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SiC-SiO, nanocomposite films were prepared by laser chemical vapor deposition (LCVD) using a CO, laser
with tetraethyl orthosilicate (TEOS) and acetylene (CH,) as precursors. The effects of laser power on the
crystal phase and microstructure of the SiC-SiO, nanocomposite films were investigated. Films produced
with laser power below 150 W (below 1523 K) had an amorphous structure, while those produced above
200 W (above 1673 K) were a mixture of crystalline SiC and amorphous phase. At 245 W (1774 K) the film
contained 3C-SiC nanocrystals 100 to 200 nm in diameter dispersed in an amorphous matrix having high-

density stacking faults formed on the (111) and (111) planes.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Nanocomposite films composed of nanocrystals (typically group IV
elements: C, Si, Ge) dispersed in a SiO, matrix have unique
luminescence and nonlinear optical properties [1-4]. SiC can be a
suitable dispersoid candidate for nanocomposite film because of their
high emissivity and wide band-gap; however, SiC-SiO, nanocompo-
site films have not been investigated in detail. First an amorphous Si-
C-0 film was prepared by sputtering, and then a nanocomposite film
of SiC nanocrystals embedded in a SiO, matrix was obtained after
post-annealing this amorphous film [5,6]. Although such films have
been reported to exhibit photoluminescence, their microstructure is
not well understood. Furthermore, the need for post-annealing could
be a drawback for controlling the microstructure and improving their
properties. Chemical vapor deposition (CVD) is a versatile technique
for preparing nanocomposite films. However, SiC and SiO, are
commonly thought to be thermodynamically incompatible because
either SiC or SiO, will be stable depending on the oxygen potential.
Therefore, chemical process like CVD will not be capable of preparing
SiC-Si0, nanocomposite films. So far only physical vapor deposition
(PVD) has been used to prepare SiC-SiO, nanocomposites.

In the present study, we describe the successful synthesis of a SiC-
SiO, nanocomposite film with laser CVD, and report the effects of laser
power on the crystal phase and microstructure of the SiC-SiO,
nanocomposite films.
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2. Experimental

Fig. 1 shows a schematic of the laser CVD apparatus. SiC-SiO, films
were prepared in a cold-wall type CVD chamber on graphite discs
(Sankyo Carbon Co., Ltd., IGS-743, 15 mm ¢ x 1 mm) using TEOS
(tetraethyl orthosilicate; (C;Hs0)4Si) and acetylene (C;H,) as
precursors. TEOS was evaporated at 373 K and transported into the
chamber with Ar gas. TEOS vapor and C,H, gas were introduced
separately into the CVD chamber through a double-tube nozzle. Total
pressure was fixed at 200 Pa. The graphite disc substrate was pre-
heated on a heating stage to 823 K, and the continuous wave CO, laser
(Symrad Inc. firestar f200; wavelength: 10.6 pm) was then introduced
into the chamber through a ZnSe window, with an optical lens
expanding the beam to about 20 mm in diameter so that the entire
substrate is irradiated. The laser power was varied from 150 to 245 W,
and the deposition temperature was measured by an infrared
pyrometer (CHINO corp. IR-AH). The crystal phase was identified by
X-ray diffraction (XRD; Rigaku RAD-2C). Microstructure was observed
with a transmission electron microscope (TEM; JEOL JEM-2000FX).
Photoluminescence spectrum was measured by a fluorescence
spectrophotometer with xenon lamp at room temperature (PL;
Hitachi F-4500; excitation wavelength: 270 nm).

3. Results and discussion

Fig. 2 shows the XRD patterns from SiC-SiO, films prepared at
various laser powers between 150 and 245 W (corresponding to a
deposition temperature between 1522 and 1774 K). A broad halo
pattern around 26 =22° was observed below 150 W (below 1522 K)
(Fig. 2(a)), indicating the film had an amorphous structure. When the
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Fig. 1. A schematic of the laser CVD apparatus.

laser power was increased to above 200 W (above 1673 K), a R-SiC
(3C-SiC) crystalline phase was co-deposited with the amorphous
phase (Fig. 2(b)). The XRD peaks from 3C-SiC became stronger with
increasing laser power and deposition temperature (Fig. 2(c)). An
amorphous SiO, film is often obtained with CVD that uses a TEOS
precursor [6,7], but so far no crystalline SiC phase has been reported
from CVD using TEOS and C,H, as precursors. Nakayama et al.
reported that Si-C-O (C-doped SiO,) films can be prepared with
catalytic CVD using various metallic filaments (filament temperatures
between 1572 and 2073 K) and using TEOS and DMDMOS (dimethyl-
dimethoxysilane, Si(CH3),(OCHs), as precursors [8,9]; however, no
crystallographic or microstructural studies were conducted on the
resulting films.

