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Abstract We reported a successful deposition of oriented diamond films over a large area of the Si(100) substrate by
low pressure ECR microwave plasma CVD previously. In this paper we report effects of various process parameters of
the bias treating step on the diamond nucleation density in the diamond deposition process composed of the bias treat-
ing step and the growth step.The incubation period for the diamond nucleation is 5-6 min, and the time for the com-
pletion of the diamond nucleation(i.e., the time for the substrate to be completely covered by the diamond nuclei)is ap-
proximately 10 min under the bias treating process conditions : a substrate temperature 600°C, a gas pressure of 10Pa, a
microwave power of 3kW, and a substrate bias of +30V. An amorphous carbon film forms on the nuclei after 10min,
but the carbon film is etched away and the remained diamond nuclei grow to a diamond film in the growth step. Also,
increasing substrate temperature is not nearly effective in enhancing the crystallinity and the nucleation density of
the diamond film. It was confirmed that a bias treatment technique is very effective in enhancing diamond nucleation.
A perfect diamond epitaxial growth was observed by SEM in the growth step after a bias treatment step the process
conditions of which are a gas composition of CH;OH(15%)/He(85%), a total gas flow of 100sccm, a gas pressure of 10Pa,
a substrate bias voltage of +30V, a microwave power of 3kW, a temperature of 600°C and a time of 40min, although
the epitaxy was achieved for a short while in a limited area. This implies that it would be possible to achieve a
heteroepitaxial growth of diamond under proper deposition process conditions. Also the investigation results of dia-
mond film quality by Raman spectroscopic analysis and cathodoluminescence analysis and the effect of oxygen and
hydrogen glow discharges on the removal of carbon contaminants on the chamber wall have been discussed.
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Table 1. Deposition process parameters for ECR plas-
ma CVD
(D Nucleation step

gas CH./ He
pressure (Pa) ] w0
— temperaturep(%)—) >__*LH)§§Q_:W/>r“;:
bias voltage (V) ~60~ +60
B microwaveri)ower (/k‘V)V.)M)_aJAgSﬁ,Zaggrﬁwli
time 2~40 min
gas Conaﬁtrationw("mh))J‘_)wW ;T57€)§ r80/ B
_ total gas flow (sccm) B 100 -
@ Growth step
gas ~ [ cHscosm.
pressure (Pa) R
" temperature (C) | 600
 bias voltage (V) | S
microwave power (kW) _45)) -
 time CZ2he
gas concer?t;;tio;lT%) o 5/10/8»57 -
total gas flow (scom) | wo
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Fig. 1. SEM micrographs of diamond particles for various substrate bias treating times (Deposition conditions are listed in Table 1.) :

(a) 2min, (b) 5min, (¢) 10min, and (d) 40min



324 FFANaEsz) 4749 M4z (1997)

(b)

Fig. 2. SEM micrographs of diamond particles for various proc-
ess temperatures of the bias treatment:(a) 600°C and (b) 900°C
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(b)

Fig. 4. SEM micrographs of diamond particles grown by ECR
plasma microwave plasma CVD after (a) ECR plasma bias
treatment and (b) no bias treatment
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Table 2. Bias treatment conditions for diamond nucle-
ation (Growth conditions were fixed constant.)

gas CH,OH/He

pressure(Pa) 10
substrate temperature(C) 600
bias voltage(V) +30
microwave power(kW) 3
biasing time(min) 40

gas flow ratio(%) 15/85
total gas flow(sccm) 100

1) ECREehzr} CVDHol ojstod B2 Siz|elel
olobEE e % rspoich. TAZAL AAA (uholo]
2 Ae)Ash AARAZ Jre] 20 AR el 4R
Aol L] A, B AN AS) BT
3 7@eEst tololE B4R vlHE E7E
Bspod ZAsheIc, 71 BEE 600, 43 10Pa, mol22
sk A2 3kW, 7)% wholol2 +30Ve] ZAO R upolojs
Aeig o, BRAe) the FR7Ie 5-6%oln, AN
o] R 7] A8 A+ of 10%elch. 10% olFsle

Nl

_L.

1200

g 8
T T T

Emission Intensity
g 8

200 L
i OH co,
0 w
1 1 ' [| n 1 n 1 2 (1
200 300 400 S00 600 700 800
Wavelength(nm)
0, Plasam

ololze Aol opd MAA sawhe] U YA W)
e} AR A oleig WA A saste AAH A
AHT gobgli cholol2E #Eo] thAl 4RetA Hek.

