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Amorphous SiC:H thin films were grown by hot wire
chemical vapour deposition from a SiH,/CH,/H, mixture
at a substrate temperature below 400 °C. Thermal anneal-
ing in an argon environment up to 900 °C shows that the
films crystallize as pc-Si:H and SiC with a porous micro-
structure that favours an oxidation process. By a combi-
nation of spectroscopic tools comprising Fourier trans-
form infrared, Raman scattering and X-rays photoelec-

1 Introduction Nanocrystalline silicon carbide mate-
rial has attracted much attention due to its wide band gap,
excellent thermal properties and large bonding energy ren-
dering it ideal for optoelectronic applications in devices
operating at high power levels and high temperatures [1-4].
Because of the aptitude of the hot wire chemical vapour
deposition (HWCVD) to avail a high density of H radicals,
crucial for nanocrystalline growth, this deposition has been
used by many groups to produce nanocrystalline SiC at
temperatures below 400 °C using monomethyl-silane
(MMS) [3-6]. In this study we employed a SiH4/CH4/H,
mixture to deposit amorphous silicon carbide (a-SiC:H) by
HWCVD at a substrate temperature of 380 °C. Thermal
annealing of the films in an Ar environment at 900 °C
shows a phase change transition into nc-3C-SiC. Here, we
focus on the optical and structural properties of these thin
films, as revealed by a variety of spectroscopic tools, in-
cluding Fourier transform infrared (FTIR), Raman, X-ray
photoelectron (XPS) and photoluminescence (PL).

2 Experimental details
The samples used in this study were deposited onto
Corning glass and c-Si (100) substrates kept at 380 °C; a
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tron spectroscopy we show that the films evolve from the
amorphous SiH,/SiCH, structure to nanocrystalline Si
and SiC upon annealing at a temperature of 900 °C. A
strong RT photoluminescence peak of similar shape has
been observed at around 420 nm in both as-deposited and
annealed samples. Time-resolved luminescence meas-
urements reveal that this peak is fast decaying with life-
times ranging from 0.5 to ~1.1 ns.

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Ta filament temperature of 1600 °C, and a process pressure
of 100 Pa were used in a commercial HWCVD system de-
scribed elsewhere [7]. The ratio between the CH, and SiHy
flow rates (F) was fixed at 1.5, while the hydrogen dilution
ratio in the SiH;:CH,; mixture was varied between 30 %
and 80 %.

Table 1 Deposition conditions and some properties of the sam-
ples used in this study.

Sample F(SH;) F(CH4) F(H,) ThicknessE, Cgic
(scem) (scem) (scem) (nm) (eV) (at.%)
S 5.6 8.4 6 460 2.15 1.6
S, 4 6 10 580 2.11 14
S3 2.4 3.6 14 280 2.05 1.06
Sy 1.6 2.4 16 160 2.02 1.06

The thickness of the deposited layers was measured by a
Veeco Dektak 6M profiler using the procedure described
in [8]. Table 1 summarizes the deposition conditions.

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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FTIR absorption measurements were performed using a
PerkinElmer Spectrum 100 spectrometer in the range from
400 to 4000 cm™. UV-VIS transmission spectra were re-
corded by a CARY 1E UV-visible spectrophotometer in
the range between 400-900 nm. The PL experiments were
performed at room temperature (RT) with a JOBIN YVON
HORIBA double grating fluorologue FL3-22. For these
experiments the samples were excited by a 430 W Xenon
lamp at a wavelength of 320 nm. The spectra were collec-
ted by a cooled photomultiplier detector. Time resolved PL
measurements were performed using a Hamamatsu C5680
series streak camera. In this case the excitation wavelength
was 370 nm (the 2™ harmonic of a 100 fs Ti:Sapphire la-
ser) with a power of 40 uW. The repetition rate was 1.9
MHz. The Raman measurements were taken using a
532.06 nm green laser line with an excitation power of 1.2
mW. The signal was recorded by a CCD-detector cooled at
-135 °C. X-ray photoelectron spectroscopy (XPS) data
were collected using a Surface Science SSX-100 ESCA in-
strument equipped with a monochromatic Al K, X-ray
source (hv = 1486.6 eV). The takeoff angle between the
spectrometer detector and the normal to the surface was
37°. Binding energies (+ 0.1 eV) were referenced to the
silicon 2p photoemission line at a binding energy of 99.3
eV [9].

