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PREPARATION AND CHARACTERIZATION OF DIAMOND-LIKE
CARBON FILMS ON VARIOUS SUBSTRATES BY PECVD SYSTEM
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ABSTRACT. Diamond-like carbon (DLC), a form of amorphous carbon (a-C)
or hydrogenated amorphous carbon (a-C: H) has been actively studied due
to its interesting properties in many fields of industry. In this work, Diamond-
like carbon films were deposited on silicon, glass and quartz substrates via
DC plasma enhanced chemical vapor deposition (DC-PECVD) system at
the substrate temperature of 180°C from gaseous mixtures of C,H./H,. The
deposited films were characterized by Atomic Force Microscopy (AFM), Fourier
Transform Infrared (FTIR) and Raman spectroscopy. FTIR measurements
depict the C-H and C-C vibration mode assignments in DLC structures in all of
the samples. The Raman spectra confirm the formation of DLC structures
due to the existence of the D and G peaks. The surface morphology of the
grown films was investigated by AFM analysis.
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INTRODUCTION

Diamond-Like Carbon film is an amorphous phase of carbon and
atomically, it is consist of sp?-bonded clusters interconnected by a random
network of sp*-bonded atomic sites [1-2]. These films are classified into two
main groups: amorphous carbon (a-C) with approximately no hydrogen and
hydrogenated amorphous carbon (a-C: H) with some hydrogen. During the last
decades, DLC films have been intensively studied and also utilized in many
fields of industry, owing to their outstanding properties like high hardness, low
friction coefficient, chemical inertness, and etc [3-5]. DLC films used as protective
coatings for magnetic recordings [6] antireflective layers for silicon solar cell [7],
solid lubricant coatings for vacuum applications [8] and, so on. Also they can
be used as gate dielectrics, intermetal dielectrics and passivation layers for
microelectronic purposes [9-10].

A wide range of various deposition techniques have been devised to
deposit DLC films such as sputtering [11], ion beam deposition (IBD)[12],
cathodic vacuum arc [13], microwave electron cyclotron resonance (ECR) plasma
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CVD[14], plasma enhanced chemical vapor deposition (PECVD) [15-17],
because deposition of DLC films requires their surfaces to be continuously
bombarded by high energetic ions [18]. The most common deposition methods,
suitable for depositing DLCs are DC and RF Plasma Enhanced Chemical
Vapor deposition.DLC films deposited by DC-PECVD technique exhibit smaller
stress values in comparison with RF-PECVD technique [3, 18]. The possibility
of the deposition on a large area and at low temperature is the main advantage
of the PECVD technique [15].In this paper, DLC films were coated on quartz,
glass and silicon substrates by DC-PECVD system in a mixture of acetylene
(CoH2) and hydrogen (H,) in total flow ratio of 200 sccm (CoHo/H2:25 vol. %).
The topography of samples was carried out by AFM analysis (Park Scientific
instruments, Auto probe cp) in contact mode. Raman measurements were
performed using an Almega Thermo Nicolet Dispersive Raman Spectrometer
with 532 nm of an Nd: YLF laser. The bonding structures of the DLC films
were characterized by Fourier transform infrared (FTIR).

RESULTS AND DISCUSSION
Morphology of the films

Atomic Force Microscopy (AFM) images provide more detailed information
involving the surface morphology of the films. Figure 1 show the 3D AFM
images of the DLC films produced on S, S,, S; and S, substrates. The root
mean square (RMS) surface roughness is one of the most important parameters
to characterize of surface structures. The RMS surface roughness of all samples
is less than 5nm over the area of 3umx3um. It shows that the DLC films grown
on various substrates have a smooth surface. Fig.1 (a) shows the 3D AFM
image of the as-deposited DLC on the surface. It can be seen that the surface
of the film has tightly packed configuration and smooth surface morphology.
The homogeneity and packed configuration of the films were reduced in S,
and S; (see Fig.1 (b, ¢)). Whereas, The RMS surface roughness of the films
deposited on S, is increased to 4.68nm, as shown in Fig.1 (d).

deposited on different substrates
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Figure 2 shows kinds of height changes in a segment AFM images.
Existence of valleys in the Figure is related to DLC homogeneity of the
surface. As we can see in figure 2(a, b), the peak and valley intensities are
near to each other which result in a more homogeneous film deposition on the
surface. However, this homogeneity reduces for S; and S4 (see Fig. 2(c, d)).
The results of the AFM studies are listed in Table 1.
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Figure 2. Height changes of the as-deposited DLC
on samples (a) S4, (b) Sy, (c) Ss, (d) Sy

Table 1. AFM studies of the as-deposited DLC on various substrates.

