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MODELING OPTICAL PROPERTIES OF SiC + AIN TYPE
HETEROPHASE CERAMIC MATERIALS BY THE MEANS
BRUGGMAN THEORY

Ceramic samples SiC and AIN as well as SiC samples with different quantity ofAIN admixtures was
studied by infrared reflection spectroscopy and spectroellipsometry. The numerical modeling of optical
properties of SiC + AIN type ceramic materials was made using the Bruggman theory. The comparison of
experimental spectra ofrefractive index and extinction coefficientfor two-phases samples of SiC + AIN
type with theoretical calculated spectra enable us conclude that the SiC + AIN system is heterophase

eutectic mechanical mixture big clusters which are equally distributed in the space ofthe sample.

The physical properties of silicon carbide and
possibilities ofits use in device design have been a
subject of considerable interest in modern science.
Ceramic materials are characterized by a composi-
tion of electrical, thermal and chemical properties,
which make they very attractive for using in device
application for modern technology. Strong chemi-
cal bonding and physical stability are favorable for
development of devices, which work under great
load and in the aggressive environment. SiC is very
useful as a base of abrasive, heatproof, electrotech-
nical, wearproof materials that used in industrial
application. New SiC ceramic materials are used as
substitute for expensive refractory metals and al-
loys. There are many types of ceramic materials
with different properties and phase structure. Most
ofthose materials are heterophase composition of
SiC with special admixtures. The admixtures differ
from the main phase SiC in chemical and physical
properties, and using that permits to obtain ceramic
materials with proper physical and chemical pro-
perties. There are different controlling methods for
chemical and phase structure of ceramic materials.
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Optical methods are fast and non-destructive ex-
amination methods. Studying of optical properties
of ceramic materials gives possibility to made con-
clusion about phase structure. The optical proper-
ties of ceramic SiC with AIN admixtures are con-
sidered in this article. Several ceramic samples
SiC and AIN as well as SiC samples with different
quantity of AIN admixtures was studied by infrared
reflection spectroscopy and spectroellipsometry in
the visible and ultraviolet region.

1. Bruggman effective-medium
approximation

The Bruggman theory [1] is a good method for
investigating and modeling the heterophase struc-
tures. Bruggman effective-medium approximation
model gives one dielectric constants for different
types of physical mixtures: homogeneous mixtures
of spheres, spherical inclusion of a second compo-
nent embedded in a matrix, mixtures of lamellar
with a given or random orientation lamellar inclu-
sion, etc.



The effective dielectric constant € ofthe physi-
cal mixture is described by the following equation:
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Were ¢ is the concentration of the admixtures
with complex dielectric constant €2 in matrix with
complex dielectric constant €1. For ¢ = 0, ¢ = ¢l,
and c¢= I, =¢2- Equation (1) works out as
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In general, the quadratic equation has two solu-
tions. However, only those with positive imaginary
parts are acceptable as the dielectric constant, so
that arge is constrained into the interval [0, =].
Straightforward solution of equation (2) leads to
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The major disadvantage of equation (2) is that,
for given values of €l and ¢, the principal branch of
the complex square root (plus sign) does not always
yield the proper € value over the whole concentra-
tion range.

The branch selection problem can be avoided
by normalizing equation (1) with the respect to the
refractive index of the materials mixed [2]. The
dependent variable ¢ is first reduced to the dimen-
sionless form
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Equation then becomes:
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let p=2L. (6)
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The corresponding quadratic equation is simpli-
fied to
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The solution of the equation (7) is:
Z=d+(d*+0,5)"
with the discriminant of quadratic equation
1
d=0,25(3c - 1)(; -p)+pl. ®

According to equation (4)
€=2zmn,. ©

First we compute z with equation (6) and (8),
and equation (9) yields the effective dielectric con-
stant of heterophase medium. Then using the coste-
lation between the real and imaginary parts of di-
electric constant and refractive index u and extinc-
tion coefficient k£ (10) we obtain the values of nand k&

e=g'-{e'";
g =n® — k%, (10)
g"=2nk.

If dependence of £ on ¢ is analyzed by deriva-
tion one can notice that for any value of ¢ the arg e
is belongs to the interval [O, st]. In contrast to equa-
tion (2) the above transformed approach leads to
correct values without any father sign testing for
any set of nl, n2 and c.

