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Abstract — One of the main applications of microwave absorbers
is in anechoic chambers, where the walls are lined with pyrami-
dal foam impregnated with a lossy material. This paper investi-
gates the impact that various design parameters of pyramidal
microwave absorbers exert on their performance, with the aim
of finding the best design values that ensure better operational
properties. Typical pyramid absorbers were investigated by con-
ducting simulations with the use of the CST Microwave Suite
simulator, across the frequency range of 1-10 GHz, at various
angles of the incident wave. The investigations also considered
absorbers backed by conducting plates that are used in shielded
anechoic chambers. The study shows that higher permittivity
leads to higher reflection, while increased loss tangent improves
absorption, and the same applies to magnetic materials. Larg-
er pyramid heights lead to lower reflection, but only in the case
of thicker absorbers. A pyramidal absorber with the height of
16 cm, designed using lossy material with permittivity and per-
meability of 1.5 and loss tangent of 0.5 achieved a reflection
coefficient that was lower than —60 dB for frequencies between 3
and 10 GHz. The results are useful in designing absorbers rely-
ing on materials that offer only dielectric or magnetic properties,
or that combine both of them to achieve enhanced performance.

Keywords — anechoic chambers, dielectric loss, microwave ab-
sorber, reflectivity

1. Introduction

Microwave absorbers are commonly used in many applica-
tions, such as radar, military defense systems, and compliance
testing of electronic devices. Their primary aim is to reduce
or eliminate the reflection, transmission, and scattering of
microwave radiation, thereby minimizing interference or re-
ducing the risk of detection in many sensitive applications.

However, newly built RF and microwave devices and systems
must be experimentally tested to assess their performance
and evaluate their radiation leakage. Testing of these devices
must be conducted either in an open area that is free of any
surrounding objects and other interference generating devices,
or inside an anechoic chamber. The former solution is rather
expensive and may not always be available due to weather
conditions, while anechoic chambers are readily available.

Currently, commercially available absorbers are mostly con-
structed of polyurethane and polystyrene foam impregnated
with materials that absorb electromagnetic energy. Many of

212025

JOURNAL OF TELECOMMUNICATIONS
AND INFORMATION TECHNOLOGY

these absorbers use carbon or its derivatives as a lossy materi-
al. Other types rely on ferrites, polymers, and lossy dielectric
materials [1].

The efforts to improve the performance of microwave ab-
sorbers can be divided into the following stages:

e selecting a suitable and cheap lossy material,

e choosing a proper profile of the absorber’s surface and its
thickness,

e determining the frequency range across which acceptable
reflection levels are achieved,

e deciding on the weight of the absorber.

Certain agricultural leftovers, such as coconut shells, banana
peels, sugar cane, water hyacinth, and other byproducts have
been suggested as alternatives to foam in absorber construc-
tion. The author of [2] mixed rubber tire dust and rice husk in
three different ratios (50:50, 25:75, and 75:25) to build a mi-
crowave absorber. For a 15 cm thick absorber, the average
reflection coefficient obtained equaled —22.03 dB, —21.54 dB,
and —32.51 dB, respectively, in the frequency range of 7 to
13 GHz.

In [3], sugar cane bagasse was used to build pyramidal mi-
crowave absorbers operating in the frequency range of 0.1 —
20 GHz, with an average reflection of —44 dB. The authors
of [4] used rice husk and a mixture of rice husk and coal
to construct pyramid microwave absorbent structures which
produced mean reflections of —30 dB and —40 dB, respec-
tively. Furthermore, the authors of [5] proposed the use of
water hyacinth to fabricate microwave absorbers, achieving
reflectivity values ranging from —30 to —10 dB for a 13 cm
thick absorber. In [6], a mixture of two materials, such as
polyurethane and carbon, was proposed for use in the fre-
quency range of 1—10 GHz. The fabricated absorber, being
30 cm thick, achieved a reflection coefficient of —30 dB at 3
GHz.

