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Design and properties of low-frequency broadband microwave-absorbing composites loading
resistive film metasurface
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Abstract : In order to achieve low-frequency broadband absorption of two-component laminated structural miacrowave-
absorbing composites in the range of 1-18 GHz and to broaden effective absorption bandgap (EAB), the laminated functional layer
of epoxy resin (5224A) composite with aramid woven fabric (100C170) was designed as the impedance matching layer (P1) and the
laminated functional layer containing magnetic absorber was designed as the loss layer (P2), respectively, to enhance the 4-18 GHz
high-frequency absorption by using P1 functional layer with the characteristics of low permittivity and low permeability, and to
realize 1-4 GHz low-frequency resonance absorption by using P2 functional layer with strong electromagnetic loss characteristics,
and the introduction of the resistive film metasurface was used to further improve impedance matching and expand high-frequency
EAB. The results show that P1 functional layer possesses good impedance matching, and its composite with P2 functional layer is
designed as the two-component laminated structural microwave-absorbing composite, which broadens the high-frequency EAB
without affecting the low-frequency resonance absorption; the introduction of the resistive film metasurface is able to further
improve impedance matching, enhances the electromagnetic resonance loss, expands the high-frequency EAB, and achieves the low-

frequency broadband absorption; and the designed composite with loaded metasurface has wide-angle domain absorption in the TM
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polarization mode, with excellent low-frequency broadband absorption at an incidence angle of 60°; and the measured EAB of the
composite with a thickness of 7.4 mm in the range from 1 to 18 GHz expands from 4.49 GHz to 10.07 GHz, and the trend of the
measured reflection is consistent with the designed result; and the bending properties of the composite loaded with the resistive film
metasurface show a slight improvement trend. This work shows that the low-frequency resonant loss effect of traditional magnetic
materials and the impedance matching improvement and resonant loss enhancement of the resistive film metasurface can synergisti-
cally achieve the low-frequency broadband microwave absorption effect, which provides certain design references for the subse-
quent design of thin-layered, lightweight, low frequency and broadband strongly absorbing composites.

Keywords : microwave-absorbing composite ; resistive film metasurface ; low frequency and broadband ; effective absorp-

tion bandgap ; reflection
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Tab.1 Statistics on the absorption characteristic of (single) two-

component composites with combinations of different thicknesses

Types of compositess EAB /GHz EAB,/GHz Total EAB/GHz
3.4 mm P2 0.81 0.81

1 mm P1-3.4 mm P2 0.69 0.69

2 mm P1-3.4 mm P2 0.75 0.37 1.12

3 mm P1-3.4 mm P2 0.61 6.48 7.09

4 mm P1-3.4 mm P2 0.72 5.11 5.83

Notes: EAB, is EAB of 1~4 GHz,EAB,, is EAB of 4~18 GHz.
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Tab. 2 Structural parameter information sheet of composites

loading metasurfaces

Thickness/mm p/mm s/mm t/mm
5.4 8.00 3.20 2.00
6.4 14.0 5.60 3.00
7.4 10.0 5.00 2.25

Notes: p is the period of metasurface, s is the edge length of meta-

surface,and ¢ is the inserted thickness of metasurface.
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Fig. 7 Equivalent circuit model of composite with metasurface and

impedance of composites before and after loading metasurface
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Tab.3 Mechanical properties ofmicrowave-absorbing composites

Composite with- Composite with

Test items
out metasurface metasurface
Bending strength/MPa 387 400
Bending F /N 1599 1717
Interlaminar shear strength/MPa 40 38.9
Interlaminar shear /N 6225 6218

Note:Fis maximum destructive force.
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