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The possibility of light scattering investigation in nanocrystalline SiC films has been
studied. The scattering type and wavelength ranges where the absorption or scattering
prevails have been determined. The particle sizes calculated from scattering spectra (10
and 19 nm) agree well with SiC crystallite sizes estimated from the structure analysis

data.

HNsyuena BO3MOKHOCTb MCCJIeIOBaHUA 9(PPeKTOB paccedHUs B IJIEHKAX HAHOKPUCTAJIJIU-
yeckoro SiC. Ompejened Tum paccesiHUs M JUANA30HLBL AJUH BOJH, B KOTOPBIX IIPEBAIUPYET
IIOTJIONIEeHNE WJIHN paccesHue. PaccumraHHble IO cHeKTpaM paccesHusi pasmepsl vactur (10 u
19 HM) XOPOIIIO COrJIACYIOTCS C OIEHKAMH Pa3MePOB KPHUCTAJIJUTOB KapOuga KPEeMHHS II0

MAHHBIM CTPYKTYPHBIX M3MEPEHUII.

The present-day close attention to
nanocrystalline objects is due to the fact
that properties of nanostructures are
unique and rather different from those of
single crystals. A special interest is paid to
nanocrystal silicon carbide films obtainable
by direct ionic deposition [1]. The high sta-
bility of optical properties of silicon carbide
films has made it possible to develop on
basis of these films an optical temperature
sensor which is very promising for applica-
tion in the field of high-temperature opto-
electronics [2]. However, experiments with
deposition of silicon carbide films with
thickness exceeding 2 um have detected an
irregular reflectivity of the films in ultra-
violet and visible spectral regions. As sup-
posed in [2], the effect of reflectivity dete-
rioration may be caused by residual stresses
in the nec-SiC structures that arise at depo-
sition of films under study onto Al,O5 sub-
strates. Such stresses may result in struc-
tural inhomogeneities and preconditions for
light scattering and interference curve
modulation. On the other hand, silicon car-
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bide films consist of areas with SiC crystals
of nanometer dimensions. These particles
cause both light absorption and light scat-
tering, whereby contribution of scattering
to extinction coefficient has been underesti-
mated previously. For these reasons, the
purpose of this paper includes an experi-
mental measurement of scattering effect in
silicon carbide films, by spectrophotometry
techniques, and reveal of spectral bands
where dominating is one or another type of
light scattering.

The study objects were samples of silicon
carbide films obtained by direct ion deposi-
tion. The influence of sapphire substrate
temperature and of deposited ion energy on
structure and morphology of thin films
have been studied in full detail in [3, 4].
For the measurements, films of I and II
series (differing in structure) were taken.
Structurally, the Series I films were com-
posed of nanocrystal polytypes of 3C-SiC,
21R-SiC and carbon, all of average size R ~
10 nm. The series II films contained
nanocrystal polytypes of 3C-SiC and silicon,
with amorphous disordered areas.
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The spectral and photometric charac-
teristics of the samples were measured in
both transmitting and reflected light using
a Perkin-Elmer Lambda-85 spectrophotome-
ter provided with an integrating sphere, in
order to evaluate the diffuse radiation com-
ponent. The diffuse reflection spectra
(measured with respect to primary standard
sample) were subsequently used in calcula-
tions of extinction factors.

The light flux attenuation in an optically
inhomogeneous medium is known to be a
general result of light scattering and ab-
sorption effects [5]. If dimensions of inho-
mogeneities (such as nanocrystallites in our
case) are considerably less than the relevant
wavelength and spaces between particles are
rather large the light flux passing through
the layer of nc-SiC film must undergo the
Rayleigh scattering. Such an assumption
will be quite correct if (a) diameter of par-
ticles does not exceed 1/10 wavelength of
incident light and (b) the particles are spa-
tially distributed is a disordered manner
[6]. In the Rayleigh scattering effect, the
diffused light intensity is proportional to
L4, As to inhomogeneities of other dimen-

