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Abstract: The obtention of luminescent SiOxCy:H thin films deposited by the HW-CVD technique
is reported here. We study the effect of different monomethyl-silane (MMS) flow rates on the films
properties. An increase in the emission bandwidth and a red-shift was observed when the MMS
flow increased. The luminescence was related to optical transitions in band tail states and with
less contribution from quantum confinement effects. After, the films were annealed at 750 ◦C in
nitrogen. The annealed film deposited at the highest MMS flow showed an emission spectrum
like the as-deposited film, suggesting the same emission mechanisms. By contrast, the annealed
film deposited at the lowest MMS flow showed two emission bands. These bands are due to the
activation of radiative defects related to oxygen-deficient centers. MOS-like structures were fabricated
as electroluminescent devices using the annealed films. Only the structure of the film with the highest
carbon content showed light emission in a broad band in the visible spectrum region in forward bias,
with a maximum centered close to 850 nm. The light emission mechanism was related to electron
thermalization in the band tail states and a direct hole injection into deep states. The trap-assisted
tunneling, Poole–Frenkel emissions and Fowler–Nordheim tunneling were proposed as the charge
transport mechanism.

Keywords: hot wire chemical vapor deposition; monomethyl-silane; SiOxCy:H; electroluminescence

1. Introduction

Photonics emerges as an alternative to conventional electronics for digital commu-
nications, enabling a greater bandwidth, longer distance connections, and lower energy
consumption. Specifically, silicon photonics is related to the ability to emit and detect
photons using devices fabricated through processes compatible with the existing silicon–
CMOS infrastructure. Currently, some silicon photonic devices are marketed; however, for
light-emitting devices they continue using III–V compound-semiconductors. Today, there
is a growing interest in research for developing light-emitting sources with silicon-based
materials, because this allows a better integration in silicon photonics chip manufactur-
ing, taking advantage of the current silicon–CMOS infrastructure. Nowadays, silicon
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oxycarbide has attracted attention as a functional silicon-based material for its potential
application in the development of silicon photonics. This is mainly due to the capability to
modify its optical properties by changing the oxygen–carbon ratio. It has been reported
that silicon oxycarbide displays an intense photoluminescence in a wide range of the visible
spectrum by modifying the above relationship [1]. On the other hand, low-loss optical
waveguides have been developed using the capability to adjust the refractive index to
values between those obtained for silicon dioxide and silicon carbide (1.5–2.3), by changing
the oxygen–carbon ratio [2].

Chemical vapor deposition (CVD) is a widely used technique for a great variety of
high-quality thin films, including silicon-based materials such as hydrogenated amorphous
silicon (a-Si:H), silicon carbide (SiC), silicon oxide (SiOx), and silicon nitride (SiNx) [3–5].
There are different CVD configurations according to the energy source to produce the
dissociation of gas species and promote reactions. Among these processes are the thermal
energy source in conventional furnaces, atmospheric pressure CVD (AP-CVD) and low
pressure CVD (LP-CVD); plasma enhanced CVD (PE-CVD) is also widely used, where
plasma is the source of energy, along with hot wire CVD (HW-CVD), which is used to
chemically decompose the precursors [6].

Specifically, the HW-CVD technique has aroused interest in silicon-based material
deposition for its simplicity, since it has been reported to obtain nano and microcrystalline
phases at low substrate deposition temperatures, as low as 200 ◦C [7,8]. This work studies
the structural and optical properties of hydrogenated silicon oxycarbide (SiOxCy:H) thin
films. These films were deposited using the HW-CVD technique with a monomethyl-silane
(MMS), hydrogen and oxygen mixture, varying only the MMS flow rate. For the electro-
optical analysis, MOS-like structures were fabricated using the annealed SiOxCy:H films as
an active layer.

