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Molecular dynamics study of thermal transport in
amorphous silicon carbide thin ﬁlm
Man Li and Yanan Yue*
The emergence of amorphous silicon carbide (a-SiC) thin ﬁlm based photovoltaic applications has
provoked great interest in its physical properties. In this work, we report the ﬁrst comprehensive study of
thermal transport in the a-SiC thin ﬁlm from 10 nm to 50 nm under various conditions using empirical
molecular dynamic (MD) simulations. The thermal conductivity increases from 1.38 to 1.75 W m1K1 as
temperature increases from 100 K to 1100 K. A similar increase in the thermal conductivity from 1.4 to
2.09 W m1K1 is obtained with densities from 2.7 to 3.24 g cm3. Besides, a slight increase in the
thermal conductivity (15%) with calculation domain from 10 nm to 50 nm is observed, indicating that the
size dependence of thermal transport also exists in nanoscale amorphous structures. For the physical
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interpretation of simulation results, the phonon mean free path (MFP) and speciﬁc heat are calculated,
which are responsible for the temperature dependence of the thermal conductivity. The phonon group
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velocity is the key factor for the change in thermal conductivity with density. The results also show that
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the phonon MFP decreases rapidly with temperature and is subject to the Matthiessen's rule.

1. Introduction
As an alternative material to silicon, silicon carbide (SiC) has been
studied extensively because of its great potential in industrial
applications.1–8 For example, crystalline SiC (c-SiC) can be used as
a surface coating material in micro-sensors in extreme harsh
environments.9 In addition, amorphous silicon carbide (a-SiC) has
great potential as a photovoltaic material.10 The c-SiC has diﬀerent
forms, such as 3C–SiC, 6H–SiC, etc., with excellent physical
properties. The a-SiC thin lm is also attractive for industrial
applications due to its less crucial deposition conditions while
preserving most of the extraordinary properties of c-SiC, which is
much more expensive to synthesize.11 One drawback for amorphous materials is their thermal properties. Crystalline materials
exhibit higher thermal characteristics due to their ordered lattice
vibration (phonon), whereas amorphous structures introduce
phonon scattering inside the material. Besides the crystalline/
amorphous structures, the multi-scale dimensions (from bulk to
nanoscale) of the material exhibit diﬀerent thermophysical characteristics.12–15 In addition, it is believed that the size eﬀect in
nanoscale thermal transport is only applicable in crystalline
structures rather than amorphous materials due to their phonon
boundary scattering. However, the dominance of boundary scattering of phonon transport in amorphous materials, in other
words, whether the size eﬀect still exists in nanoscale amorphous
structures, still remains a question.
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To date, not much information is available for the thermal
transport of nanoscale a-SiC thin lm, in spite of its importance
for the thermal design of nanoscale devices. In an experimental
study, T. Jeong et al. used a thermoreectance technique to
characterize the thermal conductivity of a-SiC lms with a
thickness from 100 to 2500 nm. They pointed out that the
thickness dependence of the thermal conductivity was attributed to thermal boundary resistance between Au (substrate) and
a-SiC during the measurements. However, the size of 100 nm
used in their work is still too large to demonstrate the size
eﬀect.16 M. Mazumder et al. studied the temperature dependence of the thermal conductivity in 22 nm period Si/SiC
amorphous multilayer lms using the 3u method. They
assumed that the discrepancy between Debye's model and the
dispersion model of phonon mean free path (MFP) of a-SiC was
the same as that of the crystalline Si, and the phonon MFP of aSiC was calculated according to others' experimental results
because the intrinsic thermal conductivity of a-SiC could hardly
be extracted.17 Besides experimental work, modeling tools have
been used to study the thermal transport in SiC. Molecular
dynamics (MD) simulation is very convenient and cost-eﬀective
to study thermal energy transport. Especially with the rapid
development of computation capacity, MD simulation is
frequently used to study the phonon transport behavior of
materials at nanoscale.18 To date, not many simulation results
are available for the thermal transport study of a-SiC compared
with other nanostructured materials. L. J. Porter et al. studied
the thermal properties of bulk b-SiC, which is one of the polymorphs of SiC with a zincblende crystal structure. In their work,
both lattice dynamical calculations and MD simulations were
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performed. However, the size eﬀect was not discussed because
they only focused on the bulk materials based on equilibrium
MD simulation.6,7
In this work, we employed the MD simulation to conduct a
comprehensive study of thermal transport in a-SiC thin lm.
The application of the material might be subjected to diﬀerent
conditions, for example, working temperature can be as high as
1000 K. Therefore, information on the thermal properties of
nanoscale a-SiC thin lm at various temperatures is important.
In addition, diﬀerent synthesis methods/processes to produce
a-SiC with various states are important. Whether the inner
pressure of the materials impacts the thermal transport of a-SiC
thin lm is also of great interest. Meanwhile, the application of
a nanoscale a-SiC thin lm is usually in the regime of above 10
nm. Whether sample dimension has any eﬀect on the thermal
transport is another point of interest to be focused on. The
following section describes the methods including the principle
and details about the MD simulation, followed by the description of the high temperature annealing process used for the
construction of the amorphous structures. In the results and
discussion section, density, temperature and size dependence
of the thermal transport of a nanoscale a-SiC thin lm are
presented with their corresponding physical explanations.
Finally, the phonon scattering/transport theory is used to
comprehend the simulation results.