Nmese] 27he thelel B o) AT Foln 44

4 HsE 7}*]7]“ dlol] & 3_47}' MD}
cul

srehs o) solelaA el Hlm g AHESHA B el v)
o chololZr WA DEHAA o} felg e Fals
pric

3) £ G2 100scem®] CHOH(15%)/He(85%) A%
AFE-3ho] 71291 10Pa, vlo]eiz M} +30V, shol 22
3 A" 3kW, £% 600TC9 ZZe A 4087} vleoloix
g ke, thololEouhe A ZE wf Aol =
Bxo)7] sk, g chojopETate] o HH

£ SEMog #alslgrt. o]zl TF %
& AeslE Siz)agel M tholol2E o
e noFE Aol

4) 2}args} 2z cathodoluminescence -4l 2J3}
o] ECR Za}=n} CVD®l o2 5AZHERE A8A17) t}o]o}
zrute] 4Re zAG AT Fd4 wa, wAA 'aE

dciolol2 e ARo] o] EgE] sl AR BHAT

490
i H
m-
a)_
! H
| |
il i
Em lLl s (X8}
5
Ewso-
100}
50"0*002 0
NIV PN I
1 i A ] M i n 1 n 1 n
20 A0 40 50 60 70 80

Wavelergth(m)
H, Plasma

Fig. 8. Emission spectra for the plasma CVD chamber with (a) the oxygen plasma treatment and (b) the hydrogen plasma treatment



£ AFe 19959 Jepeistae] mu) du] A14del o
she] SeEgle, ool =R,

b

m
o
ro

. M. Yoshikawa et al, Appl. Phys. Lett. 57, 428
(1990).

. A. Argoitia, J.C. Angus, L. Wang, X.I. Ning, and P.
Pirouz, “Diamond grown on single-crystal berylli-
um oxide”, J. Appl. Phys. 73 (9), 4305 (1993).

3. S.Ojika et al., Jpn. J. Appl. Phys. 32, L1681(1993).

Sato et al., Second International Conference on

New Diamond Science and Technology, Washing-

ton D. C., 1990. ed. Messier et al. (MRS, Pitts-

burgh, 1991), p.371.

Wei Liu, Denise A. Tucker, Peichun Yang, and

Jeffery T. Glass, J. Appl. Phys. 78, 1291(1995).

6. Y.H. Lee, K.J. Bachmann, J.T. Glass, Y.M. LeGrice
and R.J. Nemanich, “Vapor deposition of diamond
thin films on various substrates”, Appl. Phys. Lett.
57 (18), 1916 (1990).

7. B.R. Stoner and J.T. Glass, Appl. Phys. Lett. 60,

698 (1992).

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

329

P.N. Barns and R.L.C. Wu, “Nucleation enhance-
ment of diamond with amorphous films”, Appl
Phys. Lett. 62 (1), 37 (1993).

. X. Jiang and C.P. Klages, Diamond Relat. Mater. 2,

1112 (1993).

Yugo, T. Kanai, T. Kimura, and T. Muto, Appl.
Phy. Sett. 58, 1036 (1991).

M. Kamo, U. Sato, S. Matsumoto, and N. Setaka, J.
Crystal Growth 62, 642(1983).

Y. Saito, S. Matsuda, and S. Nogita, J. Mater. Sci.
Lett. 5, 565 (1986).

Y. Sato, and M. Kamo, in “The Properties of Natu-
ral and Synthetic Diamond, edited by J. E. Field,”
Academic, Orlando, FL. Chapter 11 (1992).

S.J. Harris, App. Phys. Lett. 56, 2298 (1990).

E. Kondoh, T. Ohta, T. Mitomo and K. Ohtsuka, J.
Appl. Phys. 72, 705 (1992).

H. Kawarada, K.S. Mar, and A. Hiraki, Jpn J. App.
Phys. 26, L1032 (1987).

A. Hiraki, H. Kawarada, J. Wel, and J. Suzuki,
Surf. Coatings Technol., 43/44, 10 (1990).

S. Jin and T. D. Moustakas, Mat. Res. Soc. Proc.
280 (1993).

S. Jin and T.D. Moustakas, Diamond and Related
Materials, 2, 1355 (1993).

PR, ol FF, &= =53t3, 6, 1113(1996)



