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Effect of gas ratio between methane and hydrogen on hydrogen content in
hydrogenated amorphous carbons (a-C:H)
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Abstract

Hydrogenated amorphous carbon (a-C:H) thin films were prepared on glass slide
substrates by capacitively coupled radio-frequency Plasma-Enhanced Chemical Vapor
Deposition (PECVD) system using methane with various hydrogen mixes as source gases.
The films were then analyzed by Laser Raman Spectroscopy (LRS) at excitation
wavelength of 514.5 nm and it was found from the spectra that the D peaks were situated at
around 1357 +17 cm-1 and G peaks were around 1545 +£8 cm-1. The spectrum
corresponding low intensity ratio (ID/IG) of 0.59-0.68 was obtained from
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The widest Full Width at Half Maximum (FWHM) of 140-148 cm-1 showed the highest
diamond-like property of the film was also received. Hydrogen contents were calculated
empirically using photoluminescence of the Raman spectrum background which indicated
24.5-33.8% of hydrogen contained in prepared films. UV-visible spectroscopy revealed the
energy gaps of the prepared films were 1.19-1.45 eV. It is clear that the prepared film with
CH4/H, = 2/3 condition is absolutely not a polymer-like hydrogenated amorphous carbon
film.

Keywords: Raman spectra, Ip/Ig, hydrogenated amorphous carbon, CH4/H,
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2. SunauMINAADS
2.1 Junsudunssiilga
2.1.1 &ensvandladliavorndeduneuinsgiulaslfesdlay wniuea
waztndurinlossufairiesiauaveinszuusansileia ez 20 unil lRuds
melasiUmu
2.12 ‘L‘hﬂimﬂalaéé’ﬁﬂénlﬂaméiy’qmsﬂumsuusqagiyﬂﬂm Aiunedn
WIS (power electrode) mﬂﬁ?u%mﬁauzq@iyﬂmﬂ

2.1.3 gaoneeentagldvuienana tumeslulianauininusiu 1.5x10°°
Torr

2.1.4 Ynmsdaasigiiianlalasdunien evuesilansueu (hydrogenated
amorphous carbon) Ingvinnisuasefineiinunaginglelasudnlulunvuzgyyiniea lny
fudazadaiivhmsdueasziadldsanmdniuandetulufusnglumssd 1 anduse
Fyaalliifieud 13.56 MHz Wiidaliih nedensvezsinesewinetulu 2.0 wufiwns
uaztadouLduiaiuiu 30 Wil

A15199 1 dnsnarunauieiimutaslalasuilslunismaasa

%'a *CH, *H, Pz)x;ar D((Z_—\l/))ias Opera(tri;lrlg()[;rr)essure
aCH-1a 33 47.6 40 350 434
aCH-5a 6.9 43.1 40 350 469
aCH-11e 13.2 36.8 42 350 557
aCH-2a 18.9 31.1 45 350 596
aCH-3a 29.4 20.6 50 350 622

* Mﬁ’wmmﬁ’MQﬂUWﬂﬁ \UALATAOUY (standard cubic centimeters per minute, scem)

2.2 JumaudAszRauTRTdY
22.1 avaeulasadsvesiisulagldiadossuuaninsalng (Raman
spectroscopy) ?Jlﬁ’e] Jobin Yvon i"u T64000 lguasalges (laser) ﬁﬁﬁlﬂ(ﬁ;ﬂ 5 mW A3U87
AL 514.5 nm mmalfnaisnummiﬂauiaaau (Ar- ion laser) HUUNAGLALLDS 1 pm ALY
maivdoya 3 ammammm nturhnsiessarnasugelusunsy Labspec 195U

