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Synthesis of Aligned Carbon Nanotubes
by Inductively Coupled Plasma Chemical Vapor Deposition
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Graduate School of Engineering, Osaka University, Suita 565-0871, Japan

(Received 28 June 2005)

Inductively coupled plasma chemical vapor deposition combined with substrate biasing using a gas mixture
of methane and hydrogen was applied to low-temperature synthesis of aligned carbon nanotubes and nanofibers.
We found that the resultant carbon nanotubes, which were grown at 500C, were aligned perpendicular to the sub-
strate, and the aligned carbon nanofibers were synthesized even at a growth temperature as low as 200C. The
growth mechanism of the aligned carbon nanotubes and carbon nanofibers is discussed in terms of the moderate
etching of carbon deposit by hydrogen species in inductively coupled plasma.
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Fig. 1 Structure of FED using aligned CNT/CNF electron emitters.
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Fig.2 Schematic diagram of ICPCVD apparatus.
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Fig.3 SEM images of aligned carbon nanostructures grown
at 500°C (a) and 400°C(b).
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Fig.4 (a) TEM image of an aligned carbon nanostructure
grown at500C, (b) high resolution TEM image of rectan-

gular region of Fig.4(a).

Fig.5 SEM images of aligned CNFs grown at 200C.
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Fig. 6 (a) TEM image of an aligned CNFs grown at 200C, (b)
high resolution TEM image of rectangular region of Fig.
6(a).

. PR IR XY, NI 1725 CNF O Jois 12 8152
Ehtz. ZoZ ki, CNF 2GR E— F (Tip Growth
Mode) IZL7z2 o THREL TSI E2RBL TV 5.
Fig. 6(b)iZ Fig. 6(a) T A IZFH F N 72RO = 70 ke TEM
%R . BEEPHBICBE SN, BRFEIIN34 AT

D, NVIDYS57 74 POREEEICIZIE-HKL TS
ZEdbhhol. ORI, CNFAZ 57 74 FTHEK
ENTWAIEERLTWA.

Fig. 6(a)?> CNF O E#14% Fig. 7@, b)iZmd. 73
L35 —=) 7%, 75774 o (0002), (1010),
(1120) A 5 DFEFHIFIE LT 5. —F, EIHF ARy b
i, Nio (240), (331) WICHIB LT, IhHOER
H 5, CNF %I, Ni DB B F0 BRI Tnb
Z Wb 7z, ICPCVD #2479 Hils, Ni #EEIXZH & T
HHEEZLNDBI ENS, ICPCVDO 71 £ A
200CORIR TR B O Bl R TIcEfb Lz k
#z2bh5, KiZ, Fig 7(c)(d)iX, Fig 6(a)Tmx L7z CNF
FOFNENABLIUOBOMBIZBIT ST AV F -5
X #453E (EDX) AR FVERT. TRODHEELY,
CNF OEmoMR 71, Ni& C THRISNTEY, CNF

Synthesis of Aligned CNTs by ICP-CVD

663

The Japan Society of Plasma Science and Nucl ear Fusion Research

S. Honda er al.

KEE, CTHEINTVWAE I Edbhol, MHDANR
7RV D8keVDOHZIZENLCun ¥ =213, HEAL
F—DbDbDThDH. EDX W ORERIE, iR
CNF &l SN2 L2 BRI TV 5.

Fig. 8 12200C TAMEN/ZCNF DI Y ART MV D
KETABEABKEEERT. 2200E—=7(G/NVF, D
NYFYATL590 cm Tt E 1350 cm T HEF R EFENRBIR S,
GNY FEDNY NI, ZNFNCNF & CNF X% LT
WBRA— KRR FLHOEFTTHLEZEZ T, HA
ENBKREHTAD A Y 2 H AT BB HEINT 512
ONT DNy FRENHAL, —F, G/Nv FEEIdkE
HADBKREII%TRKE R o7 b ORI,
H— R TFPREILE o Ty F ¥ 7 a8nb, K#
HADKBHAWMT 5 & A — KRBT 720 THRL,
CNFZhHHEDLyF Uy FENLIEERBLTHS, &
DX 912, CNF DEEEEICB VT, KETADEBAEI
BREEPTEL, DNV FIZHT A G Y FIERES
e BRI S 7z,

Fig. 3B X UFig 5 TR L7L I, BEARELTAY
YHADIRE R IHE, 400T & KR TIX, CNT/CNF
DOREVFBRINT, BERFTAELTAY Y HRAKEN
ZEREIMT A 22X D200C TEHRR CNFARET S &
WARRELS, KEFTARZBFERNRIMASL I LITLD,
CNT/CNF OERMBEE;RES NI LEZ O5ND. KET
FA<E, BEEEICBW Ty F U IERERIZTIL
ML SN THE Y [10], CNT/CNF OEEEELIZ, FEicd
NIFMNA T ABERKRREOHMEICMZ T, KED
Iy FUTRRPEELTVLEEEZTWA, Tihbb,
CNT/CNF DIEREHTIE, #—FK U HFR, 7ELV T 7
AN —=RUBEEINLT L, 256 DORERYA CNT/
CNF OB R & 7 2 il S B F IR L, itz 2%
LT EE5[10,11]. KET I AL - T, SR
WRF ORI STy F 7 E3NAZ XY, Ml

E2TW5,

3.3 (&8

MU UCEBEICAN L7 CNT/CNF &, BT, 4
Tl rH—, A= 8—F ¥ 83 ¥ = EOR A ZIGHDH
HENTWAD, ZIT, KEFVRAEAY VT ADRET A
% 72 ICPCVD % FivC, &R CNT o4& (500T)
%, BEA CNF OA&R (2000) I L2 RIZOonT
KA L7z, BB L 7 CNT/CNF (&, A% Ni ok 7- ¢
Fr v TENLREOTS 774 Mo ENTEDY,
FORBABICWEBARTIARIZI BTy F VIR DVE
ELRFTHAHI L2 RM L. BERME CNT/CNF O
MABIIHERNETH - 725%, 22 TR LTI,
CNT/CNF ZF O 7o+ ARG K E S T 5
EHIfRE NG,

& Z X ik
~ 1] S.Tijima, Nature 354, 56 (1991).

NI | -El ectronic Library Service



The Japan Society of Plasma Science and Nucl ear Fusion Research

Journal of Plasma and Fusion Research  Vol81. No9 September 2005

(1170)

- (1070)
- (0002)

5 8 10
X-ray Energy (keV) X-ray E nergy (keV)

Fig. 7 (a) Selected electron diffraction pattern of a catalyst metal nanoparticles, (b) selected electron diffraction pattern of an aligned
CNF, (c) EDX spectrum of a catalyst metal nanoparticle, (d) EDX spectrum of an aligned CNF.
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Fig.8 Raman spectra of aligned CNFs grown with different
H2-to-CHj volume ratios.
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