3 Results and discussion

3.1 Optical properties Figure 1 shows the optical ab-
sorption spectra of the as-deposited samples, demonstrat-
ing a clear increase of the absorption band edge upon in-
creasing CH, flow rate. This is also demonstrated by the
optical band gap (E,) values calculated by the Tauc model
from the absorption data (see Tab. 1) using the procedure
discussed in [10]. The obtained values range between 2.02
eV for the lowest flow to 2.15 eV for the highest. The ori-
gin of this widening of the band gap is assigned to the in-
corporation of carbon into the films. The values obtained
are close to the room temperature (RT) band gap of 3C-
SiC (2.2 eV). In addition, we found that the refractive indi-
ces derived using the Tauc model (n = 2.52 — 2.54) are also
characteristic of SiC related material.

3.2 Structural properties The structural properties have
been studied by XPS, FTIR and Raman scattering spec-
troscopy. Figure 2 shows typical XPS spectra of the films
under study. While the main spectrum in Fig. 2 confirms
that the film is composed of Si, C and O, the insert shows
that the Si 2p peak (spin-orbit doublet not resolved) can be
separated into two components at ~100 eV and 103 eV
binding energy associated with Si bound into SiC and Si
bound into silanes and/or SiO,, respectively [9]. The O 1s
core level line is observed at a binding energy typical of a
Si-O-Si bond [11], namely at around 533 eV for the as-
deposited films; it shifts to around 534 eV in the spectra of

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

the annealed films. This shift to higher binding energy is
attributed to local structural readjustements of Si oxide re-
sulting from the complete effusion of hydrogen relieving
the films from strained bonds formed during crystallization.
This blue shift has been previously reported in nanoporous
Si oxide [11].
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Figure 1 Absorption spectra of the as-deposited samples. The
absorption edge blue shifts with the increase of the methane flow
as shown by the dotted arrow on the figure.
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Figure 2 X-ray photoelectron spectrum of an as-deposited sam-
ple showing the signature of Si, C and O in the films. The insert

shows a splitting of the silicon 2p core level peak implying dif-
ferent bonding configuration.
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Figure 3 shows the IR spectra of an as-deposited (lower
curve) and annealed (upper curve) sample. The spectrum
of the as-deposited sample shows the characteristic fea-
tures corresponding to (SiH,), rocking/wagging and SiH,
bending modes at 630 cm’ and 872 cm’™ respectively [12].
The peaks at 790 cm™ and around 1000 cm™ correspond to
Si-C stretching and C-H, (within SiCH,) wagging vibrati-
ons, respectively [13]. In addition to this, the 1000 cm™
peak shows a clear broadening towards higher energy
which is a typical signature of oxidation, consistent with
the XPS results. The spectrum of the annealed sample (900
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°C for 30 minutes) shows a complete disappearance of the
SiH, vibration bonds at 630 cmand 872 cm™. This may be
explained by the effusion of hydrogen from a-Si:H matrix;
one expects complete H, effusion from bulk a-Si:H film al-
ready for annealing temperatures below 600 °C [14]. Mo-
reover the Si-C stretching vibration modes at 790 cm’
broadens and includes a component at around 800 cm™
while the 1000 cm™ peak is seen to shift to higher energy.
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Figure 3 Typical FTIR spectra of the films in as-deposited (a)
and annealed films (b).

The component at around 800 cm™ can be attributed to the
formation of SiC nanocrystals in the films on annealing
while the shift of the 1000 cm™ peak to higher energy indi-
cates that the hydrogen atoms that were bonded as C-H,
within SiCH, have effused from the material; the mic-
rostructure becomes porous. While the carbon atoms that
were bonded in SiCH,, evolve on annealing into SiC stret-
ching bonds as detected at 800 cm™ by FTIR, the low in-
tensity of this peak suggests however that most of the Si
atoms that were part of these bonds as well as those that
were bonded as SiH, at 630 cm™ in the as-deposited films
crystallize into Si-Si on annealing. Using the oscillator
strength Ag.c = 2.13 x10" cm™ [13] and assuming that the
network is mainly composed of Si atoms we have quanti-

fied the content of Si-C, Cg;.c between 1 and 1.6 at. % (Tab.