The shape of the absorber is another important factor in deter-
mining the level of the reflection, since it forms the boundary
between the air and the lossy material of the absorber where
the electromagnetic wave is incident. At this interface, the law
of reflection is derived by applying the boundary conditions.
Pyramidal absorbers were extensively used, as they usually
offer a smooth and gradual change from the air to the absorb-
ing material. The performance of pyramidal and truncated
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pyramidal absorbers with relative permittivity values of 2.5,
2.9 and 3.3, made of solid, hollow or coated materials were
investigated in [7]. The collected data, which were presented
as the best or average values, demonstrated that slightly high-
er permittivity corresponded to somewhat higher reflection.
This is because as the absorber’s permittivity increases along
with the increase in the reflection of the incident wave from
its surface.

In [8], a triangular pyramid, an isosceles pyramid, and an
equilateral pyramid were investigated, with rice husks as the
absorbing medium, at frequencies of 1—-20 GHz, and the
results obtained results showed that the shape of the pyramid
base could affect the performance of the entire absorber.
Paper [9] examined a hexagonal pyramid made from banana
leaves, rice husks, and rice straws, at frequencies ranging
from 0.01 to 20 GHz. The results obtained for 13 cm thick
absorbers showed reflection levels of —35 dB, -39 dB, and
—38 dB, respectively. The same agricultural residues were
also applied to truncated hexagonal pyramids which offered
lower reflection coefficients of —35 dB, —35 dB, and -37 dB,
respectively.

Another shape, such as wall tiles made of kenaf and coconut
coir was investigated in [10] as an absorber for the frequency
range of 1 to 12 GHz. The kenaf had the highest absorption
in the C band and the coconut coir showed better results in
the X band. In [11], carbon from biomaterials was used and
its reflectance was typically lower than —25 dB.

Although the pyramidal shape offers a gradual introduction of
the absorbing material, planar multilayer microwave absorbers
have also been employed. Their configuration comprises
several layers (all characterized by different thicknesses)
of various types of materials that differ in terms of their
electrical and magnetic properties. Such a solution is effective
in multiple frequency bands and offers better performance
provided it is well optimized at the design stage [12].
Metamaterial surfaces can be designed to work as electro-
magnetic wave absorbers characterized by decent efficiency,
and their geometric structures may be used to improve the per-
formance of traditional absorbers. A metamaterial absorber
with three layers of different resistive films and a central via
was presented in [13]. A 90% absorption rate was obtained
across the frequency range of 3.2 to 35.5 GHz or 167% rela-
tive bandwidth. However, the level of the reflection coefficient
was not provided, as the emphasis was placed on bandwidth
and absorption. In [14], lossy carbon paint was applied to
a frequency-selective surface (FSS) to enhance the absorption
rate. While this absorber is very thin, the bandwidth achieved
was limited.

Hollow pyramidal absorbers (HPA) can offer an additional
degree of freedom in optimizing broadband performance by
furnishing hollow sections of various sizes. Thus, they can
absorb waves within a wider range of frequencies. The authors
of [15] designed a slotted HPA that contains slots of isosceles
triangles, which achieved absorptivity of —26.32 dB, in the
L, S, C, and X frequency bands. [16] introduced a triangular-
slotted HPA using the Sierpinski principle. The conclusion
was that an increase in the number of smaller slots resulted
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in the highest level of absorption, the most stable impedance,
and the widest bandwidth.

The former studies focused on the suitability of certain materi-
als, with less emphasis placed on the preferred characteristics
of the material that are required in order to ensure better
performance. Moreover, the pyramidal shape was extensive-
ly used, but the dimensions that yield the lowest reflection
remained unclear.

This study explores the performance of the pyramid absorber
and the impact that its height, base size, permittivity, perme-
ability, tan d, and angle of incidence exert on the electromag-
netic wave (EM) applied. The aim is to find a combination of
dimensions and material properties capable of achieving bet-
ter performance. Furthermore, it investigates the case where
the absorber is backed by a conducting plate that is employed
in shielded anechoic chambers.

