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ABSTRACT: The paper proposes a microwave absorber in the form of half-spheres placed on a base layer as an alternative to the conven-
tional pyramidal shape. The performance of the absorber is investigated, focusing on the influence of the diameter of the half-sphere,
permittivity, loss tangent, and angle of the incident wave and its polarization. The study also evaluates the case when the absorber is
backed by a conducting plate that is required for shielded anechoic chambers. Simulation results using CST Microwave suite indicate
that increasing loss tangent enhances absorption while decreasing permittivity reduces reflectivity. The proposed absorber offers low
sensitivity of reflection concerning the angle of incidence due to the symmetry of the spherical surface. The obtained results were con-
firmed by simulations using the HFSS software. The results show that the proposed absorber has a competitive performance with the
pyramidal absorber of the same total thickness.

1. INTRODUCTION

The use of radio frequency (RF) and microwave devices and
systems is ever increasing in volume and in the risk of elec-

tromagnetic (EM) interference and radiation leakage, which
pose threats to the performance of these devices as well as hu-
man health. Therefore, the research on EM absorbers that can
reduce these effects has grown steadily, aiming to offer mate-
rials and designs of absorbers that are characterized by being
thin, lightweight, and covering a wide frequency band. The use
of absorbers aims to reduce or eliminate the reflection, trans-
mission, and scattering of microwave radiation, thereby mini-
mizing interference or reducing the risk of detection. On the
other hand, absorbers are essential parts of anechoic chambers
used for testing RF devices and systems.
The efforts to enhance the performance of microwave ab-

sorbers have been in two main fields: firstly, the development
of a suitable and cheap lossy material to fabricate the absorber.
Secondly, the design of a proper surface profile of the absorber,
and thickness is required to offer low reflection and adequate
absorption at a reasonable thickness. While the first line of re-
search aims to offer higher loss per unit length of the absorber,
the surface profile can reduce the initial reflection right at the
surface of the absorber, where the incident EM waves meet the
absorber surface [1–3]. The materials that can be used for the
fabrication of absorbers must have an adequate level of loss,
such as lossy dielectric materials, lossy magnetic materials, a
combination of both, or hybrid absorbers (a composite of two
different materials), and structures showing metamaterial ef-
fects. Absorbers based on metamaterial effect can offer very
thin designs in terms of wavelength but have either narrow or
multiple bands such as the triple band absorber presented in [4]
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that works at microwave frequencies, and in [5] which showed
hepta absorbing bands in the THz frequencies. To optimize the
metamaterial absorber designs for Terahertz applications ma-
chine learning techniques have been used [6].
Certain agricultural leftovers, such as coconut coir, banana

leaves, other byproducts, and ceramic materials, have been in-
vestigated as alternatives to foams in the construction of ab-
sorbers in the microwave frequency range [7–11]. Kaur et
al. employed rice husk and a mixture of rice husk and coal
to construct pyramid microwave absorbent structures, which
produced the mean reflection of −30 dB and −40 dB, respec-
tively [12]. The work aiming to develop lossy dielectric materi-
als for deployment into microwave absorbers continues, where
ferrite-based and carbon-based materials are being developed
to achieve better performance [1–3, 13].
The shape of an absorber is an important factor that influ-

