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Numerical calculation and broadband absorption performance
optimization of dielectric double-layer absorbing

materials in X and Ku bands
HAO Shaogiang » WANG Huiya , ZHU Yaofeng
(School of Materials Science &. Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: To overcome the thickness dependence of single-layer absorbing materials, a gradient
impedance double-layer absorbing material was designed and prepared to achieve broadband absorbing
performance in the X and Ku bands. Firstly, numerical calculations were used to calculate the theoretical
dielectric parameters of the loss layer of the double-layer absorbing material, and the effects of impedance
layer thickness (d,), loss layer thickness (d,), and impedance layer complex dielectric constant real part
(e,,) on the theoretical dielectric parameters of the loss layer were analyzed. Then, under the guidance of
optimized structural parameters, a gradient impedance double-layer absorbing material was prepared by
using waterborne WPU as the impedance layer and MXene @ SiC/WPU composite material as the loss
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layer. Finally, its electromagnetic parameters and absorbing performance were tested and analyzed by
using a vector network analyzer. The results showed that increasing the thickness of the impedance layer
was beneficial to improving the absorbing performance at low frequencies. The ideal structural parameters
for dielectric double-layer absorbing materials were 2. 0 mm and 3.0 mm for d,, 2.0 mm ford,, and 3.0
for €,,. Under these parameters, the material was more likely to achieve {ull-frequency effective absorption
in the X and Ku bands. When the mass fraction of the absorbing agent was 20%, the maximum effective
absorption bandwidth of the MXene@SiC/WPU single-layer absorbing material was only 4. 3 GHz, with a
minimum reflection loss of —13 dB. The double-layer absorbing material achieved full-frequency effective
absorption in both the X and Ku bands, with a minimum reflection loss of —25 dB and a sample thickness
of 4.0 mm. The gradient impedance double-layer structure design could significantly expand the effective
absorption bandwidth of absorbing materials and improve absorption strength. This study can provide
reference for structural optimization and bandwidth expansion of double-layer absorbing materials.

Key words: double-layered absorbing materials; dielectric absorbing materials; dielectric parameters;

numerical calculation; broadband absorbing performance
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