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ABSTRACT

We present measurements of significant thermal diffusivity by surface electromagnetic waves of an ultra-thin polar and
amorphous dielectric film deposited on silicon (Si). We used a photothermal-beam-deflection technique with a modulated
mid-infrared heating source to excite and launch surface electromagnetic waves onto the surface of an amorphous silicon carbide
(a-SiC) film deposited on Si and generate periodic temperature and refractive index gradients above the sample surface. These gradi-
ents are capable of periodically deflecting a probe beam, passing very close to the surface, at the modulation frequency of the heating
beam. We have fitted the measured probe beam deflection to an analytical model for the mirage effect that takes into account the
thermal anisotropy of the measured sample to infer the contribution of the surface electromagnetic waves of the a-SiC film to thermal
diffusivity in the plane of the sample under study. We found that reducing the thickness of the a-SiC film promotes the interaction
between the surface electromagnetic waves propagating on either side of the a-SiC film, which significantly enhances thermal diffusiv-
ity in the plane of the measured sample. We also found that in-plane thermal diffusivity by surface electromagnetic waves on an amor-
phous silicon carbide film a few nanometers thick is several orders of magnitude greater than thermal diffusivity by phonons in
silicon. We believe that the results obtained provide a better understanding of the physics of electromagnetic waves confined to
solid surfaces.

Published under license by AIP Publishing. https://doi.org/10.1063/5.0015577

I. INTRODUCTION

The increased need for lab-on-a-chip tools and integrated
nanoelectronics has led to a reduction in the size of electronic com-
ponents to a length of a few tens of nanometers. Technology indus-
tries expect an even smaller size for these components soon. This
continuous reduction in the size of electronic components and the
increase in their speed and frequency of operation inevitably leads
to hot spots, which are hazards that may lead to system failure.
Therefore, thermal management has become an increasingly press-
ing issue and a hot topic in microelectronics. While many research
groups have demonstrated effective phonon engineering methods
to reduce the thermal conductivity of dielectric materials for

thermoelectric applications,1–4 there is still a lack of practices
regarding heat dissipation from low-dimensional dielectric materi-
als in which conventional heat carriers (phonons) suffer from high
scattering rates.

The interaction between energy-carrying electromagnetic
waves and optical phonons in a polar material gives rise, under
certain conditions, to p-polarized surface phonon-polariton (SPhP)
waves, which are electromagnetic waves localized on the surface of
the material.5–7 Tunneling of the SPhP modes between polar dielec-
trics separated by a vacuum gap of a width not exceeding a few
micrometers has shown orders of magnitude enhancement of
thermal radiation in the near-field limit.8–16 From a theoretical

Journal of
Applied Physics ARTICLE scitation.org/journal/jap

J. Appl. Phys. 128, 095105 (2020); doi: 10.1063/5.0015577 128, 095105-1

Published under license by AIP Publishing.

 13 M
ay 2024 13:02:52

https://doi.org/10.1063/5.0015577
https://doi.org/10.1063/5.0015577
https://www.scitation.org/action/showCitFormats?type=show&doi=10.1063/5.0015577
http://crossmark.crossref.org/dialog/?doi=10.1063/5.0015577&domain=pdf&date_stamp=2020-09-03
http://orcid.org/0000-0002-8263-5397
mailto:mk140@aub.edu.lb
https://doi.org/10.1063/5.0015577
https://aip.scitation.org/journal/jap


perspective, SPhP modes can also transport heat by conduction
and would meet the industrial need for highly efficient heat carriers
in materials. Due to their long propagation length, long lifetime,
shallow penetration depth, and electromagnetic character, SPhP
modes are insensitive to the conventional scattering centers and,
therefore, can carry an intense heat flux. Thermal conduction by
SPhP modes is particularly noticeable in an ultra-thin polar dielec-
tric film where the surface modes of one surface of the film interact
with those of the other surface.17–20 Moreover, as the thickness of
the polar dielectric film decreases, the mean-free-path of the anti-
symmetric SPhP modes of small wavevectors increases consider-
ably, resulting in a further increase in the SPhP heat flux.17

Experimental studies have confirmed the theoretical predic-
tions of efficient heat conduction by SPhP modes in suspended
structures.21–24 Temperature measurements of the surfaces of glass
microtips provided a presumption of energy transport by SPhP
modes,22 and thermal excitation of SPhP modes followed by direct
measurements of thermal conductivity of silicon dioxide (SiO2)
nanoparticles in various surrounding materials showed significant
thermal conduction by SPhP modes at temperatures slightly above
room temperature.23 As for planar geometries, recent measure-
ments have shown that in 20 nm thick suspended silica films main-
tained at room temperature, thermal conduction by SPhP modes is
as efficient as thermal conduction by vibration modes.24