ences the level of reflection since it forms the boundary be-
tween the air and the lossy material of the absorber where the
EM wave is incident. At this interface, the reflection is deter-
mined according to boundary conditions and the law of reflec-
tion. Pyramidal absorbers were extensively used as they usually
offer a gradual change from air to the absorbing material. The
performance of pyramidal and truncated pyramidal absorbers
with various permittivity values constructed of solid, hollow,
or coated materials was investigated in [14], and it was shown
that higher permittivity corresponded to somewhat higher re-
flection. In [15], three shapes for the base of a pyramid ab-
sorber, namely triangle, isosceles, and square, fabricated from
rice husks, were investigated across the frequencies 1–20GHz,
and the obtained results showed that the form of a pyramid base
could impact the performance of the absorber. Eight polygon-
based pyramidal shapes, i.e., triangle, tetragon (or square), pen-
tagon, hexagon, heptagon, octagon, nonagon, and decagon, as
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well as a circular cone, were investigated using a material with
a permittivity of 2.9. The comparison considered the surface
area of the absorber, and it was found that the triangular base
shape achieved better results [16]. While the triangular shape
has the lowest surface area that seems to absorb less power,
the reduced reflection can be attributed to multiple reflections
between adjacent pyramids. In [17], a hexagon-based pyramid
constructed from banana leaves, rice husks, and rice straws was
examined at frequencies varying from 0.01 to 20GHz. The ob-
tained results for 13 cm thick absorbers showed reflection lev-
els of −35 dB, −39 dB, and −38 dB, respectively. When the
pyramid was truncated, the reflection coefficients slightly de-
teriorated. A derived version of the pyramid is wedge shape,
where the height can be varied to achieve better performance
from this extra degree of design freedom. In [18], the per-
formance of conventional, concave, and convex surfaces was
compared, and it was shown that the reflection from a wedge-
shaped absorber is better than a concave-shaped one, while a
convex-shaped absorber has the best results.
Pyramidal shape was also adopted in the form of discrete

staggered layers, as in [19], where circular disks were com-
bined to form a cone. The design exhibited a metamaterial ef-
fect as each layer comprised a conducting circle on a dielectric
substrate. The multi-layer structure increases the narrow band-
width of the single-layer design, even at small thicknesses, but
the achieved reflection coefficient was around −15 to −20 dB.
Hollow Pyramidal Absorbers (HPAs) can offer an additional

degree of freedom to enhance bandwidth performance by fur-
nishing hollow sections of different sizes [20]. These sections
offer other resonance frequencies and thus can extend the ab-
sorption band. In [21], isosceles triangular slots achieved the
absorptivity of−26.32 dB across L to X frequency bands, while
in [20], a triangular-slotted hollow pyramidal absorber using the
Sierpinski principle showed improved performance. In [22], a
honeycomb structure made of dielectric material coated by a
conductive material was investigated as a microwave absorber.
The obtained reflection coefficient for an 8.5 cm thick absorber
backed by a conducting plane was around −20 dB for the fre-
quency range 6–18GHz. These results are larger than those
achievable by conventional absorbers though the honeycomb
absorber was of smaller thickness. The reason can be attributed
to the fact that in the honeycomb structure most of the absorber
volume is air which does not contribute to the absorption.
Another simple shape absorber is planar or flat absorber,

where a lossy dielectric material at a certain thickness can show
low reflectivity at a narrow band of frequencies. To enhance the
bandwidth of the single-layer absorber, multi-layer configura-
tions have been proposed, where the thickness and permittivity
of the layers are optimized to achieve lower reflection across a
wider band of frequencies [23, 24]. Five or more layers of dif-
ferent permittivities and permeabilities, having well-optimized
values, are needed to achieve acceptable reflectivity across one
of themicrowave bands [25]. While these designs can easily of-
fer a relatively thin absorber, the achieved bandwidth is much
smaller than that offered by pyramidal absorbers.
It has been shown recently that to achieve low reflection and

adequate absorption, the relative permittivity of the material

used for the absorber must be moderate, while the loss tangent
must be high to attain the desired absorption [26]. The mag-
netic properties of the absorber material can also be utilized to
reduce the reflection, and the best designs are achieved when
the magnetic and dielectric parameters of the absorber material
are properly chosen [26]. The surface profile of the absorber
should be such that the absorber material is introduced grad-
ually to reduce initial reflection at the air-absorber interface.
Therefore, pyramidal and wedge shapes were favorites in the
design of absorbers, and still other surface profiles may offer
lower reflection.
This study proposes employing a spherical profile in the de-

