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EFFECT OF CATALYST LAYER THICKNESS
ON GROWTH OF CVD DIAMOND
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ABSTRACT. Tungsten Nanocrystalline Diamond (NCD) fil Wer own
on silicon substrates by Hot Filament Chemical Vapor D o;lﬂg CVD)
method using three different catalyst layer thicknesseg\ Atfir e silicon
substrates are ultrasonically cleaned in acetone; e@ol % demonized
water for 15 minutes in each step to remove organic ¢ mirtants, then gold
layers were deposited on silicon substrate by étron sputtering.
Nitrogen gas 80 Sccm was introduced into IN I@mber for 40 minutes
and the growing process were done in a ite of\CH,4/H, for 75 minutes.
Crystal structure investigations were ¢ X-ray diffraction (XRD)
measurements for deposited films,_ Th X spectra of the NCD films
demonstrated different diffraction pea?§ ent catalyst layer thicknesses
that confirmed the presence of@rystége diamond. Morphology of the
diamond films were investi §&canmng electron microscopy. The
S

thickness of the gold nanol of ubstrate was measured by DEKTAK
surface profile measuring.s tenb\
Keywords: Nanocr)@gﬂine\q}amond films, Catalyst, Hot filament CVD, Etching.
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Introduction QO \\
Synt: @lamond films by chemical vapor deposition (CVD)
have beerbext wsively studied during the last decades because of their
unlque Kﬁes and potential applications in mechanics, optics and
elec |cs ] Diamond films could be produced by various chemical vapor
eIt @(CVD) methods, including microwave plasma [8-12], hot filament
[Q 17%>arc plasma jet system [18-20] and magnetically enhanced radio

. C}Qf cy assisted plasma [21-22] methods. Among these methods, hot
{\, I@ﬁent chemical vapor deposition (HFCVD) has been one of the most
?‘ mmon methods for synthesis of diamond films.
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During the HFCVD system, various gas species formed on and near
the filament which their transport to substrate play an important role in growing
of diamond film [17]. Therefore the parameters, such as the gas pressure [16-
17, 23], the temperature of filament and substrate [24-28], the composition
of the source gas [13, 16, 29-30] play an important role in CVD diamond growt $ >
Another important part in growing of CVD diamond deposition is nucleai
Various nucleation processes were used such as bias enhanced nuc@,ﬁﬁ‘lon\'
(BEN) [24, 31-33], seeding the substrates by scratching with dlamondqxb dQ
and ultrasonic agitation of substrate with diamond powder [16\%4 ]. It
can also be done by etching gas [37]. In the present work, n en as
etching gas to provide suitable nucleation sites for growing aands

Using catalyst nano layer, is a useful method re the time
from over than four hours to about one hour in HFCV[ﬂs steﬂle [16], so we
used catalyst nano layer to reduce time into aroun To study the
effect of different catalyst layer and find the best C‘Qa @thlckness layer on
the growth of NCD films, different catalyst nano | 'ér's thl‘&?ness were deposited
on the substrates. The XRD spectra of the D fikns\"demonstrate different
diffraction peaks for different catalyst thickAe layer which confirm the
presence of crystalline diamond. Scannlr% Jg@ microscopy (SEM) shows
the various morphologies of the fil

RESULTS AND DISCUSSIONA\\ \6\

1. Catalyst Layer Thlckn eekurements

The thickness of<([: Iyst nano layer varied within the range of
21.6-62nm. The Fig. e thickness measurement of the catalyst nano
layer for the three Dektak3 profilometer. Fig.1 (a) shows the 21.6
nm thICkneSS sample Fig. 1(b) and Fig. 1(c) corresponded to
second and t e W|th thickness of 49 and 62.4 nm for catalyst layer,
respectwelg es& ee samples were named A, B and C, respectively.

2. Mor%\ o} tudy
shows the SEM morphology of the NCD films deposited at
nt @yer thicknesses of the catalyst. The morphology of the samples
é@a Si r, as shown in the Fig. 2, revealing diamond films with cauli-flower

\Qhkeéﬁ?ucture.

