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Synthesis of New Carbon Nano-Material by Plasma-Enhanced CVD and Structure Evaluation
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A novel film synthesis technique was developed to fabricate carbon nanowall (CNW) on a substrate, which is one of the
new carbon materials, using a direct current plasma chemical vapor deposition method. The crystal structure of this CNW
was characterized by scanning electron microscopy (SEM) and grazing incidence X-ray diffraction. The micro structure of the
CNW consisted of graphenes deposited parallel to the substrate first and then growing orthogonal to the initial layer of nano-

graphite.
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Fig. 1 Schematic of plasma enhanced CVD apparatus
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Fig. 6 Schematic of grazing incidence X-ray diffraction measurement
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Fig. 7 X-ray diffraction pattern of CNW
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Table 2 XRD peak data of CNW
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Fig. 8 Typical diffracting plane in graphite crystal

T2V LTV AD, BERIIEMNICEEICTDST 7
¥ DOEEEINT 5 Z EHr A, SEM IZE D CNW O
WEBIZTIE, CNW IZERAMIZIZE A ERELT, 8
BLOBESHOIEETLZ 2/l L. LT,
CNW ZHE§ AT, 779 7 = v BEmISPAT & 7
HENTEM L TG LHEE SN D,

F72, 0=28 BAHEOIERFRE —21E, (100) 1H &
(101) HAER->72bDTHLHEEZ LA, (100) [H
(&7°F 7 = VCHEE R NHTEC, HAARY 72 D) OMEEHS
BERHICE S 2WZ &2 s, ESGERICIVWEE L7 T
77 A MPLONITH S EHfEESND. T, (101)1H
3757 2 A LTI o 22 TH 5. 15 5
BT TNORZEFTE — 7 BN (112) T D [FkE
Thb. CNW ORERRHEOENE & HI22D &) 2k
Y= a8ins-Z Lid, BMmMWIZHEIT 5 CNW O
257 VL THHILERLTVLEEZLND,

DLEOFERD S, CNW OREEETVEZE 9 KL ) 12
HEEL 72, ZHUTY — MROESICOWTIE, TEM B2
PHLEHEIN TS CNW OffEET L ) L X —%%
T4, RETIVOFMIE, 797 74 MEEOKE T
CNW ORENTHEIA LT Z L ( TEM BESEED 5D

%9 CNW D€ 7V
Fig. 9 Structure model of CNW

180

EFVERKE) 2R, CNW 535 T 5 EWFEmID
5774 NTELNTVWDLZETHAH., ZOHRILZ CNW
DEE7TEY A, FFIC C A EERE LIGD 5, )
MO %25 L TEETH L.
COETFNVERIITHE, CNW OWIEIEIERIZ LD X
INCEZDZENTED., BWEEH 7T 7 74 Miihod
RFVYAYNIANE—L, 753774 FOERT A
F—X Y REVEHERSINL, WHOEERIZBWTIL,
O AR F e LTI E EEICRET A7 T 774 b
SR DE L, CNW IREORE R DI ENEZLND.

5. #&

DC 77 A< CVD {#EZ VT, CNW % ZA 2 AR
L7z L7z TV a5 & LT SEM 12 & AIRERL
S h M LRSS, AR L 7R ASIET o 7o BER O REE
PEDFANTRIE N - 72 (CNW ) 2HRb 2 &%
MR L7z, £72, By X SOHEC X SR 5,
BEAINCIE 7T 7 74 D AEMERIN AT WEE L T
BY, HFEHZIE CNW OREINTERT 5 & 9 ICEEREE %
52 e hotz. TOZENE, CNW DR
IR - A FBHT & 72, 4RI S O IEILERIC
B BAEST-ORIANEE 7 4 LA —VTE) 2 EI2d o
T, sEMlZ R EOMADTIIREL 22 B L EZ D,

il

AWFZENZ BT BN X AT E (I R SR
SR GE 4 — Spring-8 @ BL4A6XU |2 CTHEffi L1
7. FEREICNT-- T, [y v — - BREEREIC S
EWeZE T Lo, T2IRL, BEHoBERLET.

2 E XK

(1) S. Iijima : Helical Microtubules of Graphitic

IHI %3 Vol.48 No.3 (2008-9 )



Carbon Nature Vol.354 (1991.11)  pp.56 — 58

(2) Dai H., Rinzler A.G., Nikolaev P., Thess
A., Colbert D.T. and Smalley R.E. ! Single-
wall nanotubes produced by metal-catalyzed
disproportionation of Carbon monoxide Chem.Phys.
Lett. Vol.260 No.3 ( 1996 ) pp. 471 — 475

(3) Y. Wu, P. Qiao, T. Chong, and Z. Shen : Carbon
Nanowalls Grown by Microwave Plasma Enhanced
Chemical Vapor Deposition Adv.Mater.  Vol.14
No.1 (2002) pp. 64 — 67

(4) Y. Wu, B. Yang, B. Zong, H. Sun Z. Shen and Y.
Feng . Carbon nanowalls and related materials J.
Mater.Chem. Vol.14 (2004 ) pp- 469 — 477

(5) # B, PRERE  h—KrF s — o
WEEI EBERE TN ANDISH FRAE 58
7% 115 2007411 H  pp. 10— 16

(6) S. Kurita, A. Yoshimura, H. Kawamoto, T.
Uchida, K. Kojima, M. Tachibana, P. Molina-
Morales, and H. Nakai : Raman spectra of carbon
nanowalls grown by plasma-enhanced chemical vapor
deposition  J.Appl.Phys. Vol.97 (2005)  pp.

104320

(7) A. Yoshimura, S. Kurita, K. Kojima, M.
Tachibana, P. Molina-Morales, and H. Nakai .
Fabrication of carbon nanowalls by dc plasma-
enhanced chemical vapor deposition and
characterization of their structures 5th IEEE
Conference on Nanotechnology Vol.2 (2005 ) Vol. 2
pp. 482 — 485

(8) K. Kobayashi, M. Tanimura, H. Nakai, A.
Yoshimura, H. Yoshimura, K. Kojima, and M.
Tachibana:Nanographite domains in carbon nanowalls
J.Appl.Phys. Vol.101 ( 2007) pp- 094306

(9) IHI, BEEHTZ RS | ABRRFRT A3 2008-056546

hIE, W B

(10) M. Hiramatsu, K. Shiji, H. Amano, and M. Hori :
Fabrication of vertically aligned carbon nanowalls
using capacitively coupled plasma-enhanced chemical
vapor deposition assisted by hydrogen radical
injection Appl.Phys.Lett. Vol.84 No.23 ( 2004 )
pp- 4708 — 4710

(11) £ AUZ BN AS X MO TR O % %
Ab  KRATE 200641 5  pp.2—8

IHI B#)t Vol.48 No.3 (2008-9) 181



