 2 2 713 Holytet, wha, 400Vel X A AHA)
71 da Yefoe AANE] F o|Folx A gttt

. B

rlo rir

lns]

ICP-CVD #H& olg3te] 713 vlololx A% Wal A71AN FAE
B4 grFee dANER 724 543 2AsSdt WA, FESEM3)

_}1\_

= Aojg & 08¢ & 4 Usith £ HRTEM, Raman 234 2 27

3 54 242 Fiel 719 sololxg Wit vadde FWdsy
1 £dd Q12 9T BakugFAE Aoldel Bh b
Ze WY £ 993, g8 BRe i
2 9%e 718 4 98¢ ¢ 5 A 29
Whstd 431 Ba Yuguge ge

o)

El
o
=l
L
-
okt
¢
i
oXx,
2

o o2
lo
=
L.
2
>

B
e S 2 o

O

2
>
ok
fl
=
o,
ro tu
_)l__
ol
ob
>
&%
4]
oX
o
>
s
pacs
et
[
£
>
p-)
ok
e
0
Jjm £

0,
2
=]
i)
bt gy
L -2
>
o,
N
uls
to
)
-
N
)
el
ok
SE
2,
=L
o
N,
Aim
oX,
it ot o 4y ox. 2

8 |z 4y
yo roh
S
2
ja fjo
%

T

| o) @pol 3l @A 29 BK2L A, o) ARNE wgke |

[ 1 E %)

[1] . M. Bonard, M. Croci, C. Klinke, R. Kurt, O. Noury, and N. Weiss,
Carbon, vol. 40, pp. 1715-1728, 2002.

[2] Y. Avigal and R. Kalish, Appl. Phys. Lett., vol. 78, pp. 2291-2293, 2001.

[3] Y. Chen, D. T. Shaw, and L. Guo, Appl. Phys. Lett, vol. 76, pp.
2469-2471, 2000.

[4] C. L. Tsai and C. F. Chen, Diamond Relat. Mater., vol. 12, pp. 1615-1620,
2003.

[5] J. H. Choi, T. Y. Lee, S. H. Choi, ]. H. Han, ]. B. Yoo, C. Y. Park, T. W.
Jung, S. G. Yu, W. K Yi, I T. Han, and . M. Kim, Thin Solid Films,
vol. 435, pp. 318-323, 2003.

[6] T. Y. Kim, K. R. Lee, K Y. Eun, and K. H. Oh, Chem. Phys. Lett, vol.
372, pp. 603-607, 2003.

[7] M. Tanemura, K Iwata, K Takahashi, Y. Fujimoto, F. Okuyama, H.
Sugie, and V. Filip, ]. Appl. Phys., vol. 90, pp. 1529-1533, 2001.

8] C. J. Lee, J. H Park, S. Y. kang, and | H. Lee, "Growth and field
electron emission of vertically aligned multiwalled carbon nanotubes,"
Chem. Phys. Lett, vol. 326, pp. 175-180, 2000.

[9] M. Hirakawa, S. Sonoda, C. Tanaka, H. Murakami, and H. Yamakawa,
Appl. Surf. Sci., vol. 169, pp. 662-665, 2001