No. Sample Etching RMS. rough. | Ave.Rough
gas (nm) (nm)

Sy glass-Au H, 3.29 2.57

S, glass H, 2.76 1.70

S; quartz-Au H, 3.90 2.62

Sy Si -Au H, 4.68 3.86

Raman spectroscopy

Raman spectroscopy is a powerful tool for investigating the detailed
bonding structure of the DLC films [19]. Fig.3 shows the Raman spectra of
the DLC samples, which were measured by Nd: LYF laser at 532nm excitation
wave length. The DLC coatings usually have two main features in their Raman
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spectra which are commonly well-known as the D and G peaks. The G peak
corresponds to the zone center phonons of E;qg symmetry while the D peak
attributed to the breathing mode of Ay symmetry that contains phonons near
the K zone boundary [20]. As shown in Fig. 3, there are two major peaks in
these spectra; the peak which is located at a wave number of 1392.80 cm™ is
related to the D (labeled ‘D’ for disorder) bond and another peak at around
1527.72 cm™ is attributed to the G(labeled ‘G’ for graphite) bond, whereas the D
peak for the DLCs deposited on S, sample are observed approximately at
1392.47 cm” and the G peak shifted toward higher wave number at about
1533.6 cm™'[21]. In principle, in the Raman spectra of carbon based materials
the G-peak positions move to higher wave number due to two processes: the
high sp? content or cluster size and due to higher compressive stress [26]. Also
we observed the D peak for the DLC samples deposited on S;, S, substrates
appeared at around 1395.55 cm™, 1392.37 cm™, and the G peak at about
1527.14 cm™ and 1529.30 cm™[22], respectively. The intensity ratio of the D and
G peaks, Ip/lg and the position of the G peak, Pos (G), have been widely used
for qualitative estimation of sp® content in DLC [23]. S. Zhang et. al. display
that the sp® fraction is inversely proportional to the band ratio Ip/l [24, 25].
Spectra of the samples show that the intensity ratio, Ip/lg, is decreased from
1.80 to 1.44, 1.40 and finally 0.95 (See Fig. 4). Therefore, the DLCs deposited
on S, substrate have more SP* bonded carbon atoms and it has a better quality
in comparison with samples.
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Figure 3. Raman spectra of the DLC films deposited on:
(@) S+, (b) Sy, (c) Sz and (d) S,
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Figure 4. Intensity ratio versus different type of samples

Fourier transform infrared spectroscopy

Fourier Transform Infrared (FTIR) spectroscopy is such a spectroscopic
technique to characterize the chemical bonds, molecular structures and
C-H, (n=1, 2, 3) bonding configurations, in DLC films and another carbon
material. The infrared spectra of the DLCs deposited on S4, S,, S;, Sy
substrates in the range of 600-3500 cm™ are shown in Fig.5. It is composed of
bending vibration (1300-1700 cm™) and stretching vibration (2700-3100 cm™)
regions of C-H groups. The FTIR spectrum of carbon films grown on samples
indicates the major peaks (See Fig. 5). The peak at around 913.85 cm™ can
be attributed to CH, (olefinic) bond in sp? type carbon. The absorption peak
at around 1373.05 cm” may arise due to sp® CH; configuration and the
band at approximately 1449.94cm™ is due to C-H, vibration mode. The other
absorption peak appeared at about 1596.92 cm™ could be related to sp® C-C
vibration mode. The peaks near 2861.54 cm™ and 2864.61 cm™ [27], assigned
to stretching vibrations of sp3 CH; groups in S3, S4 and Sy, S, samples,
respectively. In addition, the peak which is located around 2969.33 cm™ can
be associated with sp3 CHj; configuration. IR vibrational mode assignments
of the samples are summarized in Table 2.

Table 2. FTIR results for DLC deposited on samples

Samples Wave numbers (cm™) Assignment
913.85 Olefinic sp” C-H,
1373.05 . sp° C-Hs ,
1449.94 sp” C-H,, Olefinic sp” C-H,
515254 S, 1596.92 Olefinic sp? C-C
2864.61, 2861.54 sp° C-Hs
2969.33 sp° C-Hs
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Figure 5. FTIR absorbance spectra of the DLC films grown
on Sy, S,, and S;and S, substrates

CONCLUSIONS

In this paper, growth of DLC films on glass-Au, glass, quartz-Au and
Si-Au, substrates were investigated by DC-PECVD method. The morphology
and the root mean square roughness (Rins) of the DLC films on various
substrates were investigated by AFM. The results of the AFM show three-
dimensional morphological images of the DLC films. It presents detailed
data on the variation of R, of the diamond-like carbon films. In all cases,
the roughness of the films remained low between 2.76 nm and 4.68 nm.
However, DLC films maintain their smooth surface and the FTIR spectra
indicative of the formation of sp? and sp> hybridized bonds in all samples. It
was observed that the intensity ratio, Ip/lg, in Raman spectra decreased
from S, to S4. Consequently, the DLCs grown on S; substrate have better
quality compared with the other samples.

EXPERIMENTAL DETAILS AND METHODOLOGY
Substrate treatments and Film synthesis

Diamonds like carbon (DLC) films were prepared using DC-Plasma
Enhanced Chemical Vapor Deposition (PECVD) system. The characteristic of
the system were discussed in our previous works [15]. Glass, quartz and P
type silicon (100) wafers were used as substrate and pre-cleaned with
acetone, ethanol, and de ionized water for 15 minutes in an ultrasonic bath.
The samples were coated by gold using DC magnetron sputtering system. The
DLC films were deposited on glass-Au, glass, quartz-Au and Si-Au after in situ
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etching treated with hydrogen ion for 15 minutes. Deposition was carried out at
a fixed pressure of C,H, and H, mixture gas (C,H./H; 25 vol. %), with flux rates
of 200 sccm. The chamber pressure was adjusted at 15 Torr, and the stage
temperature was set at 180°C during deposition. The applied current and
voltage in this experiment were 50 mA and 400 V respectively.

