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Design of Compact Double-Layer Microwave Absorber for X-Ku
Bands Using Genetic Algorithm
Hesham A. El-Hakim1, * , K. R. Mahmoud2 , and A. A. Abdelaziz1

Abstract—In this paper, an eﬃcient lightweight double-layer microwave absorber with impedancematching structure at X-Ku bands was designed, optimized and implemented. First, genetic algorithm
(GA) was considered to optimize the thicknesses and material properties for better absorption of the
incident electromagnetic wave and reduction of radar cross section (RCS). Next, with the aid of the
obtained dielectric and magnetic properties, the microwave absorber was fabricated from magnetodielectric composite materials besides a natural rubber. Finally, the analytical and numerical results
were compared with the measurements to check the validity of the design. Experiments showed that
the reﬂection coeﬃcient for each layer backed with a metallic sheet was insuﬃcient; however, for the
double layer absorber, the reﬂectivity measurement values reached up to −28 dB in the case of normal
incidence and −17 dB for oblique incidence.

1. INTRODUCTION
Recently multilayer broadband with both magneto-dielectric composite materials is used as one of the
cloaking techniques for either planar layered structure or rounded shape objects based on transforming
the electromagnetic energy into heat [1, 2]. Multilayer broadband absorbers have been considered in
many engineering applications, especially, for the design of microwave shielding enclosures, anechoic
chambers to ensure electromagnetic compatibility (EMC), wireless telecommunication systems and
stealth technology as radar-absorbent material (RAM) [3]. Designing of absorbing materials with
desirable attenuation is of great importance over selective or wideband frequency either by bulky, sheet
or shaped around diﬀerent objects material [4, 5]. The materials of interest should provide the required
reﬂectivity attenuation of near-ﬁeld or far-ﬁeld electromagnetic waves for diﬀerent objects at varieties of
incident angles and polarizations. Absorber materials must have light weight, low cost, good thermal,
mechanical and chemical properties and should pass a physomechanics and environmental testes for
thick or thin layers [5–7].
In [8], a four-layer radar absorbing coating for RCS reduction at X-band was implemented using
genetic algorithm (GA). It was found that the minimum RCS of 55.66 m2 was obtained after 4 layers of
coating with thickness of 5.015 mm at 8 GHz. A reﬂectivity value less than −13 dB was achieved by using
double-layer absorber by mixing a rubber with magnetic micropowder and/or dielectric materials [5].
The design of double-layer absorber based on nanocomposite materials to achieve simplicity in mixing
material particles with the host medium and obtain uniform dispersion is discussed in [9–11]. In [9],
a four-layer absorber with total thickness of 7 mm was designed using GA and tested in X-band for
5◦ incident angle, achieving a reﬂectivity value greater than −10 dB. In [10], a double-layer absorber
with total thickness of 2 mm was made from magnetic nanocrystalline alloy Fe0.2 (Co0.2 Ni0.8 )0.8 and
nanocomposite SrFe12 O19 /Ni0.5 Zn0.5 Fe2 O4 microﬁbers, and the obtained reﬂectivities were found to be
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less than −10 dB for the desired bandwidth from 10.7 to 18 GHz except at 12.1 GHz that had a reﬂection
loss of −71.4 dB. A double-layer absorber based on nanocomposite BaFe12 O19 /α-Fe and nanocrystalline
α-Fe micro ﬁbers was considered in [11], with a total thickness of 3.5 mm. For a bandwidth ranging from
5.3 to 18 GHz, the obtained reﬂectivity values were greater than −20 dB in the case of normal incident
angle. In [12], a reﬂection loss of −29.56 dB was achieved at 11.7 GHz for doped barium hexaferrite
based absorber structure with a total thickness of 2 mm. A reﬂection loss value of −24.3 dB was achieved
at 12.02 GHz for a double-layer CoZn-ferrite/TiO2 microwave structure in [13].
In this paper, a compact double-layer microwave absorber is designed and implemented in which the
thickness of both layers as well as their material properties have been optimized with the aid of GA such
that the backscatter RCS is minimized. The paper focuses on the TE (transverse electric) polarization,
which implies that the electric ﬁeld is transverse to the incidence plane. The ﬁrst layer is a rubber ferrite
composites made up of ferrimagnetic powders and rubber as a host material used for conﬁning incident
wave through the overall structure, while the second layer comprises a rubber compounds loaded with
a conductive powders to have better specular reﬂection attenuation properties over a wide frequency
range (8–18 GHz). The reﬂection of the incident wave is reduced based on the impedance matching
principle of the ﬁrst layer with a free space, while the second layer provides good microwave power
absorption placed on the surfaces to be protected from unwanted radiation [14]. The arrangement for
both dielectric and magnetic particles in a structure ended with metallic sheet is designed to provide
best impedance matching for the incident wave and better electric, magnetic loss with smaller thickness
for both layers [5]. Specular wideband analysis has been considered to study the material properties
for each layer to cover the frequency band. The measurements are compared to the analytical and
numerical results to check the validity of the design.
The paper is divided as follows. Section 2 describes the problem formulation. In Section 3, a brief
description to material properties optimization is introduced. Section 4 presents the fabrication and
samples measurements. Finally, Section 5 presents the conclusion.
2. PROBLEM FORMULATION
The design of radar absorbing materials (RAM) consists of a sequence of multilayers in front of a PEC
plane require an implementation of electromagnetic (EM) model in which the knowing of the reﬂection
coeﬃcient at the ﬁrst (air-multilayer) interface is of a great importance. Both normal and oblique
incident waves can be applied, and the amplitudes of forward and backward propagated waves are
calculated at the interface between any layers, beginning from the adjacent layer to a metallic sheet
until the air-matched layer interface.
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Figure 1. Double layered media-transverse electric (TE) mode.
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Assuming the EM model of a double-layer absorber structure for transverse electric (TE) mode
with inﬁnitesimally thin resistive sheets (ideally, zero thickness) of conductance G1 and G2 as shown
in Fig. 1. The electric ﬁeld intensity E and magnetic ﬁeld intensity H for any arbitrary layer x are as
follows [15]:
E = Pi e−jk(−x cos θ+z sin θ) +Pr ejk(x cos θ+z sin θ)