sign of microwave absorbers, as the spherical surface offers
a gradual and smooth introduction of the absorber material.
Moreover, due to the spherical symmetry, the reflection from
the spherical surface is independent of the angle of incidence.
The proposed absorber has the shape of a half-sphere placed
on a planar base layer. The influences of the absorber’s height,
base thickness, permittivity, loss tangent of the absorber mate-
rial, the angle of incidence, and polarization of the applied EM
wave have been analyzed. Furthermore, the paper investigates
the case where the absorber is backed by a conducting plate that
is employed in shielded anechoic chambers. The paper is orga-
nized as follows. Section 2 analyzes the reflection of EM wave
from lossy dielectric spheres. Section 3 investigates the per-
formance of the proposed absorber using Computer Simulation
Technology (CST) software and explores the influence of the
various parameters of the absorber. Section 4 investigates the
performance of absorbers backed by conducting plates. Section
5 compares the performance of the proposed hemisphere ab-
sorber with a pyramidal absorber having the same square base
layer and overall thickness, while Section 6 compares the re-
sults obtained from CST and High Frequency Structure Simu-
lator (HFSS) software packages. Section 7 compares the ob-
tained results with those presented in other published works.
The drawn conclusions are presented in Section 8.

2. SCATTERING AND REFLECTION FROM DIELEC-
TRIC SPHERES
The scattering of electromagnetic waves from a dielectric
sphere of permittivity ε depends on the ratio D/λ between the
diameter of the sphere D and the wavelength λ of the incident
wave. This ratio is expressed as ka = 2πa/λ, where k is the
wave number or the phase constant in units of radians/meter,
and a = D/2 is the radius of the sphere. It is well established
that when ka ≪ 1 or D/λ ≪ 1/π, the scattering is given by
the Rayleigh law, while when this condition is not satisfied,
the scattering is given by the Mie relation. It can be shown that
the relative magnitude of the scattered field under Rayleigh
conditions for a nonmagnetic dielectric sphere can be given by
[27]:

SS = k2a3
(ε− ε0)

(ε+ 2ε0)
sin(θ) (1)

where θ is the direction angle from the electric field, and θ =
π/2 for forward scattering and θ = 3π/2 for backward scat-
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TABLE 1. Comparison of the frequency at which maximum reflection occurs and the sphere diameter in terms of the wavelength for the cases shown
in Fig. 1.

Sphere
diameter
D [cm]

Frequency
for max.

|S11| [GHz]
λ0 [cm] D/λ0 λe [cm] D/λe πD/λe

3 2.6 11.5 0.26 9.4 0.31 1.00
4 1.9 15.7 0.25 12.8 0.31 0.97
5 1.5 20 0.25 16.3 0.30 0.96

FIGURE 1. Variation of the reflection coefficient |S11| and transmission coefficient |S21| for a sphere of 3, 4, and 5 cm diameter, εr = 1.5 and
tan δ = 0.5.

tering or reflection. The above relation shows that the reflec-
tion increases as the permittivity of the sphere departs from the
free space value ε0. Moreover, the reflection is directly propor-
tional to the 3rd power of the size (radius) of the sphere, while
it is inversely proportional to the square of the wavelength as
k2 = 4π2/λ2.
To assess the reflection of electromagnetic waves from di-

electric spheres, CST Studio Suite 3D EM analysis software
package was used to run a simulation study. The case where
a 4 cm diameter sphere having a permittivity of εr = 1.5 and
loss tangent tan δ = 0.5was simulated in the unit cell boundary
conditions. The cell size was 6 × 6 cm, and the obtained scat-
tering parameters are shown in Fig. 1. For each sphere size,
maximum reflection occurs at a certain frequency, then the re-
flection coefficient drops as the frequency of the incident wave
is increased. It can also be noticed that larger sphere sizes lead
to a slightly lower reflection coefficient. The frequency corre-
sponding to the highest reflection decreases as the sphere di-
ameter is increased. The relation between the sphere diameter
and the wavelength in air λ0 and that inside the sphere λe are
detailed in Table 1. The table shows that maximum reflection
occurs when the circumference of the sphere equals the effec-
tive wavelength inside the sphere (i.e., when πD/λe = 1). The
reflection drops steadily as the frequency increases. The trans-
mission coefficient decreases steadily with the frequency due
to the increased loss in the sphere, and a larger sphere results in
a lower transmission coefficient.