The paper is organized as follows. Section 2 analyzes the
reflection of the EM wave from lossy dielectric surfaces.
Section 3 presents the modeling of the pyramidal absorber
using CST software, while Section 4 explores the effect of the
various absorber parameters. Section 5 investigated the case
of absorbers supported by a conducting plate, while Section 6
contains considerations on the type of plane surface material.
Section 7 provides a comparison with other published works.
The conclusions drawn are presented in Section 8.

2. Analysis of Reflection at the
Air-dielectric Boundary

The impact that microwave absorbers exert on incident EM
waves depends on the reflection coefficient, properties of the
dielectric material of the absorber and its geometry. Dielectric
and magnetic properties of the absorber are important factors
determining absorption performance. The relative complex
permittivity is typically written as:

er = & — jer (€]

where /. represents the material’s energy storage capacity
and ¢!/ indicates the losses suffered due to the electric field.
The electric loss tangent is the ratio between the imaginary
and real parts of permittivity, and is expressed as:
11
tandg = & 2)

er

Similarly, the relative permeability of the complex is:

P = i = Gl ©)
where 11!, represents the material’s ability to store magnetic
energy and p!” indicates the losses suffered due to the magnetic
field. The magnetic loss tangent is the ratio between the
imaginary and real parts of permeability, and is expressed as:

"
tan 5, = 77 : ()
The three basic scenarios for the reflection of an EM wave
that arrives at a specific material from the air are shown in
Fig. 1. The reflection coefficient for a normally incident wave
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on a planar medium can be given by [17]:

=10
r=1-m 5
T 0 (©)

[ o | jwp
= /2 and n=,/ L2
o €0 and.n o+ jwe

are the intrinsic impedances of air and the absorber material,
respectively. By substituting these in Eq. (5), it can be shown
that for a general material, the reflection coefficient can be

written as:
1— Er __ jo
” weQ pr
r-= Yo o ©)
Er __ Jo
1+ \/ Mo weQpr

which for lossless material (¢ = 0) reduces to:

where:

1— /==
r— Ve, ™

Er

T+ Vi

where ¢, and u,- are the relative complex dielectric constant
of the complex and the relative permeability of the complex
given by Eq. (1) and Eq. (3), respectively. After substitu-
tion for ¢, and using Eq. (2), the reflection coefficient for
a nonmagnetic material I" can be expressed using two forms:

F_lf\/s’rfjs’r’

= — ()]
14 +/er — je!
1- "V1—7
r— Very jtandg ©)

14 e /T —jtandg
For the absorber limiting case when the dielectric material of
the absorber is lossless (¢! = 0, or tan §; = 0), Eq. (8) and
(9) will be:

_ 7
r= % . (10)
Er

Equation (10) indicates that a higher relative permittivity &,
leads to larger reflection values, while Eq. (9) indicates that
a higher value of the loss tangent tan d4 also leads to higher
reflection.

Similarly, it can be shown that the reflection coefficient for
an absorber made of magnetic material with €, = 1, and

tan dg = 0 is:
=gl =1
RV L 'y
e —jpd 41
For the limiting case where the magnetic material of the
absorber is lossless, u)/ = 0, or tan d,,, = 0, Eq. (11) will be:

T = @ (12)

w1

an

Equations (11), (12) indicate that higher relative permeability
. leads to larger reflection values. Higher value of the loss
tangent tan d,,, also leads to increased reflection.

The above relations have been derived for a plane air-dielectric
interface. Thus, they cannot be applied directly to the pyra-
midal shape of the absorber, but offer a clear insight into
the reflection generated by the absorber. Moreover, Eq. (7)
shows that for a loss-free material, when the relative dielectric
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Fig. 1. Basic scenario for the reflection of an EM wave from a di-
electric surface: a) normal incidence, b) oblique incidence, and c)
incidence on the surface of a pyramidal absorber.

constant approaches the relative permeability, the reflection
coeflicient trends towards zero.