H = Y Pi e−jk(−x cos θ+z sin θ) +Pr ejk(x cos θ+z sin θ)

(1)
(2)

The boundary conditions on the tangential E and H ﬁelds to be satisﬁed at the G1 interface are:
(3)
G1 E + = G1 E − = J, H + − H − = J, kM sin θM = kN sin θN
where the plus and minus subscripts denote the ﬁelds on opposite sides of the lossy-matched layer
interface, and J is the current density in the sheet.
By applying Equation (3) in Equations (1) & (2), we get:
PiM e−jkM (xN cos θiM +z sin θiM ) +PrM ejkM (xN cos θrM +z sin θrM )
= PiN e−jkN (xN cos θiN +z sin θiN ) +PrN ejkN (xN cos θrN +z sin θrN )
And

(4)



YM PiM e−jkM (xN cos θiM +z sin θiM ) − PrM ejkM (xN cos θrM +z sin θrM )

(5)
= (G1 + YN )PiN e−jkN (xN cos θiN +z sin θiN ) + (G1 − YN )PrN ejkN (xN cos θrN +z sin θrN )
The amplitudes of the incident and reﬂected propagated waves, Pi and Pr respectively at the airstructure interface, are then calculated by applying an iterative procedure to implement Maxwell’s
equations starting from the PEC plane at x = 0 where Pi = 1 and Pr = −1, until the airmatched interface passing through N and M layers as in Equations (4)–(5) with linear boundaries
transformation [15].