2. Molecular dynamics (MD)
simulation details
2.1

MD simulation principle

In MD simulation, the individual atoms of silicon and carbon
are treated as ideal mass points with no volume, interacting
with each other through a given set of interatomic potentials.19
The macroscopic variables can be deduced from the coordination and velocities of atoms integrated numerically under the
rule of classic mechanics.20 The system is rst stabilized at a
constant temperature. The time integration is performed on the
Nose–Hoover style non-Hamiltonian equations of motion,
which is designed to generate the positions and velocities
sampled from the canonical (nvt), isothermal–isobaric (npt)
and isenthalpic (nph) ensembles.20,21 The interatomic potential
used in this work is a many-body description proposed by
Tersoﬀ, emphasizing the signicance of the local coordination
of atoms in determining bond strength between two atoms. The
Tersoﬀ potential has been adopted in a wide range of silicon
and carbon-based materials, including graphene, carbon
nanotubes and diﬀerent polymorphs of SiC.6,7,22–27
The direct method is employed to calculate the thermal
conductivity of a-SiC based on its Fourier's law:
X
Ju ¼ 
kuv vT=vxv , where Ju is one component of thermal

front and back boundary are set as the heat source and heat
sink, respectively, as shown in Fig. 1(a).28–31 Periodic boundary
conditions are used in every direction.

2.2

High temperature annealing of a-SiC structures

The amorphous structure features the long-range random
distribution of atoms rather than an orderly distribution of
atoms with a crystalline structure. The commonly used methods
for building amorphous structures are ion implantation and
high temperature annealing. In addition, unlike crystalline
structures, the density of the amorphous structure varies
depending on the preparation pathways. V. Heera et al. studied
the structural and density changes of a-SiC prepared by ion
implantation experiments and found that the density of a-SiC
decreases about 10% (as 2.75  0.09 g cm3) compared with cSiC.32 P. Vashishta et al. showed that the density of a-SiC
without internal pressure prepared by the annealing method is
3.076 g cm3.33 MD simulation can be used in the annealing
method to prepare amorphous structures, and the zincblende
structure of crystalline 3C–SiC is used for the sample preparation. First, the crystalline 3C–SiCs are maintained with diﬀerent
lattice constants (from 4.35 Å to 4.62 Å, corresponding to
diﬀerent densities from 3.229 g cm3 to 2.695 g cm3). Then,
the system is heated to 8000 K at a rate of 2  1013 K s1 with a
short time-step of 0.2 fs. Aer thermalization and relaxation,
the system is carefully controlled and cooled to 1100 K at a rate
of 1  1013 K s1. Aer the second equilibration lasting 400 ps,
the amorphous structure of SiC is formed, as shown in Fig. 1(c).
Our results show that the density of a-SiC at zero internal
pressure is 3.016 g cm3, which is consistent with the density
calculated by the ab initio method by Finocchi et al.34

v

current, vT/vxv is the temperature gradient along the xv direction and kuv is the thermal conductivity tensor. Each component
of the thermal conductivity tensor is identical due to its
isotropic characteristics. In the simulation, a cube is divided
into 30 slices of identical size, and the slices 1/4 L away from the
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(a) Schematic description of our system model. The boundaries
of all directions are periodic, and the slices of 1/4 L from each
boundary act as the heat source and heat sink. (b) Illustration image of
the atoms and bonds of SiC before amorphization. (c) Illustration
image of atoms and bonds of SiC after amorphization.