2.1. Distribution of the Power Density in the Sphere
Examination of the distribution of the power density in the lossy
dielectric sphere gives good insight into where the power is de-
posited and how the various parts of the sphere share the lost
power. The calculated power density at frequencies of 1GHz,
5GHz, and 10GHz is shown in Fig. 2. The results demonstrate

that themaximumpower density is on the sphere side that is fac-
ing the incident wave, and the power density decreases towards
the center of the sphere and its back half. Moreover, as the fre-
quency was increased from 1GHz to 5GHz and to 10GHz, the
values of the maximum power increased from 5699 to 21883
and 42394W/m3, respectively. The region of higher power
density covers a larger portion of the sphere as the frequency
of the incident wave is increased indicating higher absorption.

3. THE PROPOSED HALF-SPHERE ABSORBER

The results of the previous section showed that the loss of power
in the sphere is larger across its half that is facing the source of
the incident wave. Thus, it is suggested here to build an ab-
sorber formed of a half sphere placed on a square base. The
half-sphere shape can offer a gradual introduction of the mate-
rial into the air as the pyramidal shape does. Moreover, the
spherical symmetry of the sphere results in less dependence
on the angle of incidence, which is a desired property for ab-
sorbers. The sphere has a rounded surface, with neither sharp
angles nor fast shape changes, resulting in reflection at edges
and discontinuities.
Figure 3 shows the construction of the proposed absorber,

which was modeled using the CST 3D EM analysis software
package. The EM wave was incident at port 1, where the re-
flection coefficient S11 was determined, while the transmis-
sion coefficient S21 was determined at port 2. The unit cell
approach was adopted for modelling the absorber, and the fre-
quency domain solver was used for the calculations under the
unit cell boundary conditions. The unit cell is composed of a
half-sphere of diameter D placed on a D × D base of b cm
thickness. The effects on the reflection coefficient of the var-
ious absorber parameters, such as relative permittivity εr, loss
tangent tan δ, sphere diameter D, the angle Φ of the incident
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(a) (b)

(c)

FIGURE 2. Power density distribution in a sphere of 4 cm diameter, with εr = 1.5, and tan δ = 0.5 for frequencies (a) 1GHz, (b) 5GHz, and (c)
10GHz subjected to an incident plane wave propagating along the negative Z-axis. (a) f = 1GHz. (b) f = 5GHz. (c) f = 10GHz.

(a) (c)(b)

FIGURE 3. The simulation model in the CST microwave suit showing the unit cell configuration.

wave, and its polarization, were investigated. The obtained re-
sults are presented and discussed in the following subsections.

3.1. Effect of Relative Permittivity
The permittivity of the absorber material is an important fac-
tor in determining the reflection coefficient. Fig. 4 shows the
variation of the reflection coefficient of the absorber with fre-
quency for three values of relative permittivity εr, 1.5, 2.5, and
3.5, when the loss tangent was fixed at tan δ = 0.5. The results
indicate that the reflection increases with the relative permittiv-
ity for frequencies up to about 8GHz, and then reflection at a
higher permittivity of 3.5 shows larger values than the cases of
lower permittivity. For the three cases of permittivity, the re-
flection decreases to small values at frequencies around 5GHz.

3.2. Effect of the Loss Tangent
The loss tangent tan δ of the absorber material is an important
factor in absorbing the EM wave that penetrates the absorber
material, thus, it influences the level of the wave that leaves the

absorber as a reflected wave. Fig. 5 shows the level of the re-
flection coefficient for tan δ values of 0.01, 0.1, and 0.5, while
the diameter was kept atD = 10 cm, and εr = 1.5. It is clearly
seen that higher values of loss tangent tan δ lead to lower re-
flection. The effect is more pronounced at higher frequencies.
An increase in the loss tangent leads to a greater ability of the
material to convert electromagnetic waves into heat, thereby
reducing the reflected energy. This explains why the reflection
coefficient decreases as the loss tangent increases.