ejk0 xM cos θ0 PiM (Y0 cos θ0 +YM cos θiM +G2 ) e−jkM xM cos θiM
(6)
Pi =
2Y0 cos θ0
+PrM (Y0 cos θ0 −YM cos θrM +G2 ) ejkM xM cos θrM


e−jk0 xM cos θ0 PiM (Y0 cos θ0 −YM cos θiM −G2 ) e−jkM xM cos θiM
(7)
Pr =
+PrM (Y0 cos θ0 +YM cos θrM −G2 ) ejkM xM cos θrM
2Y0 cos θ0
where, xN is the distance from the surface of PEC to the interface between lossy layer N√and matched
layer
√ M ; xM is the distances
√ from surface of PEC to the air-matched interface; k0 = ω0 ε0 μ0 , kM =
k0 μrM εrM and kN = k0 μrN εrN are the wave number of the free-space, layer M , and layer N ,
respectively; G is the 
conductance moh/sq of thin resistive sheet at the interface between layers;
Y0 = 1/377 Ω−1 , YM = εM /μM are the free space and M th layer intrinsic admittance normalized to
Y0 respectively.
The reﬂection coeﬃcient, Γ, of the air-structure interface can be calculated by:
 
 Pr 
(8)
|Γ| = −20log10  
Pi
√
The transmission coeﬃcient T =e−γx where γ = γ0 με is the complex propagation constant in the
material and γ0 = j2π/λ0 the free space propagation constant. The reﬂection loss (S 11 ) and insertion
loss (S 21 ) parameters are related to the parameters Γ and T by the following equations [16]:
Γ(1−T 2 )
(9)
S11 =
1−Γ2 T 2
2
T (1−Γ2 T )
(10)
S21 =
1−Γ2 T 2
The material complex permittivity and permeability constants can be calculated by:

γ 1−Γ


(11)
r = r−j r =
γ0 1 + Γ

γ 1+Γ
(12)
μr = μr −jμr =
γ0 1 − Γ
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In the current work, the design of compact double-layer microwave absorber with absorption
performance level greater than −10 dB absorption has been considered according to the methodology
ﬂow chart depicted in Fig. 2. The methodology is started by initializing material properties for both
layers (complex permittivity, complex permeability, conductivity, electrical and magnetic loss tangent)
and thicknesses. The preliminary return power loss values (PL) at air-structure interface can be
calculated analytically by implementing a computer Matlab code for Equations (1) through (8) and
numerically by using a computer aided computation method Ansoft HFSS. The optimization technique
is then applied both analytically to establish the previous estimated values and with consistence of
numerical model using HFSS to get the optimized material properties for each absorber structure. The
presented GA optimization tool had a goal of obtaining a thin compact-layer structure with the best
selection of material properties and thickness of each layer in which the loss of electromagnetic energy
inside the engineered structure fulﬁlled more than 90% losses, which means a reﬂection coeﬃcient value
lower than −10 dB at the air-sample interface [9]. With the aid of previous analytical and numerical
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Figure 2. Methodology ﬂow chart diagram.
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matched and lossy layers.
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modelling, the two composite material layers in the frequency band from 8 to 18 GHz are designed and
manufactured using mixing rules to select proper combination of materials. The concentration for both
host (matrix, base) material and inclusions with their conﬁguration is studied to fulﬁl high absorption
over a frequency range of interest. The natural rubber (host medium) was chosen as commercially low
cost polymer host material for both layers. By adding suitable inclusions to the host medium according
to the mixture law of materials, the fabricated planar sheets are then obtained with the optimized
thicknesses. Also, a specular analysis of the given layers is considered through the transmission line
ﬁxture T.L. within the entire bandwidth (8–18 GHz) to measure the insertion loss S21 for both layers.
Validation of the measurement with the theoretical analysis and numerical model is an important stage
of the methodology [17]. Therefore, the S21 results for both measured and simulated T.L. are compared
for the purpose of extracting the best material properties for the two layers. If the measured and
simulated insertion losses are comparable, the performance of the structure will be evaluated by free
space measurements to determine the reﬂectivity of the structure for each layer separately, then for
the double-layers in front of a metallic sheet. An acceptable return power loss of −10 dB is deﬁned as
a minimum threshold absorption level which must be fulﬁlled by the fabricated planar structure. If
the desired absorption level was achieved, estimated values of the above material properties would be
considered and used in the analytical and simulated free space PL calculations.
3. MATERIAL PROPERTIES OPTIMIZATION
A genetic algorithm (GA) has been applied for the purpose of optimizing the thickness of both layers
besides their material properties selections, in which frequency-dependent material properties for various
layers have been optimized to improve the RCS reduction for the proposed double-layer absorber
over X-Ku bands. GA is a search iterative algorithm which mimics the process of natural evolution
by performed solutions in evolutionary computation methods. GA is a very powerful optimization
technique for problems that have a large number of variables. GAs operate on a population of potential
solutions, starting with randomly selected populations within the decision space, then apply a repetitive
iterations to that populations with the principle of survival of the ﬁttest to produce better and better
approximations to minimize the objective functions [18]. At each generation, a new set of approximations
is created by the process of selecting individuals according to their level of ﬁtness in the problem domain
from the data base of the materials, breeding them together using natural genetics operators [19]. The
brief pseudo-code of the GA algorithm has been provided below:
BEGIN
1. INITIALIZE population with random candidate solutions;
2. EVALUTE each candidate;
3. FOR EACH ITERATION
SELECT parents;
RECOMBINE pairs of parents;
MUTATE the resulting oﬀspring;
EVALUATE new candidates;
SELECT individuals for the next generation;
4. REPEAT UNTIL (TERMINATION CONDITION is satisﬁed).
END
The main objective is to design a double-layer absorber for reducing the radar cross section of
overall structure in which RC = |Γ|, where, RC at the ﬁrst air-multilayer interface Equation (8) has
been considered as the most important parameter for the GA objective function. Both oblique and
normal incidence cases have been considered through robust optimization. The following equation
illustrates the considered objective function:

fmax
θmax








RC x1 , r1 , r1 , μr1 , μr1 , σ1 , x2 , r2 , r2 , μr2 , μr2
(13)
Obj f un = min
fmin

θmin
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where, x1 , x2 are the thicknesses of the two layers. r1 , r1 , r2 , r2 are the real and imaginary permittivity
parts of both layers. μr1 , μr1 , μr2 , μr2 are the real and imaginary permeability parts of both layers. σ1
◦
is the lossy◦ layer conductivity, where σ2 is set to zero for a good matched absorber, θmin = −90 ,
θmax = 90 . Table 1 illustrates the decision space for each parameter to be optimized [8]. The GA
optimization parameters are selected as shown in Table 2.
Figures 3(a) and 3(b) show the optimized relative permittivity and permeability constants for both
matched and lossy layers, respectively, over the desired bandwidth. The design of the proposed RAM
Table 1. Parametersdecision space and the average optimized materials propertiesusing GA.
Variables

r1

r2
μr1
μr2

σ1 (Siemens)

r1

r2
μr1
μr2

x1 (mm)
x2 (mm)

Decision Space
min value max value
5.5
7
1.5
3.5
0.7
2.5
1
3
0.12
0.3
0.11
0.63
10− 4
5.5 × 10− 4
0.021
0.75
0.5
3
2.2
3.3
1.2
2.3

Average value
6.10889
2.43639
1.7078
1.98
0.2229
0.40489
4.48 × 10− 4
0.576
1.239
2.5
1.5

Table 2. The GA optimization parameters.
GA parameters
Max iteration numbers
Parents number of individuals
Children number of individuals
Crossover probability (pcross )
Mutation probability (pmutation )