Fig. 1

RSC Adv., 2014, 4, 23010–23016 | 23011

RSC Advances

Paper

To conrm our amorphous structure, radial distribution
function (RDF) analysis was conducted on the c-SiC, and the
structure obtained aer the annealing process is shown in
Fig. 2. RDF is an eﬀective method to distinguish the diﬀerence
between amorphous and crystalline structures by studying the
peaks shown at various positions inside the materials (representing orderly distributed atoms).35 From Fig. 2, we can clearly
observe the orderly distributed peaks at regular positions for
c-SiCs, while there are no regular peaks in the a-SiC, which
implies that the amorphous structure was constructed
successfully. Meanwhile, the C–C curve, C–Si curve and Si–Si
curve have their rst peaks at 0.157 nm, 0.19 nm and 0.243 nm,
respectively, consistent with the work of Finocchi et al. and
Tersoﬀ et al.34,36 In addition, the areas under the rst peaks
correspond to the number of neighboring atoms and is dened
ð r2
as n ¼ 4Np r 2 gðrÞdr=V , where g(r) is the RDF, N the number
r1

of atoms, V the volume of system, r1 the lower boundary of the
rst peak, and r2 the upper boundary of the rst peak.36–38
Despite the un-dened partial coordination of Si atoms, as

Fig. 2 Calculated radial distribution function for crystalline SiC (red
line) and a-SiC (black line). The density is 3.229 g cm3. The partial pair
correlation functions of Si–Si, C–C and C–Si are presented.

Table 1

explained by Tersoﬀ, the number of nearest neighboring atoms
of carbon atoms are computed for diﬀerent densities and are
listed in Table 1. The coordination of the carbon atoms is always
four no matter whether the density is changed, indicating that
threefold sp2-bonded carbons are not present inside the
amorphous structure.
2.3

Simulation details for thermal transport study

The temperature gradient and heat ux are required to calculate
the thermal conductivity of materials. The temperature of each
slice is monitored by averaging the data from the last 250 ps.
The heat ux is controlled by changing the non-translational
kinetic energy added to the heat source, and the same amount
of energy is subtracted at the heat sink piece by rescaling the
atoms' velocities using the method described by Jund and Jullien.39 The whole system is controlled at constant N (number of
atoms), V (volume) and E (energy) as a microcanonical ensemble
with the heat sink and heat source for 1 ns with a time-step of
0.5 fs. In this work, systems with six diﬀerent sizes ranging from
2  2  10 to 2  2  50 nm3 and nine diﬀerent densities
ranging from 2.695 to 3.229 g cm3 are simulated with
temperatures from 100 K to 1100 K. Fig. 1 shows an example of
one system with L ¼ 15 nm and a ¼ 2 nm. In the simulation,
heat ux is rst applied and aer the temperature proles along
the z axis become stable (Fig. 3) by linear tting of the
temperature proles between the heat source and heat sink, the
thermal conductivity can be calculated. To ensure that the
transverse area is large enough that our results are insensitive to

Fig. 3 Temperature proﬁles of a-SiC with the size of L ¼ 15 nm and
a ¼ 2 nm along the direction of the heat current under diﬀerent
ambient temperatures after the stable temperature ﬁeld forms. The
heat ﬂux of the system is 16.23 GW m2 for temperature proﬁles of 100
K and 200 K, and 81.15 GW m2 for all the other temperature proﬁles.

The partial coordination of carbon atoms calculated from the partial radial distribution function and degree of chemical disorder of

a-SiC
Density (g cm3)

Pair

Partial coordination

Total coordination of carbon atoms

Peak position Angstrom

3.229

C–C
C–Si
C–C
C–Si
C–C
C–Si

1.42
2.58
1.44
2.57
1.55
2.43

4.00

1.57+0.02
0.02
1.91+0.02
0.02
1.57+0.02
0.02
1.91+0.02
0.02
1.59+0.02
0.02
1.93+0.02
0.02

3.016
2.695
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The thermal conductivities of the system with diﬀerent
transverse areas. The heat ﬂux per area through cross-plane with
constant length along the heat current direction

Table 2

Cell size
(1100 K, 2.695 g cm3)

q (W m2)

k (W m1K1)

2  2  35
4  4  35
5  5  35
10  10  35

81.15
81.15
81.15
81.15

1.760+0.084
0.076
1.347+0.019
0.018
1.400+0.013
0.013
1.405+0.008
0.011

it, the k values are estimated using diﬀerent transverse areas as
displayed in Table 2, indicating that a transverse area of 5  5
cells is suﬃcient for this work.

