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Table 1 The growth parameters of diamond films

FES RS RIRIREEC SR/ kPa  (NEA+H,) Wi fe/(mL/min)  Ar Jiti/(mL/min) #AZZIEEC 2R/ V4K AR

a 750 5 50
b 700 5 50
¢ 650 5 50
d 600 5 50

200 2 200 22 3
200 2 200 22 3
200 2200 22 3
200 2 200 22 3
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Fig.1 SEM surface morphologies of the diamond films deposited under various substrate temperatures
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(2)750 °C, (b)700 °C, (¢)650 °C, (d)600 °C
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Fig.2 Cross—section SEM morphologies of the diamond films deposited under various substrate temperatures
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Fig.3  Growth rate of the diamond films deposited under

various substrate temperatures
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Fig.4 XRD patterns of the diamond films deposited
under various substrate temperatures
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Fig.5 Raman spectra of the diamond films deposited

under various substrate temperatures
e
3 & if

A 22 A~ SR DTRRE , AT R A B IR 1
B Ar U AR GOR G NI B XA Rl it B
T AR AL AT TR AIRAL. 45 R AR

R B S WA R AT kAR RN AR A
PSUES AL N e Ryl A TR aY
F18T AL /N T DN A RO P A B AROR RUBE A
KRR B AR RS AR T AL
RAE R A RS BEDIR AR K IS AN RS il
JE R PR o AR TS R S WA 9 OB %
AR, BRI IR P IR 1R TR R
Lo WA A O ARAR A o, A RO R A R
JITUAR I ) dtor RS ),

%

Rt KX ITRRFHLEE S FHRF S
T 8 TR AT 60 S 9, R A
KIULAZK 3 5 AT 5K P s 5 2 B A o 9 Himl

SE

[1] GRUNE D M. Nanocrystalline diamond films [J]. Re-
view Material Science, 1999, 29. 211-259.

(2] VTN TEaAe RE AL, 55 5 b R EE X 44 0K 465 I v
JE % B R [ BRI T AR K 24231, 2012(4) . 39—
42.

JIANG Chuan, WANG Jian—hua, XIONG Li-wei, et
al. Influence of substrate temperature on preparation of
nano—crystalline diamond films [J]. Journal of Wuhan
Institute of Technology, 2012(4): 39-42.(in Chinese)

[3] WILLIAMS O A. Nanocrystalline diamond[J]. Diamond
& Related Materials, 2011, 20. 621-640.

[4] HUANG Shr-Ming, HONG Franklin Chau-Nan. Low
temperature growths of nanocrystalline diamond films
by plasma-assisted hot filament chemical vapor deposi-
tion [J]. Surface & Coatings Technology, 2006, 200.
3160 - 3165.

[5] ZHANG Y F, ZHANG F, GAO Q J, et al. The roles of
argon addition in the hot filament chemical vapor depo-
sition system[]J]. Diamond & Related Materials, 2001,
10, 1523 - 1527.

[6] LIANG Xingbo, WANG Lei, ZHU Hongliang, et al.
Effect of pressure on nanocrystalline diamond films de-
position by hot filament CVD technique from CH4/H2
gas mixture[ ] |. Surface & Coatings Technology, 2007,
202. 261-267.

[7] FREDERIK Klauser, DORIS Steinmuller —Nethl,
REINHARD Kaindl, et al. Raman studies of nano— and
ultra—nanocrystalline diamond films frown by hot—fila-
ment CVD[J]. Chemical Vapor Deposition, 2010, 16;
127 - 135.

(8] WNEE, BEME, WWHL, 5. XRD TEMREE T 41T
TR IR BT (T ]. ) PUIER, 2010, 31(4): 15—



40

T AR 4R

537 &

[10]

[11]

18.

HAO Tianliang, ZHANG Heng, SHI Chengru, et al.
Nano-crystalline diamond films synthesized at low tem-
perature and low pressure by hot filament chemical va-
por deposition [J]. Surface & Coatings Technology,
2006, 201: 801-806.

LINT, YUGY, WEE A TS, et al. Compositional
mapping of the argon —-methane —hydrogen system for
polycrystalline to nanocrystalline diamond film growth
in a hot —filament chemical vapor deposition system
[J]. Applied Physics Letters, 2000, 77( 17): 2692—
2694.

YANG Shumin,HE Zhoutong,LLI Qintao,et al. Dia-
mond films with preferred <110> texture by hot fila-

ment CVD at low pressure[]]. Diamond & Related
Materials, 2008, 17. 2075 - 2079.

YARBROUGH W A, MESSIER R. Current issues and
problems in the chemical vapor deposition of diamond
[J]. Science, 1990, 247(4943) . 688-696.
FERRARI A C, ROBERTSON J. Raman spectroscopy
of amorphous, nanostructured, diamond-like carbon,
and nanodiamond [J]. Philosophical Transactions of
the Royal Society. Series A: Mathematical, Physical
and Engineering Sciences, 2004, 362(1824). 2477-
2512.

WADA N, SOLIN S A. Raman efficiency measure-
ments of graphite [J]. Physica Section B+C, 1981,
105(1-3): 353-356.

Effect of substrate temperature on nanocrystalline diamond films deposition

by hot filament chemical vapor deposition technique

WANG Chuan-xin, XIONG Jiang, YI Cheng, FAN Yong—-zhi, WANG Zi-xing
Hubei Key Laboratory of Plasma Chemical and Advanced Materials(Wuhan Institute of Technology),
Wuhan 430074, China

Abstract; Nanocrystalline diamond films were deposited under various substrate temperatures by hot filament

chemical vapor deposition method with argon/acetone/hydrogen gas mixtures. The as—grown films were char-

acterized by scanning electron microscope, X-ray diffraction and Raman spectroscopy. The results indicate

that the substrate temperature has a great effect on the growth mode, morphology, grain size and growth rate

of diamond films. At 750 °C, the diamond films have small grain size about dozens of nanometers, and the

films show a growth mode of granular structures with a fast growth rate reaching of 8.45 pm/h. With decreas-

ing substrate temperature, the diamond grain size becomes larger, the diamond crystalline changing from

nanocrystalline to microncrystalline,its growth mode becoming columnar structures and its growth rate de-

creasing gradually. At 600 °C, the size of diamond films becomes microcrystalline,the growth rate of which

decreases to 1.95 pm/h.

Keywords: nanocrystalline diamond films; hot filament chemical vapor deposition; substrate temperature
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