When the EM wave is incident obliquely on the dielectric
material, then the reflection coefficient will be influenced
by the angle of incidence and polarization with respect to
the interface. The reflection coefficient for parallel I') and
perpendicular I' ;| polarization is given, respectively, by [17]:
__mncosfy —mocosb;

= 13
1 cos O + no cos O; (a3

Ly

__mcos 0; — mo cos 0,

I (14)

ncosf; +mnocosb; ’
The angle of incidence 6; is another influencing factor. When
a pyramidal absorber is considered, oblique incidence is in-
evitable, even if the wave is normally incident on the absorber,
as seen in Fig. Ic. Moreover, the wave may reflect from one
pyramid’s surface towards an adjacent pyramid. Such a case
is difficult to analyze using the ray approach, and therefore
the use of CST simulation can be a powerful technique to
evaluate the reflection’s properties.

3. Analysis of a Pyramidal Microwave
Absorber

Figure 2 shows the construction of a pyramidal microwave
absorber that was modeled using the CST simulator. The
pyramidal shape was chosen by many designers and manufac-
turing companies since it offers a gradual change from the air
to the absorbing material. Moreover, the sides of neighboring
pyramids generate multiple reflections, with a fraction of the
incident wave’s power being absorbed in each reflection.

Computer simulations assumed a typical pyramidal absorber
with a base of 10 x 10 cm with a thickness of 5 cm, and
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AAA*

Fig. 2. Investigated pyramidal microwave absorber with heights of:
a) 8§ cm b) 16 cm, and ¢) 24 cm. The base of the pyramid is shown
in d).

pyramid height values of 8 cm, 16 cm, and 24 cm. Various
relative permittivity and loss tangent values were selected as
parameters in the simulation.

4. Results of the Simulations

The pyramidal absorber was modeled using the unit cell
approach with two ports, as shown in Fig. 3. The EM wave
was incident on port 1, and the reflection coefficient S1; was
determined at port 1, while the transmission coefficient Soq
was determined at port 2. The unit cell approach was adopted
in the modeling of the absorber, and the frequency domain
solver was employed in the calculations.

The influence of the various absorber parameters, such as
relative permittivity, relative permeability, loss tangent, pyra-
mid height, and angle of the incident wave, were studied by
a parameter sweep. In these investigations, one of the pa-
rameters was varied, while the remaining variables remained
fixed, and the obtained results were used to draw conclusions
concerning the impact the variable parameter exerted on the
absorber’s performance. The results obtained are presented
and discussed in the following subsections.

4.1. Effect of Relative Permittivity

Relative permittivity of the absorber material is an important
factor in determining the reflection coefficient. The reflec-
tion coefficient for an EM wave propagating from the air
onto a plane dielectric material was discussed in Section 2.
While that section offered a basic idea about the reflection
mechanism, a closed-form relation is difficult to derive for
the pyramidal case. Thus, the investigation using CST mod-
elling is capable of offering a faster and easier insight into
the investigation.

Figure 4 shows the variation of the reflection coefficient of
a non-magnetic absorber with frequency for three values of
relative permittivity (1.5, 2.5, and 3.5), with the loss tangent
fixed at 0.5, and the height of the pyramid set at 16 cm.
The results show that for frequencies above approximately 5
GHz, the reflection increases along with relative permittivity,
as indicated by Eq. (10), for the plane dielectric material.
However, this trend is not evident at lower frequencies.

This finding may be attributed to the fact that for frequencies
above 5 GHz, where the wavelength in the air is smaller
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Fig. 4. Variation of the reflection coefficient |S11| and transmission
coeflicient |S21| with frequency for pyramid height of 16 cm and
tan d4, with various values of ;..

than 6 cm, behavior of the absorber’s surface is closer to that
of a plane dielectric layer. However, for lower frequencies,
the absorber size is comparable to the wavelength, and the
approximation of the absorber by a plane surface departs from
the actual case. The variation of the reflection coefficient
with frequency shows a faster decline at lower frequencies,
compared to a scenario involving higher frequencies.

