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Abstract
The present work focuses on the effect of He pressure (vacuum,  10−2–5 mbar) on structural and optical properties of 
amorphous silicon carbide (a-SiC) thin films, deposited by pulsed laser deposition (PLD) technique onto fused silica. A 
stoichiometric change occurs in PLD a-SiC film, with increasing He deposition pressure, transforming a near stoichiometric 
SiC material to C-rich SiC films till 1 mbar of He pressure followed by drastic decrease in carbon (C) content at 5 mbar. The 
optical band gap of the films estimated using Tauc plot from UV–Vis–NIR transmittance spectra showed initial increase 
from 2.09 to 2.61 eV with increasing He pressure from  10−6 to 1 mbar, then decrease to 2.11 eV at 5 mbar. A broad band 
photoluminescence (PL) peak featured in each of the a-SiC films at room temperature. The PL spectra exhibited blue 
shift in peak energy from 1.8 to 2.2 eV with increase in atomic percentage of C from 49.4 to 62.4%. The origin of the PL 
exhibited in these films is clearly due to band tail emissions from amorphous SiC structures which has been explained 
by the observed variation of PL intensity and corresponding FWHM with band gap as well as Urbach energy.
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1 Introduction

SiC is another very useful Si-based material which is more 
robust than Si for microelectronics and optoelectron-
ics devices. It possesses high breakdown field, excellent 
thermal conductivity, chemical inertness, high electron 
mobility, high thermal stability and mechanical hardness 
[1–3]. It exists in numerous polytypes, viz; cubic (C), hex-
agonal (H) and rhombohedral (R). Among these polytypes, 
3C-SiC, 4H-SiC and 6H-SiC are the most important types 
which can be used for technological applications due to 
some superior physical, chemical, electronic and optical 
properties [4]. These polytypes of SiC have indirect wide 
band gap ranging from 2.7 to 3.3 eV [1, 5]. This wide band 
gap gives it a very high breakdown field (about 10 times 
higher than that of Si or GaAs) [6]. It has optical phonons of 

high energy in the range of 100–120 meV [7] which leads 
to a high electron-saturation drift velocity of 2 × 107 cm/s 
in 6H-SiC [8], high acoustic velocity of 13,730 ms−1 [9] and 
a high thermal conductivity of 4.9 W/K cm [2]. It posses 
high temperature stability and is preferred over other 
semiconductor for radiation detectors under hazardous 
environment [10, 11]. Due to strong bonding in SiC, it is 
a very hard substance having Young’s modulus around 
400 GPa [12] and hence can be used as tools for cutting 
and abrasion. Bulk SiC shows weak optical emission at 
room temperature on account of its indirect band gap. But 
nanostructured SiC due to quantum confinement effect 
(QCE) and its higher light-emission efficiency can have 
potential applications as emitters in blue and UV spec-
tral range [13]. Band gap of nc-SiC can also be tuned by 
changing the size of the nanostructures. Luminescent SiC 
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films can be fabricated by incorporating various defects 
(dislocations, oxygen and hydrogen related defects and 
surface states) during the growth process [14]. The nc-SiC 
also exhibits greater elasticity and strength as compared 
to that of bulk SiC [15].