2. Results and Discussion

Hydrogenated silicon oxycarbide (SiOxCy:H) thin films were deposited by the HW-
CVD technique using monomethyl-silane (MMS) as a single source of silicon and carbon
atoms. The MMS flow rate was varied at 3 and 7 sccm. The films were labeled as S3 and S7,
as a reference to the MMS flow. In addition, the films were thermally annealed at 750 ◦C
in nitrogen (S3TA, S7TA). After the characterization of the films, MOS-like structures were
fabricated as electroluminescent devices using the annealed films as active layers because
these displayed more intense light emissions than as-deposited films. The deposition
parameters, thermal annealing, and MOS-like structure fabrication process are described in
Section 3.

2.1. SiOxCy:H Thin Films Characterization

X-ray photoelectron spectroscopy (XPS) characterization was carried out to determine
the elemental composition and binding configuration. Table 1 shows the elemental compo-
sition obtained by XPS for the as-deposited and annealed films. A direct relation between
the MMS flow rate and the silicon and carbon content was observed for the as-deposited
films. This is due to a greater amount of these within the chamber during the depositions.
Rates of tantalum coming from the wire were detected for the S3 film. This is because, at a
low MMS flow, the tantalum wire showed quick oxidation related to a low oxygen dilution,
where the wire showed a rough surface and was dark gray in color. It is possible to use
metallic oxides as solid sources in the HW-CVD technique, in this case Ta2O5. This process
consists in the generation of atomic hydrogen by the dissociation of molecular hydrogen
on the hot wire surface. The atomic hydrogen is highly reactive, inducing first a reduction
process and, subsequently, the generation of metal hydrides as gaseous precursors [9]. On
the other hand, under the deposition conditions of the S7 film, a protective layer of SiC
forms on the wire, showing a smooth surface with a golden color, avoiding the incorpo-
ration of tantalum into the films. For the annealed films, a slight reduction in the carbon
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content is observed while the oxygen content increases. This may be due to a substitution
of the desorbed elemental carbon and CHn radicals by oxygen atoms.

Table 1. Elemental composition by XPS of the as-deposited and annealed SiOxCy:H films.

Film
Elemental Composition (% atm.)

Si O C Ta

S3 39 47 13 1
S7 43 34 23 -

S3TA 39 49 11 1
S7TA 44 36 20 -

Additionally, from the XPS measurements in the Si2p window, the valence states of
the silicon Sin+ (n = 0–4) can be determined with the binding energy. For SiOx films, these
states are associated with five possible matrix configurations, which can be expressed as
Si-(Si4−n-On) with n = 0–4 [10]. However, due to the incorporation of carbon, it is possible
to have a great variety of compounds with different stoichiometries. Other authors relate
these valence states to the formation of Si-(C4−n-On) compounds with n = 0–4 [11]. Because
of this, it is difficult to relate the valence states to a single compound in the SiOxCy:H matrix.
However, for practical purposes, we consider the simplest compounds as a reference. In
this case, elemental silicon (Si-Si4), silicon carbide (Si-C4) and stoichiometric silicon dioxide
(Si-O4) can be related to Si0, Si+1, and Si+4 valence states, respectively. As another reference,
the binding energy increases with higher oxygen content. Figure 1a,b show the XPS spectra
in the Si2p window of the S3 and S7 films. In both cases, the spectra show broad bands
related to the formation of sub-stoichiometric oxide and silicon oxycarbide compounds,
where the main peak placed close to 102.3 eV (S+3) indicates the presence of compounds
like Si–Si–O3 and C–Si–O3. The silicon oxidation states suggest the presence of oxygen-
deficient centers (ODCs) in the SiOxCy:H matrix. These ODCs may correspond to several
defect-related emission centers. In addition, the spectrum of the S7 film shows a broader
band, where, unlike the S3 film, the contribution of s0 and s+1 bands are observed.
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Figure 1. Si2p window in the XPS spectra of the SiOxCy:H films (a,b) as-deposited films and
(c,d) annealed films. The spectra were deconvoluted in components (green lines) related to different
silicon valence states.