However, near-field measurements have shown that the inclu-
sion of a polar dielectric film between two different non-polar
mediums of positive dielectric constants results in remarkable con-
finement of SPhP modes to the surfaces of this film.25–27 Such
highly confined SPhP modes would have the potential to transport
heat more efficiently than the SPhP modes of suspended polar
films. In this paper, we study the in-plane thermal diffusivity by
SPhP modes highly confined to the surfaces of an amorphous
silicon carbide (a-SiC) film between a silicon (Si) substrate and the
air. Using a photothermal-beam deflection technique with a mid-
infrared (MIR) heating source, we were able to excite and launch
SPhP modes confined to the surfaces of a-SiC films of different
thicknesses and generate periodic temperature and refractive index
gradients above the surface of the measured sample. These gradi-
ents are capable of periodically deflecting a probe beam, passing
very close to the sample surface, at the modulation frequency of the
heating beam. Then, we fitted measured probe beam deflections to
an analytical model for the mirage effect that takes into account the
thermal anisotropy of the measured sample to derive the in-plane
thermal diffusivity of the sample as a function of a-SiC film thick-
ness. The measurement results presented in this paper show the
effect of the thickness of the a-SiC film (which determines the
strength of the interaction between the waves propagating on either
side of the a-SiC film) on thermal diffusivity by highly confined
SPhP modes.

The choice of an amorphous polar dielectric film is beneficial
in the present study for two reasons. First, it allows us to exclude
thermal transport by phonons and electrons in the film and to
observe the contribution of the SPhP modes to in-plane thermal
diffusivity. Second, due to the high damping factor, the solution to
the dispersion relations of the SPhP modes in the amorphous
materials extends from q = 0 to q→∞ (where q is the wavevector),
and, unlike crystals, there is no physical reason for excluding any

part of it.5 Hence, the large number of SPhP modes in amorphous
materials allows a significant contribution of these modes to
in-plane heat transport, although the broad imaginary parts of the
infrared dielectric functions of the amorphous materials reduce the
lifetimes and mean-free-paths of the SPhP modes whose frequen-
cies are close to the vibration resonance frequencies.

II. EXPERIMENTS

We deposited thin a-SiC films on commercial Si (100) sub-
strates by ablating a high purity SiC polycrystalline target under a
background pressure of 10−6 mbar using a focused high power KrF
excimer laser, with keeping the Si substrate temperature at 400 °C
to ensure amorphization of the deposited films. We have grown
three a-SiC films on Si with deposition times of 5 min, 15 min, and
40 min to obtain a-SiC films of different thicknesses. Surface mea-
surements by atomic force microscopy (AFM) showed that the
resulting films were 3 nm, 16 nm, and 40 nm thick. We present in
Fig. 1 the Raman spectrum of the 40 nm thick a-SiC film on Si.
The broad peak at 1456 cm−1 is a clear signature of amorphous
SixC1−x with x = 0.5.28

We used an MIR photothermal-beam-deflection experiment
to evaluate the contribution of surface electromagnetic modes to
thermal diffusivity in the sample plane. Readers can find a detailed
description of the experimental setup in Ref. 29. We present in
Fig. 2 the schematic diagram describing the fundamental character-
istics of the measurement technique as well as the mechanisms of
excitation and launching of SPhP modes on the surface of the mea-
sured sample. We also illustrate the detection of thermal waves gen-
erated in the air using the bending of the probe beam due to
multiple refraction mechanisms in the air known as the mirage
effect.