Fig. 3 shows bright-field TEM micrographs and a selected area of
the electron diffraction (SAED) pattern from a SiC-SiO, nanocompo-
site film prepared at 1774 K. Nanosized crystalline grains 100 to
200 nm in diameter are dispersed in an amorphous matrix (Fig. 3(a)).
As shown in Fig. 3(b), each nanocrystal has a fringe contrast. The SAED
pattern from the nanocrystal shown in Fig 3(b) can be interpreted as
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Fig. 2. XRD patterns of the SiC-SiO films prepared on graphite substrates under 200 Pa
at laser power of 150 W (deposition temperature of 1522 K) (a), 200 W (1673 K)
(b) and 245 W (1774 K) (c).

the [110] and [110] zone of the 3C-SiC structure (Fig. 3(c), (d)),
suggesting that the 3C-SiC nanocrystal has a twinning structure with
the twin boundary of the (111) plane. The continuous streaks in the
SAED pattern along the [111] and [111] directions imply that high-
density stacking faults are formed on the (111) and (111) planes. It is
known that stacking faults of 3C-SiC crystals grown from vapor
deposition always occur on the (111) and (111) planes [10-12].

In 3C-SiC, the stacking faults form when the atomic order of the
cubic closest packing structure changes, such as from ABCABC to
ABCBABC. Because of the small difference in the free energy of
formation among SiC polymorphs [13,14], stacking faults can be easily
introduced during the crystal growth. Fig. 3(e) shows a schematic of
the atomic arrangement inside the 3C-SiC nanocrystal. Only part of
the bonds between the Si and C atom is depicted for simplicity. The
SAED pattern indicates that the 3C-SiC nanocrystal has a twin
boundary of the (111) plane, as shown by the line TB. The crystal
planes of the two relatively large crystals across the twin boundary
can be (110) and (110) planes, and the twinning angle of 70.4°
corresponds to an interplanar angle between the {111} planes. We
also observed this interplanar relationship as a 23 coincidence
boundary (indicated as 33CB). The continuous streaks along the
[111]and [111] directions in the SAED pattern indicate that the 3C-SiC
nanocrystal grew along the [111] and the [111] directions with a high
density of stacking faults. The atomic arrangement illustrated by this
schematic provides a good explanation for the fringe contrast and the
facet shape that appears in the bright-field images.

Fig. 4 shows the PL spectrum of the SiC-SiO, films prepared at
1774 K. The PL spectrum can be fitted with a Gaussian function
centered at 632 nm (dashed line in the Fig. 4). The defect structures of
3C-SiC including dislocations, stacking faults and twins have the
luminescence band between 645 and 653 nm [15-17]. The intrinsic
oxygen-excess defect in amorphous SiO, also exhibits the lumines-
cence between 590 and 653 nm [18]. The observed spectrum
corresponded to the emission from these defect centers.

4. Conclusions

We prepared SiC-SiO, nanocomposite films by LCVD using TEOS
and acetylene as precursors. Amorphous films were obtained at a laser
power below 150 W (below 1523 K), while SiC-SiO, films were
obtained at powers above 200 W (above 1673 K). Films produced at
245 W (1774 K) were found to consist of 3C-SiC nanocrystals 100 to
200 nm in size dispersed in an amorphous phase, and characterized
by high-density stacking faults formed on the (111) and (111) planes.
The SiC-SiO, films prepared at 1774 K had photoluminescence
centered at 632 nm.

Acknowledgements

This research was supported in part by the Global COE Program of
Materials Integration, Tohoku University. This research was also
supported in part by the Japan Society for the Promotion of Science,
Grant-in-Aid for Young Scientists (B), 22760550, and by the Ministry
of Education, Science, Sports and Culture, Grant-in-Aid for Scientific
Research (A), 22246082.

References

[1] Takagahara T, Takeda K. Phys Rev B 1992;46:15578-81.

[2] Maeda Y. Phys Rev B 1995;51:1658-70.

[3] Kanemitsu Y, Okamoto S, Otobe M, Oda S. Phys Rev B 1997;55:R7375-8.

[4] Zacharias M, Fauchet PM. Appl Phys Lett 1997;71:380-2.

[5] Guo YP, Zheng JC, Wee ATS, Huan CHA, Li K, Pan JS, et al. Chem Phys Lett 2001;339:
319-22.

[6] Coltrin ME, Ho P, Moffat HK, Buss RJ. Thin Solid Films 2000;365:251-63.

[7] Endo J, Ito A, Kimura T, Goto T. Mater Sci Eng B 2010;166:225-9.

[8] Nakayama H, Takatsuji K, Murakami K, Miura Y, Shimoyama N, Machida H. Thin
Solid Films 2003;430:87-90.


image of Fig.�2

Download English Version:

https://daneshyari.com/en/article/1648708

Download Persian Version:

https://daneshyari.com/article/1648708

Daneshyari.com


https://daneshyari.com/en/article/1648708
https://daneshyari.com/article/1648708
https://daneshyari.com/

