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ABSTRACT

Interest has recently been shown in amorphous carbon films from the viewpoint of fuel
recycling and inventory in magnetically confined fusion devices. In this study, amorphous
carbon films were prepared on silicon substrates by RF discharge of methane and ethy-
lene, and they were characterized by gas analysis and FR~-IR and Raman spectroscopies.
The results of gas analysis showed that the carbon film prepared by methane (a-C/CH,)
contained a larger amount of hydrogen than that by ethylene (a-C/C,H,); the hydrogen-
to-carbon ratios in the films, [H]/[C], were evaluated to be 1.84 and 1.40 for a-C/CH,
and a-C/C,H,, respectively. The FT-IR and Raman spectroscopies showed that the films
consisted of a carbon framework comprised of C-C and C=C bonds, but the fraction of
C=C contained in the a-C/CH, film was smaller than that in the a-C/C,H, film. It was
concluded that the difference in the hydrogen contents was mainly due to the difference

in the relative contents of these bonds in the films.
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BOPRREDF A ¥EL FRKRFEE (diamond-like carbon : DLC) FT. £EARZEHM D
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Mothz@ L TFHMET 22 L2 BRI E Lz,
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Fig. 1. Block diagram of the experimental apparatus for P-CVD WAL, 7. 752w R fEch
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VO "ERAWE, TREV 05X 10X 10 mm 2Bl HLAZL O R HEBEERE LTHY

2o ZOEREINVYFFE B ROYEERESK (EI=27J—23) TLHME
BEREE L%, EZEBIRVAHTORAERERORIGEOFIIAN, REEZETE
ZoBEERAE 2 X 1075 Pa L FICHER LTz, BRI R & LTF Lo (ERMELL (B =
pure-CoHy) BLUA Y (BAEER (BF) ®pure-CHy) Z AV,

BB, REBEER CLT P-CVD) LT 2) IZUTOFIETITo 2, T72bb, Eik
ERIGERNICANT#%. B A% 40 PaBA L, RWTERTHE A IZEY 13.56MHz
DEERK A AOW TEALTT T A~ &AM L, REFIIRISE THICB W ER LicH
BEHT, P-CVD 21To 7%k, RIGENOEREN AZP R L. RILFIRTP-CVD %6
BOELE, BB, =F Lo I0RRLREEL a-C/CoHy, AZ U LVFRML
7=t D% a-C/CH, BT 5,
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REETOAKFEHEERIZ. P-CVDHOLERUHEOELL VRO, RISERNDOEET
Mt EEZEH TRIE L, HAMRKIZ, P— CVD #FEDRRBEIZ LD T, Fig.l ® V3 H
SH LT Y T ETFV, QUS EHAWTHEIELE, TOBRCKLEREESITFHORELRD
579012, Figl O VI 2&, VANLEKR, AF . =F LU HRZENENEERL
mLEDOE—IBEXZREL, BARELRDE, 2B, AERBTOT AT EIT S EIZ
RIGERNDOH AT RTHK LTz, ZOBREZEVERL, P-CVD FO T AMRDOELEIE
BFL 72,

REBEEOEEIIRARIN A7 vV (LLT TIRS) EMEEET D) LY@ L7, IRSIE, K
BERIGENLORVHL, ZEROREIFINLV T — 2 RAWTERE L, ok, BIESHIINERE
2 cm™l, EEREH256ET, ERLIZREBELENBD-TNDIL Y AUz nEDEA
N7 MEBRIE L, 728, IRSIZIZJASCO FT-IR 230 # vy, BIEIXT X TERTIT-7,

3. RBRER

3-1. P-CVDHOREEANDENEIL
TFULUEFERTRE L TRHOWEBAON AR ELO—fHIE LT, KEM. KEOH
%R OBE 300 iR TOEERXY b % Fig. 2 (a), (b), (¢) IZRT, BRI OHEED X 7
— VI ENEFNTRROE—7 THEIBELLTH S, Fig2 (a) FOM/e=28DE— I HxF
Ly Th0, 27, BIXFDTFITALV ME—IThB, £LT, HEOHE (Fig2 (b))
2, M/e =20 —73RENEML, M/e = 28 (C;Hy) OE—7MERBAILEL, &5
CHEEFTD L (Fig2(c) . BT, M/e=20—7 OABERISND L 512720, FE
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Fig. 2. Change in QMS spectrum during P-CVD
of CoHy; (a) before P-CVD, (b) after 80 s, (c)
after 300 s
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Fig. 4. Change in the total and partial pressures
during P-CVD of C;H,
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Fig. 5. Change in the total and partial pressures
during P-CVD of CH,
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Fig. 3. Change in QMS spectrum during P-CVD
of CHy; (a) before P-CVD, (b) after 70 s, (c) after
400 s
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&IZ. Figd, FigsiIzhZFhoFL o *
FouFRHAL LTP-CVD 21T D