The same figure illustrates the variation of the transmission
coefficient |Sa1 | with changes in frequency, indicating de-
creasing values at higher frequencies. Moreover, as the reflec-
tion increases with increasing relative permittivity, less power
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Fig. 5. Variations of reflection coefficient |S11| and transmission
coefficient |S21 | along with frequency changes, for pyramid height
of 16 cm and €, = 1.5, for various values of tan dg4.

is introduced into the absorber, leading to lower transmitted
power.

4.2. Effect of Loss Tangent

The loss tangent tan d, of the absorber material is an impor-
tant factor in absorbing the EM wave that penetrates into the
absorber material, as it influences the level of the reflected
wave that leaves the absorber. Figure 5 shows the level of
the reflection coeflicient for a non-magnetic material having
tan d4 values of 0.05, 0.1, and 0.5, while the pyramid height
was kept at 16 cm, and €,, = 1.5. One may clearly see those
higher values of loss tangent tan J, lead to lower reflection
levels. The effect is more pronounced at higher frequencies.

An increase in the loss tangent indicates an increase in the
material’s ability to convert electromagnetic waves into heat,
hence reducing the reflected energy. This explains why the
reflection coefficient decreases as the loss tangent increases.
On the other hand, as the loss tangent increased, the trans-
mission coefficient Sy decreased, as the wave penetrating
the absorber experienced more losses.

4.3. Effect of Pyramid Height

The height of the pyramid is a determinant factor in specifying
the thickness of the absorber, and thus the total volume of
the absorbing material and the overall shape of the absorber.
For a fixed base size, a larger height of the pyramid means
a narrower tip and consequently smoother introduction of
the absorber material into the air, which will lead to reduced
reflection. However, a larger height means a thicker absorber,
thus resulting in more weight and cost.

Figure 6 shows the effect of pyramid height H on the achieved
reflection of the absorber, where H was varied from 8 to 16
cm, and 24 cm, with the parameters of the non-magnetic
material remaining fixed at €, = 2.5, tan 4 = 0.5.

The results obtained show that a larger pyramid height leads to
a lower reflection. An average improvement of approximately
20 dB in the reflection coefficient is noticed when the height
increases from 8 to 16 cm, while an improvement between 15
to 20 dB can be noticed when the height is further increased
to 24 cm. This finding can be explained by the fact that
a larger height, with fixed base dimensions, means larger
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Fig. 6. Variation of reflection coefficient |S11| and transmission
coefficient |S21 | along with frequency changes, for pyramid heights
of 8, 16, and 24 cm, for €, = 2.5 and tan 4 = 0.5.
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Fig. 7. Variation of reflection coefficient |S11| and transmission
coefficient |Sz1 | along with frequency changes, for pyramid height
16 cm and tan §,,, = 0.1, with various values of y,, e, = 1 and
tan dg = 0.

absorbing volume and thus more losses and, consequently,
a lower reflection.

Moreover, a larger height at a fixed base means a smaller tip
angle of the pyramid. This results in a more gradual intro-
duction of the absorber material and, consequently, a lower
reflection.

Figure 6 also shows the variation of the transmission coeffi-
cient |So; | with frequency for various heights of the pyramid.
It is noted that larger heights lead to lower transmission, since
the loss caused by the absorber is proportional to its thickness.

4.4. Effect of Permeability

The permeability of the absorber material also affects its
performance as it influences both the reflection and absorption
inside the material due to the imaginary part of u. Figure
7 illustrates the performance of the investigated absorber
when only the magnetic properties are considered, while the
dielectric properties are excluded (¢, = 1, tan d; = 0).

One may notice that both reflection and transmission coef-
ficients decrease along with the increase in frequency. Fur-
thermore, each of the coefficients increases as the relative
permeability u,. is increased. The general trend of the vari-
ation is similar to that illustrated in Fig. 4, when relative
permittivity was varied for a non-magnetic material. The sim-
ilarity in the behavior can be understood by comparing Eq.
(10) with Eq. (12), indicating similar relations between re-
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Fig. 8. Variation of reflection coefficient |S11| with frequency
changes, for pyramid height of 8 cm, €, = 1.5 and tan dq = 0.1, at
various incidence angles of 0°, 20°, 40°.

flection coefficient I' and the real parts of permittivity and
permeability, respectively.
Further simulations performed to evaluate the effect of the
loss tangent and pyramid’s height generated similar results to
those shown in Figs. 5, 6, respectively and the results are not
presented here for brevity.