sions, quite valid is dependence I ~ A7P,
where p < 4 is reducing with increasing di-
mensions of inhomogeneities [5]. In real
cases, there may sometimes arise specific
areas with a great number of nanocrystals
which can be regarded to as macro-inclu-
sions of a size about A. Here, the scattering
effects can be described using either Mie
theory or diffraction scattering theory [5].
In general case, the optical coefficient of
light attenuation corrects for both effects
of light absorption and scattering. In [7], it
is shown, however, that if prevailing part
in light transmission through optically in-
homogeneous medium is played by absorp-
tion effect, the extinction spectrum should
be proportional to A7l. In the case of pre-
dominant Rayleigh scattering, the extinc-
tion spectrum is proportional to A~%. Hence,
on meeting the conditions of light scatter-
ing and absorption, equation for optical
density factor can be written as

lg(V/ry = D, = BLP, (1)

where p<4, and B is a parameter which de-
pends on nanoparticle dimensions and on €
factor. Thus, for Rayleigh scattering, B =
32n4r3[(e — 1)/(s + 2)1?d [8], where r is the
nanoparticle radius; €, dielectric constant of
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Fig. 1. Dependences of logarithm of the opti-
cal density of the SiC films on the logarithm
of the wavelength of light.

SiC film; d — the SiC film thickness. Using
equation (1), one can obtain the expression
to evaluate the coefficient p:

In(D,) = InB - pln(}). (2)

Linearity and value of coefficient p in
InD, and In) coordinates are the main crite-
ria for the presence of scattering centers
(nanocrystals). This fact can also be used to
reveal a relationship between light absorp-
tion and scattering factors. Equation (2)
makes it possible to determine not only the
type of scattering itself, but a relevant
wavelength ranges where the prevailing fac-
tor is either light absorption or scattering.
Fig. 1 represents the In(D;) = f(In(X)) de-
pendence for samples of SiC films, both I
and II series. For the I series sample with
about 10 nm crystallites, the curve I is cal-
culated using Egs. (1, 2) under assumption
of the Rayleigh scattering. The calculated
plot is seen to coincide with the straight-
ened section (a —b) of the experimental
curve. The calculated power index p = 4.
Hence, there must exist an area of extine-
tion coefficient dependence where the
Rayleigh scattering effect takes place. The
second straightened section of experimental
curve corresponds to particle size (about
19 nm) and to somewhat modified value of
(p), such as =~ 3.11. The calculated particle
sizes (10 nm and 19 nm) are in good agree-
ment with SiC crystallite size estimated
from the structure measurements. As to the
long-wave range (p ~ 1), it is the absorption
factor can be assume to prevail.

The second curve indicates presence of
absorption (p » 1) and absence of scattering.
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In visible and ultra-violet spectral regions,
an unusual character of reflection spectra
was also observed. Thus, within spectral re-
gion below 400 nm, a dramatic drop of re-
flection coefficient is observed for silicon
carbide films. Such a drop is explained in
[6] as a result of light scattering, so as the
shorter are the wavelengths, the greater is
scattering effect that results eventually in
decreased reflection.

Thus, application of modern spectroscopy
techniques using an integrating sphere to
assess the diffuse component of radiation
provides a further study of light scattering
effects. Using mutually complementing
methods of diffuse reflection and transmis-
sion, one can determine the spectral regions
where one or another type of light scatter-
ing predominates. This methodology can be
applied to identify the scattering types and
to reveal interrelation between absorption

and scattering in complex nanocrystalline
silicon carbide films.
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Po3ciroBaHHSA CBiT/Ia HAHOKPHUCTAJIYHMMHU ILJIiBKaMH
KapoOiny KpeMHiio

O.B.JIonin

BuBueHo MOMKJIUBICTH CHEKTPO(MOTOMETPUUHOTO JOCHifKeHHsa e(eKTiB posciloBaHHA
cBiTa y miiBkax manokpucramdivaoro SiC. BusHaueHO THII PO3CiIOBAaHHA Ta JiAIIa30HU JOBXKHH
XBWJIb, € II€PeBaKac MOranHaHHS a00 poscisuus. Pospaxosani posmipu uactoxk (10 Ta 19 HM)
100pe ysroIpKyIOThCSL 3 OIlHKaMu po3MipiB Kpucramitie SiC 3a gaHMME CTPYKTYPHUX BUMIipPIOBAHbB.
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