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In this study, electromagnetic shielding e�ectiveness of ceramic bodies produced with natural zeolite illu-
minated by an electromagnetic pulse is investigated. A matrix model is used to calculate the propagation of
electromagnetic pulse through sample. Shielding e�ectiveness of sample is determined for both transmitted elec-
tric and magnetic �elds. Mathematical theory of the interaction and the shielding e�ectiveness of the sample is
determined as a function of frequency, thickness of the material and the incidence angle of electromagnetic pulse.
Zeolites used in this study were supplied from ETI Holding Company located in Turkey. Water was added as a
binder and disc samples were shaped by uniaxial dry pressing at pressing pressure of 1.5 tone. Samples were �red in
an electric furnace with a heating rate of 10 ◦C/min at 1150 ◦C with a period of 60 min. Electrical measurements are
performed to determine the dielectric constant and dielectric loss tangent at 25 ◦C constant temperature between
frequency range from 1 kHz up to 2 MHz.
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1. Introduction

With the increasing number of commercial, military
and scienti�c electrical and electronic devices, shielding
becomes an important technique for reducing electro-
magnetic interference and protecting electronic devices
and equipments against electromagnetic waves. Shield-
ing theory is based on transmission of electromagnetic
wave through material and re�ection from the mate-
rial. Determination of the shielding e�ectiveness (SE) of
multilayered structures, polymers, conducting compos-
ites and materials are of interest in many technological
applications such as microelectronic devices, microwave
absorbers, electromagnetic compatibility and aerospace
applications.
The e�ects of materials as copper, steel, and aluminum

on SE [1], SE of conductive polymers polyacetylene and
PBT [2], laminated shields constructed with polymers
and metals [3] and three-layered Pani/Pu �lms [4] were
evaluated as a function of frequency, thickness, and polar-
ization. A theoretical plane-wave matrix model is used
to determine the transmission of electromagnetic �elds
on the material [5, 6].
In this paper, plane wave electromagnetic shielding be-

havior of ceramic bodies produced with natural zeolite is
investigated via measured permittivity and tangent loss
measured as a function of thickness, incidence angle, and
frequency. Ceramic materials are very good insulators
due to their resistance against the penetration of elec-
tricity and widely used in the microelectronic devices,
ceramic heaters, semiconducting elements as in power
transmission lines [7]. The dielectric and electrical prop-
erties of the sample measured using HP4980A LCR meter
after coating silver layers on the 2 surfaces of the pellet
as electrode. A matrix model is applied to compute the
re�ection and transmission of EMP and SE of sample.

1.1. Electrical properties of sample

The complex permittivity of a material can be ex-
pressed as a relative value ε = ε0εr = ε0(ε

′
r − jε′′r ) in

frequency domain and determined from the measured pa-
rameters [7]. Permittivity describes the interaction of
material with an electric �eld. The real part of permit-
tivity referred as dielectric constant in engineering appli-
cations and imaginary part of permittivity a�ect energy
absorption and attenuation. The ratio of imaginary part
to real part of permittivity, tan δ = ε′′r /ε

′
r is called the

loss tangent (material dissipation factor) [8, 9].

Fig. 1. Dielectric constant ε′r and conductivity σ of the
sample at selected frequencies.

The conductivity is determined via imaginary part of
permittivity [10]:

σ(f) = wε0ε
′′
r (f),

where ε0 is the permittivity of free space and w is the
angular frequency. Frequency-dependent dielectric con-
stant ε′r and conductivity σ are also shown in Fig. 1,
respectively.
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1.2. Electromagnetic interaction

The re�ection and transmission of EMP on the sample
are presented in Fig. 2. The direction of incident EMP
is de�ned by elevation (ϕ) angle. The sample is de�ned
by constitutive quantities conductivity (σs), permittiv-
ity (εs), permeability (µs) and sample thickness (ds).

Fig. 2. The re�ection and transmission of EMP on
sample.

