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Abstract.The objective of this work is to determine the dielectric permittivity of two SiC ceramic matrix
composites. These composites are reinforced with NicalonSiCfibers and SCS¢SiC fibers (SiC¢/ SiC) and
have different volume fractions. The results obtained show that the dielectric property depends on the
volume fraction and the frequency. Composites with high volume fractions have better dielectric
properties than others .The values of the real and imaginary part of the complex permittivity decrease with
frequency increase in the Ku-band. Moreover, the imaginary part takes negative values.

* Corresponding author:ouhassan.youssef@gmail.com

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).



E3S Web of Conferences 229, 01012 (2021)
ICCSRE’2020

https://doi.org/10.1051/e3sconf/202122901012

1 Introduction

The knowledge of the dielectric permittivity of
composite materials is important for several
applications [1, 2, 3], particularly  in
telecommunications, industry and the design of radar-
absorbing materials (RAM) [4]. SiC Ceramic matrix
composites reinforced by silicon carbide SiCfibers,
such as Nicalonfibers, have become important in
various applications [5]. They are used for the
reinforcement of composite materials in many practical
applications and for microwave absorption at high
temperature [6, 7].

In the literature, several methods have been used to
determine the complex permittivity of materials [1].
The Transmission/Reflection (T/R) technique is one of
the most adopted methods to characterize materials in
the wide frequency range [8]. This technique is based
on the use of rectangular waveguides.

This work aims to characterize two ceramic
composites with NicalonSiCfiber and SCS4SiC fiber in
the Ku band. The goal is to determine the complex
permittivity for three volume fractions of these
composites. This study is based on the theory of
transmission lines and the extraction of S;; parameters
from the sample inserted inside a rectangular
waveguide. The complex permittivity is determined
from the S; parameters of the sample obtained, using
the Nicolson-Ross and Weir (NRW) algorithm [9].

2 Theory and method

The microwave technique adopted in this work is a
transmission/reflection (T/R) characterization [10]. The
complex permittivity is extracted by this technique
from the calculatedS;; reflection coefficient andS,,;
transmission coefficient. The Nicholson-Ross and Weir
(NRW) method [9] is fast, direct and applicable to
waveguides as well as coaxial lines [11]. This method
has been used to determine both the permittivity and
permeability of the material studied [12], it is wide
frequency band and non-iterative. The sample of the
material under test (MUT) is placed in a sample port of
a rectangular waveguide WR-62 (Figure.l). The
dominant fundamental mode (TE,() is considered the
only one thatpropagates inside the waveguide.

Fig. 1. Schematic figure of the rectangular waveguide
configuration used for extraction of the material parameters
in the Ku-band.

The following equations established by Weir [13],
Ross and Nicolson [9]allow to link the parametersS;;
(scattering parameter related to radiation emission from
port 1 and collected in port 1) and S,; (scattering
parameter related to radiation emission from port 1 and
collected in port 2) to the reflection and transmission
coefficients I and T, respectively [14]:
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The reflection coefficient I' and the transmission
coefficient T are deduced from the S; parameters by
the following equations:
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In the expression ofl, the sign must correspond to a
physical existence of the reflection coefficient such

that |F|<1.The relative permeability of the sample is
given by equation (6):
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Xy, 18 the wavelength guided in the empty cell defined
by the following expression :
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where A, and A. , respectively represent the free

space wavelength and the cut-off wavelength. A is the
normalized wavelength related to the transmission
coefficient by the relation:
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withd the length of the sample to be characterized.

