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Design of polarization conversion and radar cross-
section reduction based on metasurfaces

Ma Yize", Li Chunshu, Ma Xin, Feng Di

School of Electronics and Electrical Engineering, Ningxia University, Yinchuan, Ningxia 750021, China

Abstract: In this paper, a three-layer metasurface structure for cross-polarization conversion is designed. The
structure operates in the microwave frequency band, achieving a polarization conversion rate exceeding 95% within
the frequency range of 9.53 GHz to 22.38 GHz, with a bandwidth of up to 12.85 GHz. It also maintains a polarization
conversion rate of more than 80% within the incidence angle of 0° to 30°, showing high incident angle insensitivity. To
further meet the requirements of radar stealth, a 6x6 checkerboard array composed of the proposed metasurface
unit and its rotating unit with a phase difference of 180° is proposed. The radar scattering cross-section of the array
is reduced by less than 10 dB in the 8.15 GHz to 24.00 GHz frequency band, and the relative bandwidth is
extended to 98%. Simulation results indicate that the proposed design method has both wide frequency band, high
efficiency, and low cost, providing a solution for communication enhancement and stealth technology from the
perspectives of polarization conversion optimization and electromagnetic scattering regulation, respectively.
Keywords: cross-polarization converter; broadband polarization conversion; metasurface; microwave and
millimeter wave; radar cross-section reduction
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Table 1 Parameters of metasurface unit cell structure

Parameters Value/mm Parameters Value/mm

a 4.60 k 0.035

b 1.50 h 3.000
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Fig. 2 Reflection coefficients of co-polarization and cross-polarization. (a) Constant form; (b) Logarithmic form
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Table 2 Performance comparison of cross-polarization converters

Literature Working bandwidth/GHz Bandwidth/GHz Relative bandwidth/% PCR/%
Ref. [12] 7.00~19.50 12.50 94.33 >90
Ref. [13] 7.88~20.70 12.82 89.71 >90
Ref. [14] 8.50~25.50 17.00 100.00 >90
Ref. [15] 6.00~14.00 8.00 80.00 >90

This paper 9.53~22.38 12.85 80.53 > 95
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Table 3 Comparison of RCS reduction between this work and reported articles

Literature Operating bandwidth/GHz Fractional bandwidth/% Reduction bandwidth
Ref. [18] 6.50-20.00 98.14 13.50

Ref. [19] 13.80-18.70 30.15 4.90

Ref. [20] 10.60-18.43 53.90 7.83

This paper 8.15-24.00 98.63 15.85

10.7 GHz

B 11
Fig. 11
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Design of polarization conversion and radar cross-
section reduction based on metasurfaces

Ma Yize", Li Chunshu, Ma Xin, Feng Di
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Schematic diagram of metasurface unit cell structure

Overview: To address the limitations of conventional electromagnetic polarization converters, such as narrow
bandwidth, low efficiency, large physical size, and limited functionality, this study proposes an integrated
multifunctional solution based on a metasurface structure. The research aims to design a composite device capable of
simultaneously achieving broadband and high-efficiency polarization conversion along with radar cross-section
reduction, thereby meeting application requirements in modern communication systems and radar stealth technology.
In terms of methodology, a three-layer metasurface unit structure operating in the microwave band is designed, as
shown in Fig. 1(a), to achieve efficient cross-polarization conversion. The structural parameters are defined as follows:
the periodic length of the ellipse is p=9.700 mm, the semi-major and semi-minor axes of the ellipse are a=4.600 mm and
b=1.500 mm, respectively. The length and width of the hollow rectangular slot are [=3.750 mm and w=2.400 mm, and
the thicknesses of the top resonant layer and the bottom metal plate are both k=0.035 mm. The thickness of the
dielectric layer is 4=3.000 mm. To further extend its application in stealth technology, a 6x6 checkerboard array is
constructed by combining metasurface units with a 180° phase difference and their rotated variants. Simulation results
demonstrate that the proposed metasurface polarization converter exhibits a polarization conversion ratio exceeding
95% within the frequency band of 9.53 GHz to 22.38 GHz, with an operational bandwidth of 12.85 GHz, indicating
outstanding broadband characteristics. Moreover, the structure maintains excellent angular stability for incident angles
up to 30°, with polarization conversion ratio consistently above 80%. In terms of radar cross-section reduction
performance, the checkerboard array achieves an RCS reduction of less than —10 dB over an ultra-wide frequency range
from 8.15 GHz to 24.00 GHz, with a relative bandwidth of up to 98%. A peak RCS reduction of 22.84 dB is achieved at
15.7 GHz, demonstrating remarkable broadband radar scattering control capability. Overall, the proposed design
method exhibits comprehensive advantages including broad bandwidth, high efficiency, low profile, and low cost. It
enables efficient linear polarization conversion while offering a highly compatible solution for the development of
broadband communication systems and stealth equipment. The findings fully demonstrate the significant application
potential of metasurface technology in developing multifunctional electromagnetic devices, providing valuable insights
for the engineering application of next-generation electromagnetic wave manipulation.
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