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Abstract— Hydrogenated amorphous silicon carbide (aSi1−x Cx :H) films were synthesized by Plasma Enhanced Chemical Vapor Deposition (PECVD) and their structural and optical
properties were modified by a rapid thermal annealing (RTA)
in nitrogen environment at different temperatures (400, 500,
600 and 800 ◦ C). The structural and optical properties were
studied by characterization techniques as Fourier Transformed
Infrared Spectroscopy (FTIR) and Photoluminescence (PL). The
a-Si1−x Cx :H films with 56 % (R50) and 82 % (R300) of carbon
content in gas phase emit a PL band in the green and blue
region, respectively. The intensity of the PL band of the R50
film increases when it is subjected to RTA at 400 ◦ C and 500 ◦ C
and it shifts to shorter wavelengths as the annealing temperature
increases. On the other hand, the PL intensity of the R300 film
decreases after the RTA processes and the PL band shifts to the
blue-violet region. The increase of the PL intensity of the R50 film
can be explained by the formation of new radiative recombination
centers associated with oxygen and the shift has been attributed
to structural changes. The oxygen atoms incorporated into the
structure of the films during RTA processes were observed in
the FTIR results. While the reduction of the PL intensity in
the thermal treated R300 film can be related to the presence of
atomic scale voids which promotes the oxidation of the film.
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I. I NTRODUCTION
Hydrogenated amorphous silicon carbide (a-Si1−x Cx :H)
is a very interesting material whose structural, electrical,
and optical properties are controlled by the ratio of Silicon
(Si) and Carbon (C) and the degree of hydrogenation, and
also by the deposition technique [1]. The a-Si1−x Cx :H films
are obtained by various techniques such as plasma-enhanced
chemical vapor deposition (PECVD) [2], electron cyclotron
resonance chemical vapor deposition (ECR-CVD) [1], hot wire
CVD [3], [4] and magnetron sputtering [5]. However, the
PECVD technique is used for producing good quality and
uniform films. The a-Si1−x Cx :H is a material of great interest
due to potential applications in electronic and optoelectronic
devices. However, the use of a-Si1−x Cx :H films in efficient
light emitting diodes usually requires thermal treatments. To
avoid the degradation of its optical properties of as deposited
films, the most common processes are conventional thermic
processing (CTP) and rapid thermal annealing (RTA). RTA
has some advantages over thermal annealing in conventional
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ovens, as cost reduction and shorter process time. The RTA
process consists of fast heating of the films to high temperatures, the heating of the films is caused by infrared light
emission directly into the film [6]. Thermal annealing leads
the stabilization of the as deposited film due to the weak
bonds breaking and passivation of the dangling bonds, reduces
the stress in the films and decreases the density of localized
states [7]. Also, the RTA processes have been used for the
crystallization of a-Si1−x Cx :H, dopant activation in a-Si films
and the Si precipitation from the SiC matrix [6], [8]–[10].
The photoluminescence (PL) emission wavelength of the aSix−1 Cx :H film depends of the carbon content and this can be
modified by the deposition conditions; also, by exposing the
a-Six−1 Cx :H films at a higher temperature than the deposition
temperature the structure and the chemical composition of the
film change. The hydrogen desorption on the bonding states
in a-Six−1 Cx :H changes the emission wavelength too, for
this reason a-Six−1 Cx :H is an interesting material for lightemitting diodes [11].
In our previous paper, the optimization of PL intensity of aSi1−x Cx :H films with the deposition parameters were carried
out in the PECVD system, both R50 and R300 films showed
high intensity [12]. In this work, we report a study about the
effect of RTA at different temperatures on the PL emission and
structural characteristics of a-Si1−x Cx :H films with different
carbon content. We have observed that the PL emission of the
a-Si1−x Cx :H films are strongly affected by those processes.
II. E XPERIMENTAL DETAILS
A. Sample preparation
Firstly p-type <100> silicon wafers were degreased by ultrasonic process with trichloroethylene, acetone and deionized
water, followed by a drying step. Then a-Si1−x Cx :H films
were deposited using a PECVD reactor with parallel electrodes
at a Radio Frequency (RF) of 13.56 MHz with a RF power
of 15 W and a pressure of 0.7 Torr, these parameters were
constant in all cases. The first set of samples (5 samples) was
deposited with a gas mixture, with flow rates of 0.6 sccm of
SiH4 , 5.4 sccm of H2 and 30 sccm of CH4 . The samples of
this set were labeled as R50 due to a ratio of CH4 /SiH4 of 50.
The second set of samples (5 samples), was deposited with a