4.5. Effect of Angle of Incidence

In the cases investigated in the previous sections, the EM
wave was normally incident on the absorber. However, oblique
incidence at a specific angle is encountered in the majority of
scenarios. The impact of the angle of incidence stems from
the fact that the reflection coefficient depends on the incidence
angle with respect to the absorber’s surface and the properties
of the absorber’s material.

The relations of Egs. (13) and (14) show the effect that the
angle of incidence and the absorber’s parameters have on the
reflection coefficient when the EM wave is incident on a half-
plane dielectric material. However, closed-form relations
for pyramidal absorbers will be very difficult to derive. The
effect of the angle of incidence was investigated using proper
settings introduced to the CST software.

Figure 8 shows the effect of changing the angle of incidence
on a non-magnetic pyramid absorber while fixing the other
parameters height of 8 cm, €, = 1.5, and tan §; = 0.1. The
variation in the reflection coefficient is approximately 10 dB
for angles ranging from 0° to 40°. Moreover, lower variations
may be observed at lower frequencies. For the case of inclined
incidence, the EM wave will face the pyramid’s surface and
may penetrate the absorber, exiting from the other side and
thus contributing to the reflected wave.

5. Reflection from Conductor-backed
Absorbers

Many echoic chambers are also designed to shield EM waves.
In these designs, the walls of the chamber are usually covered
by conducting sheets and then the absorbers are placed on the
conducting walls. These designs can be modeled by placing
a conducting plane underneath the absorber.

The CST Microwave Suite was used in the modeling process,
with a 1 mm thick copper sheet placed under the pyramidal
absorber, as shown in Fig. 9. The results obtained for such
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Fig. 9. Model simulated using the CST Microwave Suite with
a copper sheet placed below the pyramidal absorber.

S [dB]

— H=24

Frequency [GHz]

Fig. 10. Variation of reflection coefficient |S11| with frequency
changes for a pyramidal absorber backed by a 1 mm thick copper
plate, where e, = 2.5, tan §4 = 0.5, for H = 8, 16, and 24 cm.

a setup are shown in Fig. 10 for a normal incident wave.
The reflection coefficient decreases as the thickness of the
absorber increases from 8 to 16 cm and then to 24 cm.

A thicker absorber means that the incident wave propagates
through the absorbing material towards the back conductor,
where it is fully reflected, and then travels back towards the
direction of incidence. This means the wave is attenuated
twice inside the absorber. Thus, for adequate losses in the
absorber material, the reflected wave is mainly that was
initially reflected at the absorber surface.

To show the effect of the back conducting plane, Fig. 11
compares the results obtained for three various backplanes:
a 35 um thick copper plate, a 1 mm copper plate, and a 1 mm
galvanized iron plate. The results show similar performance
except for the frequency range of 2.5 to 5.5 GHz. The iron
plate has shown a reflection of less than —50 dB across 75%
of the frequency range and can be considered the best choice
in terms of cost and performance.

6. Electric and Magnetic Properties

Investigations described in the previous sections have shown
that lossy dielectric and magnetic materials can be used to
design microwave absorbers. The employment of a material
having both properties will increase the absorption rate and
may help reduce the reflection from the absorber.

As estimated by Eq. (7), the reflection from a plane surface
of a certain material can be reduced if the relative values of
its permittivity and permeability are equal.
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Fig. 11. Variation of reflection coefficient |S11 | along with frequency
changes for a pyramidal absorber with the height of 16 cm, €,, = 2.5
and tan 6q = 0.5, with the following back plate options: 35 um
copper, 1 mm copper, and 1 mm iron.
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Fig. 12. Changes in reflection coefficient |S11| along with frequency
changes for a 16 cm tall pyramidal absorber and a 1 mm iron backing
plate for three scenarios: a) &, = y, = 1.5 and tan d4 = tan é,, =
0.5,b) e, = 1.5, tandqg = 0.5, ur = 1, and tand,, = 0, ¢)
e = 1.5, tan é,, = 0.5, €, = 1, and tan §4 = 0.