Another technologically useful low-cost SiC material 
is its amorphous form. Amorphous hydrogenated silicon 
carbide (a-Si1−xCx:H) was first prepared by Anderson and 
Spear [16] by the glow discharge technique. Since then, 
amorphous SiC (a-SiC) films continued to be of consid-
erable interest for both fundamental understanding as 
well as its technological utility in electronic and optoe-
lectronics devices. The ratio of Si to carbon (C) as well as 
hybridization of C–C bonds in the film is responsible in 
shaping up the structural, electrical and optical properties 
of the a-Si1−xCx films. The optical band gap and refractive 
index of the film are function of its carbon content (x). By 
varying the carbon concentrations in a-Si1−xCx the opti-
cal band gap can be tuned over a wide range (1.6–2.8 eV) 
[16]. This makes a-SiC thin films a potential candidate for 
applications in many kinds of optoelectronic devices with 
spectral tunability, such as tunable light-emitting diodes, 
image sensors, solar cells and wide spectral range photo-
detectors [17–21] The a-SiC thin films have been used as 
a protective coating for extreme UV optics due to its high 
reflectivity in this spectral region [22]. It can effectively 
be used as a thermally stable surface passivation mate-
rial for highly efficient thin film silicon-based photovol-
taic devices [23]. Furthermore, a-SiC films are chemically 
and mechanically stronger and more durable in terms of 
temperature resistance than a-Si films. As such, a-SiC films 
can be applied in silicon micromachining [3]. Amorphous 
SiC films have been prepared by the glow discharge tech-
nique [16], reactive sputtering [24], R.F. sputtering [25, 
26], chemical vapor deposition (CVD) [27–29] and more 
recently via PLD [30–32]. The structural and electrical prop-
erties of these films depend on the deposition conditions. 
PLD offers the advantages of fabrication of stoichiometric 
as well as non-stoichiometric thin films in a single step 
by controlling the deposition parameters without the use 
of any hazardous gas. The laser wavelength, laser fluence, 
target-to-substrate distance, background ambient gas 
pressure and substrate temperature are the major param-
eters for shaping up the film properties fabricated via PLD 
process [33] thus providing wider flexibility to obtain the 
desired film quality.

The films grown by PLD in vacuum do not necessarily 
preserve the target stoichiometry [34]. Venkatesan et al. 
[35] and Gonzalo et al. [36] have demonstrated that the 
interaction of the ablated species in the Laser Produced 
Plasma (LPP) plume of the target material with a reactive 

or nonreactive background gas improves the morphol-
ogy and could also modify the film stoichiometry. In PLD 
the LPP plume moves forward having a maximum parti-
cle density along the normal to the target. Moreover, the 
occurrence of different distributions of elements from 
multi-elemental target having different masses resulted in 
non-stoichiometric film deposition from multi-elemental 
target [37]. The laser fluence and background gas pressure 
controlling the collision driven plasma dynamics, plays a 
major role in determining the stoichiometry of the depos-
ited film. A simple conjecture of these investigations was 
that the composition of films could be altered by introduc-
ing a background gas and controlling its pressure during 
the deposition process.

In the present paper, the fabrication of SiC thin films via 
PLD technique at 500 °C of substrate temperature under 
He pressure within the range of  10−6–5 mbar is reported. 
The structural properties of the films are characterized 
with Raman spectroscopy and stoichiometry using elec-
tron dispersive X-ray (EDX) spectroscopy. The optical prop-
erties of the films are studied by UV–Vis–NIR spectroscopy. 
The band gap of the films is estimated from Tauc plot. The 
room temperature (RT) Photoluminescence (PL) properties 
and their possible origin are also discussed.

2  Experimental setup

The SiC thin films were deposited on fused silica substrate 
via PLD at 500 °C of substrate temperature for 30 min by 
ablating a SiC sputtering target using a pulsed Nd:YAG 
laser (532 nm, 10 ns, 10 Hz). The laser fluence was main-
tained at ~ 6 J/cm2. Films were fabricated under vacuum 
 (10−6 mbar) and He ambient pressure of  10−2,  10−1, 1 and 
5 mbar. A micro-Raman setup (Jobin Vyon, Lab-Ram HR 
800) was used in back scattering geometry to record the 
Raman spectra of the films. The Ar ion laser excitation of 
488  nm wavelength was used for each measurement. 
The same set-up was employed to record the steady-
state PL spectra at RT. Transmission electron microscopic 
(TEM) (JEOL-JEM 2010) images were recorded to observe 
any nanostructure formation within the films while the 
Selected Area Electron Diffraction (SAED) pattern were 
recorded for analyzing the crystalline nature of the films. 
The films were scratched out mechanically and transferred 
to Cu mesh grid for TEM imaging. The UV–Vis–NIR spec-
trometer (SHIMADZU UV-3101PC) was used for recording 
the transmittance spectra of the SiC films in order to esti-
mate their optical band gaps using Tauc plot. The stylus 
profilometer (Veeco Dektak 150) was employed to measure 
the thickness of the films. Energy Dispersive X-ray (EDX) 
spectroscopy (Sigma, Zeiss) was employed for the study 
of film composition.
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3  Result and discussions