SHOREELELE QMS TRIE LR L

EDHLDTH B,



AR UZFVr 77Xl 5 REBEOAME AESHBOIE

Figdil=F Vo #FH AT A L L= P-CVD
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Fig. 6. IR spectrum of a-C/CH4 prepared on
MERT, £LT, BT ADEA L & iz Sisubstrate

—EDEER LIz, BED P-CVD BIEICBITAEEENIIFELFEL T, EROBHRMEITE
HFThHhot,

Fig.5 13 A Z U ZFEH R & LTcFD P-CVD #{ERFOENEILER L= b DTHD, AH
YOBRE, TFLUDOBE LR, 2FEIT40Pa b 48 PaETHEMLE, Zhit, B
BT ZADHBREIZE b I KFROEMZLE LD THSD, -, SEPTHRHOKEEEN ST
FLr (Fid=F ) OERBR LN, A OHEICH. BHEO P-CVD #{ERED
BEZEEDHIBHREEOBRN LD E 2o,

3-2. REBOFRABRARY b
FAGFHARRT FVITEBRI D

Table 1. C-H vibrational frequencies reported for hydro- O IR K> THIE L7z, 4000

gen containing carbon films [11]

- 400 cn 1 OFEHR THOBIEE T

Wavenumber /cm~! Configuration Symmetry 7=, BEIA R L AREEDE
3300. sp’ CH WEHRbRARNST, . EE
3060. sp?> CH
3025. sp2 CH2 ‘:w% LT:ZK@;E@J:E— F’Cﬁ)é
3000. sp? CH OHZEAWRE,., OHMWMHERE %
2970. sp® CH; asym. . 1 1
9045, sp? CH, NE£h 1600cm~1f+¥r. 3500cm
2920. sp® CH, asym. hElCBB SNz, RELKED
2875, sp® CHa sym. HRIZL DRI - X 0 L8N
2850. sp® CH; sym.

% 2800cm ™! — 3100cm ~ fEIE DFR
NARIIART MD—Fl% Fig.6 12T, ZOFEKIZIE Table 1 D & 5 2RI H D . {ERL L7
RFEBEDWIR AT b AZiZ CHy Gt FR{EHE) ; 2060cm !, CH, GEXFMEHE) ; 2925cm!
BELCH; Cot#H#E) ; 2875 cn™! DOWRINASBABICEHRI S -,

3-2. RREEOST ARSI ML
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T2 22 h Vi 1000 - 1700 cm™! D4E
B TRIE L7, Fig.7 iXE0—HFIT, (a) iTa
| C/CH4 (b) 12 a-C/CoH, THBSRE b
@ WM <o, mECEEOBE®L E—2 3 1300
L L 1600 cm~! HHEICERIE R, AL, X
~NJ bV (a) T 1300 con 1D B — 2 38
1600 cm™! D E— 7 {ZH_KEFVDIZR L,
27 PV (b) THRENBIZIFE LVEE T
HoT,

(a)

Intensiry / arb.units

4. % R

L.

1800 lfISOO 1‘;00 1200 1000 4-1. ﬁ*ﬁ%ﬂﬁﬁ&(]ﬁ:ﬁﬂﬁd);}(igﬁi
Raman shift/ cm i . . e
Fig. 7. Raman spectra for; (a) a-C/CHy, (b) Figd DRIZ=F LV ZFEBH R L LTP-

a-C/CaHy CVD Z1To72846. (1) 2FoRd. (2)

WEBRBEH IS0 E VI IEVERTOTEF LU OARE S, BXO (3) HEHKA
BRBOMEEL THKREBDOHEM R Z — DL, FOFBHERBPRONI, TOKED
MR — v OFX, TEFLVUVDERESBIZRIELTWD, —F., AF 2B
AL LB, (1) 2FE0#N, BLW® (2) =FLroiRERERICHE 2548
h~DEE, EWVWHIBEBR LN (Figh), ZOKIIZF LU BTHEPICRSEBETSO
X, MEBOTDIZBA LK of XU —OKREDKEHREIZHBREIN 2D THD LEZILNS,
Table 2 TN ENORLH % &/ Table 2. Gas composition and hydrogen content in the
WEBEDORGETIRDOT AR E IR fims
FREOKREERELELDEHLOT

Reactant gas CH, C,H,
H>d, KESEEIZ. HERIK TR Gas composition H, : CH; : CoHy Hy: CH,
HOICEBE L TWERE, AZEoT Before CVD 0. : 100. : 0. 0. : 100.
) - . After CVD 87.:8.:5. 95. : 5.
MEERR L, XORADPRRES [H]/[C) ratio 1.84 144