The performance of a 16 cm high pyramidal absorber that
is backed by a 1 mm thick iron plate is shown in Fig. 12 for
three different cases. The first scenario is when the material
has the same magnetic and electric properties €, = i, = 1.5
and tan d4 = tan J,, = 0.5. The two other cases are for
a non-magnetic dielectric material and a magnetic material
with €,, = 1 and tan 4 = 0.

The results demonstrate that a material with dielectric- or
magnetic-only properties offers similar performance and can
be used while designing the absorber. However, employing
a material that offers, simultaneously, both electrical and
magnetic loss properties reduce the reflection coefficient ap-
preciably. For the shown cases, the reduction in the reflection
coefficient is greater than 15 dB for the majority of the fre-
quency range involved.

7. Comparison with Other Published
Papers

In order to further assess the results obtained with the help of
the simulations, they are compared here with those obtained
by the authors of other works. The general feature of the
results obtained is the decrease of the reflection coefficient as
the frequency of the incident wave changes. This trend was
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also observed in [2], [4], [6], and [9], especially at frequencies
below 5 GHz.

Table | shows various performance parameters identified in
previously published papers and compares them with the
outcomes of this work. It can be seen that most of the pre-
vious research ( [5], [6], [10], and [11]) ignored the effect
of the loss tangent, despite its significant impact on the re-
flection coefficient, as was demonstrated in Fig. 6. However,
the remaining references made in Tab. 1 took into considera-
tion small ranges of the loss tangent, thus its effect was not
demonstrated clearly.

Most of the former literature has considered agricultural resid-
uals and other cheap materials with the objective of reducing
the cost of absorbers and find use for the leftover materials.
However, it failed to consider the impact of moisture, as ex-
cessive moisture can cause degradation of the materials used
in absorbers, affecting the permittivity value and, consequent-
ly, the absorption value. In other words, the performance of
absorbers based on these materials becomes unpredictable.

As the absorbers are used mainly to cover the walls of anechoic
chambers in order to prevent reflections generated in certain
regions of the test environment, their thickness is a crucial
parameter. This parameter determines the volume of the
material used and, consequently, the cost of the solution.
In [2]-[4], [8] and [9], pyramids having a total thickness
of 15 cm were used (along with their base) and achieved
average reflection coefficients between —21 and —44 dB. This
meant a reflection level/cm of thickness ratio of —1.4 to —
3 dB/cm. The experiments described in [6], [11] employed
a material thickness of 25 cm with a base of 5 cm, or an
overall thickness of 30 cm, but achieved reflection levels of
—30 dB and -25 dB, respectively, thus obtaining a ratio of —1
to —0.83 dB/cm. However, in the three examples investigated
in this paper, materials with a thickness of 8 cm, 16 cm, and
24 cm were used, with a 5 cm thick base, and achieved an
average reflection coefficient of —52.6 dB, —56.7 to —66.5 dB,
or —2.5 dB/cm, —2.7 dB/cm, and —2.3 dB/cm, respectively.

The fourth design example, which used magnetic and dielec-
tric properties of the absorber material, achieved an average
reflection of —67 dB, which is equivalent to — 3.2 dB/cm.
This shows that performance of the absorber is much better
when the material is characterized by equal values of relative
permittivity and permeability.

8. Conclusions

The choice of the appropriate absorber is influenced by the
required level of reflection, the thickness of the absorber, and
its weight and cost. Relative permittivity and permeability
impact the initial reflection at the surface of the absorber, and
it was demonstrated analytically and through computer simu-
lations that lower permittivity or permeability result in lower
reflection coeflicients. Moreover, the reflection coeflicient
can be appreciably reduced if the absorber material has equal
values of relative permittivity and permeability.
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Tab. 1. Performance comparison of the results obtained with those of previous papers.