3.3. Effect of the Sphere Diameter

The height of the absorber is determined by the diameter of the
sphere D and base thickness b. The total thickness of the ab-
sorber, and thus the total volume of the absorbing material, is
governed by these two values. For a fixed base thickness, a
smaller diameter of the sphere means a smoother introduction
of the absorber material into the air, which will lead to reduced
reflection. Fig. 6 shows the effect of the sphere diameter D on
the achieved reflection of the absorber whenD was varied from
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FIGURE 4. Variation of the reflection coefficient |S11| with frequency for the half-sphere absorber (diameter D = 10 cm, base thickness b = 5 cm,
and tan δ = 0.5) for various values of εr .

FIGURE 5. Variation of the reflection coefficient |S11| with frequency for a half-sphere absorber with a diameter D = 10 cm and εr = 1.5, for
various values of tan δ.

FIGURE 6. Variation of the reflection coefficient |S11| with frequency for the absorber with εr = 1.5, tan δ = 0.5, and a base thickness of 5 cm for
sphere diameters of 10, 15, and 20 cm.

10, 15, and 20 cm while fixing values of εr = 1.5, tan δ = 0.5.
For the above values of the sphere diameter, the total thick-
ness of the absorber is 10, 12.5, and 15 cm, respectively. The
obtained results show that the increase in the sphere diameter
slightly reduces the reflection coefficient, which is due to the
increase in the total thickness of the absorber. It is also no-
ticed that the frequency at which maximum reflection occurs
decreased as the sphere diameter was increased. Moreover, the
reflection coefficient is less than −22 dB across the frequency
range of 1GHz to 10GHz, which means that an average reflec-
tion level of −22 dB/15 cm (−1.47 dB/cm) has been achieved.
The obtained results also show that for the sphere diameters

of 10, 15, and 20 cm, the minimum reflection occurs at a fre-
quency of 5.428GHz, 3.5GHz, and 2.683GHz, respectively.
At each of these frequencies, the diameter D of the sphere is
almost twice of the effective wavelength λe at the correspond-

ing frequency, or the thickness of the half-sphere is equal to the
effective wavelength as detailed in Table 2.

3.4. Effect of Base-Layer Thickness

The base layer of the absorber is an integral and important part
of the absorber and can influence its performance. Fig. 7 shows
the simulation results for three absorbers with base thicknesses
of 5, 10, and 15 cm. The general conclusion is that a thicker
base layer leads to a lower reflection coefficient. The increase
in the thickness by 3-fold (from 5 cm to 15 cm) has resulted in
about 10 dB reduction in the reflection coefficient. This mod-
est decrease in the reflection coefficient can be attributed to
the half-sphere, which is the first region that faces the incident
wave and thus has more influence on the reflection coefficient.
The thickness of the base layer also influences the transmis-
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TABLE 2. Parameters of the absorber at the frequency that gives the minimum reflection coefficient.

D [cm]
Frequency [GHz]

at which |S11| is min
λ0 [cm] λe [cm] D/λe

10 5.428 5.52 4.51 2.21
15 3.5 8.57 6.99 2.14
20 2.683 11.18 9.12 2.19

FIGURE 7. The variation of the reflection coefficient |S11| and transmission coefficient |S21|. With a frequency for sphere diameter of 10 cm,
εr = 1.5, and tan δ = 0.1 at normal incidence, and various base thicknesses of 5, 10, and 15 cm.

(a)

(b)

FIGURE 8. The reflection response of the proposed absorber at normal incidence, when the electric field is oriented along theX-axis Y -axis, and at
45◦. (a) half-sphere absorber, and (b) pyramidal absorber.

sion coefficient, as demonstrated in Fig. 7, which shows that
the transmission coefficient at 10GHz dropped by about 10 dB
when the base thickness was increased from 5 cm to 15 cm.

