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Abstract — The diamond-like carbon thin films were deposited by RF ion source which can control ion energy and flux inci-
dent on the substrate without applying substrate bias voltage at room temperature. The film depositions are performed using a
mixture of methane and hydrogen and changing the DC self bias voltage via RF power applied to ion accelerating grid elec-
trode in order to control the energy and flux of ions bombarding the substrate. The structure and optical propertiessof the fil
are evaluated by ellipsometer, UV-VIS spectrometer, and Raman spectroscopy. The refractive index of the deposited films
increases from 1.89 to 2.35 as DC self bias voltage is increased5fovhto—300 V. The optical bandgap decreases from 2.35 to
1.35 and the ratio of,ll; obtained from Raman spectroscopy increases from 0.79 to 4.48, respectively, with increasing DC self
bias voltage from-100 V to-300 V. From this results it is concluded that at low DC self bias voltag®(¥), soft, polymer-like
films are formed while at moderately high DC self bias voltagé@ V to-200 V), diamond-like carbon (DLC) films are formed,
and at high DC self bias voltage-300 V), graphite-like carbon films are formed due to high ion bombardment.
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© 25v Euk=v) 88524[7, 8] 9 ECR[9, 10159 <12 Z-2
H o thololm= E4-S zh= €4 vhek(diamond-like carbon(DLC) Hof| 98] H-& A7 AP S
thin film)2 % 7= (high hardness}#-& 712 A<= (low friction coeffi- tololr e B8 zhe w4 vheke] 548 AT & g o
cient), A9} 7HA] FHAA F& T34 (high transparencyyd &8t 2t oheFsiu oA S5 i elA] Eheel] S5k o]24] oYX
2 .84 (biocompatibleness)i-<~g+ A 14 (excellent insulation) ™ 2 fluxe S350 e dte] px W B4 AFsed o3
wj 7121-E-(smoothnessE 231421 2F44d (chemical stability)s-2] 55 AL 311, 12]. 71 FETh= o] R g] A7 wet &
3t EA[1L, 218 7FR 2 971 W&ol scratch-resistant, wear-resistant, anti- 2} 2H-2 polymer-like carbon, diamond-like carbon,z] 32 graphite-
reflecting, protective coatifgy $13) 23 E]=&[3], o] 2% 2T E]™[4], like carbor. = /=] A ¢ vt wfg B o] qUA|AA F

2 wheke. Aokl w8 24 TS 71X (polymer-like carbon),
f- = o] AR A T2 H wheke Fh FRRS ATV
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Fig. 1. Schematic description of the RF ion sources and plasma reac
used in this study.

Table 1. Conditions used for the deposition of diamond-like carbon

thin films
Sources gases Methane 120 sccm
Hydrogen 130 sccm
Substrate used Silicon Wafer, KBr Disk, Quartz Disk
Power sources 13.56 MHz RF
Grid DC self bias voltage —50 Volt —300 \olt
Reactor base pressure <2.00°
Reactor pressure 100 mTorr
Substrate temperature 20
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Fig. 2. Spatial distribution of average potential in RF-powered diode
reactor.

Abstet, 8- A9l 7111717] Dot 7haEe] $avt dojd ¢
= 49 AAE 7P F29 A, & =R AT o
hznt &0 o] 23 AR Ak 2o SloiA Atk xo] wEd)
So=rke AAstet FAds Yate] aldAw S48 778 AAS
71 180 =9l st BASE A o & “Euh=mt A9
(plasma potentidlp}sts, o] ) wwol A2 -7 9o A
27F Aojd Go] A7]H ]2 dark spacéGheath)z} 3t} B

7] FHF(>1MHZPIA = o] E2 159 T2 ¥ wi szl
Aol &R Hebr] Wi AAEe] FE AR 9 AEE
gt} o]H AT Setzals AEA 282 sheaths =47]9F 2
o] HE-g sk ZAE Wt} ojm) 2wl ol Aol = A8t
o st QA 2t 292 AAISES 5 AFAA AU (DC Self
Bias \bltagey] &/d 511t} Fig. 21 BIIAE =& 2= Sef=nt
Hhg71o4 FAE AR = Set=v) A9, sheathl§], 28|32 DC Self
Bias \bltagell thste] 2 AR o] Qlrh20]. ol 2 FAA F 4k
HEF FAE - A3 REAH] 171 71 A=) dan]
9] Xpo] wjize] A7Ict.

B ATdMe 2orksl Wy e] 7HEe] REAEe] 7tsER 7t
&7 F9)9] sheatf§ oA sheathd 9] 9] 7thet Adst= 3
Az o] 2E0] 7HEgE o] 71oR YAk oA Sleft) 2B BRE Tig
ol 71817l RE A @ W ste] mie} 1&gl 83 AFAR RAhs
AelgFozH 7)3el] YAkl o] AR e} S8 Aod 4 3l
the 2] 718 dzjolrt, AR Szl S HEste] BE 7|9
#oll sheathl 713 22 plasma beaf o] Rz},

e o

3. 947 o} 3 &

3-1. A JXH| 2MeHDC Self Bias Voltage)

Fig. 32 100 mTore] ¥-37]4EHeA 71wl ol7be REAZE Y H
g wE 7HEwe] A7 ARAA FAGE Vel slolth RFAE
o] ZV1E ne} AFAR Rt AdFez FrtbelA| A Hg
o= |43] SUsier @vbs] Folete A3 BAth o] ARat
A FAYE 45F FHAE A A5 RFAH ] A7k Vg A
e WAue] Zpo] wjite] A7l Z1o2 7] YAlshe o9 9
HR9} fluxs Ao Aoz AT

Negative Grid DC Self Bias Voltage
S
o
P

7
] 50 100 150 200 250

Applied RF Power, Watt

Fig. 3. Effects of applied RF power on Grid DC self bias voltage at 1!
mTorr.

30 -
25 -

20

10 -

Deposition Rate, Alsec
*
1

o777
0 50 100 150 200 250 300 350

Negative Grid DC Self Bias Voltage
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Fig. 5. The variation of refractive index of DLC films deposited at dif-
ferent DC self bias voltage and 100 mTorr.
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Fig. 8. Gaussian curve fitting of Raman spectra for films deposited at

DC self bias voltage of (a}-100 V, (b)-200 V, and (c)-300 V, and
100 mTorr.
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Table 2. The main Raman parameters calculated from Gaussian curve
fiting of Raman spectra for films deposited at DC self bias
voltage of (a)-100V, (b)-200 V, and (c)-300 V, and 100 mTorr
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