An acousto-optic modulator modulates a p-polarized 10.6 μm
wavelength CO2 laser beam focused on the sample surface. In

FIG. 1. Raman spectra of a bare silicon substrate and a 40 nm thick
amorphous silicon carbide film on a silicon substrate. According to Ref. 28, the
stoichiometric ratio in the deposited film is 1:1.
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short-correlation structures, such as amorphous materials, the
requirement of total momentum conservation for the interaction
between MIR radiations and polar vibration modes breaks
down.30–32 Therefore, vibration modes whose frequencies match
with that of incident MIR radiations may absorb a noticeable frac-
tion of the heating beam irrespective of their wavevectors. Hence,
breaking the moment conservation requirement increases the prob-
ability of optical absorption and allows for significant heating of
the a-SiC film and, thus, a thermal excitation of the SPhP modes as
well as the Zenneck and guided modes.33 We will demonstrate the
optical absorption of the incoming MIR light in the a-SiC layer
later by the experimental results. All these thermally excited elec-
tromagnetic surface waves can contribute to thermal conduction in
the plane of the measured sample. The high optical absorption of
MIR radiations also leads to the occurrence of a periodic vertical
surface displacement in the heated region.29 Such an induced local-
ized defect on the surface has proven to be efficient for launching
the surface modes on the surface of the measured sample.34

Besides excitation and launching of electromagnetic surface
modes, the modulated heating beam serves to generate rapidly
damped thermal waves in and above the measured sample. These
thermal waves give rise to periodic gradients of temperature and
index of refraction in the air. These gradients are capable of period-
ically deflecting a He–Ne laser probe beam, passing very close to
the surface, at the frequency of the modulation of the heating
beam. In the used experimental setup, the probe beam is incident
with an angle of 1° from the surface and focuses on the sample
surface well before the heating spot. Hence, the angular deflection
of the probe beam due to the mirage effect takes place after the
reflection of the probe beam from the sample surface. Since the
heating beam, the probe beam, and the sample normal are all in
the same plane, the surface displacement may contribute only to
the longitudinal component (along the z-axis) of the angular

deflection of the probe beam. Therefore, to avoid contribution
from surface displacement, we omit the longitudinal angular deflec-
tion and record only the transverse component (along the y-axis)
of the angular deflection of the probe beam by using a four-
quadrant photodetector. This experimental procedure has demon-
strated efficacy in suppressing the effect of surface displacement on
the recorded signal.29 As we show in the inset of Fig. 2, to measure
thermal diffusivity, we move the heating beam across the sample
surface perpendicularly to the probe beam and record the angular
deflection of the probe beam as a function of the offset distance
between the heating beam and the probe beam. We repeat the mea-
surement for different beam modulation frequencies to increase the
accuracy of the analysis of the data. Then, we fit the experimental
results to an anisotropic theory for the mirage effect considering a
single-layer model. We note here that the generated thermal wave
in the air dies out rapidly to zero.35 Hence, its characteristic wave-
length is almost equal to the thermal diffusion length, which is
given by

Lth ¼
ffiffiffiffiffiffiffi
αs,y

πf

r
, (1)

where αs,y is the in-plane thermal diffusivity of the measured
sample and f is the heating beam modulation frequency. Since we
modulate the heating beam at frequencies of the order of 1 kHz
and typically αs,y is about 1 cm2/s, we estimate the wavelength of
the generated thermal wave to be approximately 150 μm. This value
is orders of magnitude larger than the thicknesses of the deposited
a-SiC films. Therefore, the generated thermal wave is insensitive to
the interface between the a-SiC film and the Si substrate.
Consequently, a single layer model ignoring the scattering
of thermal waves at interfaces is appropriate to describe the
measured data.

FIG. 2. Side view and top view of the
experimental setup showing scattering
of surface electromagnetic waves
during thermoelastic deformation of the
sample surface, the generation of
thermal waves in the air and in the
sample, and the detection of the gener-
ated thermal waves using the mirage
effect. kp is the wavevector of the scat-
tered surface electromagnetic modes.
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III. RESULTS AND DISCUSSION

To identify the surface electromagnetic modes that efficiently
contribute to heat transport in an a-SiC thin film, we deduced the
mean-free-path of the SPhP modes of an a-SiC film of nanometric
thickness deposited on a Si substrate by solving the SPhP disper-
sion relation,

tanh (2p1d) ¼ � p1ε1(ω)( p2ε3 þ p3ε2)
p21ε2ε3 þ p2p3ε21(ω)