3.1  Structural and compositional properties 
of a‑SiC thin films

The Raman spectroscopy of the SiC were conducted for 
analysing the structural properties of the films. Figure 1 
exhibits the Raman spectra (with Y-offset) of a-SiC films 
fabricated at substrate temperature of 500  °C under 
vacuum  (10−6 mbar) and He pressure ranging from  10−2 
to 5 mbar. The figure shows three distinct broad bands 
in the regions of 200–700  cm−1, 700–1200  cm−1 and 
1300–1600 cm−1. The 200–600 cm−1 band is attributed to 
activation of Raman modes related to acoustic phonons 
of a-SiC [27, 38] or that of amorphous silicon (a-Si) [39] or 
their combination. The 3C-SiC (β SiC/cubic phase) exhibits 
the transverse optical (TO) and longitudinal (LO) optical 
Raman modes around 790 cm−1 and 960 cm−1 respectively 
[40]. The bands lying within 700–1100 cm−1 are much 
broad which indicates the presence of high structural dis-
order in SiC bonds and hence it is attributed to optical 
Raman modes of a-SiC. The third band (1300–1600 cm−1) 
is attributted to Raman modes resulting due to largely 
disordered C–C bonds [41]. The intensity of C–C peak w.r.t 
Si–Si/Si–C (acoustic mode) peaks increased with increas-
ing He pressure till 1 mbar followed by sudden disappear-
ance of C–C band in the film fabricated at 5 mbar of He 
pressure. The deconvulation of Raman spectra for all the 
samples were done by fitting constituent multiple peaks 
with Gaussian lineshape function in order to extract the 
information, from the multiple peak features, regarding 
different bonding structures present within the SiC films. 

Figure 2a–e exhibit deconvulated Raman spectra of the 
films deposited under vacuum (~ 10−6) along with those 
deposited under He pressure of  10−2,  10−1, 1 and 5 mbar, 
respectively. The right hand side of respective figure con-
tain the list of each peak position obtained from decon-
volution. The peaks within broad bands in the regions of 
200–700 cm−1 which corresponds to acoustic (LA and TA) 
Raman modes of a-SiC overlapped with Raman modes (TO, 
LO, LA and TA) of a-Si marked as region I [38, 39], while 
those within spectral region 700–1200 cm−1 correspond-
ing optical Raman modes of a-SiC are marked as region 
II and peaks within 1300–1600 cm−1 corresponding to 
C–C bonds are marked as region III. The third broadband 
region marked as III in the figures, is attributed to Raman 
modes arising from amorphous C containing mixed 
phase of sp3–sp2 with random covalent network of tetra-
hedral–trigonal bonds characterised by distorted bond 
angles and bond lengths [41]. For the sample deposited 
under vacuum ~ 10−6 mbar (Fig. 2a), all the prominent 
peaks were tabulated in Table 1, where peak correspond-
ing to TO mode of a-Si at 498 cm−1 was most intense [42]. 
The peak positions and corresponding peak assignments 
of all the peaks from three spectral regions of SiC films are 
listed in Table 1.

The Raman spectra of SiC thin films deposited at higher 
He pressure (Fig. 2b–e), features similar peaks arising due 
to Raman active modes represented by I, II and III but with 
different relative peak intensities. Figure 2f shows the plot 
of integrated peak intensities of Raman modes of a-SiC 
(acoustic) and a-Si  (ISiC,LA+TA/Ia-Si) representing region I, of 
optical Raman modes of a-SiC  (ISiC,LO+TO) for region II and 
that of Raman modes attributed to C–C bonds  (IC–C) from 
region III w.r.t the total integrated Raman intensity as a 
function of deposition He pressure. A gradual decrease 
in the  Ia-SiC,LA+TA + Ia-Si from 0.4 to 0.31, a slight decrease 
in  Ia-SiC,LO+TO from 0.29 to 0.31 and increase in  IC–C from 
around 0.19 to 0.39 with increasing He pressure till 1 mbar 
was observed from this figure. But at 5 mbar of He pres-
sure, a drastic change in film stoichiometry was observed 
where  IC–C suddenly drops to 0.04 and  Ia-SiC,LA+TA + Ia-Si rises 
sharply to 0.67 while  ISiC,LO+TO decreases slightly. This rise 
in C–C bonds relative to Si–Si observed with the increase 
in He pressure up to 1 mbar indicates a clear transition 
in stoichiometry of a-SiC films from a stoichiometric SiC 
material to C-rich SiC but with further increase of He pres-
sure resulted in formation of Si-rich SiC films. A lack of 
lighter elements occurs in films just in front of the multi-
elemental target causing non-stoichiometric film depo-
sition by PLD and this phenomenon is more evident at 
low fluences. This basically happens as the ablated ele-
ments with different masses exhibit different spatial 
distributions within LPP. Generally the lighter elements 
exhibit broader distributions while heavier species show 