The phonon density of states (DOS) from the Fourier transform of the velocity autocorrelation function can be obtained
Ð
by:33g(u) ¼ eiuth~
v(t)~
v(0)i/h~
v(0)~
v(0)idt, where ~
v(t) is the velocity
~
vector of an atom and v(0) is the initial velocity vector of the
same atom. The angular brackets denote an average of the
canonical ensemble. Fig. 5(a) shows the velocity autocorrelation
function of the rst 1 ps converging to zero when the duration is
more than 0.3 ps. Fig. 5(b) shows the phonon DOS of a-SiC
with a density of 3.016 g cm3 at 1100 K (the black line). The
blue and red line indicate the vibrational DOS of the silicon
atoms and carbon atoms, respectively. Due to the molecular
weight, the peak frequency of silicon is almost two times
lesser than the carbon atoms. In Debye's model, the specic
heat at a constant volume Cv can be determined as:
 h u
2
ð umax
hu
Cv ðTÞ ¼ 3kB
ekB T  1 du,33 where
ðh- u=kB TÞ2 gðuÞekB T
-

3.

Simulation results and discussions

3.1 Temperature dependence of thermal transport in a-SiC
thin lm
Based on the temperature proles in Fig. 3, the thermal
conductivities are calculated at diﬀerent temperatures, as shown
in Fig. 4. The simulation of systems with three diﬀerent densities
is conducted. These three densities represented the positive
internal pressure, zero internal pressure and negative internal
pressure, respectively. Fig. 4 shows that the thermal conductivity
of a-SiC increases with temperature. In addition, the results for
the diﬀerent densities have the same tendency, and there is a
limit for the thermal conductivity before reaching 1100 K. The
saturation of the thermal conductivity at high temperatures can
be explained by our simulation of specic heat, which will be
discussed later. The thermal conductivity calculation results can
be checked with the modied Slack's minimum thermal
conductivity proposed by Cahill, assuming that the minimum
phonon mean free path (MFP) equals the half of the average
interatomic spacing.40 The tendency of our results is similar to
the modied Slack's minimum thermal conductivity model.

Fig. 4 Relationship between the thermal conductivity of a-SiC and
temperature. The results of three diﬀerent densities are presented with
the purple line representing negative pressure, the orange line representing zero pressure and the red line representing positive pressure.
The blue line (lowest) is the minimum thermal conductivity calculated
by the modiﬁed Slack's model.

This journal is © The Royal Society of Chemistry 2014

-

0

kB is the Boltzmann's constant, ħ is the Plank's constant divided
by 2p and g(u) is the phonon DOS. From Fig. 5(c), for phonon
DOS at diﬀerent temperatures, we nd that the vibration of
carbon atoms (higher phonon frequency) is enhanced a little as
the temperature increases, while the vibration of the silicon
atoms (lower phonon frequency) remains constant. In above
mentioned equation, two factors that determine specic heat
are phonon DOS and temperature. Due to the higher proportion
of low frequency phonons, a small change in high frequency
phonon would not signicantly change on the integration of the
phonon spectrum (less than 10%), explaining that the phonon
DOS is not the main factor for specic heat. In fact, temperature
is the key to specic heat, as shown in Fig. 5(d), it increases
from 112.6 J kg1K1 to around 1032.1 J kg1K1 with an
increase in temperature from 100 K to 1100 K.
Thermal conductivity can be derived from kinetic theory as:
k ¼ CvvL/3,41 where Cv is the specic heat per volume, v is the

