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Flexible and optically transparent F'SS absorber with high angular stability
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Abstract: To enhance the angular stability of Frequency Selective Surface(FSS) absorbers, a
broadband absorber is designed by using an Indium Tin Oxide(ITO) resistive film in combination with a
dielectric compensation layer. This absorber features flexibility, transparency, polarization insensitivity,
and high angular stability. The 90% absorption bandwidth of the absorber covers the frequency range of
5.66 to 22.98 GHz, achieving a relative bandwidth of 121.0%. When the incidence angle of the
electromagnetic wave varies from 0° to 60°, the absorber maintains an absorption rate of over 80% in the
frequency band of 7.00 to 22.86 GHz. Fabrication and experimental testing have shown that the designed
FSS absorber exhibits good transparency and flexibility, with test results matching well with simulation
results, thereby validating the rationality of the design. Moreover, when the sheet resistance of the
resistive film and the relative permittivity of the dielectric layer fluctuate within certain ranges due to
manufacturing processes, the absorber structure can still achieve broadband absorption and maintain
high angular stability. This significantly enhances the engineering practicability of the designed absorber
in applications such as stealth and electromagnetic interference suppression for the windows and doors of
aircraft and vehicles.
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Fig.2 Optimal design process of the FSS unit
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Fig.3 Comparison of absorption effect and input impedance of three FSS units
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Fig.4 Surface current distribution of three units at 9 GHz
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Fig.5 Surface current distribution of three units at 13 GHz
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Fig.6 Surface current distribution of three units at 17 GHz
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Fig.8 Comparison of absorption performance of loading compensation layer or not
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Fig.13 Prototype of the FSS absorber and the experimental system
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Table2 Comparison with the transparent absorbers in the literatures

reference absorption bandw'idth angular stability flexible thickngss number of
(fractional bandwidth) 90% absorption 80% absorption (relative thickness) FSS lossy layers
[17] 2.53~8.94 GHz (111.8%) TE,TM:60° - NM 18.35 mm (0.155 A ) 1
[29] 8~18 GHz (76.9%) TE,TM:30° TE,TM:45° YES 4.50 mm (0.120 A,) 1
[30] 10~21.7 GHz (73.8%) - TE,TM:45° YES 2.35mm (0.120 A,) 1
[31] 6~17.8 GHz (99.2%) TE:30°,TM:45° - YES 3.55mm (0.071 A,) 1
[32] 2~18.6 GHz (161.2%) TE, TM:30° TE,TM:60° NM 17.45 mm (0.116 A,) 2
[33] 2.2~18 GHz (156.4%) TE:40°,TM:60° - NM 11.70 mm (0.086 A,) 3
[34] 7.84~12.35 GHz (44.7%) - TE,TM:45° NO 1.80 mm (0.046 A,) 1
[35] 5.7~14.7 GHz (91.1%) - TE:50°,TM:70° NM 6.15mm (0.117 A;) 1
[36] 2~17 GHz (157.9%) TE:30°,TM:40° TE:40° NM 12.90 mm (0.086 A,) 3
[37] 6.54~18.66 GHz (96.2%) TE, TM:50° TE,TM:60° YES 5.35mm (0.117 A) 1
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