Fig. 1  Raman spectra of a-SiC thin films deposited at vacuum 
(~ 10−6 mbar) and various He ambient pressure  (10−2–5 mbar)
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Fig. 2  De-convoluted Raman spectra of the a-SiC thin films at a 
vacuum ~ 10−6  mbar and He pressure of b  10−2, c  10−1, d 1 and e 
5 mbar, respectively. The peak positions (in  cm−1) are listed on right 
side (color coded) in the graphs. Figure 2f shows variation of nor-

malized integrated intensities of acoustic modes of a-SiC  (ISiC,LA+TA) 
overlapped with Raman modes of a-SiC, optical modes of a-SiC 
 (ISiC,LO+TO) and C–C  (IC–C) as a function of He pressure
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narrower distributions due to collisions in LPP [37]. With 
increasing He pressure, the LPP was confined narrowing 
the spatial distribution of both Si and C toward the target 
normal and relative narrowing of spatial distribution was 
more prominent in lighter C atoms resulting increase in C 
atoms toward central region of plasma plume along target 
normal and hence incoming rate of C onto the substrate 
increased resulting C content increment in the deposited 
films with increasing He pressure till 1 mbar. But at 5 mbar 

the He pressure was too high causing over confinement of 
the plasma and thus restricting the incoming flux, where C 
being lighter are more scattered away from target normal 
direction within the plume and hence C deficient film was 
formed at that high pressure.

Figure 3 exhibits TEM images with inset providing 
corresponding SAED patterns of SiC films deposited 
under (a) vacuum and He pressure of (b)  10−3 and (c) 
1 mbar. From TEM images of the SiC films the absence 

Table 1  List of peak positions 
in region I, II and III of Raman 
spectra of SiC films deposited 
under different He pressure

He pressure (mbar) Peak positions  (cm−1) with peak assignments

Region I—Ia-SiC,LA+TA + Ia-Si Region II—Ia-SiC,LO+TO Region III—IC–C

10−6 (vacuum) 224, 330, 410, 492, 571 714, 883, 1001 1429
10−2 221, 345, 416, 499, 584 700, 853, 1003 1437
10−1 226, 342, 410, 495, 582 699, 872, 1018 1439
1 266, 340, 412, 486, 573 700, 865, 1003 1396,1536
5 169, 345, 403, 479 870, 998 1386, 1554

Fig. 3  TEM images with corresponding SAED patterns of SiC films deposited under a vacuum and He pressure of b  10−3 and c 1 mbar while 
d exhibited its HRTEM image
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of well-defined nanostructures within the films is evi-
dent. The SAED patterns exhibit diffused diffraction pat-
tern with few bright diffraction spots at irregular places 
exhibiting largely amorphous nature of the SiC films. 
The presence of a few scattered bright diffraction spots 
might indicate presence of very few nanocrystals in 
comparison to overwhelming large proportion of amor-
phous matrix. Figure 3d exhibited the HRTEM of the SiC 

films fabricated under 1 mbar of He pressure shows no 
features of well confirmed crystal planes nullifying the 
presence of any well-defined nanocrystals. The HRTEM 
images for other films also depicted similar results. More-
over, the claim for the films to be largely amorphous is 
also supported by the absence of diffraction peaks in 
X-ray diffraction spectra for all the films depicted in Fig. 
S1 (supplementary information).