Fig. 5 (a) The velocity autocorrelation function (VACF) converges to
zero; (b) phonon density of states (DOS) of Si atoms (blue), C atoms
(red) and the summation (black); (c) phonon DOS of a-SiC at diﬀerent
temperatures (density: 3.016 g cm3); and (d) speciﬁc heat per mass
calculated by the phonon density of states. A saturated value of 1.2461
 103 J K1 kg1 at inﬁnite temperature is listed for comparison.
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phonon group velocity and L is the phonon mean free path
(MFP). Thermal conductivity is a combined eﬀect of the specic
heat, phonon group velocity and phonon MFP. Treated as an
elastic mechanical problem,
the average phonon group speed
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
can be calculated by v ¼ dp=dr,42 where P is pressure and r is
the mass density. The results reveal that the average phonon
group velocity is independent of temperature with little variance
from 8555 m s1 to 8794 m s1 (around 2.8%). Therefore,
phonon MFP is another main factor, despite the specic heat,
which is responsible for the temperature dependence of the
thermal conductivity. Detailed analysis of the phonon MFP is
presented in the following sections.
3.2 Density (internal pressure) dependence of a-SiC thermal
transport
Diﬀerent densities represent the diﬀerent internal pressures
applied onto the system during the annealing process. It
provides the pathway for studying the relationship between
thermal transport and internal pressure. Fig. 6(a) is the calculation result at 1100 K (as an example). It indicates that the
thermal conductivity is strongly aﬀected by density, which also
agrees well with the lower-limit value and the trend calculated
by the modied Slack's model. Fig. 6(b) shows the phonon
spectra for diﬀerent densities. Obviously, the eﬀect of density
on the phonon DOS is less signicant than that of temperature
by comparing Fig. 6(b) with Fig. 5(c). Through calculation, we
nd that the specic heat per mass is less aﬀected (about 5%)
when the density increases from 2.695 g cm3 to 3.229 g cm3,
which is due to the relatively increased portion of carbon atoms'
vibration in the phonon DOS, displayed as a red line in Fig. 6(c).
However, the specic heat per volume increases 15% at a
higher density, shown as a black line in Fig. 6(c). Meanwhile,
the sound velocity increases rapidly with the density, following
the same tendency as the pressure, as shown in Fig. 6(d). From
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the tendency and magnitude of the variance of k (50%) and
sound velocity (30%), we can infer that the sound speed is the
main reason for the density dependence of k, and that the
specic heat per volume is the secondary source.
3.3 Size eﬀect in thermal transport of nanoscale a-SiC thin
lm
Size eﬀect is a common phenomenon in the thermal transport
of crystalline materials on a nanoscale.29,43–45 It is attributed to
the phonon scattering eﬀect at the boundary when the characteristic length is comparable to the phonon MFP. Whether size
eﬀect appears in the amorphous solid is described in this
section. Fig. 7(a) shows that the phonon DOS varies with the
sample size ranging from 10 nm to 50 nm in the z axis. It does
not show much diﬀerence for the phonon DOS spectra. It is also
conrmed by our calculation that the sound speed and specic
heat of diﬀerent sizes remain constant as the size changes.
However, the thermal conductivity results reveal that the size
eﬀect does exist, as shown in Fig. 7(b). The thermal conductivity
increases from 1.38 W m1K1 to 1.57 W m1K1 as the characteristic length increases from 10 nm to 50 nm. This
phenomenon is similar with the size eﬀect encountered in
crystalline solids explained by Matthiessen's rule but is not
signicant.46 Thermal transport inside the a-SiC thin lm is
dominated by phonon scattering. Phonon scattering in a
limited space consists of intrinsic and boundary scattering,
which can be considered as independent events, as expressed in
this relation: 1/Leﬀ ¼ 4/L + 1/LN,28 where Leﬀ is the eﬀective
phonon MFP in our system, L is the characteristic length of our
system and LN is the phonon MFP of the bulk materials. The
factor of 4 stems from the half distance between the heat source
and heat sink, and the average position where the phonons
collide at the center between the heat source and heat sink.
Based on the thermal conductivity derivation, the reciprocal of