This indicates that a greater amount of Si–Si and Si–C bonds are formed with increasing
MMS flow, which may correspond to the formation of Si/SiC amorphous clusters or
nanocrystalline phases. Figure 1c,d show the XPS spectra of the annealed films. The S3TA
spectrum shows a shift to a higher binding energy, corresponding to the S+4 state. This is
due to an increase in the Si–O bonds, where, during the annealing, hydrogen, elemental
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carbon and different radicals are desorbed and replaced by oxygen atoms. On the other
hand, the S7TA film does not show a shift in the maximum of the spectrum; however,
the intensity of the contributions related to S0 and S+1 valence states increase with the
annealing. In this case, the result suggests an increase in the amount of Si–Si and Si–C
bonds as a result of the higher silicon and carbon content.

Fourier-transform infrared (FTIR) spectroscopy measurements were carried out to
provide a more detailed structural analysis of the films. Figure 2a shows the FTIR ab-
sorbance spectra of the as-deposited films. Due to the amorphous nature of the host matrix
and its complex composition, all films display broad and overlapped spectra. The spectra
show absorption bands close to 460, 800, and 1080 cm−1 related to rocking, bending and
stretching (TO) vibrational modes in Si–O–Si bonds [12]. The stretching absorption band
shifts to 1052 and 1041 cm−1 for S3 and S7 films, respectively. This shift is directly related
to the silicon oxide stoichiometry, where values lower than 1080 cm−1 (for stoichiometric
SiO2) indicate the presence of many ODCs due to oxygen vacancies and to the change in the
bonding characteristics as a result of carbon incorporation [13,14]. Next to this absorption
band, a broad shoulder at around 1100 cm−1 is commonly attributed to the Si–O–Si stretch-
ing (LO) mode [12]. Close to 920 cm−1 appears a broad absorption band related to the
stretching vibration of silanol (Si–O–H) groups [15]. The spectra show a lower intensity in
this band for the S7 film; this is related to a decrease in the amount of Si–O–H bonds when
the MMS flow increases, where a higher carbon content favors the formation of Si–C–H
bonds. The absorption band corresponding to the Si–C bonds at 800 cm−1 is observed for
the S7 film [16]. This is in accordance with the XPS measurements. Other absorption bands
related to the Si–CH3 bonds can also be observed at 1250 cm−1 [17]. The presence of this
band may be associated with a partial decomposition of the MMS molecule. In addition,
the absorption band close to 620 cm−1 is related to the formation of tantalum suboxides
due to oxidation and subsequent degradation of the tantalum wire [18]. The broadband
close to 1600 cm−1 corresponds to water, due to the measurements being carried out in
environmental conditions [12]. Figure 2b shows the absorbance spectra of the annealed
films. In both cases, the absorption band related to CH3 radicals is no longer present. In
addition, a significative reduction in the band related to Si–O–H bonds for the S3TA film
can be observed, while for the S7TA film, they do not appear after the thermal annealing.
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This behavior is related to a desorption process of hydrogen and CHn radicals. Fur-
thermore, the Si–O–Si stretching absorption band shows a shift to a higher wavenumber
related to oxygen incorporation in the S3TA film. The absorption band related to silicon
oxide shows a broadening and a shift from 1041 cm−1 to 1000 cm−1 for the S7TA film. These
effects may be attributed to a greater amount of carbon-related bonds in the film. Many
reports show that this broadband corresponds to the restructuring of silica materials in
different link structures [19].
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Figure 3a shows the photoluminescence (PL) spectra of the as-deposited films. The
emission intensity for the film obtained at the highest MMS flow rate shows strong lumi-
nescence in the visible region, of about 4 times higher than for the film obtained at the
lowest MMS flow rate. In addition, a broadening in the emission band and a red-shift
in its maximum from 420 nm to 445 nm is observed when the MMS flow rate increases.
Due to the material complexity, it is not possible to relate the luminescence origin with
a single phenomenon. Among the different luminescent mechanisms are defects-related
emissions, quantum confinement effects (QCE), and optical emissions in band tail states.
In the case of defects-related emissions, these present emissions at specific wavelengths,
so it is impossible to correlate the red-shift and the broadening observed in the emission
spectra when the MMS flow rate increases with any particular defect [20]. However, both
behaviors can be related to QCE and band tail states. On the one hand, the growth of