gas flow rate of 0.1 sccm of SiH4 , 0.9 sccm of H2 and 30 sccm
of CH4 , the samples of this set were labeled as R300 due to
a ratio of CH4 /SiH4 of 300. After deposition, each film was
subjected to rapid thermal annealing at 400, 500, 600 and 800
◦
C for 40 seconds with a heating ramp of 50 ◦ C per second
in nitrogen environment at atmospheric pressure.
B. Characterization
The PL emission of the deposited films and those treated
by RTA was measured at room temperature using a Horiba
Jobin Yvon Fluoro-Max3 spectrofluorometer, the films were
excited using a light beam of 300 nm and the PL in the
range of 400-900 nm was collected. The Fourier transform
infrared spectroscopy (FTIR) was carried out before and after
the rapid thermal annealing processes in the range of 4002250 cm−1 ; the infrared absorption spectra were obtained with
a Bruker Vector 22 spectrometer. A Gaertner Scientific brand
model L117 ellipsometer was used to obtain the thickness and
refractive index of all the a-Si1−x Cx :H films.
III. R ESULTS AND DISCUSSION
A. Photoluminescence
Fig. 1 a) shows the PL spectra of the R50 film as was
deposited and PL spectra of the R50 films annealed at different
temperatures. The as deposited film shows a broad luminescence band from 1.8 to 3.3 eV with its maximum emission at
2.34 eV (green PL).
The PL intensity increased three and two times for aSi1−x Cx :H with RTA at 400 ◦ C and 500 ◦ C, respectively,
compared to the intensity of the as deposited film. On the other
hand, the PL intensity decreases for annealing temperatures
higher than 600 ◦ C, which can be attributed to the decrease
in carbon content and by the passivation of defects that act as
radiative centers. Also, the PL band shifts to a higher energy
with the RTA process due to the structural changes of the
a-Si1−x Cx :H films [13]. Fig. 1 b) shows the PL intensity
normalized to the maximum emission of each film. As we
can observe, the PL band shifts towards higher energy and its
width at medium height reduces by increasing the annealing
temperature.
Fig. 2 a) shows the PL spectra of R300 films. The as
deposited a-Si1−x Cx :H film shows broad luminescence from 2
to 3.3 eV with a maximum emission at 2.7 eV (blue PL). The
PL intensity of the R300 films decreased when performing
RTA process, this effect is attributed to the passivation of
defects that can act as the radiative centers [13]. Fig. 2 b)
shows the PL intensity normalized to the maximum emission
of each film. The PL spectra of the films annealed at 400 ◦ C
and 500 ◦ C have an emission shoulder at 2.1 eV that can be
attributed to defects related to oxygen the non-bridging oxygen
hole center (NBOHC), while the a-Si1−x Cx :H films at 600
◦
C and 800 ◦ C exhibit a blue-violet PL that can be related to
neutral oxygen vacancy (NOV) defects and and weak oxygen
bonds (WOB) [14].
Fig. 3 a) shows the maximum PL intensity of a-Si1−x Cx :H
films with R50 and R300 as a function of the temperature

Fig. 1: a) PL spectra of the a-Si1−x Cx :H films labeled as
R50, as-deposited and annealed at 400, 500, 600 and 800 ◦ C,
b) Normalized PL spectra.

of RTA. The enhancement in the PL intensity was observed
only in the R50 films treated at 400 ◦ C and 500 ◦ C. On the
other hand, the PL intensity of the R300 films (82 % of carbon
content) with RTA decreased significantly compared to the asdeposited film. Fig. 3 b) shows the energy of the maximum
PL emitted by the a-Si1−x Cx :H films at different annealing

Fig. 2: a) PL spectra of the a-Si1−x Cx :H films labeled as
R50, as-deposited and annealed at 400, 500, 600 and 800 ◦ C,
b) Normalized PL spectra.

effusion of hydrogen. At elevated temperatures the nucleation
of the Si atoms with the carbon atoms did not occur [11], [16],
so the intensity of Si-C bond does not increase because of the
reduction of carbon content. For temperatures higher than 600
◦
C the total hydrogen content decreases, as observed in the
FTIR spectra.

Fig. 3: a) PL intensity and b) Energy of the maximum PL of
R50 and R300 films as a function of the temperature of RTA.
temperatures, in this figure we can see that the emission of
the films shifts to the blue-violet region as the temperature
increases.
FTIR spectra were measured to observe the changes in
binding configurations of the different a-Si1−x Cx :H films. The
carbon-rich samples are characterized by incorporating Si-CH3
complexes on the surface of the films, which induces the
formation of voids and increases its porosity, allowing oxygen
to penetrate into the bulk of the material [15].
B. FTIR
Fig. 4 a) and b) show FTIR absorption spectra of the R50
and R300 films, respectively. The as-deposited films show a
band at 780 cm−1 related to the stretching vibration mode
of Si-C, at 1000 cm−1 assigned to wagging-rocking vibration
modes of C-Hn , at 1250 cm−1 related to symmetrical bending
of Si-CH3 and at 2080 cm−1 and 650 cm−1 assigned to
stretching vibration mode of Si-Hn . The a-Si1−x Cx :H films
annealed with RTA exhibit additional IR bands centered at:
437 cm−1 , 780 cm−1 , 1080 cm−1 , corresponding to Si-C-O,
Si-C and Si-O bonds, respectively. The Si-C bond decreases
by increasing the annealing temperature and a new IR band
appears at 437 cm−1 corresponding to Si-C-O bond. The
band located at 1080 cm−1 has a pronounced shoulder at
1200 cm−1 , which has been assigned to the antisymmetric
stretching mode of the Si-O-Si bridge in siloxane compounds.
The presence of oxygen in a-Si1−x Cx :H films annealed with
RTA can be related to adsorbed oxygen atoms and surface
oxidation of the films. The Si-H bond does not longer appear
after performing RTA, while C-H bond disappears after 600
◦
C because Si-H bonds are weaker than C-H bond [6]. The
reduction of the absorption band at 1000 cm−1 is related to the
breakdown of hydrogen bonds and due to thermally activated

