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Broadband Metasurface Antenna with High-frequency Gain Enhancement
Based on Characteristic Mode Analysis
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Abstract: This paper proposed a broadband metasurface antenna with gain fluctuation less than 2.2 dB within the operating band-
width. The antenna consists of three metal layers and two substrate layers. The upper metal layer employs a non-periodic structure,
offering greater design freedom for surface current, the middle metal layer is etched with rectangular slots and grounded, and the bot-
tom metal layer is a microstrip feedline. The original MTS structure is a 4x4 array of non-periodic metal patches, and the antenna
has an impedance bandwidth of 4.98-7.5 GHz. Within the operating frequency band, the realized gain in the low-frequency range is
between 6.7 to 8.9 dBi, while at 7.4 GHz is only 3.4 dBi. Subsequently, characteristic mode analysis (CMA) is used to analyze and
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optimize the modal properties of the original MTS. By loading slots in the y-direction on the P2 unit, the high-order modes with high
sidelobes near 7.4 GHz are suppressed, while the fundamental mode with broadside radiation patterns remains unaffected. As a re-
sult, therealized gain at 7.4 GHz is enhanced from 3.4 dBi to 7.28 dBi. The optimized antenna achieves an impedance bandwidth of
4.89-7.41 GHz, with a relative bandwidth of 41% and the realized gain of 6.7-8.9 dBi. The proposed antenna was fabricated and

measured, and the experimental results are in good agreement with the simulation results. The proposed antenna covers the 5 GHz

broadband wireless access band and the Vehicle-to-Everything (V2X) band, making it suitable for a wide range of applications.
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Fig. 1 Geometry of the proposed broadband MTS antenna
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Table 1 The structure parameters of the antenna (Units: mm)
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Fig. 2 The S, plots of the slot antenna and the original antenna
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Fig. 7 The simulated radiation patterns of the original antenna and the optimized antenna at 7.4 GHz
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