, (2)

with considering a real wavenumber ω and a complex wavevector
q ¼ q0 þ iq00 .5 In Eq. (2), d and ε1(ω) are the thickness and the
complex dielectric function of the a-SiC film, respectively, ε2 is the
dielectric constant of Si, and ε1 is the dielectric constant of the air.
The parameters pi have the dimension of a wavevector and are
given by

p2i ¼ q2 � ω2ε0μ0εi, (3)

where ω is the wavenumber. We deduced the complex dielectric
function of a-SiC from the infrared reflectivity spectrum of a
600 nm thick a-SiC film deposited on Si. We present the real and
imaginary parts of the complex dielectric function of a-SiC in
Fig. 3. In the inset of Fig. 3, we show the infrared reflectivity spec-
trum from which the complex dielectric function of a-SiC is
derived. Readers can find a detailed description of the numerical
technique used to extract the complex dielectric function from the
reflectivity measurement in Refs. 36 and 37. In Fig. 4, we present
the function q0(ω), which determines the dispersion of the SPhP
modes, and the inverse of the function q00(ω), which gives the
mean-free-path of the SPhP modes. For comparison, we also
present in Fig. 4 the dispersion and mean-free-path of the SPhP

modes of crystalline SiC. The mean-free-path of the SPhP modes of
crystalline SiC is generally larger than that of a-SiC. However, the
SPhP modes of crystalline SiC exist only in the Reststrahlen band
(i.e., in the spectral range between the transverse optical phonon
frequency and the longitudinal phonon frequency at the center of
the Brillouin zone), whereas the region of existence of the SPhP
modes of a-SiC extends from q = 0 to q→∞.5 As shown in Fig. 4,
all SPhP modes of a-SiC with frequencies above 1000 cm−1 can
effectively contribute to heat transport because they are character-
ized by a mean-free-path of the order of a few tens of micrometers.

To evaluate the contribution of the surface electromagnetic
modes of a-SiC to heat transfer, we have carried out MIR
photothermal-beam-deflection measurements on the samples
investigated by using the experimental setup described in Sec. II.
We present in Figs. 5–8 the amplitudes and phases of the trans-
verse signals obtained from a bare Si substrate, a 40 nm a-SiC
film on Si, a 16 nm a-SiC film on Si, and a 3 nm a-SiC film on Si
relative to the offset distance between the heating beam and the
probe beam. The fact that the magnitudes of the signals from the
samples with a-SiC films are higher than the signal from the bare
Si substrate indicates that a noticeable amount of MIR radiations
is absorbed and converted to heat in the a-SiC films. Thus,
electromagnetic surface modes are thermally excited in the a-SiC
films.

One can deduce the in-plane thermal diffusivity of the mea-
sured sample most accurately from the slope of the signal phase. As
we turn the heating beam on, we deposit heat in the irradiated
region at a rate determined by the modulation frequency of the
heating beam. Then, the heat diffuses out from the center, and the
peak signal occurs at a later time (a more negative signal phase) as
the offset distance between the heating beam and the probe beam
increases. Hence, there must be a direct relationship between the
slope of the signal phase, the rate of heat transport in the plane of
the sample (i.e., the in-plane thermal diffusivity), and the modula-
tion frequency of the heating beam. For optically thin materials, as
is the case of Si for optical excitation of a wavelength of 10.6 μm,
experiments demonstrated that beyond the heating beam waist, the
slope of the signal phase is approximately 0:925 rad/Lth,

38 where
the in-plane thermal diffusion length Lth is related to in-plane
thermal diffusivity αs,y and the heating beam modulation frequency
f according to Eq. (1). This well-established technique for the anal-
ysis of the photothermal-beam-deflection signal allowed us to
deduce the in-plane thermal diffusion lengths of the samples inves-
tigated at the four measured modulation frequencies from the
slopes of the phases of the signals obtained from direct measure-
ments. Then, as we show in Fig. 9(a), we plotted the squares of the
obtained thermal diffusion lengths vs 1/πf for each sample and
fitted the data points to straight lines passing through the origin.
According to Eq. (1), the slopes of these straight lines provide the
in-plane thermal diffusivities of the measured samples. We
obtained the same value of in-plane thermal diffusivity for both the
bare Si substrate and the 40 nm thick a-SiC film on Si. As can be
noticed from Fig. 9(a), the obtained thermal diffusivity value for
these two samples is in good agreement with previously reported
values for thermal diffusivity of Si.39 However, we found that the
in-plane thermal diffusivity of the a-SiC/Si structure increases
markedly with decreasing thickness of the a-SiC film. We found

FIG. 3. The real and imaginary parts of the complex dielectric function of amor-
phous silicon carbide in the mid-infrared spectral range. The inset figure shows
the reflectivity spectrum of a 600 nm thick amorphous silicon carbide film depos-
ited on silicon from which the complex dielectric function is derived.
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that the in-plane thermal diffusivity in the 3 nm a-SiC film on Si is
larger than the thermal diffusivity of Si by a factor of approximately
two. These results demonstrate substantial thermal diffusivity by
surface electromagnetic waves and support the theoretical

prediction that the decrease in thickness of the polar dielectric pro-
motes the interaction between surface electromagnetic waves propa-
gating on either side of it, which significantly improves thermal
diffusivity in the sample plane.