. . . Frequency
Ref. Material Dimensions [cm] range [GHz] Er tan ¢ S11 [dB] dB/cm
Rubber tire dust and
[2] rice husk (75:25) 7-13 343 0.048 Average —32.51 -2.27
Rubber tire dust and
[2] rice husk (50:50) 7-13 2.67 0.076 Average —22.03 -1.47
Base 5 x 5 x 2,
Rubber tire dust and id’s hei
pyramid’s height 13 _ _ _
[2] rice husk (25:75) 7-13 2.08 0.103 Average -21.54 1.44
[3] SCB 0.1-20 1.44 0.161 Average —44.39 -2.96
[4] Rice husk 0-20 191 0.079 Average -31.93 -2.12
[47 | A mixture of rice husk 0-20 250 | 0.086 | Average 435 | -2.9
and coal
Lowest about 93
[5] Water hyacinth Square pyramid shape 5 x 5 x 13 0-20 NA NA -30 dB, highest -
-0.77
about —10 dB
[6] Polyurethane 1-10 35 NA Better absorption -1
[6] Carbon Base 10 x 10 x 5, 1-10 2.6 Na | athigherfrequ-f
pyramid height 25 encies: below
Polyurethane with 3.5 and -30dB
[6] 1-10 NA -1
carbon 2.6 from 3 GHz
Triangle base of height 2,
[8] Rice husk pyramid height 13, side lengths 1-20 2.9 0.084 | Average —41.142 2.7
5.6x5
Equilateral triangle, base height
[8] Rice husk 2, pyramid height 13, side length 1-20 2.9 0.084 | Average —39.878 -2.6
5.25 (3 sides)
. Square base, height 2, pyramid
[8] Rice husk height 13, side length 5 (4 sides) 1-20 29 0.084 Average —39.423 -2.6
[9] Banana leaves Hexagonal pyramid, 0.01-20 1.014 Average -35.3 2.4
[9] Rice husk base thickness 2, 0.01-20 322 0.827 | Average-39.70 | -2.6
; pyramid height of 13
[9] Rice sraw 0.01-20 3.10 0.956 Average —38.92 -2.6
[9] Banana leaves Truncated hexagonal pyramid, 0.01- 20 2.49 1.014 | Average —35.37 24
- base thickness 2,
[9] Rice husk pyramid height 13, 0.01-20 3.22 0.827 Average —35.94 2.4
[9] Rice straw with truncated miniature hexagon |  0.01-20 3.1 0.956 Average -37.2 25
[10] Kenaf 2
20 x 20 x 2 1-12 NA NA NA
[10] Coconut coir 2.6
Base 10 x 10 x 5, pyramid Mostly
L] Carbon height 25, with a tip of 1 x 1 0.01-10 26 NA below —25 083
Base 10 x 10 x 5, pyramid
Boightl6 1-10 2.5 0.5 Average —52.6 -2.5
Carbon Base 10 x 10 x 5, pyramid 1-10 1.5 05 | Average-56.66 | -2.7
» height 16
8 .
c Base 10 x 10 x 5. pyramid 1-10 25 05 | Average—66.5 | -2.3
2 height 24
F
_ Mr=1, 5m=0’ . _
Tron back plate L= 1 er=1.5 04=0.5 VRS 2ol
Carbon with 10 x 10 x 1 mm -15. | 6205
iron back plate base 10 x 10 x 3, 1-10 M; 0 :Sn=0 | Average -51 2.4
pyramid height 16 Z e
ur=1.5, | §,,=0.5,
1-10 e=15 | 6,205 Average —67 -3.2
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The loss tangent of the absorber material is an important
factor as well. It was demonstrated in the course of the simu-
lations that larger values of the loss tangent reduce reflection.
The shape of the absorber also influences the reflection, as
pyramidal absorbers offer a gradual introduction of the ab-
sorbing material into the air, and they provide a greater degree
of design freedom.

The results of this investigation may help designers choose
the proper parameters of the absorber material to achieve
better performance. If the proper material is not naturally
available, combinations of various materials may be used to
achieve the desired parameters for the absorber.
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