The relative permittivity is given as a function of
the magnetic permeability by the following equations:
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The dielectric dissipation factor or dielectric losses
is equal to the ratio between the imaginary part and the
real part of the complex dielectric permittivity, its

expression is given by:
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flowchart shown in Figure 2 summarizes the process to
be followed to extract the complex permittivity from
the sample to be studied:

Stmulate the rectangular waveguide WR-62 loaded with

the sample of the material to be studied
'
[ Extract § parameters (S11; S31) ]
1
—{ Calculate reflection coefficient [ J
| .
Checkmng the No
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Fig. 2. The flowchart of calculating the complex permittivity
by the Nicolson - Ross - Weir method

3 Results and discussion

Figures 3 and 4 represent the variation of the
parameters S;; and S;;depending on the frequency in
the Ku band. Figure 3 corresponds to the case of the
composite with Nicalon SiC fiber and figure 4
corresponds to the case of the composite with SCS¢SiC
fiber. The three volume fractions of the composites
studied are f; = 0.78%, f, = 31.4% and f; = 71.54%.
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Fig. 3. The parameters S;; and S, of composite with Nicalon
SiC fiber in the Ku band.
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Fig. 4. The parameters S;; and S, of composite with
SCS,SiC fiber in the Ku band.

The spectra of the parameters S;; and S,; show the
frequency dependence of the reflection parameter Si;
taken at different filling rates of the inclusions for the
composites. We observe that the curve varies,
remarkably, when the volume fraction increases from
0.78% to 71.54%. A comparison between the
transmission spectra indicates that the filling rates of
the inclusions has a significant impact on the intensity
of Szl.

Figures 5 and 6 illustrate the variation of the real
and imaginary parts of the complex permittivity of the
composites studied as a function of the frequency in
the Ku band for the three preceding volume fractions.

Fig. 5. Evolution of the real (Fig 5a) and imaginary (Fig 5b)
parts of the complex permittivity of the composite with
Nicalon SiC fiber as a function of the frequency for three
volume fractions.
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Fig. 6. Evolution of the real (Fig 6a) and imaginary (Fig 6b)
parts of the complex permittivity of the composite with
SCS¢SiC fiber as a function of the frequency for three
volume fractions.
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The results show that the values of the real parts &”
and imaginary parts €”" of the complex permittivity are
generally high due to the high volume fraction 71.54%,
and consequently, the decrease in dielectric losses for
composites with high volume fraction. This indicates
that the filling rate effectively improves the complex
permittivity parameters of the composite material. As
the volume fraction increases, more mobile charges are
produced at the interfaces, leading to an improvement
of the electronic polarization and relaxation
polarization [4]. Therefore, the real part of the
permittivity increases with the increase of the volume
fraction.

In the microwave frequency range, the imaginary
part of the permittivity is determined both by the
relaxation loss of polarization and by the relaxation
loss of conduction [15]. If the volume fraction
increases, the conductivity increases significantly,
leading to an increase in conduction loss. The
relaxation polarization is also reinforced, resulting in
an increase in the corresponding relaxation loss and
improvement of the imaginary part of the complex
permittivity. These results also indicate that the
evolution of the complex permittivity of the two
samples studied depends on the frequency.The curves
(5a) and (6a) of the real parts of the permittivity for the
two composites in the Ku band are decreasing as a
function of the frequency, as well as the values of the
imaginary part. The latter takes negative values when
the frequency increases from 12 GHz to 18 GHz.The
results obtained in this work indicate the existence of
dielectric losses in the composites studied for the high
frequencies. This behavior is due to the relaxation
losses of the polarization by the hysteresis between the
displacement current and the accumulation potential
when the frequency increases [1, 16].

4 Conclusion

In this study, we adopted the transmission/reflection
method to determine the complex permittivity of two
ceramic composites with Nicalon SiC fiber and
SCS6SiC fiber in the Ku-band. The Sij parameters are
extracted by rectangular waveguide. Using the
Nicholson-Ross-Weir ~ (NRW)  algorithm,  we
determined the complex permittivity of the composites
studied.Composites with a high volume fraction have a
higher permittivity than others. The results obtained
with this method prove that the real and imaginary
parts of the complex permittivity decrease
simultaneously with increasing frequency in the range
of 12GHz to 18GHz. In addition, the imaginary part
takes negative values. These results affirm that SiC
ceramic matrix composite reinforced with SiC fibers
can produce composites with interesting dielectric
properties and good microwave absorbers.
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