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ABSTRACT  ARTICLE INFO 

This study presents the design and full-wave simulation of a diamond-
shaped metamaterial absorber configured in a 4×4 array for applications 
in radar cross section reduction (RCSR). The structure was modeled on 
an FR-4 substrate with a copper patch and metallic ground plane to 
achieve high absorption across the ultra-wideband (UWB) frequency 
range of 0.09 – 10 GHz. Simulations were conducted using CST Studio 
Suite. Key radar-related performance parameters including reflection 
(S11), transmission (S21), and absorption were analyzed. Results indicate 
that the absorber achieves extremely low reflection values (return loss 
up to -85 dB), near-zero transmission due to the ground plane, and 
absorption exceeding 80% in targeted radar bands. These findings 
demonstrate the high potential of diamond-shaped metamaterial 
absorbers for stealth applications and electromagnetic wave attenuation 
in modern radar systems. 
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1. INTRODUCTION 

Radar cross section (RCS) represents a key physical quantity that determines how detectable 

an object is by a radar system. A higher RCS indicates stronger backscattered electromagnetic waves, 

thereby increasing the probability of detection by hostile or surveillance radar [1-5]. In modern 

military, aviation, and maritime applications, reducing RCS has become an essential strategy for 

enhancing stealth performance and operational survivability. Various technologies have been 

developed to achieve RCS reduction, including shaping techniques, resistive coatings, frequency-

selective surfaces, and radar absorbing materials (RAM). However, many conventional RAMs suffer 

from disadvantages such as narrow bandwidth, high thickness, heavy weight, and limited 

electromagnetic tunability [6, 7]. 

Metamaterials engineered structures with customized electromagnetic responses unattainable 

in natural media offer an advanced platform for developing next-generation radar absorbers. Their 

sub-wavelength resonant inclusions enable precise manipulation of reflection, transmission, and 

energy dissipation across specific frequency bands [8-12], making them promising candidates for 

broadband RCS reduction. Metamaterial absorbers, in particular, have attracted significant interest 

since the introduction of perfect absorbers that achieve near-unity absorption at resonant frequencies 

[13, 14]. These absorbers utilize geometrically patterned metallic resonators and dielectric substrates 

to achieve simultaneous impedance matching and energy dissipation, resulting in strong absorption 

and minimal backscattering. 

https://creativecommons.org/licenses/by/4.0/
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Recent studies have demonstrated that metamaterial absorbers can outperform traditional 

RAMs due to their thin profile, lightweight structure, flexible fabrication, and wide operational 

bandwidth [15-19]. Furthermore, by arranging resonant unit cells into multi-element arrays, broadband 

absorption can be achieved through multi-mode electromagnetic coupling and enhanced field 

localization [20, 21]. Such characteristics are especially important in ultra-wideband (UWB) radar 

systems, which operate across a wide spectrum (0.1 – 10 GHz) and are widely used in maritime 

surveillance, aircraft navigation, and defense radar applications [22-30]. 

In this context, the present study focuses on the design and simulation of a diamond-shaped 

metamaterial absorber arranged in a 4×4 array. The proposed structure is fabricated on an FR-4 

substrate with a copper patch layer and a ground plane, ensuring near-zero transmission and efficient 

electromagnetic absorption. Full-wave simulations were conducted using CST Studio Suite to evaluate 

radar-related performance metrics including reflection (S11), transmission (S21), and absorption. The 

results show exceptionally low reflection values (up to -85 dB) and high absorption (> 80%) across 

key radar frequencies, confirming the absorber’s suitability for RCS reduction and stealth technology 

applications. 

2. RESEARCH METHODOLOGY 

The research methodology consists of several stages involving the design, modeling, and 

electromagnetic characterization of a diamond-shaped metamaterial absorber intended for radar cross 

section reduction. All simulations were carried out using CST Microwave Studio Suite 2019, which 

employs a full-wave finite integration technique to compute the S-parameters of complex 

electromagnetic structures. The study begins with defining the structural geometry of the unit cell, 

material parameters, and boundary conditions suitable for mimicking periodic metamaterial behavior. 

The absorber was constructed using an FR-4 substrate with a dielectric constant of 4.6 and a 

thickness of 1.6 mm, corresponding to standard PCB specifications. A copper layer with a thickness of 

0.035 mm formed both the patterned resonator on the top surface and the continuous ground plane at 

the bottom. The resonator adopted a diamond-shaped split-ring configuration, selected for its ability to 

support multi-resonant behavior and enhance electromagnetic attenuation within the Ultra Wideband 

(UWB) frequency range. To evaluate array effects, the unit cell was replicated into 1×1, 2×2, 3×3, and 

4×4 configurations, with the 4×4 array serving as the primary model for radar applications. 

    

(a) (b) (c) (d) 

Figure 1. Array configurations of the diamond-shaped metamaterial structure: (a) 1×1 unit cell, (b) 2×2 array, (c) 

3×3 array, and (d) 4×4 array. 

Before simulation, appropriate boundary conditions were assigned, perfect electric conductor 

(PEC) and perfect magnetic conductor (PMC) boundaries were applied to emulate an infinitely 

periodic structure, while a waveguide port excitation was introduced along the propagation axis. The 

simulation frequency sweep was set between 0.09 and 10 GHz to cover the operational bands of UWB 
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radar systems. Within CST, the time-domain solver was employed due to its computational efficiency 

and ability to accurately capture broadband responses across wide frequency ranges. 