4.0 Laaﬂmw\maamau (peak fitting) Wunuuinddeu (Gaussian) ‘1/N D-band iL5g
G-band

222 Faaudinieuasainiaios UV-visible spectroscopy 3 UV-1800
999USW9 Shimadzu ¥39A3N81IAAY 300- 1100 nm
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" CH, H, D peak | G peak Ilc | FWHM of
v %) | %) | (emh) | (em') | @939 | whe | G(em?)
aCH-la 6.6 93.4 1374.9 1552.9 1.20 124
1371.6 1552.5 1.27 1.28 123
1374.5 1551.9 1.32 119
aCH-5a 13.8 86.2 1371.8 1548.3 1.12 126
1366.2 1547.6 1.21 1.15 126
1366.2 1546.8 1.11 126
aCH-11e 26.4 73.6 1362.0 1541.5 0.83 139
1362.2 1541.9 0.87 0.86 138
1360.2 1541.3 0.87 140
aCH-2a 37.8 62.2 1339.5 1538.0 0.59 148
1349.9 1538.7 0.79 0.69 140
1344.1 1539.3 0.68 147
aCH-3a 58.8 41.2 1356.9 1539.5 0.79 139
1357.2 1540.3 0.73 0.76 142
1348.9 1539.3 0.76 141
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(Tamor & Vassell, 1994) YosWau a-C:H

3

TunsNeseyUssnmuesiiay a-C:H wannUuavesdndiulasaasiauy sp’ 9
laanaunasusiuiuuds Yadenasihunduduauuigiuiiemideasufousuimsg
lalasiauluilauuasA1909IINa 91U TIUES (optical energy gap) B9aWAeTl4IT01984

Y Ao 1w aw oA o 4:4'
Q']ﬂSUE]QJ”aVINE’JQLLa'JSLUQ’]U'JQ‘(’JGU@\TVTa'WEJs]ﬂaqll‘Vﬁ'J‘Ui'JlII@EJ Robertson ﬂﬂﬂéﬂlumﬂiﬂﬂ% 3

M19199 3 To1AD198991NNUITBDU AAUUAIIIN Robertson

Form sp (%) | H(%) Density(gcm™) | Gap(eV) | Hardness(GPa)
Diamond 100 0 3.515 5.5 100
Graphite 0 0 2.267 0 -
ta-C 80-88 0 3.1 2.5 80
a-C:H hard 40 30-40 1.6-2.2 1.1-1.7 10-20
a-C:H soft 60 40-50 1.2-1.6 1.7-4 <10
ta-C:H 70 30 2.4 2.0-2.5 50
Polyethylene 100 67 0.92 6 0.01

(Robertson, 2002)

msiaUimasiglelasiauluiidulasundudaldiaios Elastic Recoil Detection
Analysis (ERDA) %38 Nuclear Reaction Analysis (NRA) vudu a&hﬂiﬁmmmﬂmiﬁﬁ
slelnsiaudzduluiiduduriliiualay (vaseline) vosanpdusunuiirnuduanmsm
W& (photoluminescence) (Ferrari, 2002) Nauv4 Casiraghi l9uA1Autuvesannsy
WAwR$TNUAINENARY 514.5 nm TvimsTinanesuseiladdundifeuresudazngu
FWeunfienulnd Inemeanutuveiualaisening 1050 -1800 cm™ amsaigAIAIULTY
¥9389AAAYL G-band Tivindraiualatiundy ulasalreeluniielalasuns uazlieuan
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4 DECR
¥ PECVD [5]
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(Casiraghi et al., 2005)
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Junuiiivinusmlelasauwnniianiia 33.8% dudutuanu aCH-1a Suildndauvosfineg
fimusged 6.6% uwazusnanUiuusiglelasiauluilduuds deyafiazfionsuile
LenLozsEUITlduAsUsundBmyTUTELAY a-C:H wuuuTauazuuuindrowediues fe
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M19199 4 ANYRITINEINULEY uazUSunasglelasiauluildy a-C:H

3o PL background (um) | H (%) Erave (€V)
aCH-1a 5.4 33.8 1.45
aCH-5a 23 27.8 1.33
aCH-11e 1.8 25.9 1.19
aCH-2a 1.6 25.0 1.32
aCH-3a 1.5 245 1.42

Vo1 [ ¢

NnToyalumsai 4 uagandadiu sp” uay sp’ vilvimeasuladmdundansgnidu
Huineglungula

AyUnan1InaDg

Y1 a s a = v al & ' & = o
Han1svaaesaunsaauldinduiindeumeeulfitenauseninefelimuiu
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