2. Theoretical calculations and experimental
results

Using Bruggman theory and experimental data
of SiC and AIN refractive index and extinction co-
efficient, the optical properties oftwo-phases samples
SiC + AIN type with different quantity of the alu-
minum nitride admixture were calculated. Reflection
spectra for s- and p-polarized light were measured
in the range 4000 cm’ (2,5 mk) to 400 cm’
(25 mk). The refractive index and extinction co-
efficient were calculated by Fresnel's formula for
the next samples: SiC, AIN, SiC + 15 % AIN,
SiC + 20 % AIN, SiC + 50 % AIN. The optical
constants in visible and ultraviolet region ware
measured by ellipsometry [3] in wavelength from
0,26 mk to 1,2mk.

The experimental and calculated spectra of re-
fractive index and extinction coefficient in infrared
are presented on fig. 1-3. The spectra in the visible
and ultraviolet region are presented on fig. 4-6.

In a case when a sample consist of 15 % AIN
and 85 % SiC refractive index change a little over
the ultraviolet and visible region, thus there are no
essential changes in crystalline structure. The re-
duction ofextinction coefficient for this sample can
connected with AIN that has less absorption in
infrared. Theoretical calculation, according to
Bruggman theory, gives a value ofthe absorption
coefficient larger and a value of the extinction
coefficient smaller then that obtained by the
experiment.

The reason of a divergence is that Bruggman
theory doesn't take into account the formation a
new chemical composition on the border of phases.
For samples SiC + % 20 AIN and SiC + % 50 AIN
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Fig. 1. Extinction coefficient and absor ption index
of thesample SIC + 15 % AlN ininfrared
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Fig. 3. Extinction coefficient and absorption index
of thesample SIC + 50 % AIN in infrared
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Fig. 5. Extinction coefficient and absor ption index
of the sample SIC + 20 % AIN in ultraviolet
and visible waverange

one can observes the recession of refractive index,
which can be explained by presence of oxygen in
the AIN [4].

The experimental data of absorption coefficient
increase faster then the theoretical datain the ultra-
violet region. Inthisregion SJsN,4 has an absorption
band therefore one can conclude that a new chemi-
cd composition (SizNs) on borders of phases in
formed in the specimen manufacturing process.
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Fig. 2. Extinction coefficient and absor ption index
of the sample SIC + 20 % AIN in infrared
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Fig. 4. Extinction coefficient and absorption index of the
sample SIC + 15 % AIN in ultraviolet and visblewave range
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Fig. 6. Extinction coefficient and absor ption index
of the sample SIC + 50 % AIN in ultraviolet
and visible wave range

The divergence between the theoretical calcu-
lated and experimental spectra is insignificant.
Comparing the experimental and theoretically cal-
culated spectra of refractive index and extinction
coefficient for SC + AIN type two-phase samples
we can conclude that the SC + AIN system is
a heterophase eutectic mixture of big clusters
which are equally distributed in the space of the
samples [5].



Conclusions

Optical properties of SiC + AIN ceramic mate-
rials were calculated by the means of Bruggman
effective medium theory. The comparison of ex-
perimental and theoretical calculated refractive
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MOJEIIOBAHHS ONTUYHUX BJACTUBOCTEN
IT'ETEPO®A3ZHUX KEPAMIYHUX MATEPIAJIIB SiC + AIN
3A JTOIIOMOI'OI0 TEOPII BPYITMEHA

Memodamu ingppauepeonoi cnekmpockonii ma cnekmpoenincomempii 0ocaioxceHo onmuyHi éracmu-
eocmi kepamiunux mamepianie SiC ma AIN, a makoxc: dsogpasni 3pasku SiC 3 pizHoro Kinvkicmio domi-
wok AIN 6 yaempadghionemogiii, eudumiit ma ingppauepeoniii dinsanyi cnekmpa. 3a donomoezoro meopii
Bpyrmena 6yau 3modeavoeani onmuuni éracmugocmi dsogpasznux mamepianie SiC + AIN. IlopieHanHs
eKCNnepuUMeHmanbHux ma meopemuuHo po3paxo8aHux cNeKmpie NOKA3HUKIE NO2AUHAHHS MAa 3A10MAEHHS
dae 3moey 3pobumu eucHoeok, wo cucmema SiC + AIN- ye eemepopazna esmekmuuna mexaniyna cymiul
8eNUKUX Kaacmepis, PIGHOMIDHO po3nodineHux no 06 'emy 3paska.