Si/SiC nanocrystals could give rise to light emissions due to QCE where the increase in
the nanocrystal sizes produces a red-shift in the emission wavelength [21]. The presence of
nanocrystalline material could not be confirmed by XRD measurements or Raman spec-
troscopy; however, in a previous study using similar deposition parameters, we reported
the obtention of polymorphous SiOxCy:H, that is, Si/SiC nanocrystalline phase embed-
ded in an amorphous SiOxCy:H host matrix [22]. Considering the above, when the MMS
flow increases, it is possible to induce the formation of larger nanocrystals with a broader
size distribution, as suggested by the formation of larger clusters observed in the SEM
micrographs. On the other hand, in an amorphous semiconductor, there is a continuum
of possible states between the valence band and the conduction band, so the energy of
the gap is not well defined. This induces the distribution of band tail states due to static
disorder. The luminescence band is the result of the distribution of steady-state carriers
within these states available for radiative recombination in the band tail [23]. In this case,
when the carbon atoms replace the oxygen atoms, the band gap material tends to reduce
its energy, producing the red-shift observed [1]. Moreover, the broadening in the emission
band as a function of the carbon content may be related to the distribution of the density of
band tail states, this is due to an increase in the structural disorder, where the substitution
of the Si–Si bond with Si–C and C–C bonds takes place [24]. To have more elements to
elucidate the origin of the luminescence in the films, the S3 and S7 films were thermally
annealed with the conditions previously described. Figure 3b shows the PL spectra of the
S3TA and S7TA films. In both cases, an increase in the emission intensity was observed
after the thermal annealing. A remarkable change in the PL spectrum of the S3TA film was
noticed. This spectrum displays a significative widening and shows two emission peaks
centered in the violet and green regions. We can rule out the changes as a byproduct related
to QCE. This is because the conditions in which the thermal annealing was carried out
was not enough to induce changes in the fraction of nanocrystalline material, where at
least temperatures of 1000 ◦C and an hour of annealing are required [25]. Nevertheless,
the XPS and FTIR results suggest that the origin of these emission bands is related to the
activation of luminescent defects in the SiOxCy:H matrix due to the desorption of hydrogen
and other radicals. In this case, the emission band in the violet region can be associated
with oxygen deficiency centers (ODCs), like E’ center, neutral oxygen vacancy (NOV),
and the so-called C-related NOV state; while the emission band centered in the green
region can be associated with the self-trapped exciton (STE), that is related to wide range
luminescence spectra between 2 and 3 eV [26]. The STE is a transient defect, where the
electron-hole pair generated after the light excitation can stay bonded by Coulomb forces,
forming an exciton with a diameter close to the interatomic distances in Si–O bonds. Some
models supports that a hole localized on oxygen and an electron localized on a neighboring
silicon result in a small atomic displacement. Further displacement of the oxygen may
induce the formation of permanent lattice defects as E’ centers and the non-bridging oxygen
hole centers (NBOHC) [27]. Figure 3c shows a schematic diagram of the activation and
formation of some of the radiative defects described above. The inset in Figure 3b shows
the deconvoluted spectra of the S3TA film. We can observe a contribution from an emission
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band centered at 420 nm. This position is the same for the emission band in the as-deposited
film, so we can assume that this emission band is related to the same emission mechanism.
Considering the conditions for the thermal annealing, the results suggest that the origin of
this emission band is related to QCE in the nanocrystalline fraction. On the other hand, for
the S7TA film, the maximum of the PL spectra is centered in practically the same position
as in the as-deposited film, and it displays a narrowing in the emission band. This may
be related, on the one hand, to a reduction in the structural disorder of the film after the
annealing induces a reduction in the width of the density distribution of the band tail states,
causing a narrowing in the emission band; on the other hand, the emission band may be
related to QCE by Si/SiC nanocrystals, since these should not show significant changes
under this thermal annealing conditions. Figure 3d shows a schematic band diagram with
the different recombination energy levels related to the luminescence in the SiOxCy:H films.
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indicate the wavelength where is the maximum PL emission.