1, 7th column). This is supported by the Raman scattering
spectra. While the as-deposited films showed spectra typi-
cal for amorphous films by the presence of a broad band
between 400 and 500 cm™ (the data are not shown here),
the spectra of the annealed films showed a fairly flat spec-
trum in this region and only the presence of the sharp 520
cm™ peak typical for Si-Si vibrations (Fig. 4). This change
in spectra was only observed for annealing temperatures
above 800 °C. An emergence of a microcrystalline silicon
structure in the films grown at high hydrogen dilution ratio
is seen in the two bottom spectra. It is apparent that the
growth of pc-Si at this stage is suppressed in the films de-
posited with a high flow of methane in the two top spectra;
this is explained by the fact that the C-H bonds have higher
bond energy than their Si-H counterparts, which promotes
a better thermal stability of the films with respect to

WWW.pss-c.com

hydrogen effusion.. The spectra of the films annealed at
900 °C are characterized by a sharp prominent peak at 520
cm™ due to crystalline Si and a small broad peak centred
around 960 cm attributed to 3C-SiC LO phonons [15, 16].
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Figure 4 Raman spectra of the films annealed at 900 °C; the in-
sert displays the spectra of the films annealed at 800 °C.

Raman intensity (arb. units)

3.3 Luminescence properties Figure 5 shows the ma-
jor peak observed in the RT PL spectra of the as-deposited
films. The insert displays the spectra of the same films
when annealed at 800 °C. The shape and position of the
peaks, centred around 2.95 eV are similar in both series.
The energy of this emission is higher than the bandgap of
the material (see Table 1) on one hand but lower than the
3.2 eV direct transition at the I'-point in bulk Si on the
other hand. We therefore assign this to a transition arising
from the Si network in the films.
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Figure 5 Typical room temperature PL spectra observed in the
films as deposited; the insert displays the spectra of the annealed
films at 800 °C.

The dynamics of this peak have been examined by time re-
solved PL. Figure 6 displays a typical time-resolved PL
spectrum of sample S, annealed at 800 °C. Since the lumi-
nescence intensity is proportional to the time-derivative of
the e-h (electron-hole) pair density whose decay follows

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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the streched exponential function, we fit the experimental
data using an equation of the the form [17]

(M

where I(t) and A4 are the PL intensity during the decay and
a pre-factor, respectively. a and t are characteristic
constants of the decay, a being related to the amount of
,stretching® during the decay [18]. A small value of a in-
dicates a rapid decay in the early time [19] and was = 0.9
in our fitting procedure.
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Figure 6 Time-resolved decay spectrum of sample S, annealed
at 800 °C (semi-logarithmic scale) fitted by a stretched exponen-
tial (main graph); the fit in the insert follows a two exponential
decay.

The time characteristic T in the samples was found in the
range between 0.5 — 1.1 ns. This direct transition is faster
than the bound excitonic transition in bulk 3C-SiC [20] and
the often reported radiative recombination of electrons lo-
calized at oxygen-related states at Si/SiO, interface [21]. It
is difficult to discriminate between this stretched fit and a
two exponential decay (in the insert) where the two expo-
nential decay times could come from bulk vs surface, or
from different types of surface states.

4 Conclusion a-SiC:H films have been deposited by
the HWCVD at a temperature of the substrate below 400
°C. Using a variety of spectroscopy techniques, it is shown
that a thermal annealing up to 900 °C induces a nanopor-
ous Si/SiC structure prone to oxidation. Such microstructu-
re is responsible of a strong RT luminescence emission that
decays fast in time. The fitting of the data with a stretched
exponential function yields lifetime values generally lower
than 1 ns. In-depth studies are underway for a proper as-
signment of this fast band transition.
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