A transfer matrix is used to determine the transmitted
and re�ected electromagnetic waves on the sample. The
matrix model de�nes the linear connection of electromag-
netic �eld vectors at the sample boundaries (z = 0 and
z = ds):
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Transfer matrix is a four by four matrix due to vari-
ation of incidence angles. For ϕ = 0 incidence angle,
transfer matrix can be reduced to 2× 2 matrix
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cos(kzd) 0 0 Zkz
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0 ikz
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(2)

Wave number and wave impedance of the sample and
complex frequency (s = Ω + jw) are used in transfer
matrix to determine the interaction of EMP and given
below

Z =

√
sµs

σs + sεs
, (3)

k =
√
−sµs (σs + sεs). (4)

The electromagnetic SE is speci�ed as the reduction of
electromagnetic �eld strength caused by material. SE de-
pends on a number of parameters, most notable of which
are conductivity, permittivity, permeability, thickness of
the material, incidence angle, and polarization [4�6]. The
shielding e�ectiveness is de�ned as the ratio of the trans-
mitted �eld strength (Etr, Htr) to incident �eld strength
(Einc, Hinc):

SEE = −20 log

(
Etr

Einc

)
, (5)

SEH = −20 log

(
Htr

Hinc

)
. (6)

A plane electromagnetic pulse (EMP) described by a
double exponential waveform is applied on the sample

E(t) = E0

(
e−αt − e−βt

)
. (7)

Fig. 3. Incident EMP-wave in time domain.

Fig. 4. Incident EMP-wave in frequency domain.

Mathematical theory of the interaction is realized in
frequency domain. Therefore, the Laplace transform
is used to transfer the time dependent waveform equa-
tion into frequency domain. EMP parameters are α =
1.5× 106 s−1, β = 2.6×108 s−1, and E0 = 50×103 V/m.
The EMP in time and frequency domain is shown in
Figs. 3 and 4.

2. Results

In this paper, ceramic bodies produced with natural
zeolite is considered as a single shield with a thickness of
5 mm. EMP is applied to the boundary of the sample
with an incidence angle ϕ = 0.
The dispersive e�ect of the sample on EMP and electric

and magnetic �eld at observation point are calculated
using Eq. (2) for 1 kHz�2 MHz frequency range. The
electromagnetic SE is evaluated using Eq. (5) and Eq. (6)
via obtained electric and magnetic �elds. Electrical and
magnetic SE of the sample are shown in Figs. 5 and 6,
respectively.
According to Fig. 5, sample presents an electromag-

netic SE about 9 dB. Electrical SE values vary from
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Fig. 5. Electrical SE of the sample.

Fig. 6. Magnetic SE of the sample.

6.5 dB to 9 dB and from 1 kHz to 2 MHz. Electrical SE
of low frequency is higher than that of high frequency.
At lower frequencies, SE decreases clearly from 9 dB to
7 dB levels but at higher frequencies SE changes slightly
with increasing frequency.
Magnetic SE of the sample is shown in Fig. 6. Opposite

to electrical SE results, magnetic SE of high frequency is
better than low frequency and it is clear that magnetic
SE increases with frequency. Magnetic SE values of the
sample range from −3.46 dB to −4.42 dB and from 1 kHz
to 2 MHz.
To achieve higher SE, a scenario of increasing conduc-

tivity is considered with 3 di�erent conductivity values
higher than sample conductivity for constant permittiv-
ity and permeability. Results are shown in Figs. 7 and 8.
It is obvious that electrical SE improves with increasing
conductivity. The increase of the conductivity improves

Fig. 7. Electrical SE with enhanced conductivity.

the electrical SE as shown in Fig. 7 but does not a�ect the
magnetic SE as well as electrical SE. Magnetic SE results
change slightly with conductivity as shown in Fig. 8.

Fig. 8. Magnetic SE with enhanced conductivity.

3. Conclusions

In this study, the shielding performance of ceramic
bodies produced with natural zeolite is considered via
a plane wave approach. A transfer matrix is used to cal-
culate the SE of the sample. Up to 9 dB attenuation is
achieved at frequency range from 1 kHz to 2 MHz. An in-
creasing conductivity consideration of the sample shows
the possibility of achieving higher electrical SE with im-
proving sample.
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