Fig. 4  EDX maps of a-SiC thin films fabricated at a vacuum and b 1 mbar of He pressure. The EDX spectra for films deposited at c vacuum as 
well as under He pressure of d  10−1, e 1 and f 5 mbar are also shown
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Figure 4a, b exhibit the elemental maps via EDX of SiC 
films fabricated at vacuum and 1 mbar of He pressure, 
respectively. The EDX maps exhibit the presence of Si, C 
and O represented by red, green and cyan color, respec-
tively, which are observed to be uniformly distributed over 
the film area indicating that the stoichiometry of the films 
is maintained throughout. The mono-elemental maps 
(depicted at the bottom of the Fig. 4a, b) corresponding 
Si, C and O also show a homogenous distribution of these 
elements throughout the recorded area for both the films. 
The mono-elemental maps clearly show the increase in 
C (mapped as green color) for SiC films when deposition 
pressure was increased from vacuum level to 1 mbar of 
He pressure. The EDX spectra of the films fabricated at 
vacuum as well as under He pressure of  10−1, 1 and 5 mbar 
are shown in Fig. 4c–f, respectively. They exhibited pres-
ence of both Si and C atoms along with slight presence 
of atomic O < 5% in all the films. The atomic % of C within 
the films were 49.8, 54.1, 62.4 and 0.0%, corresponding 
to x ~ 0.52, 0.57, 0.64 and 0.0 in a-Si1−xCx films fabricated 
under vacuum,  10−1, 1 and 5 mbar of He pressure, respec-
tively. The C % in the film fabricated at 5 mbar could not 
be detected in EDX due to instrument’s detectivity limit for 
carbon. Hence it is clearly evident that C % increased from 
49 to 62% with increasing He pressure till 1 mbar result-
ing C-rich a-SiC films and thereafter it drops drastically at 
5 mbar forming Si-rich a-SiC films which also supports the 
Raman results (Fig. 2f ).

3.2  Optical properties of PLD a‑SiC thin films

Figure 5a exhibits the transmission spectra of all the a-SiC 
films, from which the absorption coefficient (α) of all the 

films was estimated using the relation, derived from Beer-
Lambert law [43]:

where T is the transmittance and d is the film thickness. 
The film thickness measured by surface profilometer for 
the a-SiC films fabricated under vacuum as well as He pres-
sure of  10−2,  10−1, 1 and 5 mbar were found to be 280, 
275, 390, 304 and 210 nm, respectively. The thickness of 
the films increased initially with increasing He pressure till 
 10−1 mbar which is caused by the increase of the parti-
cle flux due to the spatial confinement of LPP resulting 
higher deposition rates and hence thickness increases. But 
beyond  10−1 mbar, high pressure caused over confinement 
of the plasma and the incoming flux were obstructed while 
approaching the substrate resulting in gradual reduction 
in film thickness from 390 to 210 nm with further increase 
in He pressure from  10−1 to 5 mbar. The relation between 
absorption coefficient (α) and band gap energy for amor-
phous semiconductors is as follows [44],

where B is a constant, hʋ is photon energy and Eg is opti-
cal bandgap. The Tauc plot, (αhʋ)1/2 versus hʋ for all the 
films is shown in Fig. 5b. The optical band gap (Eg) was 
measured from the intercepts (extrapolations) of the linear 
region of the plots on the hʋ axis and is shown in the inset 
of Fig. 5b. The band gap of SiC thin films deposited under 
vacuum was found to be 2.09 eV and it increases gradually 
to 2.68 eV with increasing He pressure up to 1 mbar but 
beyond this it reduces to 2.11 eV with further increase in 
He pressure to 5 mbar. The fraction of Si and C defining 

(1)�(�) = −
ln (T )

d

(2)(�h�)
1

2 = B
(

h� − Eg
)