Value
100
80
50
0.2
0.1
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Figure 4. Optimized return power loss of double layer absorber backed with PEC (oblique incident
θo = 36.5◦ ).
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structure with the aid of GA fulﬁlled an improvement in absorption level over a wide bandwidth as
shown in Fig. 4 with optimized layers thicknesses x1 = 2.5 mm, x2 = 1.5 mm. It has been shown that
the GA achieved a robust solution in choosing the appropriate material properties for both layers among
the range spaces for diﬀerent input variables with a decision space reported in Table 1.
4. SAMPLES FABRICATION AND MEASUREMENT
Since a composite material consists of more than one material phase and a host medium such as rubber
which represents the dielectric base and inclusion materials which represent conducting, non-conducting
medium or both, the usage of an analytical formulation such as mixing rule will be a good tool in
designing the proposed compact double layer absorber and providing the eﬀective medium permittivity
and permeability as a function of composite concentration and desired frequency. There are many
mathematical models to get the best mixing formulation suitable for treatment with either low or
high concentration of conductive inclusions as well as treatment with ferrimagnetic powders [17]. The
fabrication has been done in the desired frequency range according to the average values of optimized
material parameters as reported in Table 1. With the aid of the measurements, modelling and analytical
analysis, we obtained the ﬁnal fabricated layer sheets. In the ﬁrst layer, the natural rubber was loaded
with a high permeability, magnetic loss stable and economical ferrimagnetic (ferrite) powders in addition
to low density graphite powder (50% ferrimagnetic powders, 6.5% graphite and 1.5% carbon ﬁbre) in
order to conﬁne electromagnetic energy through the structure with resistive value close to 377 (Ω/m2 )
providing low RF loss. Absorption was achieved in the second layer composed of rubber as a host medium
loaded with a high structure of carbon powder (45%) allowing the medium to be highly conductive but
was thicker than the matching one [20, 21].
4.1. The Microstrip Line Modelling and Measurement
Microstrip line device was used for broadband measurement of complex relative dielectric ( r ) and
relative permeability (μr ) constants of RAM at microwave frequencies. The device has a characteristic
impedance of 50 Ω to match coaxial cables and vector network analyser (VNA), r = 3.2, tan δ e = 0.001
and cross section area (80 mm × 40 mm × 1.6 mm). The absorber samples have cross section area
1.5 cm × 1.5 cm and thickness 2.5 mm for the ﬁrst layer, and 1.5 mm for the second one. A specular
analysis is performed to obtain the complex permeability (μr ) and complex permittivity ( r ) of each
RAM layer as a function of frequency by connecting the microstrip line through coaxial cables to both
ports of (VNA), and the sample under test is loaded directly on the line. Then, the S-parameters
are computed for both transmission and reﬂection (T/R method) in which the reﬂection loss S11 and
insertion loss S21 were given for each absorber layer through the desired bandwidth by using computercontrolled network analyzer such as the Rohde & Schwarz Model ZVA 67 [22]. The power loss can be
calculated using the following Equation (9):


