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PREPARATION OF DIAMOND FILM BY DC THERMAL PLASMA
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Seoul National University

ABSTRACT

A DC thermal plasma system has been designed and
constructed to obtain diamond films from a mixture of CH4 and
H2. The effects of the deposition conditions such as substrate
temperature (850 € - 1050 ), gas mixing ratio (0.5 - 1.5 %
CH4 in H2), chamber pressure (50 - 200 Torr), axial magnetic
field (0 - 900 Gauss) on the diamond film properties such as
morphology, purity of the film and deposition rate, etc. have
been examined with the aids of Scanning Electron Microscopy,
X-Ray Diffraction and Raman Spectroscopy. Under optimum
conditions, high quality diamond films can be obtained with higl:

deposition rate (>1pm /min). Both of the growth rate and-

particle size increased with the substrate temperature but the
morphology changed from the faceted to unshaped when the
temperature deviates its proper range. Furthermore, higher
growth rates of 1.5 pm/min can be obtained by applying an axial
magnetic field to plasma torch. The observed values of
interplanar spacings of diamond were in a good agreement with
the values reported in ASI‘M data and all deposits have the
diamond peak of 1332.5 cni' in the Raman Spectra.
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Arc  Voltage 1420 [V]
200-300  [A]

Arc  Current

Spraying distance 10-30 [mm]

Substrate Temperature 850-1050 C
Magnetic Field 300-900 [Gauss]

Ar Flow Rate 3-5 [SLM]
12 [SLM]
CH4 Flow Rate 5-15 [SCCM]

H2 Fow Rate

Chamber Pressure 50-200 [Torr]

Deposition  Time 30  [min]

Table 1. Experimental conditions
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Fig.3. X-Ray Diffraction patterns of deposited

150 | 800 ) -
_»TC Reodout N & §
Magnet Probe Feedthrough 2 'E H g 2
Coil [+ Power Feedthrough L’L £,
S 3
c;v o ﬁ ow VAAW 2
. Shutter insulator |
i} N L L PR L
— - 140 50 60 70 80 90 00
o ¥ ] u
$ Subuug:; E S, 26 ldeg)
or
Gas LFD N Subsirate b Scole

O \ l——‘ K
Mirror O To Vocuum Pump
’ Sitica Gloss

Window Opticai Pyromeler

Fig.1. Schematic drawing of DC thermal plasma system.

3.1 71Res By el M 4y A7

a4 2% Yl 259 wstiol e tiojolR T nja ¢z}
2] Morphology H3}E SEMLE TAY ol rlojojRE
Yo 2718 SMGEE 252 Filo wel UMz F}
e AYE Rdev AWML wsl 1050 ColAte AgelE
Uz Gatol 24W Yelold £ el wig gt clojolR
E g 32 45 I 251 800 CoAM 1000 T7R
F74dol wiel 0.7 um/min &2 FE 1.0 gw/min 74 27}
3tglcl. 24 3 YW viojolBx= uhe] x4 3 su
Uehd zlojct. of7lA B5%o] A2 ql Mo MANEH o
#ol tlololZE s go] FAHNUIL o] LES ASM A8
of RuY M clolol@=el POD ( Powder Diffraction
nm] )}zig} %:&oz‘kﬁu}ﬂ PELIT =8

7%t &5 ¥ £ X d 33 side A g3
g pgou gt gl U AMEYL 7 ‘83*& g
2 nolon off 14 4of vehiddch gold RKo]
Ad clojolgxzol 84 ma ( 1332.5 el ) o} YA E
oM MAAF ez 2on 950 T AN Y B 7
59 tlojol2= nAg WY 4 <A 900 - 950 T 2}
S5 ddE Yol Afol: (b).(c) & A9} o] 1560
cut of YAY Y2 M) T g By v xaz E
Mol @atsiglch, W] 1050 C olAle] 7| LxofME ()
g'\i BE vis} Yol A Ko F2E ARdRS ¢ + A

Intensity

diamond films on Mo substrate
( Sample (b) of Fig.2.)

ﬁ\\

1800 1000
Roman shift [cm™']

Fig4. Raman spectra of diamond films. The substrate
temperature is (a) 950 C, (b) 850 C, {c) 1050 C.
(Gas mixing ratio: 0.5 %,
Chamber pressure: 50 Torr)

(a) 850C {b) 950C () 1050 C
Fig.2. The cffect of substrate temperature 10 wm i

(CH4/H2= 0.5% ,Deposition time: 30 min.)

-102-



'90 HZHAl 7|33 FAIHE N3] = A

(2) 900 C, 0.5 % (6)900C, 1.0 % ()900C, 1.5 %
Fig.5. The effect of gas mixing ratio (CH4/H2) 10 wm
(Deposition time: 30 min) —
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Fig.6. Raman spectra of diamond films.
The gas mixing ratio is
() 0.5 %, (b) 1.0 %, (c) 1.5 %
(Substrate temperature: 900 C,
Chamber pressure  : 50 Torr)
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Fig.8. Raman spectrum of the deposited diamond
film with the magnetic field of 600 Gauss.
( Substrate temperature : 900 C
Gas mixing ratio  :05%
Chamber pressure  : 50 Torr )
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Fig.7. Surface and cross sectional
microstructures of diamond films.
The magnetic field is
(a) 0 Gauss, (b) 600 Gauss
{ Substrate temperature : 900 C,

Gas mixing ratio  :0.5 %,
Chamber pressure  : 50 Tor,
Deposition time 130 min )
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