FIG. 4. Dispersion relation and
mean-free-path of the SPhP modes of
amorphous silicon carbide film of nano-
metric thickness deposited on a silicon
substrate. The dispersion and
mean-free-path of the SPhP modes of
crystalline SiC are also plotted for
comparison.

FIG. 5. Magnitude and phase of the transverse signals from a bare silicon sub-
strate relative to the offset distance between the heating beam and the probe
beam for four different heating beam modulation frequencies. The experimental
data are shown using symbols. The fits of the experimental data to an aniso-
tropic theory for the mirage effect are shown using solid lines.

FIG. 6. Magnitude and phase of the transverse signals from a 40 nm a-SiC film
on Si relative to the offset distance between the heating beam and the probe
beam for four different heating beam modulation frequencies. The experimental
data are shown using symbols. The fits of the experimental data to an aniso-
tropic theory for the mirage effect are shown using solid lines.
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We also have deduced the in-plane thermal diffusion lengths
of the samples investigated at four measured modulation frequen-
cies by fitting the magnitudes and phases of the recorded transverse
signals to a formalism for the mirage effect that takes into account
the anisotropic thermal transport in the measured medium. As
demonstrated in Ref. 29, when we focus a probe beam incident at a
grazing angle (∼1° from the sample surface) on the sample surface,
the mirage effect governs the transverse component of vector
angular deflection, and we can express the transverse angular
deflection as

Mtrans ¼ �1
π

1
n
dn
dT

e�q2gR
2
2/4
ð1
0
dk

kgcos(ky)eikghe�k2R2
1/4

(κs,zks þ κgkg)
, (4)

where y is the offset distance between the heating beam and the
probe beam, the subscript z indicates parameters defined in the
direction perpendicular to the surface, n is the index of refraction
of the air, R1 is the radius of the heat spot on the sample surface,
R2 is the radius of the probe beam above the heated region, h is the

height of the probe beam from the surface, q is the cross-plane
thermal conductivity of the sample, and κs;z is the thermal conduc-
tivity of the air. The thermal wavevector in the sample is defined as

ks ¼ q2s �
L2th
L2th,z

k2
 !1

2

: (5)

It provides the dependence of transverse angular deflection on
the cross-plane thermal diffusion length Lth,z and the in-plane
thermal diffusion length Lth.

29 The thermal wavenumber qs is
related to the cross-plane thermal diffusion length according to

qs ¼ (1þ i)
1

Lth,z

� �
: (6)

The thermal wavevector in the air is given by

ks ¼ (q2g � k2)
1
2, (7)

FIG. 7. Magnitude and phase of the transverse signals from a 16 nm a-SiC film
on Si relative to the offset distance between the heating beam and the probe
beam for four different heating beam modulation frequencies. The experimental
data are shown using symbols. The fits of the experimental data to an aniso-
tropic theory for the mirage effect are shown using solid lines.

FIG. 8. Magnitude and phase of the transverse signals from a 3 nm a-SiC film
on Si relative to the offset distance between the heating beam and the probe
beam for four different heating beam modulation frequencies. The experimental
data are shown using symbols. The fits of the experimental data to an aniso-
tropic theory for the mirage effect are shown using solid lines.
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where

qg ¼ (1þ i)
Ω

2αg

� �1
2

: (8)

Here, Ω is the angular modulation frequency and αg is the thermal
diffusivity of the air. To reduce the number of the model adjustable
parameters, we measured the radius of the probe beam R2using the
knife-edge method. Moreover, we estimated R1 by using the fact
that for the measured heating beam modulation frequencies, the
theory of photothermal-beam-deflection predicts that the
maximum of the signal magnitude occurs at r ¼ 1:1� R1.