ACKNOWLEDGEMENTS

The authours would like to thank the Iran National Science Foundation
(INSF) for supporting this project and Miss Somayeh Shams for the technical
supports in the PECVD system.

REFERENCES

—_

. J. Robertson, E.P. O'Reilly, Phys. Rev. B, 1987, 35 (6), 2946-2957.
. Paul K. Chu, Liuhe Li, Mater Chem, 2006, 96, 253-277.

3. J.C. Damasceno, S.S. Camargo Jr., F.L. Freire Jr., R. Carius, Surf. Coat. Technol.,
2000, 247,133-134

. K.H. Lee, H. Sugimura, Y. Inoue, O. Takai, Thin Solid Films, 2003, 435, 150.

. N.V. Novikov, A.G. Gontar, S.l. Khandozhko, A.M. Kutsay, V.N. Tkach, V.Yu.
Gorokhov, G.M. Belitsky, A.V. Vasin, Diamond Relat. Mater., 2000, 9, 792.

. S.T. Patton, B. Bhushan, IEEE Trans. Magn., 1998, 34, 575-587.

. M. Alaluf, J. Appelbaum, L. Klibanov, D. Brinker, D. Scheiman, N. Crotoru, Thin
Solid Films, 1995, 256, 1-2.

8. R. Maboudian, Surf. Sci. Rep., 1998, 30, 207-269.
9. A. Girill, V. Patel, C. Jahnes, J. Electrochem. Soc., 1998, 145 (5), 1649-1653.

10. W.I. Urruchi, M. Massi, H.S. Maciel, C. Otani, L.N. Nishioka, Diamond Relat. Mater.,
2000, 9, 685—-688.

11. K. Bewilogua, R. Wittorf, H. Thomsen, M. Weber, Thin Solid Films, 2008, 447,142.
12. D.-J. Jan, C.-F. Ai, C.C. Lee, Vacuum, 2004, 74, 531.
13. J.-B. Wu, J.-J. Chang, M.-Y. Li, M.-S. Leu, A.-K. Li, Thin Solid Films, 2007, 516, 243.

14. S.B. Singh, M. Pandey, N. Chand, A. Biswas, D. Bhattacharya, S. Dash, A.K.
Tyagi, R. M. Dey, S.K. Kulkarni, D.S. Patil, Bull. Mater. Sci., 2008, 31, 813.

15. E. Vaghri, Z. Khalaj, M. Ghoranneviss, M. Borghei, Fusion. Energy, 2011, 30, 447-
452.

16.D. Caschera, F. Federici, S. Kaciulis, L. Pandolfi, A. Cusma, G. Padeletti, Mater.
Sci. Eng. C, 2007, 27,1328.

N

o A

N O

149



17

18.

19.
20.

21.

22.

23.

24.
25.

26.
27.

ELNAZ VAGHRI, ZAHRA KHALAJ, MAHMOOD GHORANNEVISS

. R. Paul, S. Hussain, S. Majumder, S. Varma, A.K. Pal, Mat. Sci. Eng. B, 2009, 164,
156.

S.S. Tinchev, Y. Dyulgerska, P. Nikolova, D. Grambole, U. Kreissig, Tz. Babeva,
J. Optoelectron Adv. M., 2006, 8, 308-311.

A.C. Ferrari, J. Robertson, Phil. Trans. R. Soc. London A, 2004, 362, 2477.

S.I. Hosseini, B. Shokri, M. Abbasi Firouzjah, S. Kooshki, M. Sharifian, Thin
Solid Films, 2011, 519, 3090-3094.

E. Tomasella, L. Thomas, M. Dubois, C. Meunier, Diamond & Relat. Mater., 2004,
13, 1618-1624.

Elidiane C. Rangel, Nilson C. da Cruz,1 Milton E. Kayama, Rita C. C. Rangel,
Nazir Marins and Steven F. Durrant, Plasmas and Polymers, 2004, 9, no. 1.

W.G. Cui, Q.B. Lai, L. Zhang, F.M. Wang, Surf. Coat. Technol., 2010, 205, 1995—
1999.

S. Zhang, X.T. Zeng, H. Xie, P. Hing, Surf. Coat. Technol., 2000, 123, 256.

A. Zeng, E. Liu, P. Hing, S. Zhang, S.N. Tan, |.F. Annergren, J. Gao, Int. J. Mod.
Phys. B, 2002, 16, 1024.

J.K. Shin, C.S. Lee, K.R. Lee, K.Y. Eun, Appl. Phys. Lett., 2011, 78, 631.

G.E. Stan, D.A. Marcov, A.C. Popa, M.A. Husanu, Nanomaterials and Biostructures,
2010, 5, 705-718.

150