Fig. 5  a Transmission spectra and b Tauc plot with inset showing the band gap of a-SiC thin films deposited under different ambient pres-
sure of He
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the film stoichiometry and bonding configurations for the 
carbon atoms are the determining factor for shaping up 
the optical band gap of the a-Si1- xCx films. The band gap 
of a-Si1−xCx films do not follow a monotonic increase with 
x but in all cases exhibit a maximum at x = xc ~ 0.65 due 
to the trivalent (sp2) and tetravalent (sp3) forms of carbon 
[45]. Robertson explained this non-monotonic behavior of 
the band gap energy with x for the first time [46], where he 
showed that below xc the band edge shows σ-bonded Si–C 
sp3 character (high band gap), whereas above xc it exhib-
its π-bonded C=C sp2 like character (low band gap). With 
increase in deposition He pressure from vacuum to 1 mbar, 
an increase of optical band gap of films from 2.09 eV to a 
maximum of 2.68 eV was observed due to the increases 
in the C content within the films as evident from Raman 
results, Fig. 2f, as well as EDX results exhibiting rise in x 
from 0.52 to 0.64 nearing xc ~ 0.65. But beyond this point 
band gap reduces to 2.11 eV for films deposited at 5 mbar 
of He pressure as C-content declines drastically to nearly 
25% resulting the formation of Si-rich SiC films.

PL spectra of PLD SiC films fabricated under vacuum 
and  10−2–5 mbar of He ambient pressure were presented 
in Fig. 6. The PL spectra of all these a-SiC films exhibited PL 
having multi-peak features and broad band nature within 
visible spectral range. The PL peak intensity increased 
with increasing pressure till a maximum of 1 mbar then 
it decreased at 5 mbar of He pressure. With increasing He 
pressure till 1 mbar a blue-shift in PL peak energy was 
observed and thereafter film fabricated at 5 mbar exhib-
ited a red shift in PL peak energy.

To get a clear picture, the de-convoluted PL spec-
tra of the films deposited under vacuum  (10−6) as well 
as He pressure of  10−2–5 mbar were shown in Fig. 7a–e, 
respectively. The peaks were fitted with multiple Gauss-
ian lineshape functions. All these PL spectra showed two 

peaks, at low photon energy within the range of 1.4–2 eV 
and second one toward higher photon energy ranging 
from 1.6 to 2.4 eV. The peak positions are depicted in the 
respective figures. Figure 7f shows the variation of Eg, PL 
peak energies (EPL), both for high intensity, P(H), as well 
for low intensity peak, P(L), and the integrated PL inten-
sity of P(H) of the SiC films as a function of deposition He 
pressure. An increase in peak energy of P(H) from 1.83 to 
2.21 eV is observed along with increase in the band gap 
of the films from 2.09 to 2.68 eV with increasing deposi-
tion He pressure up to 1 mbar. At He pressure of 5 mbar 
as Eg reduces to 2.1 eV and the peak position of P(H) also 
reduced to 1.81 eV. In the α-SiC films, there could be three 
main mechanisms governing the PL emission: emissions 
via defect states [14, 47], QCE induced emission [48–50], 
and band tail state emission [51–53]. For defect-related PL, 
the peak position remains fixed at a certain wavelength, 
in contrast a blue shift in PL energy with increasing band 
gap is observed here. For a QCE-induced PL, blue shift of 
peak position occurs with increasing band gap due to 
decrease in size of the nanocrystals and PL peak energy 
is close to band gap energy. But in present case though 
PL peak of the films exhibited blue shift with increasing 
C content, but the PL peak energy were much lower than 
band gaps of corresponding films confirming no band-
edge emissions due to QCE of nanocrystals. Moreover, the 
possible origin due to QCE was ruled out because of the 
absence of adequate nanocrystals of the order of exitonic 
Bohr diameter of Si/SiC (~ 9/5 nm) or smaller as confirmed 
by the TEM studies (Fig. 3).

The EPL is seen to increase from 1.83 to 2.21 eV with 
increasing Eg, corresponding to red to green emission. 
The PL peak position (EPL) of P(H) as a function of optical 
band gap energy, shown in Fig. 8, follows a linear relation 
with a slope of 0.66 and an intercept of 0.41 eV (linear 
regression R = 0.975) [54]. Similar linear relations were 
also reported by Wakita et al. [55] (EPL = 0.37Eg + 0.87 eV) 
and Wang et al. [56] (EPL = 0.35Eg + 1.12 eV) for amorphous 
 SiNx films, supporting that the optical transitions involve 
the band tail states. The EPL was much lower than Eg 
(Eg − EPL ~ 0.3–0.4 eV) and could be attributed to recombi-
nation of photo-generated electron–hole pairs after ther-
malization within localized band tail states [57].