3.5. Effect of the Polarization and Angle of Incidence

In the investigated cases in the previous sections, the EM wave
was assumed to be normally incident on the absorber, and the
electric field is directed along theX-axis. The polarization sen-

sitivity is shown in Fig. 8, which demonstrates that the absorber
response is essentially the same for normal incidence where the
electric field is oriented atX-axis, Y -axis, and at 45◦. The fig-
ure also shows the performance of an equalsized pyramidal ab-
sorber, which indicates a similar trend, although the pyramidal
absorber shows slightly larger deviations among the three po-
larizations. These results can be attributed to the symmetry of
both absorbers with respect to the X- and Y -axes, and that the
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FIGURE 9. Variation of the reflection coefficient |S11| with frequency for the half-sphere absorber with a sphere diameter of 10 cm, base thickness=
5 cm, εr = 1.5, and tan δ = 0.5, at various incidence angles (0◦, 20◦, 30◦, 40◦).

half-sphere geometry provides better symmetry than the pyra-
midal square base.
While the normal incidence is a special case, the oblique in-

cidence at a certain angle is the general one. The reflection
coefficient depends on the incidence angle with respect to the
absorber surface as well as the properties of the absorber mate-
rial. In general, microwave absorbers that are usually used in
anechoic chambers exhibit increased reflection at oblique inci-
dence, especially for angles larger than 40◦. This means that an
appreciable portion of the incident wave is reflected back in-
stead of being absorbed. The effect of the incidence angle was
investigated using proper settings in the CST software. Fig. 9
shows the effect of changing the angle of incidence on the pro-
posed absorber while fixing the other parameters at a sphere
diameter D = 10 cm, εr = 1.5, tan δ = 0.5, and base thick-
ness b = 5 cm. The results show that the reflection is slightly
affected by the angle of incidence up to 30◦, while there is a few
dB increase at the angle 40◦ for some of the frequencies in the
shown range. However, at angles larger than 40◦, the reflection
starts to increase above −20 dB. This finding was reported in
[26, 28] where a 10 dB or more increase in the reflection was re-
ported for incidence angles larger than 40◦, while in [29] more
than 20 dB increase was reported. Table 3 compares the av-
erage reflection coefficient at various incidence angles for the
half-sphere absorber to those obtained from an equal-size pyra-
midal absorber of the same material. The proposed absorber

TABLE 3. Comparison of the average reflection coefficient |S11| from
the pyramidal absorber and an equal-sized pyramidal absorber at var-
ious incidence angles. H = b = 5 cm, εr = 1.5, and tan δ = 0.5.

Incidence angle Half-sphere Pyramidal
0◦ −29.5 −27.5

20◦ −29.7 −30.3

30◦ −28.3 −29.1

40◦ −24.9 −27.2

50◦ −20.7 −21

60◦ −16 −18.3

70◦ −9.5 −10.3

performs better for angles up to 20◦, then the two absorbers
compete at higher angles, where the pyramidal absorber shows
lower reflection, while the large angle performance of both de-
clines.

3.6. Sensitivity of the Absorber to Tolerances in the Dimensions
The absorber’s sensitivity to the tolerance in design dimensions
was assessed by running simulations under some errors in the
dimensions. Fig. 10 shows the obtained results under ±5% er-
rors in the sphere diameter and base thickness. The reflection
coefficient shows no appreciable sensitivity to the base thick-
ness, as the reflection is a process at the face of the absorber.
However, the transmission coefficient shows a noticeable ef-
fect due to the change in base thickness, as attenuation is di-
rectly related to the path length or base thickness. The toler-
ance in sphere diameter has resulted in a few dB change in the
reflection coefficient, and almost no noticeable change in the
transmission coefficient. This can be attributed to the fact that
the sphere diameter is related to the introduction of the absorber
material into the air, which affects the reflection process.