{\, A wide dispersion of NCD structures were observed in sample A
?‘ @th a lowest thickness layer (Fig.2a). By increasing the catalyst thickness
Q~ layer to 49nm in sample B, the film morphology became denser and
smoother and the whole surface is covered by diamond film (see Fig. 2b).
In the sample C with the highest catalyst thickness layer, the crystal size
increased around 200nm (see Fig. 2c). In Fig. 2c there is also changes in
nucleation density and the films became less dense. For comparing the
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grain size of samples B and C was shown in the inset of Fig. 2. The smallest
grain size with around a couple of tens nanometers corresponded to sample
B. The second nucleation made bigger particles in sample C.
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Fig. 1. DEKTAK profilometer results show: a) sample A with 21.6nm, b) Sample B
with 49nm, and c) sample C with 62.4 nm, for thickness layer.
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3. X-ray diffraction

XRD patterns of the diamond films deposited for different catalyst layer
thicknesses were shown in Fig. 3. For diamond films in sample A, XRD patterns
exhibit four peaks from (1 1 1), (104), (110), and (311) crystal planes of

diamond. By increasing the layer thickness in sample B, five differe o X
crystalline structure of(101), (1 0 2), (104), (108) and (311) was observedxj y\b‘
which the best quality of the diamond peaks refer to the structure wit DN/

crystallinity. For sample C, the diamond peaks with (111) and (106&\:ry$@‘
planes were only observed. To investigate more, the XRD re@lts ere
summarized in Table 1. Crystalline structures of (104) and (314) ex§jd in
both sample A and B, which they had a higher relative int N and-FWHM
in sample B. Regarding to Sherrer's formula, sample B a '\ter quality
and smaller grain size. There was the same crystallin uctupe of (111) for
sample A and C which had the same amount of FWki\ anf)different relative
intensities. In XRD spectra of sample C, a shar e@eal@t 16.3" and 33.13°
corresponded to non-diamond structures. The restifs sHow that, by increasing
the thickness of the catalyst layer, from 49nrp]%62@x\7\/e can see some extra
structures. It can be concluded that cat st i@ess layer directly changed
the quality, grain size and even crystallifie gucture of deposited diamond
films. XRD studies confirmed previo bsérvation in SEM images that the
smallest grain size was correspQrding mple B, which has also the best
guality of diamond films. In all e peak at 2theta=69.2° corresponded
to Si, the substrate.

Q‘ Fig, 2. SEM morphologies of the nanocrystalline diamond deposited in
various thicknesses of catalyst layers: (a) sample A, (b) sample B, and (c) sample
C. The inset shows the Increasing of the grain size in 200nm scale by increasing
the thickness of the nano catalyst layer from sample B to C.
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Table 1. Res{t‘g@oft &XRD studies of the diamond films grown
di nt catalyst layer thicknesses
AQ N Y y

Sampfe’ Catgiyst Orientation Pos. Height FWHM Rel.

-Q \hyer of plane  [*2ThJ] [cts] [°2Th.] Int.

é\ N .Rickness [%]

Q& 216 (m) (1] 4402 289 0315 6.98

. \é(\ \ [104] 4728 272 0236 6.58

sQ\ 6’0 [110] 7555 215 0315 519

O SN [311] 9248 115 0197 278

@Q S B 49(nm) [101] 4168 279.04 0.275 100
.\(} & [102] 42.88 3867 0.315 13.86
& (((b [104] 4855 8473 0275 30.36
%) [108] 6169 666 0197 239
<& 311] 92.02 2874 0275 103
c  624(nm) [111] 4407 10.76 0.315 0.06

[106] 5340 228 0.236 0.1

261

e W



FATEMEH SHAHSAVARI, MAHMOOD GHORANNEVISS, ZAHRA KHALAJ, MIRCEA V. DIUDEA

CONCLUSIONS

In this study, the effect of different thicknesses layer of the Au
catalyst was investigated in HFCVD system. Different thicknesses of nano Qv
catalyst layers within the range of 21-62nm, has different effects on CV o}
diamond growth. XRD characterizations presented changes in diffrac y\b‘
peaks of crystalline diamond within changing the catalyst thicknesss@er.\'
Optimized catalyst layer thickness found in sample B with the sﬁarp
peak and small FWHM which indicates the higher quality of CVD@’am nds.
In sample C with the highest catalyst layer thickness, the quagty*of digywond
films decreased and other non diamond structures appeareﬁl, '\r\«

