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model [28].
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Figure 5 (a), (g), and (m) are the reflection losses of the three kinds of absorbers, in which the solid lines are the results of simulation, while the
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Figure 6 Contour map of complex permittivity varied with complex permeability at the perfect matching point. (a) Real part of permittivity, (b)

imaginary part of permittivity [31].
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Table 1 Parameters of the measured and calculated bandwidth at £~
—10 dB for FSCI particle/paraffin composite under various thick-
nesses [27]

tmm)  fu(GHz) do/df  Aca (GHZ) Awea (GH2)
1.50 7.08 0.17 2.62 2.93
2.30 4.58 0.43 1.87 1.96
3.01 3.23 0.86 1.21 1.25
3.90 251 1.42 0.86 0.81
6.40 1.53 3.92 0.13 0.09
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Figure 8 (a) The frequency dependence of maximum RL of a given frequency and relative input impedance for unoriented (upper) and oriented
(lower) Y,Fe;; composites, respectively [43]. (b) Frequency dependence of RL for the easy-plane anisotropy FeSi composites before (upper) and after
(lower) surface modification with 25% volume fraction at various thicknesses [44]. (c¢) The relationship between frequency and RL for the thickness of
the Y,Co;7-,Ni,/PU compound absorbers satisfying the zero reflection loss condition [46]. (d) The absorption performance comparison between the
single-layer CI composite and sandwich structure of CI composite/thin amorphous alloy slice/CI composite with the same thickness of 2.1 mm [48].
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Figure 10 (a) Actively tunable absorbers combined with magnetic material and diodes [53]. (b) Wideband absorber with switchable reflection/
transmission band [54]. (c¢) Ultrathin broadband metamaterial absorber with a magnetic substrate [55]. (d) Honeycomb structured absorbers with a
metal substrate [52]. (e) Genetic algorithms to automate the design of metasurfaces for absorption bandwidth broadening [56].
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With the rapid development of microwave emission and detection technologies and the high integration of high-
frequency electronic devices, efficient wave-absorbing materials can not only effectively weak microwave reflection
signals to prevent the target from being detected, but also inhibit electromagnetic interference between high-frequency
devices for electromagnetic compatibility. In recent years, domestic and foreign researchers have done a lot of research
work on different material systems and microstructure reconfiguration for the development of thin-layered and efficient
wave-absorbing materials. Due to the lack of in-depth understanding of the wave-absorbing mechanism of the absorbers,
the research on thin-layer wave-absorbing materials has not made significant progress. Starting from exploring and
clarifying the source of absorption peaks, our team reveals the physical mechanism of absorption peak generation by
designing experiments combined with theoretical calculations, and further reveals the physical images of intensity
change, impedance matching, and bandwidth of absorption peaks. Based on the wave-absorbing mechanism, our team
has proposed the evaluation standard for the performance of wave-absorbing materials, and developed a new type of
easy-plane magnetic wave-absorbing material. Important breakthroughs have been made in the development of thin-
layer, especially low-frequency thin-layer wave-absorbing materials. For metamaterial wave absorbers, which have
recently attracted attention in academia, the absorption mechanism proposed by our team is also fully applicable in
explaining the generation of absorption peaks and expanding the absorption frequency band, providing effective guidance
for the development of structural types of wave absorbers with better performance.
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