4. REFLECTION FROM CONDUCTOR-BACKED AB-
SORBERS
Numerous anechoic chambers are specifically designed to
block electromagnetic waves from the chamber to the outside
and in the opposite direction. In such setups, the walls are
generally lined with conducting sheets, and absorbers are
positioned on these conductive surfaces. Therefore, the testing
of devices or systems inside the chamber will not be affected
by interferences from sources outside the chamber, and at the
same time, the performed tests are prevented from affecting
nearby systems. This arrangement can be represented by
placing a conducting plane underneath the absorber. The
modeling was conducted using CST Microwave Suite, in
which a conducting plate is positioned under the absorber, as
illustrated in Fig. 11. The simulation results of the shielded
unit cell are shown in Fig. 12 when the conducting plate was
considered to be 35µm copper and 1mm iron. The incident
wave was applied to port 1, while port 2 was short-circuited
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(a)

(b)

FIGURE 10. Variation of the reflection and transmission coefficients with frequencies for a half sphere absorber with εr = 1.5, tan δ = 0.5. (a) Base
thickness of 5 cm for sphere diameters of 9.5, 10, and 10.5 cm, (b) Sphere diameter of 10 cm, for base thickness of 4.75, 5, and 5.25 cm.

FIGURE 11. The simulation model with a copper sheet placed below the pyramidal absorber.

FIGURE 12. The variation of the reflection coefficient |S11| with a frequency for sphere diameter of 10 cm, εr = 1.5, and tan δ = 0.5 at normal
incidence, when the conducting plate is 35µm copper, 1mm iron for each base thickness 5, and 15 cm.
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(a) (b)

FIGURE 13. Comparison between the half-sphere (a) and pyramidal (b) absorbers.

(a)

(b)

(c)

FIGURE 14. Comparison between the variations of the reflection coefficient |S11| with frequency for a half-sphere absorber and the pyramidal
absorber, with radius R equal to the pyramid heightH = 5 cm, εr = 1.5, and tan δ = 0.5. (a) b = 5 cm, (b) b = 10 cm, and (c) b = 15 cm.

by the conducting plane. Unit cell boundary conditions were
adopted, and a frequency domain solver was used for calcula-
tions. It can be seen that for either of the base thicknesses the
reflections from the copper-backed absorber and iron-backed
absorber are the same. This can be attributed to the fact that
the skin depth at 1GHz for copper is 2.06µm, which is much
smaller than 35µm, and for iron the skin depth is 4.93µm
which is much smaller than 1mm. The other note is that the
base thickness of 15 cm has reduced the reflection by about
10 dB across the lower half of the shown frequency range
compared to the case when the base layer was 5 cm thick. As
there is a reflecting plane at the bottom of the absorber, the

base thickness has a double-action on the wave that propagates
forward and back in the base layer.

5. COMPARISON BETWEEN HALF-SPHERE AND
PYRAMID DESIGNS
It is worth comparing the performance of the proposed hemi-
sphere absorber with a pyramidal absorber using the same
square base layer and overall thickness as illustrated in Fig. 13.
For this fair condition, the hemisphere’s radiusR was set equal
to the pyramid’s height H , and the variation of the reflection
coefficient with frequency was determined for three values of
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TABLE 4. Performance comparison of the proposed absorber with other published works operating at similar frequency bands.

Ref. Lossy
Material

Dimensions
[cm]

Frequency
Range
[GHz]

εr tan δ Average
S11 [dB]

Reflection/
Thickness
[dB/cm]

[10] Ceramic
0-SC

Pyramid 10 ∗ 10 ∗ 25 1–12 2.2 0.34

Maximum
about −7

minimum
about −40

−0.28

−1.6

[14] Carbon

Base 5 ∗ 5 ∗ 2,
Pyramid 5 ∗ 5 base

to 1 ∗ 1 top
with a 12 cm height

1–10 2.5 N.A. −25.99 −1.85

[22]

Aramid honeycomb
coated by a
conductive

polymer, PEDOT

8.5 cm thick 5.8–18 1.3

Out-of-plane
polarization:
tan δ ≈ 1.7

Around
−10 dB

−1.1

In-plane
polarization:
tan δ ≈ 1.1

Around
−17 dB

−2

[26]
[26]