Q

/\/
EXPRIMENTAL SECTION © (1/
A hot filament CVD system was used for dech'tion &,nanocrystalline
diamond in which the tungsten filament was 1.1rﬁQ in @dameter and about
1.5 cm in length. P-type silicon wafers with [10@l'}3r‘ienté@bn were used as the
substrates. The substrates were ultrasonicall Qea@‘c?ﬁ‘ acetone, ethanol and
deionized water for 15 minutes in each ste%g e organic contaminants.
After pretreatment of Si substrates, it different catalyst layers of
gold [38], they were loaded in a D gneffon sputtering system at 1.3 Pa

(10 2 Torr) in Ar with Au target. higs&ss of the gold nano layer of each
substrate was measured by DE gYrface profile measuring system. Then
the substrates put into the staihles subholder below the hot filament wires.
The distance between fil t apd Substrates was 1.5 cm. The chamber was

pumped down to the k@s p; ure of 1.3 Pa with a rotary pump and after
that reached to 2><10‘i©a @%10™ Torr) with diffusion pump.
In the first@)@p, adgon gas with flow ratio of 208 sccm was introduced
into the chambek r ing the substrates with total pressure of 4 KPa (30
Torr) for 45~@nut n the second step, nitrogen was introduced into the
chamber an\@c ing gas with flow rate of 80 sccm. At this time, the
filame S ched to about 1600C. The working p ressure was kept in
667 @(5 r) and duration of time was 40 minutes. In the last step, for
growing.®@e nanocrystalline diamond, a mixture of precursor gases of
rReth ?ggand hydrogen were introduced into the chamber. Methane and
(} yQ(éen were introduced to the reaction chamber with a total flow rate of
X7 189 scem to keep the CH4/H2 ratio at 10%. The working pressure in this step
?‘ gWas 4 KPa and nanocrystalline diamond was grown after only 75 minutes.
Q~ During each step, the substrate temperature was controlled by the thermocouple
and was kept on 600°C.
The deposited films were characterized by scanning electron microcopy
(SEM, XL30), X-ray diffraction spectroscopy (Cu Ka, A=0.1541 nm), and
DEKTAKS version 2.13 at room temperature.

262



EFFECT OF CATALYST LAYER THICKNESS ON GROWTH OF CVD DIAMOND

REFRENCES

N\
. R.F. Davis, "Diamond Films and Coatings", Noyes publication, New Jersey, 1992. (b.$ b‘
. K. E. Spear, J.P. Dismukes, "Synthetic Diamond: Emerging CVD SC|enc\e(\ d '\
Technology", John Wiley, New York, 1993.

3. R.L.C. Wu, AK. Rai, A. Garscadden, P. Lee, H.D. Desai,K. MIyOShI aN?“
Applied Physics, 1992, 72, 110.

\
4. C. Zuikeer, A.R. Krauss, D.M. Guren, X. Pan, J.C. Li, R. Cse@ﬁ}bf I@mlr

C. Bindal, G. Fenske, Thin Solid Films, 1995, 270, 154. ;

N

o

J. Lee, B. Hong, R. Messier, R.W. Collins, Applied Physical L 9, 1716.

6. K. Kobashi, "Diamond Films: Chemical Vapor Deposit Oriented and
Heteroepitaxial Growth", first edn. Elsevier Smence@ford

7. O.A. Shenderova, D.M. Gruen. "Ultrananocry | ggmond - Synthesis,
Properties, and Applications”, William Andre New York, 2006.

8. N.Jiang, K.Sugimoto, K.Eguchi, T. Inao anl H.Makita, A.Hatta,
A.Hiraki, Journal of Crystal Growth, 200

9. L.C. Chen, T.Y. Wang, J.R. Yang, K @D M Bhusari, Y.K.Chang, H.H.
Hsieh, W.F.Pong, Diamond and R als, 2000, 9, 877.

10. H.Yoshikawa, C.Morel, Y.Kogaﬁqﬂon@qd Related Materials, 2001, 10, 1588.
11. A. Stacey, I. Aharonovich, S&r/ eré&k. Butler, Diamond and Related Materials,

20009, 18, 51.