Fig. 4: FTIR absorption spectra for as-deposited and annealed
at 400, 500, 600 and 800 ◦ C a-Si1−x Cx :H films for a) set R50
and b) set R300.

The carbon rich a-Si1−x Cx :H samples contain a large
fraction of voids on an atomic scale that are associated with
the presence of hydrogen bond termination. Also the presence
of Si-CH3 complexes on the surface induces the formation
of voids and, therefore, the material becomes porous. The
porous structure promotes the film oxidation. During thermal
treatment, graphite carbon clusters can easily be oxidized
and removed from a porous structure in the form of volatile
carbon oxides [7], [11]. In the films annealed with RTA at
high temperature the peaks at 2080 and 650 cm−1 became
weaker and the hydrogen effusion can occur and this may
lead to densification of films [2]. The FTIR absorption spectra
showed changes in the bonds when the temperature of RTA
varies, indicating a structural modification in the network,
which affects the emission of a-Si1−x Cx :H films, as shown
in Fig. 1 and 2.
High temperature thermal treatments give rise to higher
mobility or more rapid diffusion of the atoms together with the
larger driving force of superheating for the formation of SiC
[17]. At temperatures higher than 900 ◦ C, amorphous silicon
starts to crystallize, while amorphous silicon carbide at 1100
◦
C [18].
FTIR absorption spectra also showed that a-Si1−x Cx :H
films annealed with RTA at temperatures higher than 600 ◦ C
were oxidized decreasing the intensity of the IR band related to
Si-C bonds because of the reduction of carbon content and the
breaking of hydrogen terminated bonds, indicating structural
changes in the films.
The presence of oxygen in the films after the RTA process
induces a strong reduction of the PL emission. The O content
also produces another luminescent defects like the NBOHC,
NOV and WOB which shifts the PL peak, as observed in
Fig. 3 b). The oxygen atoms can passivate the defects that
act as radiative centers, resulting in a reduction of the visible
PL [19]. Before RTA, the refractive index of the R300 film
is lower than that of R50 film because it has higher carbon
content [20]. The refractive index decreases by increasing the
temperature of RTA and approaches the refractive index of
SiO2 , because a-Si1−x Cx:H films are oxidized, as shown in
Fig. 5 a).
The thickness of the a-Si1−x Cx:H films are shown in Fig.
5 b). The thickness of the films decreases as the temperature
of the RTA increases, which is attributed to the densification
of films and can be corroborated with the FTIR spectra. The
thickness of the R50 film is reduced in approximately 120 nm
while R300 film reduced in approximately 214 nm after RTA
process.
IV. C ONCLUSIONS
a-Si1−x Cx :H films were deposited by PECVD with 56 %
(R50) and 82 % (R300) of carbon content in gas phase. We
studied the effect of RTA processes, at different temperatures
(400, 500, 600 and 800 ◦ C), on the characteristics of aSi1−x Cx :H films, with special interest on the PL emission.
The as deposited R50 film presented emission in the green
band while films annealed by RTA at 400 ◦ C presented the

Fig. 5: a) Refractive index and b) thickness of films R50 and
R300 as deposited and with RTA.

maximum emission intensity in the blue-green region. The
luminescence in blue band is attributed to luminescent centers
associated with oxygen. The emission position shifts to shorter
wavelengths by increasing the annealing temperature, this is
attributed to the change of bond configurations of Si, C and
O atoms in the films as a consequence the structural change,
which was corroborated by FTIR. On the other hand, the PL
emission intensity of the R300 films annealed by RTA was
reduced in one order of magnitude compared to as deposited
film. The above is attributed by the passivation of the defects
that act as radiative centers by oxygen atoms, since annealing
causes an oxidation of the films. The thickness of the R50
and R300 films decreases as the temperature in RTA processes
increases; which is attributed to densification of films.
We found that the annealing temperature is a very important
parameter to improve the intensity of PL emission of the aSi1−x Cx :H films, and also on the PL energy.
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