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Extended Abstract: Metamaterial absorbers (MMAs) are an arrangement of artificial elements able to convert the 

electromagnetic energy into thermal energy by exploiting the dissipation of the materials [1]. In 2008, Landy et 

al. introduced the first manufactured MMA with an absorptivity of 88% experimentally demonstrated at 11.5GHz 

[2]. Since then, various MMAs over the whole electromagnetic spectrum from microwave to optical have been 

presented in the literature. Recently, the advent of the 3D printing, which offers the possibility to fabricate arbitrary 

3D geometries without machining, has increased the degrees of freedom in designing and in the choice of 

materials. A fully 3D-printed metal-dielectric multilayer absorber is demonstrated in [3]. In this work, we present 

a wide-angle and polarization insensitive MMA which is designed to be manufactured using the Fused Deposition 

Modelling (FDM) technology and to operate in C-band.  

The proposed structure is a periodic array of identical multilayer pyramids. Each pyramid is composed of 15 

circular resonant cavities made of conductive and dielectric filaments. The conductive filament is Electrifi with 

σ=17000S/m, while the dielectric filament is Preperm DK8 with εr=8 and tanδ=0.004. The high value of 

permittivity is used to enhance the angular robustness. The perfect symmetry of the circular shape offers the 

polarization insensitivity of the structure. Each cavity of radius a absorbs the resonant frequency f0: 

𝑓0 =
𝑐𝜒11

′

2𝜋𝑎√𝜀𝑟
 (1) 

where c is the speed of light in free space, χ’11 represents the first zero of the first-order Bessel function J1(x) and 

εr is the relative permittivity of the dielectric layer.  

The period of the unit cell is 16.3mm, the width of the cavity at the bottom is 14.3mm and decreases to 6.5mm 

for the cavity at the top. The contribution to the absorption is related to the dissipated power in both dielectric and 

conductive filaments. The high losses in both materials cause a reduction in quality factor but enhance the 

frequency bandwidth and thus provide a flat absorptivity over the frequency band. However, in order to ensure a 

high absorptivity over the whole frequency range of interest, the thickness of the cavities (i.e. dielectric layer) 

were optimized to satisfy the condition of unitary absorption, which is then adjusted from 0.7mm at the bottom to 

0.3mm at the top. The thickness of the conductive layers is fixed at 0.3mm due to the printing constraints. The 

total thickness of the structure is 12.2mm, corresponding to 0.240. 

The simulations under normal incidence show an absorptivity above 97% for the entire C-band of 4.1-8.0GHz for 

any polarization, confirming the polarization insensitivity of the proposed MMA. The angular insensitivity with 

an absorption level greater than 90% remains stable up to 53° in TE mode for the whole C-band. In TM mode, the 

angular behavior is less robust: an absorptivity above 90% can only be achieved up to 24°. The reason is linked 

to the different excitations of the surface currents. Stronger currents are excited in TE mode as the magnitude of 

the electric field does not change with incident angle, whereas weaker currents are excited in TM mode due to the 

decreasing electric field in oblique incidences.  

With such interesting performance, the proposed MMA can be exploited in different applications such as radar 

cross section reduction, anechoic chamber, electromagnetic interference reduction, etc.  
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