12. T. Tachibana, Y. Ando, a@e Y. Nishibayashi, K. Kobashi, T. Hirao, K. Oura,
Diamond and Relate @aten@ 2001, 10, 1569.

13. L. Chow, D. Zh% in, S. Kleckley, K. Zollinger, A. Schulte, H. Wang,
Thin Solid Fil 8, 193.

14. AHelman R?” S.H.Christiansen, H.P. Strunk, A.Hoffman, Diamond
and Rel t 2000, 9, 866.

15. S. Rakhie) Z. ai, D. Zhu, Y. Guojun, Current Applied Physics, 2010, 10, 171.
16. M. D’Cunha, A.K. Tyagi, Journal of Alloys and Compounds, 2002,

26ob
g, Zh. He, Q. Li, D. Zhu, J. Gong, Diamond and Related Materials,

17, 2075.
18'\ %Fang C.Zhu, W.Yao, Q.Wang, C.Li, F.Lu, Thin Solid Films, 2003, 429, 63.
v . B. Huang, W. Z. Tang, F. X. Lu, N. Ali, J. Gracio, Thin Solid Films, 2003, 429, 108.

0. J. A. Smith, K. N. Rosser, H. Yagi, M. |. Wallace, P. W. May, M. N. R. Ashfold,
Diamond and Related Materials, 2001, 10, 370.

21. S.S. Proffitt, S.J. Probert, M.D. Whitfield, J.S. Foord, R.B. Jackman, Diamond
and Related Materials, 1999, 8, 768.

22. M. P. Pai, D. V. Musale and S. T. Kshirsagar, Diamond and Related Materials,
1998, 7, 1526.

263



23.

24,
25.

26.
27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

FATEMEH SHAHSAVARI, MAHMOOD GHORANNEVISS, ZAHRA KHALAJ, MIRCEA V. DIUDEA

K. Fabisiak, A. Banaszak, M. Kaczmarski, M. Kozanecki, Optical Materials,
2006, 28, 106.

M.M. Larijani, A. Navinrooz, F. Le Normand, Thin Solid Films, 2006, 501, 206.
S.A. Rakha, Sh. Yang, zh. He, I. Ahmed, D. Zhu, J. Gong, Current Applied Physics,

$0
2009, 9, 698. > Q-
Q.P. Wei, Z.M. Yu, L. Ma, D.F. Yin, J.Ye, Applied Surface Science, 2009, 5, 13@\ b‘

N.A. Braga, C.A.A. Cairo, E.C. Almeida, M.R. Baldan, N.G. Ferreira, D@rg‘r\’
and Related Materials, 2009, 18, 1065.

D.C. Barbosa, F.A. Almeida , R.F. Silva, N.G. Ferreira, V.J. Trava- A|rold+fEJ 6orat
Diamond and Related Materials, 2009, 18, 1283.

L.C. Chen, T.Y. Wang, J.R. Yang, K.H. Chen, D.M. Bhusari, Ol\amg, H.H.
Hsieh, W.F. Pong, Diamond and Related Materials, 2000 77

V.Baranauskas, H.J. Ceragioli, A.C. Peterlevitz, S.F. D t fﬁm Solid Films,
2001, 398-399, 250. %

N. Jiang, K. Sugimoto, K. Eguchi, T. Inaoka, Y. Shﬁa
Hiraki, Journal of Crystal Growth, 2001, 222, 51\

J. T. Huang, W. Y. Yeh, J. Hwang, H. Chal Qh \ﬁd Films, 1998, 315, 35.
G. H. Song, C. Sun, B. Wang, A. Y. W?gqalﬁ uang, L. S. Wen, Materials
Letters, 2001, 48, 8.

J.G. Buijnsters, L. Vazquez, J.J. t%\Qeule%) Diamond and Related Materials,
2009, 18, 1239.

K. Fabisiak, W. Masierak, E: \A}/gk@(f\(/l\ Kozanecki, Optical Materials, 2008,
30, 763.

Tien-Syh Yang, Jir-Y COal ia- Llang Cheng, Ming-Show Wong, Diamond
and Related Material 01, DO, 2161.

Z. Khalaj, M. Ghorgivevisg;y™S. Nasirilaheghi, Z. Ghorannevis, R. Hatakeyama,
Chinese Journa&@al Physics, 2010, 23, 689.

@ MakltaA Hatta, A.

. Chih- Kuang@ '\Kun Yan, Li Chang, Shih-Yin Cho, Hou-Gaung Chen,

Diamond an Re Materials, 2004, 13, 585
b C}Q

264





