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In this paper, we present the design and simulation of a wide-angle
and polarization-insensitive broadband radar absorbing structure
based on a lossy composite. The simulation was carried out in the
COMSOL Multiphysics environment and the unit-cell of the design is
composed of a three-layer structured assembly placed over a copper
ground plane. The polarization and incident angle dependency of the
designed absorber have been simulated. Also, its absorption
behaviour was theoretically evaluated to validate the simulation
result. The simulation result under normal incidence shows reflectivity
below -10dB (over 90% absorption) in a broad frequency range from
5.1–18GHz. The simulation result was correlated with the calculated
result and the results were found to be consistent with one another.
Broadband absorption performance is stable for up to 30 0 incident
angles in both the transverse electric (TE) and transverse magnetic
(TM) polarization and insignificantly changes at 45 0. Simulated
reflectivity curves when polarization angles are varied from 00 to 600
under normal incidence are observed to overlapped, indicating that
the proposed structure absorption level is indifferent to polarization
directions. Therefore, the proposed radar absorbing structure can be
suggested for potential applications in stealth and electromagnetic
interference shielding.
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1. Introduction
Radar absorbing materials (RAM) or coatings had been used in recent times to effectively absorb
or reduce unwanted electromagnetic waves, thus are popularly used in the reduction of radar crosssection of various objects. Therefore, survival and infiltration abilities of military hardware used in
modern warfare can be improved significantly when radar absorbing materials/coatings are used to
minimize its radar cross-section [1]–[4]. Moreover, research interest in the development of radar
absorbing materials is ever increasing due to the massive demand for effectively thin and lightweight
broadband absorbing material as a result of advancement in radar detection technology [5].
Generally, radar absorbers can be classiﬁed as conventional material-based absorbers or structurebased absorbers where the latter received the most attention recently by using metamaterials (MM)
and frequency selective surfaces (FSS) [6]. Structure-based absorbers can be ultra-thin [7], [8], as
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well as exhibiting strong absorption over different frequency bands [9]–[11], making them as
suitable candidates for stealth technology application [12].
Artificially engineered subwavelength composite structure commonly known as metamaterial had
been extensively studied and deployed for several applications in acoustics and electromagnetic
fields [13]–[18]. Landy et al.’s work on perfect metamaterial absorbers [19] stimulate research
devotion on metamaterial absorbers (MMAs) and numerous designs have since been put forward,
covering almost the entire electromagnetic spectrum spanning from microwaves[20], [21] through
THz [22], [23] to the optical range [24]. The narrow bandwidth features of these MMAs, limit their
practical applications where broadband absorption is paramount. For operational bandwidth
enhancement, magnetic substrates had been adopted in many reports [4], [25]–[28] to replace the
typical dielectric substrates employed in the design of these MMAs. However, the persistent
challenge in MMAs design is to obtain simultaneously polarization independence, wide-angle of
incidence, and wideband absorption behaviour. Thus, a new approach to overcoming this major
challenge becomes particularly imperative.
To this end, we present a simulation-based radar absorbing structure (RAS) that demonstrates
polarization insensitivity, wide-angle of incidence stability, and thin thickness in addition to its
wideband absorption capability. The material used in the design is a spherical carbonyl iron
powder/multiwalled carbon nanotube/silicon rubber (SCIP/MWCNT/SR) lossy composite
developed by Huang et al. [29]. The power loss density simulation results indicated strong
absorption taking place at the bottom layer of the structure for low frequencies, while for high
frequencies it is at the surface layer and edges of the remaining layers. Calculated reflectivity of the
presented RAS is in excellent accord with the simulated result of TE polarized radar wave under
normal incidence.
2. Methodology
For validation purposes, a metamaterial absorber which was numerically and experimentally
realized by Huang et al. [29] using CST Microwave Studio solver, was repeated on COMSOL
Multiphysics solver used in this work. Focusing on 2-18 GHz band only, simulation results of
flexible thin broadband microwave absorber based on a pyramidal periodic structure of lossy
composite [29] is represented in Figure 1 alongside simulated results of the repeated metamaterial
absorber using COMSOL Multiphysics. The simulation results are in close agreement in both shape
and peaks as could be seen in Figure 1. This is a confirmation of the precision, reliability, and
accuracy of the COMSOL Multiphysics numerical solver used in the present work.
To investigate the absorption properties of the proposed RAS, numerical simulations and
optimization have been carried out by using the finite element method (FEM) based COMSOL
Multiphysics solver. The electromagnetic parameters of the lossy composite as prepared and
measured by [29] are imported into the simulation software to define the frequency-dependent
material properties using an interpolation tool. Perfect magnetic conductor (PMC) and perfect
electric conductor (PEC) boundary conditions are respectively applied along 𝑥 and 𝑦 axes to
replicate an infinite array of the proposed RAS. The periodic port is used to supply incident planepolarized electromagnetic waves along the z-axis plane. Impedance boundary condition (IBC)
which treats any material behind the boundary as being infinitely large is chosen for the ground
plane. Physics-controlled meshing is used in the simulation while the output of the simulation
software is the scattering parameters (𝑠 −parameters). Maximum mesh element size was set at one1
tenth of the minimum wavelength (10 𝜆𝑚𝑖𝑛 ) of the input wave.
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Figure 1: Simulated Reflectivity Plots for Comsol Multiphysics Software Validation
For the structure design, the basic idea is that the broadband absorption could be achieved by using
the structured multilayer magnetic composite based designs [27], [30]. The optimized geometric
structure of a single unit cell of the proposed broadband RAS is shown in Figure 2. It consists of
three layers of the SCIP/MWCNT/SR lossy composite with a copper plate ground plane. The surface
layer is cross-shaped, the middle layer is block shape structured and the bottom layer is considered
as a conventional single slab absorber. The geometric dimensions of the RAS unit cell are optimized
to ensure minimized reflectivity in the working frequency band. The thickness of the copper plate
ground plane is designed to be greater than its skin depth for the radar frequency range, to prevent
transmission of radiation.