However, in the present work, the observed differ-
ence in EPL and Eg is believed to be associated with the 
tail-to-tail states recombination, based on a model that 
has been generally accepted for PL in amorphous semi-
conductors such as a-Si:H, a-SiNx and a-Si1−xCx:H [54, 
56, 58]. In this model, electrons and holes, for example 
within a-Si system, are first excited to higher energy 
states via photo-excitation as shown in Fig. 9a, and then 
due to thermalization processes, the photon-generated 
carriers relax to the deepest states of the band tails of 

Fig. 6  RT PL spectra of a-SiC thin films deposited under vacuum 
(~ 10−6 mbar) and different He pressure  (10−2–5 mbar)
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conduction band in absence of any thermal excitation 
of system (say at absolute zero temperature). Finally, 
the radiative recombination occurs from these low lying 
energy states of the band tails exhibiting PL. For amor-
phous materials, RT PL intensity has been observed to 
be a function of competition between radiative recom-
bination mediated by tail-to-tail transitions and non-
radiative process like thermal quenching. With increas-
ing temperature the carriers are thermally excited which 
can easily bring photon-generated carriers from the 

localized band tail state to the extended state through 
which the carriers eventually recombine via non-radi-
ative processes resulting quenching of the PL [54, 59]. 
At RT, PL in a-Si is reported to be quenched fully arising 
due to thermal excitation of localized states as schemati-
cally depicted in Fig. 9b. But with addition of carbon in 
the a-Si matrix more structural disorders are developed 
and consequently deeper states (longer band tails) 
are formed resulting increase in the activation energy 
(energy required to lift electrons from the localized 

Fig. 7  De-convoluted PL spectra of a-SiC thin films deposited 
a under vacuum as well as under He pressure of b  10−2, c  10−1, d 
1, e 5  mbar, respectively. Figure  7f depicts plot of band gap, peal 

positions of high intensity peak, P(H) and low intensity peaks, P(L) 
along with corresponding peak intensity of P(H) as a function of He 
pressure
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band tail state to the extended state) of the carrier in 
the band tail region. This results in suppression of ther-
mal quenching and large number of carriers still exists 
within the localized states which are readily available for 
radiative recombination resulting intense PL from a-SiC 
even at RT, as depicted in Fig. 9c.The intensity of the PL 
and its FWHM depends critically on the band-tail width 
and the density of the band tail states which are usually 
controlled by microstructures of the films.

Figure 10a shows the plot of ln α versus hʋ for the SiC 
films deposited under various He pressures. The Urbach 
energy (EU) of these films was estimated from the slope of 
these plots. Figure 10b shows the variation of EU and the 
energy difference between band gap energy and PL emis-
sion (Eg − EPL) of a-SiC films as a function of He pressure. 
From this figure, the increase of EU from 0.78 to 0.96 eV 
with increasing He pressure from  10−6 to 1  mbar was 
observed followed by abrupt falls to 0.82 eV at 5 mbar of 
He pressure. As the  IC–C (Raman results, Fig. 2f ) and atomic 
% of C atoms (EDX results, Fig. 4c–f ) also follows similar 
trend with increasing He pressure hence increase in EU can 
be considered to be increasing in proportional to C con-
tent in the SiC films. In the presence of excessive carbon 
atoms the structural disorder in the film increases owing 
to changes in bond lengths and bond strengths of Si and 
C bond while producing deeper states depicted by larger 
EU. Now, Eg − EPL of a-SiC thin films shows similar trend as 
that of EU as a function of He pressure inferring that EU 
and Eg − EPL holds a linear relationship. The plot of (Eg − EPL) 
as a function of He pressure (Fig. 10b) actually depicts its 
increase with increasing C content. The reason for this is 
that as the C content in the films increases band tails wid-
ens (~ larger EU) resulting creation of deeper states. Now, 
as the tail-to-tail radiative transition takes place from 
deepest possible energy states after thermalization, the 
gap between Eg and EPL increases [56].