40

Furthermore, for all the samples investigated, we set the cross-plane
thermal diffusion length Lth,z equal to the thermal diffusion length
of Si at the measured frequency because the electromagnetic
surface modes do not contribute to heat transport in the direction
perpendicular to the surface. Thus, the only adjustable parameters
were the height of the probe beam above the surface h, the radius
of the heat spot on the sample R1, and the in-plane thermal diffu-
sion length Lth. We illustrate in Figs. 5–8 the high quality of the
multi-parameter least-squares fits of the magnitudes and phases of
the signals from the bare Si substrate and the samples supporting
surface electromagnetic waves. We present in Fig. 9(b) the squares
of the obtained diffusion lengths vs 1/πf . We fitted the data points
in Fig. 9(b) to straight lines passing through the origin to deduce
the in-plane thermal diffusivities of the measured samples. We
obtained results in satisfactory agreement with those obtained from
the analysis of the slopes of the phases of the measured signals. In
Fig. 10, we show the results for the in-plane thermal diffusivities of

the measured samples obtained by fitting the experimental data to
the theory of the mirage effect and from the analysis of the slopes
of the phases of the signals. Although the results deduced from the
two different analysis techniques show a discrepancy of ∼5%, they
both demonstrate a substantial enhancement in the in-plane

FIG. 9. The squares of the in-plane
thermal diffusion length in the samples
investigated vs 1/πf , where f is the
heating beam modulation frequency.
Each set of data points is fitted to a
straight line whose slope is equal to
the in-plane thermal diffusivity of the
corresponding sample. (a) Data points
obtained from the analysis of the
slopes of the phases of the measured
signals. (b) Data points obtained from
fitting the magnitudes and phases of
the measured signals to a formalism
for the mirage effect that accounts for
the anisotropy of thermal transport in
the measured sample.

FIG. 10. In-plane thermal diffusivity vs the thickness of the a-SiC film as
obtained from fitting the experimental data to an anisotropic formalism for the
mirage effect and from the analysis of the slopes of the phases of the measured
signals. The uncertainties are determined by the scatter in the data points.
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thermal diffusivity as the thickness of the a-SiC film deposited on
Si decreases.

The measurement analysis presented above shows that the
in-plane thermal diffusivity of the 3 nm thick a-SiC film on Si is
almost twice the thermal diffusivity of Si. Since the total in-plane
heat flow rate in this sample is the sum of the heat flow rate due to
the surface electromagnetic waves of the a-SiC film
ΔQ
Δt

�
SEMW

� �
and the heat flow rate due to phonons in the Si sub-

strate ΔQ
Δt

�
Phonon

� �
, we can write as

ΔQ
Δt

�
SEMW

� ΔQ
Δt

�
Phonon

: (9)

On the other hand, the in-plane heat flow rate is directly propor-
tional to the in-plane thermal diffusivity times the thickness of the
material. As the Si substrate is several orders of magnitude thicker
than the a-SiC film, Eq. (9) indicates that thermal diffusivity by
electromagnetic surface waves in the 3 nm thick a-SiC film is
orders of magnitude larger than thermal diffusivity by phonons in
Si. This result draws an analogy between tunneling of electromag-
netic surface waves between polar dielectrics that demonstrated
orders of magnitude enhancement of thermal radiation in the near-
field limit and the interaction between electromagnetic surface
waves propagating on either side of a polar dielectric that leads to
orders of magnitude enhancement in thermal conduction.

IV. CONCLUSION

We used a photothermal-beam-deflection technique with a
modulated mid-infrared heating source to excite and launch
surface electromagnetic waves onto the surfaces of an amorphous
silicon carbide film deposited on silicon and generate periodic tem-
perature and refractive index gradients above the sample surface.
These gradients are capable of periodically deflecting a He–Ne laser
probe beam, passing very close to the surface, at the frequency of
the modulation of the heating beam. Then, we fitted the measured
probe beam deflections to an analytical model for the mirage effect
that takes into account the thermal anisotropy of the measured
sample to deduce the contribution of the excited surface electro-
magnetic waves to in-plane thermal diffusivity of the sample. We
analyzed the experimental data obtained from samples with amor-
phous silicon carbide films of different thicknesses using two differ-
ent approaches. We found that in-plane thermal diffusivity by
surface electromagnetic modes becomes pronounced for ultra-thin
films of amorphous silicon carbide and increases rapidly as the film
thickness decreases. We attributed these results to the fact that the
reduction in the thickness of the amorphous silicon carbide film
promotes the interaction between the surface electromagnetic waves
propagating on either side of the film, which significantly enhances
thermal diffusivity in the plane of the measured sample. We have
also demonstrated the analogy between the substantial enhance-
ment in thermal radiation in the near-field limit resulting from
tunneling of surface electromagnetic waves between polar dielec-
trics and the substantial enhancement in thermal conduction
resulting from an interaction between surface electromagnetic
waves propagating on either side of a polar dielectric.
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