Fig. 6 (a) Thermal conductivity of amorphous SiC at diﬀerent densities from 2.695 g cm3 to 3.229 g cm3; (b) phonon DOS of a-SiC for diﬀerent
densities; (c) speciﬁc heat per mass (red) and per volume (black) of a-SiC; (d) the internal pressure of a-SiC after annealing and the sound velocity
as a function of density.
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(a) Phonon DOS of a-SiC with characteristic length from 10 nm
to 50 nm; (b) thermal conductivity of a-SiC changes with characteristic
length (density: 2.695 g cm3), the embedded ﬁgure is the linear ﬁtting
of 1/k as a function of 1/L.
Fig. 7

thermal conductivity can be derived as: 1/k ¼ a/L + b, where
a ¼ 12/Cvv, b ¼ 3/CvvLN are constants, which can be determined
from the linear relationship between 1/k and 1/L. The result is
displayed as the embedded gure in Fig. 7(b). The phonon MFP
of a-SiC bulk can be estimated through extrapolation with the
computed average specic heat of 1051.1 J (kg1K1) and sound
speed of 7499 m s1 as 0.225+0.014
0.018 nm, which is very close to the
interatomic spacing of 0.231 nm. The corresponding thermal
1 1
conductivity of a-SiC bulk is calculated as 1.59+0.10
0.12 W m K ,
1 1
which is very close to the value of 1.49 W m K measured by
Dongsik Kim et al. at 500 K.15 The deviation may stem from our
higher temperature and diﬀerent densities from each other as
well as the uncertainty during measurement. These results
reveal that the phonon MFP of amorphous solid is close to the
interatomic spacing.
3.4

Phonon mean free path analysis

To understand the temperature and size dependence of k and to
investigate the thermal transport mechanism of amorphous
solids, the phonon MFP of a-SiC bulk and thin lm at all
temperatures and densities is calculated. Fig. 8(a) shows the
relationship between phonon MFP and temperature for a-SiC
thin lm simulated in this work and the bulk materials. It
shows that there is a rapid decrease of phonon MFP with
temperature for both a-SiC bulk and lm. Considering the
aforementioned result that the thermal conductivity increases
with temperature, this gure reveals that at low temperatures
the phonon MFP is dominant and specic heat is low, while at
high temperatures specic heat is the key factor for higher
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Fig. 8 (a) Phonon MFP decreases with temperature; (b) phonon MFP
increases with characteristic length; (c) phonon MFPs of a-SiC thin ﬁlm
(purple) and bulk materials (orange) changes with density, and the
calculated average interatomic distance (shown as the green line) is
listed for comparison.

thermal conductivity. Fig. 8(a) shows that the phonon MFP
decreases signicantly with temperature, and the size eﬀect is
apparent in the low-temperature region in both the thin lm
and bulk amorphous structures. It is because the phonon MFP
becomes closer to the characteristic length of the computation
domain. Fig. 8(b) shows that the phonon MFP changes with size
for the a-SiC bulk and thin lm. Despite the uncertainty in the
calculation of the bulk material, the phonon MFP of a-SiC thin
lm increases about 10% as size increases from 10 nm to 50
nm, suggesting that size eﬀect exists but is very weak. The
reduced phonon MFP is responsible for the reduced thermal
conductivity at smaller sizes.
The calculation results show that the phonon MFP is
comparable with the interatomic spacing in our amorphous
structures. We are questioning if the slightly changed interatomic distance impacts the phonon MFP. Fig. 8(c) shows the
relation between phonon MFP and density. The green line
represents the average interatomic distance, which is calculated
based on the density. There is no obvious trend for any relations
between the MFP and average interatomic distance. Einstein's
original concept of a random walk of localized oscillations can
explain that the phonon MFP in amorphous solids is not
determined by the global parameters but the localized interaction and geometry, including its disordered structure and
unchanged minimum distance between the atoms.47

4. Conclusion
In this work, we have employed the nonequilibrium molecular
dynamic simulation to perform a comprehensive study
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regarding the thermal transport properties of a nanoscale a-SiC
thin lm. Temperature, density and the size dependence of the
thermal conductivity are analyzed. The results show that the
thermal conductivity increases with temperature until it
approaches a certain value, which is attributed to the variance
of the specic heat and phonon mean free path. The sensitivity
of the thermal conductivity to density is explained by the change
of phonon group speed and specic heat. A weak but existent
size eﬀect in the thermal transport of nanoscale a-SiC thin lm
is observed with the thermal conductivity increasing by about
15% with characteristic length from 10.0 nm to 50 nm. The
extremely small phonon MFP is determined by localized oscillation rather than the global geometrical parameters in amorphous solids. Our study of thermal transport in nanoscale a-SiC
thin lm could be benecial to the thermal design of all a-SiC
based nanodevices.
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