For the implementation of MOS-like electroluminescent structures only the annealed
films were used due to these displayed higher PL intensities. Figure 4 shows the scanning
electron microscopy (SEM) micrographs of the surface morphology and cross section of the
S3TA and S7TA films. Both films show similar granular morphology with the formation of
clusters on the surface of a slightly larger size for the S7TA film. A direct relation between the
growth rate and the MMS flow was observed, where thicknesses of 40.8 nm and 100.2 nm
were measured for samples S3TA and S7TA, respectively.
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2.2. Electro-Optical Characterization of Structures

To observe if the implemented structures display electroluminescence (EL), a voltage
was applied both in forward bias (FB) and reverse bias (RB), limiting the current to a
maximum of 1 mA to avoid damage to structures. Figure 5a shows the EL spectra of
the S3TA and S7TA structures with FB voltages of 60 and 55 V, respectively. Only for the
S7TA structure in FB, was it possible to see yellow light emissions in the entire area of
the device with the naked eye in partial darkness, as we can observe in Figure 5b. The
S7TA structure spectra show emissions in a broad band of the NIR-visible region, with a
maximum emission close to 860 nm. Compared with the energy of the PL maximum, the
EL maximum is notably less. Several authors have reported that in silicon-based materials
where the emission is mainly related to QCE or radiative defects, when comparing the PL
and EL spectra, they present emission bands with maximums in close positions [28,29].
In our case, the red-shift (~400 nm) could suggest that the EL observed is mainly related
to band tail state emissions. Some models for luminescence in amorphous silicon-based
materials mention that the red-shift observed is related to a thermalization of the electrons
in the conduction band to inter-band tail states with lower energy [30]. Kruangam et al.
suggested another reason for this decrease in the emission energy is that the holes are
injected directly into the deep states of the gap [31]. The difference between the emission
mechanisms of PL and EL is related to the additional process of the injection of carriers,
since, while for PL the electron-hole pair is generated simultaneously at the same point in
the active layer, the EL carriers are injected at different points of the structure, where their
flow is also affected by their mobility in the material and the different barrier heights of the
interface where they are injected. Because the mobility of the holes is lower, the carriers’
recombination takes place near the c-Si/SiOxCy:H interface. This allows the electrons to
thermalize, reducing emission energy. On the other hand, in both structures, intense and
narrow emission peaks are observed in the blue region. This blue emission appears as
bright spots on the surface of the structure, as can be seen in the images in Figure 5b,c.
These narrow emission peaks are related to the characteristic radiation of indium ions due
to the intense electric field applied to the ITO film [32].
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Figure 5. (a) Electroluminescence spectra of the S3TA and S7TA structures. (b,c) EL images of S3TA

and S7TA structures, respectively.

To know the electrical properties of the structures, current density-voltage (J-V) char-
acteristics were measured. Figure 6a shows the J-V characteristics in FB and RB of the S3TA
and S7TA. For both structures in FB, a higher current density is observed. However, the
S7TA structure reaches higher current density values for the same FB voltage. This may
be related first to a reduction in the gap energy, and then to an increase in the density of
localized tail states; both phenomena are due to an increase in the carbon content in the
active layer [33]. For low–medium FB voltages, similar current densities are observed in
both structures; however, for the S3TA structure there is an abrupt drop in current density.
This is related to the annihilation of preferential conductive paths. This is because these
paths concentrate a greater current flow, also inducing an increase in temperature due to
the Joule effect, causing structural changes for the breaking of Si–Si or Si–O bonds [34].

