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Effect of deposition on the properties of diamond thin films synthesized by
Microwave Plasma Enhanced Chemical Vapor Deposition

AU T
(Byoung-Soo Lee + Duch-Chool Lee)

Abstract - In this study, the metastable state diamond thin films have been deposited on Si substrates from
methane-hydrogen and oxygen mixture using microwave plasma enhanced chemical vapor deposition (MPCVD) method.
Effects in experimental parameters of MPCVD including methane concentrations, oxygen additions, operating pressure,
deposition time on the growth rate and crystallinity were investigated. Diamond thin film was synthesized under the
following conditions: methane concentration of 0.5%(0.5sccm)~5%(5scem), oxygen concentration of 0~80%(2.4sccm),
operating pressure of 30Torr~70Torr, deposition time of 1~32hr. SEM, XRD, and Raman spectroscopy were employed
to analyze the growth rate and morphology, crystallinity and prefered growth direction, and relative amounts of diamond

and non-diamond phases, respectively.
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Fig. 1 Schematic diagram of experimental apparatus.
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Table 1 Experimental condition

Process Condition
Microwave power 800W
Base pressure 2x10Torr
Operating pressure 30~70Torr
Deposition time 1~32hrs
Substrate Si(100)
Substrate temp. 820~884TC
Hy flow rate 100sccm
CH,4 concentration 0.5~5%
0/CH4 concentration 0~80%
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Fig. 2 Diamond films morphology changes as a function of

methane concentration.
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Fig. 3 Orientation growth of the methane concentration.
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Fig. 5 Diamond films morphology changes as a function of
oxygen addition.
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Fig. 7 Raman spectra with the effect of operating pressure.
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deposition time. 3. "k

(A) 1hr (B) 2hr (C) 4hr (D) 8hr (E) 16hr (F) 32hr e Ao, Gk e } @A go] Zo
S7] Wil tholopEx uiute] FAWAL Fojgglo
a9 95 FFAY WEle] wE tojopE s wiulol F W, AZEL Andoer Zrhsty

AWstE YERd Zlold

N
of\
b
>
S
o
=
Au)
=
=
s
—r
N,
fo
iin
o2
iy
o
1y
N
rle
of\
N

g a2 2

rot

100 - E

80}
[11 K. E. Spear, “Diamond-Ceramic Coating of Future”, J.
60 Am. Ceram. Soc., Vol. 72, No. 2, pp. 171~191 (1989).
[2] F. P. Bundy, H. T. Hall, H. M. Strong, and R. H.
40 I Wentorf, Jr. “Man-Made Diamond”, Nature, Vol. 176,
pp. 51~55 (1955).
20 * [31 B. V. Spitsyn, L. L. Bouilov, and B. V. Derjaguin,
L “Vapor growth of diamond on diamond and other
0 5 10 15 20 25 30 35 surface”, J. Crystal Growth., 52, pp. 219~226 (1981).
Deposition time [ hours ] [4] S. Matsumoto, Y. Sato, M. Kamo, and N. Setaka,
“Vapor Deposition of diamond Particle from Methane”,
Jpn. J. Appl. Phys., Vol. 21, No. 4, pp. L183~185 (1982).
[5] S. Aisenberg, J. Vac. Sci. Technol., A. Vol. 2, No. 2, pp.
369~371 (1984).
[6] B. A. Blanks and S. K. Rutledge, J. Vac. Sci. Technol.,
Vol. 21, No. 3, pp. 807~814 (1982).

Thickness [ um]

a7 9. ZEtAIZHo| e S Ef

Fig. 9 Variation of film thickness with deposition time.

SAA LA wep tholop = wbpe] FAl= ARkl m) [71 H. C. Tsai and D. B. Bogy, J. Vac. Sci. Technol., A. =
skl Aol AAAoR A e & 4 Ak oA % B (1998).Vol. 5, No. 6, pp. 3287~3312 (1987).
7ol AMEEEe] o) o] Foix]7] wiiEolw, CVDHE ¢ [8] K. Tankala and T. Debroy, J. Appl. Phys., Vol. 72, No.
3 tlolojt= miukol Ao AW ubSo] o APE = 2, pp. 712~715 (1992).

MPCVDoll olslf gHd = ctolot2= etaf Sdof it Satxzdel g 37



BREFHNE 51PE 158 20025 38

[9] Y. Saito, K. Sato, H. Tannka, K. Fujita and S. Matsuda,
J. Mater. Sci., Vol. 23, pp. 842~8 (1988).

[10] A. Van der Drift, Philips Res. Reports., Vol. 22, pp.
267~274 (1967).

[11] o1 ==, "wlolaZ 9ol B Zef=n} 3}8H7] 4 He <
gk tololZ = miubo] Aol gk A, dshu gl

SFAALEES]. (1998).

OH

ol ¥ % (= & %)

19723 29 11€ 4. 1998 2135} gl
A7)k 294D, 2001 <steh st
i A7F e AL E

Tel : 032-860-7393 Fax : 032-863-5822

E-mail : leebsoo@intizen.com

o g & (x E H)
1939 1€ 22448, 1963 skt 2 7]
sty £, 1966 & ulstd d7F
SEA (AL, 19761 yarof tigw
A7 E4(FHE). 19961 ~19984d
Astd Tl sh 1998wl gzl 7] 3} 3
3%k 199%5d~ dAA S A3 9.
1978Lﬂ~6ﬂ A elstt) A7) Fey wg

1 032-860-7393 Fax : 032-863-5822
Efmail : dclee@inha.ac kr

d

38



