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Fig. 1 Experimental apparatus for the
deposition.
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Fig. 2 Experimental set up for the mass
speclroscopy.

Table 1 Species in the plasmas and in the depesits,
determined by XPS and LAMMA.

Plasma | Deposits ESCA (XPS) | LAMMA
CHHe Diamond (particle) Diamond C-Hy
Graphite Ca
CH.
CHsAr Diamond {film) Diamond Ce
Graphite Graphite CaHy
CH.
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Table 2 ZElectronic transitions in the plasmas determined
by emission spectroscopy, from 600 to 200 nm.
CH4-Ha plasma
Species transition
Cz Swan system d¥lg—afllu , dv=0 (0-0)
CH | 4300 A system | AA—XI, dp=0 (00, Q Heads)
3900 A system B2 —X, Av=0 (0-0, @, R Heads)
H Balmer series Hg, Hy, Hs
C 25°2p(Pp)3s — 2s22p?
CHs-Ar plasma
Species transition
Ce Swan system d3[lg—a®Tlu , Av=0 (0-0)
Dyt —X12g", dv=—1~1('Z6)
CH | 4300A system | APA—XE] , dv=0 (0-0, @ Heads)
3000 A system BE- XM, dv=0
H Balmer series He, Hy, Hs
C 25%2p(Pp)38s — 2s22p?
Ar 4p(®p)—4s(®po} etc.
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Fig. 3 Mass spectra of the CHilvol%)-Ha - 'O ’ ! !
plasma. On and off means during and before “e 80 £
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the microwave discharge.
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Fig, 4 Mass spectra of the CHi(lvol%)-Ar
plasma, On and off means during and before
the microwave discharge.
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Table 3 Experimental conditions.

FORKINE - SFEE0E - ROH—  REHBHE - A

Carbon source

Methane : CHy

Acetone : (CHa)eCO

Carbon monoxide : CO
Substrate S1(100}
Dilution gas Hydrogen (I4s)
Concentration (vol%) 1.0 (CO 10vol%)
Microwave power (W) 200
Gas pressure (kPa) 1.3
Flow rate (ml/min) 20
Deposition time  (hr) 2.0
Substrate temperature (°C) 800~1000

Fig. 6 Scanning electron mierographs of
deposits from {a) the CHs-I: plasma,

the

(k)

the (CHs)}:CO-Hz plasma, and {c¢) the CO~Hz

plasma.
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Fig. 6 X-ray diffraction patterns of the de-
posits from (a) the CHs-Hz plasma, (b)) the

{CHs):CO-Hz plasma, and (c¢) the CO-Ha
plasma.
(a)
(b
e -
Ced
r"”‘ﬂ‘f
I L. L
1708 1500 1300 1000
Raman shift . cm™

Fig. 7 Raman spectra of the deposits from
(a) the CHeH: plasma, {b) the (CH3:CO
~Hz plasma, and (¢} the CO-Hz plasma.
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Table 4 Electronic transitions in the (CH:):CO (1vol%)-Hz plasma
determined by emission spectroscopy, from 600 to 200 nm.

Species transition

H Balmer series
CH 4300 A system
3900 A system
3143 A system

Ca Swan system
CO EI]— A system
OH 3064 A system

Hg, Hy, Hs

AN | Ade=0 (0-0, Q Heads)

B2 —X2M , dv=0 (0-0, Q, R Heads)
oS =X, Av=0 (0-0, 1-1, @ Heads)
A= X, dv=0 (0-0)

b8 8% |, dv=-2~0 (-0, 0-1, 0-2)
dPA—a®T
AXTT—XKl, do=0 (0-0, 1-1}

. dw=1(1-0)

Table 5 Electronic transiticn in the CO {10 vol%)-Hz plasma
determined by emission spectroscopy, from 600 to 200 nm.

Species transition

H Balmer series
CH 4300 A system
Cs Swan system

cO The Angstrom system
4th positive system
EMi— A system

CH 3064 A system

He, H;, Hs

AZA-K2T , dv=0 (0-0, Q Heads)
A= XMLy , Av=0 (0-0, 1-1)
BE—-AML |, dus—3~0

Alll—-X20 , du=—11~—6

biX—afll |, do=-4~0

dOA—a ], dv=1(1-0)

AP X2 | do=0~ +1{0-0, 1-1, 2-1)

Table 6 Relative peak height intensities of spectra

in plasmas.

Species transition CHs-Hz (CHaz)eCO-Ha CO-H:
o He 100 100
CH: 4300 A (0-0) 10 10
Co: Swan (0-0 10 20
CO: 3rd. Pos. (0-0}* N. D.#* 5 10
OH: 3064 A (0-0) N.D. 20

3rd. Pos. (0-0)*: ENI— AT system bPX —a®Tl, (0-0)
N. D¥* ; could not be detected.
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Fig. 8 Mass spectra of the (CHg):CO-I; plas-
ma. On and off means during and before the
microwave discharge.
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Fig. 9 Mass spectra of the CO-Hg plasma, On
and off means during and before the micro-
wave discharge.
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Fig. 10 ESCA spectra of the deposits from
the (CHs)»CO-H: plasma, {a) as deposited
and (b} after Ar* ion beam etched.

Table 7 Relative peak intensities in the ESCA
{XP3) spectra of the deposit from (CHz)2CO-Ha

plasma.

Eb/eV | Bonding/species | As deposited | Etching
284, 3 | Graphite 3.4 6.9
285, 1 | -CHs (Methyl) 100 100
286.5 | -CH: (Methylene) 38. 4 —
287.2 | Diamond 10.2 12.7
289.1 | -C=0O (Carbonyl) 18.2 7.8
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Fig. 11 Scanning electron micrographs of the
deposits from (a) the Ar-CCls plasma jet,
(b) the Ar-He-CCly plasma jet, and (c) the
Ar-ClL-CCly plasma jet.
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Fig., 12 Raman spectra of the deposits from
{a) the Ar-Hs-CCls plasma jet and (b) the
Ar-Cl;-CCls plasma jet.
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