It is possible to elucidate the electrical charge transport mechanisms in the structure
by analyzing the J-V characteristics under different conduction mechanism models. Within
these models, those most related to this kind of structure are the Schottky emissions, direct
tunneling, Fowler–Nordheim tunneling (F-N), Poole–Frenkel emissions (P-F), and trap-
assisted tunneling (TAT) [35]. Only the structure that displayed EL (S7TA) was analyzed
under these models to identify the charge transport mechanisms. For the low–medium
voltage region, the obtained J-V data fitted with the P-F and TAT models. Among the con-
duction mechanisms, the P-F emissions and TAT are considered as Bulk-limited conduction
mechanisms, because the charge transport depends only on the electrical properties of the
dielectric itself as the trap energy level, spacing, and density of these. P-F emissions occur
in low–medium electric fields. This mechanism involves an electron in a trapping center in
the dielectric film where this may be thermally excited out of the trap due to the reduction
of the Coulomb potential energy of the electron by the applied electric field, enabling the
conduction between localized states. The current density due to P-F emissions is given by
Equation (1), where µ is the electronic drift mobility, εi and ε0 are the dielectric constant
and the permittivity in vacuum, respectively, Nc is the density of states in the conduction
band, E is the electric field and the term ϕT is the trap energy level.
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JP−F = qµNCE exp

[
−q

(
ϕT −

√
qE/πεiε0

)
kT

]
(1)

As with P-F emissions, TAT tunneling involves an electron in a trapping center, where
it may tunnel through the dielectric to reach the conduction band. The TAT mechanism
also takes place in low–medium electric fields. The current density due to TAT emissions is
given by Equation (2), where mT

* is the tunneling effective mass in the dielectric and the
other notations are the same as defined before.

JTAT = exp

−8π
(

2qm∗
T)

1/2

3hE
ϕ3/2

T

 (2)

Figure 6b shows the experimental J-V data fitted with the P-F and TAT models, accord-
ing to Equations (1) and (2), respectively.
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(b) J-V characteristic of the S7TA structure fitted to TAT and P-F conduction mechanism.

Both models show a fit with the J-V curve at the medium electric field region; however,
the P-F model shows a better fit at the low electric field region. Considering that different
conduction mechanisms can contribute to the conduction current through the dielectric
simultaneously, a joint fit of both models was carried out, i.e., P-F’ + TAT’. We can observe a
complete fit with the J-V curve. In this, two regions can be distinguished, the first for <10 V
corresponds to P-F emissions, and the second for >10 V corresponds to the TAT. These
results are related to a high density of localized tail states in the SiOxCy:H film. Due to
the limited maximum current, it was impossible to identify the conduction mechanism
for the high electric field region by comparing the J-V data with any model. However,
in similar MOS-like structures, several authors report that the predominant conduction
mechanism at high electric fields is F-N tunneling [36,37]. This mechanism is considered
an electrode-limited conduction mechanism, where the barrier height at the electrode–
dielectric interface is the most important parameter. F-N tunneling takes place when a
high electric field induces the formation of a triangular potential barrier, narrow enough
(<10 nm) for electrons to pass through into the conduction band of the dielectric because
of the tunneling effect. Finally, based on the obtained results, Figure 7 shows the band
diagram proposed for EL and the charge transport mechanism.
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3. Materials and Methods
3.1. Sample Preparation