Carbon

Base 10 ∗ 10 ∗ 5,
Pyramidheight 16

1–10 2.5 0.5 −52.6 −2.5

Base 10 ∗ 10 ∗ 5,
Pyramidheight 16

1–10 1.5 0.5 −56.66 −2.7

Base 10 ∗ 10 ∗ 5,
Pyramidheight 24

1–10 2.5 0.5 −66.5 −2.3

This
work

Carbon Base 10 ∗ 10 ∗ 5
PyramidH = 5

1–10 1.5 0.5 −27.5 −2.75

Carbon
Base 10 ∗ 10 ∗ 5
Half sphere
R = 5 cm

1–10 1.5 0.5 −29.5 −2.95

Carbon
Base 10 ∗ 10 ∗ 10

Half sphere
R = 5 cm

1–10 1.5 0.5 −29.1 −1.94

Carbon
Base 10 ∗ 10 ∗ 15

Half sphere
R = 5 cm

1–10 1.5 0.5 −29.2 −1.46

the base thickness. Fig. 13 shows the obtained results, where
for R = 5 cm, H = 5 cm, and a base thickness of 5 cm, the
two absorbers exhibit similar performance, while the average
reflection coefficient for the half-sphere absorber is −29.5 dB,
and that for the pyramid one is higher at−27.5 dB. As the base
thickness was increased to 10 cm and 15 cm, the behavior of the
half-sphere absorber is still in the average value metric.

6. VERIFICATION USING HFSS SOFTWARE PACKAGE

Instead of the experimental verification, another simulation of
the absorber was carried out using Ansoft HFSS software pack-
age, where the same absorber parameters used in the CST sim-
ulation were submitted to the HFSS model. In particular, the
permittivity and loss tangent used in the CST simulations were
applied to the HFSS model to ensure fair comparison. The ob-
tained results from the two software packages are compared as

shown in Fig. 15. The HFSS results show very close agreement
with the CST ones.

7. COMPARISON WITH THE OTHER PUBLISHED
WORKS
For further assessment of the performance of the proposed ab-
sorber, it is compared here with other designs published in the
literature. Table 4 lists a few designs that share the same or
similar frequency range, comparable sizes, permittivity, and
loss tangent. The suggested comparison metrics are the aver-
age value of the reflection coefficient and the efficacy of the
reflection measured in attainable reflection/absorber thickness
expressed in units of dB/cm. Therefore, the absorber that has
a larger absolute value of dB/cm means that it offers lower re-
flection for a certain value of thickness. By such a definition,
the differences in the thickness of the compared absorbers are
excluded.
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FIGURE 15. The results of the HFSS are compared to those obtained from the CST, for the absorber with a sphere diameter of 10 cm, base thickness
of 5 cm, εr = 1.5, and tan δ = 0.5.

The common feature of the compared absorbers is the de-
crease of the reflection coefficient as the frequency of the in-
cident wave is increased. This demonstrates the difficulty of
achieving an adequate level of reflection at lower frequencies.
The table shows that the proposed half-sphere absorber offers
better values of dB/cm than the designs in [10, 14, 22, 26].

8. CONCLUSIONS
A hemisphere with a square base was chosen to provide a grad-
ual introduction of an absorber into the air while avoiding pro-
trusions and sharp corners that could contribute to reflectivity.
The effects of permittivity, loss tangent, hemisphere diameter,
base thickness, angle of incidence, and polarization of the in-
cident wave were investigated. Furthermore, this absorber was
investigated by supporting it with an iron or copper conduc-
tive plate beneath the base to simulate shielded anechoic cham-
ber applications. It was analytically proven through computer
simulations that the reflectivity decreases with decreasing per-
mittivity and increasing loss tangent. Additionally, the results
showed that the hemisphere is less affected by changing the an-
gle of incidence due to the symmetry of the spherical surface.
The comparison of the hemispherical and pyramidal absorbers
at the same total thickness showed that the semisphere absorber
achieved lower reflection by 2 dB, for angles of incidence up
to 20◦, while both show lower performance at higher angles.
The results obtained from CST were verified by the compari-
son with those obtained from HFSS simulations. The analysis
and obtained results can help designers consider the proposed
structure for enhancing the absorber performance.
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