Figure 2: Designed Unit Cell Structure of the Proposed Radar Absorbing Structure, 𝑙1 = 15.0𝑚𝑚,
𝑙2 = 13.0𝑚𝑚, 𝑤 = 6.0𝑚𝑚, 𝑔 = 3.0𝑚𝑚, 𝑑1 = 1.0𝑚𝑚, 𝑑2 = 1.0𝑚𝑚, 𝑑3 = 1.8𝑚𝑚.
As a three-layer structure, effective electromagnetic parameters of the surface and middle layers
were calculated using the strong fluctuation theory of honeycomb-structured surfaces given in
Equation (1) [31]. Based on Chew’s model [32], 𝑅̃𝑖,𝑖+1 in Equation (2) is evaluated recursively to
3
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calculate the reflectivity of the broadband RAS. The calculated reflectivity is then compared with
the simulated reflectivity to validate the performance of the designed RAS.
1
𝜀𝑒𝑓𝑓 = 2 [(1 − 2𝑔)(1 − 𝜀𝑟 ) + √(1 − 2𝑔)2 (1 − 𝜀𝑟 )2 + 4𝜀𝑟
(1)
here, 𝜀𝑒𝑓𝑓 is the effective permittivity, 𝑔 is the volume ratio of the solid part in a layer, and 𝜀𝑟 is the
permittivity of the solid. Effective permeability μ𝑒𝑓𝑓 can be obtained by replacing 𝜀𝑟 with μ𝑟 in
Equation (1).
𝑅̃𝑖,𝑖+1 =
where 𝑅𝑖,𝑖+1 =

𝑅𝑖,𝑖+1 +𝑅̃𝑖+1,𝑖+2 𝑒

−𝑗2𝑘𝑖+1,𝑧 𝑑𝑖+1

(2)