 

Figure 2. Illustration of the simulation scheme for metamaterial identification with boundary plane locations and 

excitation plane locations. 

After completing the simulations, the scattering parameters S11 (reflection) and S21 

(transmission) were extracted for analysis. Since the ground plane blocks all forward transmission, 

|S21| approaches zero across the entire spectrum. The absorption of the structure was subsequently 

calculated using the standard relation: 

  ( )    |   |
  |   |

  (1)  

which simplifies to  

  ( )    |   |
  (2)  

for a backed absorber. These computed values allowed the characterization of electromagnetic 

performance in terms of reflection suppression, transmission elimination, and absorption 

enhancement, which are the main indicators of radar cross section reduction effectiveness. 

Finally, the performance of each array configuration was compared to evaluate the influence 

of array size on resonance broadening, absorption stability, and scattering reduction. The 4×4 array 

demonstrated the most favorable behavior and was selected for detailed analysis in subsequent 

sections. All results were exported and plotted using auxiliary software to facilitate qualitative and 

quantitative interpretation of the radar-related performance metrics. 

3. RESULTS AND DISCUSSION 

The electromagnetic performance of the diamond-shaped metamaterial absorber was evaluated 

by analyzing its reflection (S11), transmission (S21), and absorption characteristics across the 

frequency range of 0.09 – 10 GHz. Full-wave CST simulations were performed for several array 

configurations, with emphasis on the 4×4 array due to its superior performance in radar cross section 

reduction. The results reveal that the absorber exhibits distinctive multi-resonant behavior, enabling 
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effective attenuation of incident electromagnetic waves over a broad frequency band relevant to UWB 

radar systems. 

 

Figure 3. Reflection spectrum versus frequency graph for diamond-shaped metamaterial. 

The reflection spectrum (S11) demonstrates the absorber’s capability to suppress 

backscattered radar energy. The 4×4 configuration produced multiple deep reflection minima, with the 

lowest reaching approximately -85 dB. This extremely low reflection level indicates strong impedance 

matching between the absorber surface and free space, minimizing electromagnetic energy returning to 

the radar. As the array size increases from 1×1 to 4×4, the reflection dips become sharper and more 

distributed, signifying enhanced collective resonance effects. This behavior confirms that array 

coupling plays a crucial role in broadening the operational bandwidth and improving RCS reduction 

performance. 

 

Figure 4. Transmission spectrum versus frequency graph for diamond-shaped metamaterial. 
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The transmission spectrum (S21) further validates the absorber’s efficiency. Due to the 

continuous copper ground plane beneath the substrate, transmitted energy is effectively eliminated, 

resulting in S21 values approaching -200 dB across nearly all frequencies. This indicates that no 

incident energy penetrates through the structure, and all electromagnetic interactions occur at the 

absorber’s front surface. The near-zero transmission is essential for radar absorbing materials, as it 

ensures that the absorber behaves as a perfect terminator for incoming waves rather than allowing 

leakage that could lead to additional scattering. 

 

Figure 5. Absorption spectrum versus frequency graph for diamond-shaped metamaterial. 

Absorption behavior, computed using Equation (1), shows high absorption efficiency across 

key radar bands. Since |S21| is negligible, absorption is dominated by reflection suppression. The 4×4 

array exhibits absorption values exceeding 80%, with several peaks above 90%, demonstrating strong 

resonant dissipation of electromagnetic energy. These absorption peaks correspond to the frequencies 

at which reflection dips occur, indicating efficient conversion of incident wave energy into heat or 

localized electromagnetic losses within the resonator structure. Moreover, the broadband absorption 

characteristics confirm the suitability of this metamaterial absorber for Ultra Wideband radar 

applications, where performance must remain stable over a wide range of operating frequencies. 

Overall, the results demonstrate that the diamond-shaped metamaterial absorber effectively 

suppresses reflection, eliminates transmission, and maximizes absorption across UWB frequencies. 

The 4×4 array provides the most stable and robust performance due to inter-element coupling and field 

localization effects. These findings highlight the absorber’s strong potential for Radar Cross Section 

Reduction in stealth technologies, maritime surveillance, unmanned aerial vehicles (UAVs), and 

modern electromagnetic defense systems. 

4. CONCLUSION 

The results of this study demonstrate that the diamond-shaped metamaterial absorber 

configured in a 4×4 array provides highly effective radar cross section reduction across the Ultra-

Wideband frequency range through its ability to suppress reflection, eliminate transmission, and 

achieve absorption levels exceeding 80% at key resonance frequencies. The extremely low reflection 

values (down to -85 dB) indicate excellent impedance matching and minimal backscattering, while the 

presence of a continuous ground plane ensures near-zero transmission, allowing all incident 

electromagnetic energy to be either absorbed or dissipated within the structure. The broadband and 

multi-resonant absorption characteristics observed confirm the absorber’s suitability for advanced 
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stealth applications, including maritime, aerospace, and defense systems, where wide-frequency radar 

attenuation and structural thinness are required. Overall, the findings establish the proposed 

metamaterial absorber as a strong candidate for practical implementation in modern radar-absorbing 

technologies.  
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