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Effect of Methane Gases on the Properties of Diamond Thin Films
Synthesized by MPCVD
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Abstract: Diamond thin films were deposited on pretreated Co cemented tungsten carbide (WC-6%Co) inserts
as substrate by microwave plasma chemical vapor deposition (MPCVD) system, equipped with a 915MHz,
30kW generator for generating a large-size plasma. The substrates were pretreated with two solutions
Murakami solution [KOH:K3Fe(CN)gH20] and nitric solution [HNOs:H>0] to etch, WC and Co at cemented
carbide substrates, respectively. The deposition experiments were performed at an input power of 10 kW and
in a total pressure of 100 torr. The influence of various CHy contents on the crystallinity and morphology of
the diamond films deposited in MPCVD was investigated using scanning electron microscopy (SEM) and
Raman spectroscopy. The diamond film synthesized by the CHy plasma shows a triangle-faceted (111)
diamond. As CHjy contents was increased, the thickness of diamond films increased and the faceted planes
disappeared. Finally, Faceted diamond changed into nano-crystalline diamond with random crystallinity.
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B oAFAME JtR, AR =27 7F 242 127 m =2
719l FA7F 32 mel WC-6%Co UAMEE A|HOZE
AtgEtion EgZ 22 ed (trichloro-ethylene),
OlAIE ga olAZZHUYFL (isopropyl alcohol)
LA A ZH7ZE 1027 942 593, g
7hlol= FAks gl Tl &< [H:0:KOH:KsFe(CN)g
= 10:1:1]& AMgetglor, IHE F A8 84 3H
v/o AAb FE&Aqe ARESAT [4,9-11]
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Table 1. Experimental conditions for MPCVD with
varying CHy contents.
Parameters Amounts
Microwave input power (kW) 10
Deposition time (hour) 1
Gas pressure (torr) 100
H: flow rate (sccm) 2,000
10, 20, 30, 40
CHy flow rate (sccm)
50, 75, 100, 125

o]gstel WC el ~Axs FIANA A4
APlEE Al HHom 408 FIsien,
FTHOE dFvEUolEYlE & & A A
g5 Fozd oH AN B &8 G A
A uRe] SEEZE o s SibsE 2 WA
starzt skaitt [12].

£ Aol ARgE wholaRglolB ZEkzwl CVD
(MPCVD) A& 915 MHzel Al 30 kW7kA] &2 9]

s 3 mlola = golr WAl x| (IBF, Germany)2}
A Al ZHeE WA 2 G E o] Q).

=S A8y 4Y StolA ZHeb=vir BAE
ol ZEtzRvbo A AR E dutorn FE3F] AlHA
o] 7k 7] wiitol] W9 =
(substrate holder)ell AX]=o] 1A &vh. 2} A
A Mot 183 A Zy 9 FEdE WX H4

0% wa EFhdi FRF WA FHHAA
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torr, 2 2,000 sccm 3% %
o v WSAI7AA FEEF T
AAES] W] F2E tho]ol
ojth, mM A ARl A Ho|=
S7tEFE thololt = A ol
o T
I3 (a2 g 10 scemol A 1A17F S2Hsh
Ao m A 22 Abloltt Al 9l A tholo}f
= qAY GAE AA A" Ak dA
AHELS A2 FAH
AN tolot=
e #ET
FHA Thol
(island)

EHS gdd] €95
FAHA e 100 scem A= E
gt 29 1(a)~

(g)oll A Bol= A3} 2ol ZA 4#ke] Fejrb (111)
Axwol AujHew Ay = FEE Hola Ut

[13,14].

a7 1(holA #EE = Axp 2o
scemoll A= BH P F4g HEE YEJ AT
100 sccm7bA] “EbUE (111) 24 WS Aled 1, #

el 8 T wo] st Aoz HRlth 19 2
= wgrEko] Z+7F 100 scem™ 125 scem € w o] m)
Mz Aot dWesFo]l 100 sccmSl 4% F32HE
tololZ= A QA gWHol @ol AFAR A&
T 5 9laL, 125 scemel e A8 AT 54
g A4Ws UEhdA €55 ¢ 5 Utk 18ga %
ol He 22 2AA dAEel AAPHY s #
2 4= Qd=dl o]= olak ;A o3 A A
4 YAtz derEo

= AEol 949 7 Ade s wE
3 Asirh a9 3o urhital glomw wEe] F
Zhgel whep whebge] s A W FAH L,
tholol=o) wdl e F4Ae) = gk
AL & 5 AT aEa vigge] Ikl et
tholot2 = AA Aol FAoR FAHHE
4ol ¥ wol #&H A [15]

Fig. 1. The SEM micrographs of the films deposited with
various CHy contents : (a) 10 sccm, (b) 20 sccm, (¢) 30 scem,
(d) 40 sccm, (e) 50 scem, (f) 75 scem, (g) 100 scem, and (h)
125 scem.

Fig. 2. The SEM micrographs showing cross—section morphologies
of the films deposited with various CHy contents : (a) 30 sccm, (b)
40 scem, (¢) 50 scam, (d) 75 scemy, (@) 100 scem, (f) 125 scem
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Fig. 3. The SEM micrographs of the diamond films
deposited with different CHy contents : (a) 100 sccm and (b)
125 scem.
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Fig. 4. Raman spectra of the diamond films deposited
with various CH4 contents of (a) 50 sccm, (b) 75 sccm,
(c) 100 sccm, and (d) 125 scem.
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