−𝑗2𝑘𝑖+1,𝑧 𝑑𝑖+1
1+𝑅𝑖,𝑖+1 𝑅̃𝑖+1,𝑖+2 𝑒
𝜇𝑖+1 𝑘𝑖,𝑧 −𝜇𝑖 𝑘𝑖+1,𝑧

𝜇𝑖+1 𝑘𝑖,𝑧 +𝜇𝑖 𝑘𝑖+1,𝑧

𝑅𝑖,𝑖+1 =

for TE wave,

𝜀𝑖+1 𝑘𝑖,𝑧 −𝜀𝑖 𝑘𝑖+1,𝑧
𝜀𝑖+1 𝑘𝑖,𝑧 +𝜀𝑖 𝑘𝑖+1,𝑧

for TM wave,

𝑘𝑖,𝑧 = 𝜔√𝜇𝑖 𝜀𝑖 − 𝜇0 𝜀0 𝑠𝑖𝑛2 𝜃, 𝜀𝑖 and 𝜇𝑖 are the complex permittivity and permeability respectively
for the 𝑖 𝑡ℎ layer, 𝜃𝑖 is the angle of transmission in the 𝑖 𝑡ℎ layer while 𝑑𝑖 is the 𝑖 𝑡ℎ layer thickness.
3. Results and Discussion
The reflectivity spectrum of the model absorber was first studied under normal incidence for
transverse electric (TE) polarization. We present the simulated and calculated reflectivity of the
RAS under normal incident waves in Figure 3, which is based on the FEM method-based solver and
Chew’s model, respectively. It can be seen that; the calculated reflectivity is in good agreement with
the simulation result which confirms the reliability of our simulation results and the validity of our
design. The bandwidth of below -10dB reflectivity is 14.6 GHz (3.4-18 GHz) for the simulated and
15.0 GHz (3.0-18 GHz) for the calculated.
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Figure 3: Simulated and Calculated Reflectivity Plots for TE Polarization at Normal Incidence
It is an important requirement for practical applications of radar absorbers to establish a stabilized
excellent electromagnetic wave absorption in a wide incident angle range for both TE and TM
polarization modes. Figure 4 indicates the simulated reflectivity of the proposed broadband RAS
when the incident angle of TE polarization varies from 00 to 600 at 150 intervals. That of TM
polarization is shown in Figure 5, where the incident angle is changed from 00 to 450 at 150 intervals.
It can be seen that the broadband absorption performance is kept stable up to 300 incident angles for
both the TE and TM polarizations. When the incident angle is increased to 600 and 450 for TE and
TM polarizations respectively, the absorption bandwidth becomes a little narrower. For the TE
4
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polarization as shown in Figure 4, the reflectivity bandwidth satisfying the below -10 dB reflectivity
shifted to lower frequencies as incident angle increases. While the reflectivity bandwidth is 11.4
GHz at 450 (4.5 to 15.9 GHz), it’s 10.8 GHz at 600 (4.2 to 15 GHz). Dual-band reflectivity is
observed in the 2-18GHz radar range for the TM polarization when the incident angle is 450 as
shown in Fig. 5 and the combined bandwidth is 6.5 GHz. To sum it up, greater than 80%
absorptivity (-7dB reflectivity) is obtained for both TE and TM polarization in the 00 to 600 incident
angle range. Therefore, it can be concluded that the designed RAS can work over a wide incident
angle for both TE and TM polarizations.
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Figure 4: Simulated Reflectivity Plots for TE Polarization at Normal and Oblique Incidence
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Figure 5: Simulated Reflectivity Plots for TM Polarization at Normal and Oblique Incidence
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In Figure 6, simulated reflectivity curves when polarization angles are varied from 00 to 600 under
normal incidence are observed to overlapped, indicating that the proposed RAS absorption level is
indifferent to polarization directions. Under oblique incidence as shown in Figure 7, the reflectivity
curves are closely packed and approximately maintaining the same bandwidth falling below -10dB
reflectivity reference level. Hence, our design structure can be described as a polarizationinsensitive absorber.
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Figure 6: Simulated Reflectivity Plots for different Polarization angles at Normal Incidence
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Figure 7: Simulated Reflectivity Plots for different Polarization angles at 300 Incidence
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To better understand the physical mechanism of the observed broadband absorption of the proposed
RAS, the power loss density of the unit-cell structure has been simulated as shown in Figure 8.
Simulated power loss density at 6.2 GHz peak reflectivity in Figure 8a is observed to be
concentrated at the central position of the bottom layer and aligned with the surface layer spot. This
could be primarily ascribed to excellent impedance matching provided by the surface layer, hence
allowing lower frequencies (2-8 GHz) transmission to the bottom layer for efficient absorption.
Magnetic based composites, such as the SCIP/MWCNT/SR composites employed in our design is
known to weakly absorb lower frequencies [33]. At 13.5 GHz revealed in Figure 8b, the main loss
occurs at the surfaces and edges of the structure. This indicates that at high frequencies (8-18 GHz),
the composite material can effectively absorb these frequencies at relatively thinner thickness.
Furthermore, it can be also observed that the peak power loss density of 5.18x106 Wm-2 was
obtained for the 6.2 GHz simulation, while 4.47x106 Wm-2 was recorded for the 13.5 GHz result.
Therefore; the high reflectivity level of the broadband wide-angle and polarization-insensitive RAS
of the present work can be achieved by structuring the composite material thereby enhancing its
absorption capabilities at lower frequencies.

(a)
(b)
Figure 8: Vertical Cross-Section of Power Loss Density Distribution at (a) 6.2 GHz and (b) 13.5
GHz for TE Polarization under Normal Incidence
To buttress the point that the structuring of the composite material enhances its absorption
capabilities, we simulated an absorber designed from the same material and thickness and study its
absorption performance for TE polarized wave under normal wave incidence. It is obvious from the
curves in Figure 9 that the designed RAS outperformed its unstructured counterpart.
The performance of the proposed MMA is compared uniquely with that of Huang et al [29] SPS
absorber. Though Huang and Co-authors established a broadband absorption in the 2-40 GHz,
prepare, fabricate and introduce the composite material we used, we limited our effort within the
reported 2-18 GHz frequency range considered in the measurements of the electromagnetic
parameters of the composite material. In addition to the flexibility characteristics of the material for
the RAS when experimentally realized, our work reports the performance of the absorber under
oblique incidence and different polarization angle conditions. It was found to exhibit a wide-angle
and polarization-insensitive characteristic. Furthermore, the bandwidth to thickness ratio is 11.39
which is very close to the 11.53 value obtained in [29], and it is only 3.8mm in thickness.
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Figure 9: Simulated Reflectivity Plots of Structured and Unstructured Absorbers for TE
Polarization at Normal Incidence
4. Conclusion
Based on lossy composite material, we present the electromagnetic simulation of a three-layer
structured radar absorber that demonstrates broadband absorption, wide-angle of incidence stability,
and polarization indifference behaviour. Electromagnetic power loss density simulation revealed
that the bottom layer dominates absorption at lower frequencies, while the surface layer and edges
of the remaining layers define the main power loss at high frequencies. Therefore, the proposed
structure improves the absorption characteristics of the lossy composite employed in the design.
The proposed RAS can be useful for experimental work and the potential applications of the current
RAS in stealth technology, as well as electromagnetic interference suppression, emanates from its
wide-angle, polarization independence, and wideband absorption characteristics.
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