2
2
− S21
· 100 = 1− |Γ|2 − |T |2 · 100
(14)
P ower Loss% = 1−S11
An HFSS simulation model for the section of microstrip line device described above was also executed
where the calculation of S21 for each absorber layer became a crucial point for the selection study of
material properties parameters by verifying the obtained simulated with measurement S21 [9].
Figures 5(a) and 5(b) show the insertion loss comparison between the measured and simulated
results using the transmission line technique of the designed matched and lossy layers, respectively.
With the aid of HFSS software package, the complex values of r and μr can be evaluated. As shown
in Fig. 5, the simulated results are comparable to the measurements, in which the diﬀerences in the
insertion loss values are over the band around 2 dB, an acceptable error in this kind of measurements [23].
Such diﬀerences are mainly due to diﬃculty in the small layer thickness manufacturing, accuracy in
determination of complex permittivity and permeability of composite materials over X-Ku bands, and
ﬁnally due to the fact that the network analyzer signal source was not frequency stabilized at the time
of measurement with respect to the calibration time resulted in a phase error [23].
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4.2. Free-Space Modelling and Measurement
This method has the advantage of determining precise values of complex dielectric and magnetic
constants in which the sample is not in thermal contact with the more sensitive microwave part of
the instrument as in other methods [3]. Based on the microwave reﬂectometry system shown in Fig. 6
that forms short picoseconds pulses and operates in free space using transmitting and receiving antennas
with a bistatic angle of interest much like Naval Research Laboratory (NRL) method [15], the return
power loss of the two-layer absorber structure backed with PEC sheet of the oblique incident case
can be calculated. In normal incidence, the reﬂection coeﬃcient and transmission coeﬃcients of each
layer as well as the overall structure can be measured as reviewed in many literatures [16] using a
system of network analyzer. For the double-layer structure, the reﬂection and transmission coeﬃcients
are calculated according to Equations (6)–(7), and then a measurement of return power loss has been
done according to Equation (8). The material properties for both layers are optimized analytically
and numerically through free-space simulation using HFSS software package. Then, by comparing the
material properties results obtained from free space and microstrip line method, accurate materials
properties values are obtained.
Figure 7 shows the frequency dependences of complex relative permeability (μr ) and permittivity
( r ) of each RAM layer. It is found that the real & imaginary parts of complex permeability for
both layers are decreased as the frequency increases, while the real part of complex permittivity is
increased with the frequency. For lossy layer, the quantity and grade of carbon lead to the rubber
compound conductivity which increases the RF loss. In the matched layer, the frequency dispersion of
the permeability constant is observed due to the demagnetizing ﬁelds of the ferrite particles at higher
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Relative permittivity & permeability

Relative permittivity & permeability

frequency bands. It can be concluded that both RAM layers have complex permittivity & permeability
values giving the required tangent loss factor (tan δ) required for absorption mechanism with desirable


thickness and impedances over a wide frequency range, where, tan δe = r & tan δm = μμr .
r
r
Figure 8 shows the free-space measurement of the return power loss (PL) of double layer absorber
backed with PEC as a manoeuvring target (θo = 36.5◦ , θo = 0◦ ). A remarkable improvement in EM
wave absorption is fulﬁlled using the double-layer structure for both oblique and normal incident angles
shown in ﬁgure. The average value of obtained return power loss reached about −15.67 dB for oblique
incidence, while an average value of −18 dB was fulﬁlled in normal incidence case. It can be depicted
that good agreement is achieved among the measured, simulated, and analytical results for the doublelayer structure. It is seen from the result that more than 90% from the incident wave was absorbed
by the designed structure in case of an oblique incidence, while the return power loss reached up to
−28.32 dB in the case of normal incidence at 18 GHz. This means a big change in resistivity from front
layer to the backed metallic sheet provided by the designed structure. As shown in Fig. 8(a) for the
oblique incidence, noticeable variations occur in the measured curves compared to the optimized curves
due to the manufacturing process and the cost required for obtained precise manufactured sample.
However, there are acceptable results as the overall performance of the measured samples fulﬁlled more
than desired return power loss over the desired frequency range.
The performance of the designed absorber with diﬀerent incidence angles has been studied as shown
in Fig. 9. The ﬁgure illustrates the frequency response for obliquely incident TE polarized waves with
incidence angles of 10◦ , 20◦ , 36.5◦ , 45◦ , 50◦ , and 55◦ . It can be seen that the proposed absorber structure
can give a reﬂection coeﬃcient less than −10 dB in the desired frequency range for the TE polarization
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Table 3. Comparison between the proposed design and the previous published results.

Frequency
Range
(GHz)

[5]

8 − 18

[8]

8 − 12

[9]

8 − 12.4

[11]

5.3 − 18

[10]

10.7:18

Layers
Layer
No.