KEFENBELTHELE, &LV

a-C/CHy i a-C/CoHy IZH~RT, KFEEZHINLEL B I L3 b,

4-2. BRER AT

Fig81XFig6 PIRS 2t — 7 HBEL=HbDTH B, V— 7 HBEORKER. ZOFERD IRS 1
CH; G¥st#MiiE) . CHy GEXFRMERE) . 3LV CH GotFriifE) o —s»bioTEY,
CH {#f55 L U'CHy RHEMEHE) DFSIIBO TISWZ e mbiz, ZOZ b, A%
L RBBEOKIBREDOR LI spSHEERTH S LR EIN S, Gotoh HITEEMIAEA 2

il
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VERNLEAB AV, B UREEROREZITo 7 [12), ThizLhE, KFEA AR
S5O IRS I21, 2920 cm™! (>CHy, asym.) BT 2850 cm™ (-CHy, sym.) fHiE D E— 2 Ak
X RRECTEHBI STV, 2960 cm~!(-CHs, asym.) K& 12900 cm™! (C-H stretching) @
B— 7 BB BN SV, WTRIZ LS, ZORERITKIMHKSE & L TI3-CH,, -CH,, -CH,,
B >CH, REDEBHERLOPERT DI EEZRLTNS [12], Fo. IO OKRIRKREIX
KBS VEBRICL Y BB FHRIIIRMBBERL, RONTINGDOXRMBIZAZE BN
BIERXEIVERTI LD LIRS,
T —F, AR F LU EDRILKFED
o SYRRIC X 0 TR L 72 R R T 1ROk R 5
FOREPBETIbOLEEZDND, EE
 WBEDT VAT MVICHRZEENKR
_ ] HaEh, £91600cm ! ICRLNTZE—7
S R X ] i G-band ¥FEEND O T [13-15], K -
o0 avenamber om 1 LT REZERES (sp?) BEET B & EICHEND,

Fig. 8. Deconvolution of the IR spectrum shown ~ D-band & FEITiL % 1300 cn ™' O &' —7 13-

in Fig.6 15] Xk - IRF—ERS (sp?) ITHIKT 50
BVNIRE - REEBEAOBBICRIST AT~ 7 F[16) TH D, a-C/CHy TiE, Z
O 1500 cm 2 FLETE57r— Rt —J 2R L TV, ZO7a— RFRE—73
TEALTFRAA—RAHEBERLOTHD, ~NV UV LABHRETHEL*Z T -RBHTHES
hTW3 (17, £, INLDOZOOE—7 OEHMN L, KREFEROD sp? & sp?’PEDH
BEDELHETE 5, AL, a-C/CHy OFA (Fig.7 (a)) 121X 1300 cn ' B — 7 3@EDF
231600 cn™ ¥ —27 XV b A LML RFBBITII—FERES (spd) BZERE (sp?) 0 b
ELLFETRLEEZLND, #15, a-C/CoHy PHFBA (Fig.7 (b)) TRINHOE—7MET
IEFELL., ZOREBETHE sp? BERSOFENRAZ VOBEITHRTEYRENVWI L ZTR
LT3,

TFULUEBET R LT HEAITIE. FETALBIERMTHETEF L OSERIZL -
THEFRELBZ 5, HREABOFMIRATHID, ERLIZRRED T~ A7 hLIZ
REOZERAE->TWBI LD, AZUOBELERBRIV LERDLEZLND,
Thbb, =FLUNLER LERERE, a-C/CoHy, ITIXRFO"ERIZ, FERTZATHD
TF L UACHRTIREO_ERAOMIZ, BIERHOT EF L VICHRT I ZERELF
FELTWSEHIZ, a-C/CH, LB L TKRERBOEVREBENFEREINTZEZEZLOND,
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T T T
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(=)

53



54

FEETRROAHER - P 5E - HLERE - R Rk
5. F&o

AHETIE, AZVERITFLURERHFTR LT3 P-CVDIEIC L B REEA R L
FOEENDKRROEEEREHEL 72, ALV RUSFLUEEBT AL L REROKE
BREIT. H)/[Cl HTERT L, ZAENIM R4 T, A2 EERE L5589 30 %
BZIOKRZERTHILBMONE, LL, 2800 ~ 3100cm~! @ C-H ESHEERK O
HRBIRA Y PZIE, FEORICEEDEIRD bl otz #MiE. =F Lo % FEE
ETDREIBEDT <= AT MUTIE, AZUDLRBLEBEICHR, RE - RE_ERA
CHETDIE—I DL RERBETBRAIEN, 2OZLEnd, MEICBITDKEEEFE
DEVIRFEPORE - REFBED"BER BHOMECESS LD LRERINTE,
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