Figure 11 shows the variation of values of FWHM and 
integrated intensity of the most intense PL peak, P(H) 

Fig. 8  Plot of PL peak energy EPL versus optical band gap Eg (Tauc 
gap) of a-SiC thin films

Fig. 9  Schematic of photo-
generation of e–h pair and 
PL mechanism in amorphous 
semiconductors
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with the Urbach energy, EU. It can be seen that both these 
parameters increase almost linearly with EU. This linear 
relationship between the FWHM of the PL band and the 
Urbach energy observed in this work can be explained by 
the models reported for band tail emissions in a-Si1−xCx:H 
[54] and a-SiNx:H films [56], where the main factor that 
contributes to the bandwidth of PL band is the structural 
disorder induced band tail widening. The linear increase 
of intensity of PL peak, P(H), as a function of  EU as shown 
in Fig. 11 can be understood by considering the widening 
of band tail introduced by addition of C atoms in SiC struc-
ture. With the increase in carbon content in the SiC films, 
more structural disorder were formed and consequently 
deeper states were produced which elevates the activation 
energy (difference between the low lying localized states 
and extended states) required for thermal quenching of 
the carriers. The transition of photo-generated carriers 
from the localized states of band tail to the extended state 
has been inhibited by the increase in activation energy 

resulting in sharp decline in thermal quenching and 
consequently, PL peak intensity increased in a-SiC with 
higher C content. [52, 54] The a-SiC prepared by the PLD 
technique could be a promising material for applications 
in LEDs and large area displays as these films displays PL 
ranging from red to green spectral region.

4  Conclusions

The present work deals with how the structure and opti-
cal properties of PLD a-SiC films evolves under deposi-
tion condition of vacuum  (10−6 mbar) and in presence of 
He gas pressure from  10−2 to 5 mbar. Raman spectra of 
the SiC films depicts amorphous nature of the films and 
exhibits the rise in C–C bonds relative to Si–Si bonds. 
This infers a stoichiometric transition of a-SiC films 
from stoichiometric to C-rich SiC as He pressure rises till 
1 mbar beyond which SiC films became Si–rich at 5 mbar 
pressure of He. This transition has been explained on the 
basis of how the stoichimetry of film was effected by the 
dynamics of differently massive ablated ions from multi-
elemental target under different inert gas pressure. The 
amorphous nature of the films was also confirmed by 
TEM results. The band gap of a-SiC thin films exhibited a 
blue shift from 2.09 to 2.68 eV with increasing C content 
from 49.8 to 62.8% resulting from stoichiometry transi-
tion in the films as a function of He pressure. The a-SiC 
thin films showed a broad band PL whose peak position 
behaves similarly to the band gap of the films as a func-
tion of He pressure. The EPL was much lower than Eg and 
the observed shift in EPL w.r.t Eg is believed to be associ-
ated with the band-tail recombination between local-
ized states observed in most of the amorphous semicon-
ductors. The observed linear relationship between the 
FWHM of the PL band and the Urbach energy suggest 

Fig. 10  a Plot of ln α versus hʋ and b variations of EU and Eg − EPL of a-SiC thin films as a function of He pressure from  10−6 to 5 mbar

Fig. 11  Variation of FWHM and integrated intensity of the most 
prominent and intense PL peak, P(H), as a function of Urbach 
energy (EU) of the a-SiC thin films
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that the band tail widening is the major factor contribut-
ing to the observed wide bandwidth of PL peaks. The rise 
in PL intensity of the a-SiC films observed with increas-
ing C-content was resulting from the decline in thermal 
quenching promoted by creation of deeper states with 
incorporation of more C atoms. The novelty of the pre-
sent work lies in the fabrication of a-SiC films of variable 
stoichiometry via PLD just by increasing He gas pressure 
during deposition, which has also resulted in stoichi-
ometry controlled tunable photoluminescence peaking 
from far red to green region.
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