Layer
Thickness

Layer Construction

1
2
1
2

1.8 mm
0.8 mm
1.269 mm
0.662 mm

85% MMP
10% carbon fiber
Ba (MnTi)2.7 Fe6.6 O19
Ba (MnTi)1.6 Fe16 O27

3
4
1
2
3
4

1.262 mm
1.822 mm
2. 5±0.5 mm
0.5±0.5 mm
0.97±.5 mm
3±0.5 mm

1

2.3 mm

2

1.2 mm

1

1.4 mm

Ba Co0.8 Ti0.8 Mn0.15Fe9.9O19
Ba (MnTi)1.7 Fe8.6O19
Epoxy resin
MWCNTs 1%
MWCNTs 2%
MWCNTs 3%
Nano composite Ba Fe12 O19 /α -Fe
micro fibers
α-Fe micro fibers
Nanocrystalline Alloy
Fe0.2(Co0.2Ni0.8)0.8
Nanocomposite
SrFe12O19/Ni0.5Zn0.5Fe2O4
Microfibers
Natural rubber +(50% ferrimagnetic
powders, 6.5% graphite and 1.5%
carbon fiber)

2

1
Our
work

0.6 mm

2.5 mm

8 −18

PL (dB)
Average value within the
entire bandwidth

Technique

2.6 mm

≅ − 13 dB

monostatic RCS

5.015 mm

≅ − 10 dB

monostatic RCS

≅ 7 mm

≅ − 17 dB

bistatic RCS
at incident angle 5o,
TE monostatic RCS

3.5 mm

> − 20 dB

Overall
Thickness

2 mm

4 mm
2

1.5 mm

Natural rubber + 45% high structure
of carbon fillers

monostatic RCS

< −10 dB
(−71.4 dB at 12.1 GHz)

monostatic RCS

−16 dB (oblique incidence)
−18 dB (normal incidence)

bistatic RCS
o
at incident angle 36. 5 ,
TE, monostatic RCS

with incidence angles up to 50◦ . However, for incidence angle of 55◦ , the required PL of −10 dB is
not achieved at the end of the desired bandwidth. This small deﬁciency in RCS results reduces the
transmission loss factor inside the absorber structure to more than 80% for a frequencies from 16 to
18 GHz at angle of incident = 55◦ .
Finally, Fig. 10 shows the absorber behavior in the case of TM incidence for angles of interest
(θo = 0◦ and 36.5◦ ) compared to simulated results of TE-RCS (dB). The ﬁgure shows that both TE and
TM polarizations yield the same magnitude of the reﬂection coeﬃcient for normal incidence [24, 25]. For
incident angle of 36.5◦ , the reﬂectivity is found to be around −10 dB for the desired bandwidth. The
obtained results showed that with using a precise manufacture sample (manufacturing close to CAD
simulation), we reached a satisfactory sample for diﬀerent incidence angles for TE-mode as shown in
Fig. 9 and also for angles of interest for TM-mode as shown in Fig. 10.
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Table 3 shows a comparison between the proposed design and previous published results. As
depicted from the table, the proposed thin structure achieved better PL performance than the previously
designed structures for both normal and oblique incidence waves within the entire bandwidth from 8 GHz
to 18 GHz, using commercially available conductive, magnetic and dielectric materials.
5. CONCLUSION
In the current research work, the design of a compactly layered absorber over wide frequency range
with both monostatic and bistatic RCS was fulﬁlled by tailoring both material properties and EM wave
absorption mechanisms. The prediction of EM wave interaction properties of overall structure depends
on the optimized properties of each layer besides the thickness, which are performed analytically and
by computational analysis resulting in a satisﬁed reﬂection losses for TE incidence up to −28.32 dB,
−17 dB for normal and oblique incidences, respectively. Potential EM wave absorption was achieved
in a structure contained the lossy sheet only backed by a metallic sheet, a remarkable improvement in
EM wave absorption fulﬁlled with usage of a ferrite powder in the matching sheet tended to lower RF
loss and higher power penetrated to a conductive lossy sheet. Predicted and experimentally results of
material properties of each layer have been compared through three diﬀerent methods to obtain precise
values. Finally, EM wave absorption is examined using free-space method. The designed absorber
structure achieved a return power loss less than −10 dB in the desired bandwidth for the TE-mode with
incidence angle up to 50◦ . In addition, the reﬂectivity is found to be around −10 dB in the case of TM
incidence for angles of interest.
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