Hydrogenated silicon oxycarbide (SiOxCy:H) thin films were deposited on p-type
polished silicon substrates (100) with a resistivity of 1–4 Ω·cm by the HW-CVD technique.
As catalyst material a 0.5 mm-diameter tantalum (Ta) wire at 1800 ◦C located 50 mm
above the substrate was used. Hydrogen, oxygen, and MMS (purity 99.9%) were used as
reactant gases. The hydrogen and oxygen flow rates were fixed at 20 sccm and 1 sccm,
respectively, while the MMS flow rate was varied at 3 and 7 sccm (S3, S7). The films
deposition maintained the substrate temperature at 200 ◦C and the chamber pressure
at 0.1 Torr for 30 min. After deposition, the films were thermally annealed at 750 ◦C in
nitrogen at atmospheric pressure for 30 min (S3TA, S7TA). After the characterization of
the films, MOS-like structures were fabricated as electroluminescent devices using the
annealed SiOxCy:H films as an active layer. A 100 nm thick indium thin oxide (ITO) film
was deposited onto the S3TA and S7TA films by RF sputtering technique with a power of
60 W at room temperature, which was used as transparent contact. Then, 1 mm2 square-
shaped patterns were defined on the ITO contact. On the back side of the c-Si substrate, an
approximately 1 µm thick aluminum layer was deposited by thermal evaporation. Finally,
the structures were thermally annealed at 350 ◦C in a vacuum for 30 min to improve
contact quality.

3.2. Characterization

The elemental composition of the films and the silicon chemical state were analyzed
by X-ray photoelectron spectroscopy (XPS) in a system model K-Alpha (Thermo Scientific,
Waltham, MA, USA) with an Al-Kα source. A Fourier-transform infrared spectrometer
(FTIR) model Nicolet- iS50 (Thermo Scientific, Waltham, MA, USA), was used in a transmit-
tance configuration in a range of 400–2000 cm−1 with a resolution of 4 cm−1. The samples
consisted of SiOxCy:H films deposited on c-Si substrates. Also, a clean c-Si substrate
from the same wafer used for the films deposition was used to subtract the background
signal from the absorbance spectra of the thin films. Photoluminescence (PL) spectra
were obtained at room temperature in a Nanolog spectrometer from Horiba Jobin Yvon
(Horiba Ltd., Kioto, Japan), using an excitation wavelength of 350 nm from a 450 W Xe-
lamp. Surface morphology and cross-section micrographs were obtained by scanning



Inorganics 2024, 12, 298 11 of 13

electron microscopy (SEM) FEI Scios (Thermo Scientific, Waltham, MA, USA). To study
the electro-optical properties of the SiOxCy:H based structures, the current density-voltage
(J-V) characteristic was measured in a 4200-SCS parameter analyzer (Keithley, Solon, OH,
USA), while the electroluminescence spectra were collected with an optical fiber coupled in
a Horiba Duetta spectrometer (Horiba Ltd., Kioto, Japan).

4. Conclusions

The properties of SiOxCy:H thin films at different MMS flow rate were studied. A
direct relation between the intensity and the width of the emission band with the carbon
content in the films was observed. Also, a red-shift from 408 nm to 445 nm occurred when
the MMS flow rate was increased. This shift and the broadening of the emission band
suggest that luminescence is caused by optical transitions in band tail states with less
contribution from QCEs in the nanocrystalline fraction. The annealed film S7TA showed a
narrowing in the emission band; however, the emission maximum position remained the
same. This suggests that the emission mechanisms are the same for the as-deposited film.
On the other hand, the annealed film S3TA showed two emission bands centered in the
violet and green regions, respectively. This was related to radiative defects in the SiOxCy:H
matrix, due to the activation of different oxygen-deficient centers by the desorption of
hydrogen and other radicals. Electroluminescent structures were implemented with the
annealed films. Both structures displayed shiny blue dots on the surface related to the
characteristic radiation of indium ions. Only the S7TA structure displayed an intense
emissions in the entire area of yellow color when a 55 V FB was applied. The EL emission
band showed a red-shift of about 400 nm with respect to the PL maximum. This is because
the holes are injected into the deep band tail states and the electrons in the conduction
band begin to lose energy as they move through the active layer due to the thermalization
process. On the other hand, for this structure, the carriers conduction may be related first
to the P-F emissions and the TAT due to a high density of band tail states, and second to
F-N at high electric fields where the electrons can tunnel the triangular potential barrier to
the conduction band.
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