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Abstract: This paper proposes a design method for a polarization-rotation reflective surface(PRRS) based on a trans-
versal coupling topology. By introducing a multi-path resonant coupling network within a single-layer metallic plane, the to-
pology enables multiple resonance modes to be fully excited within a compact unit size, thereby achieving a high-order

bandpass response and significantly enhancing frequency selectivity as well as out-of-band suppression. Compared with tra-
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ditional PRRS schemes based on ladder-type topologies or multilayer structures, the proposed method eliminates the need
for vias or multilayer laminations while maintaining strong resonant coupling. As a result, multiple reflection zeros and
steep stopband roll-off characteristics can be realized within a simplified single-layer configuration. The sixth-order PRRS
unit designed in this work consists of two tri-mode rectangular resonant rings. By applying rotations of 45° and 135° to the
two rings, respectively, even- and odd-mode resonances are simultaneously excited along the A-A’ symmetry plane, forming
six controllable resonant modes and introducing five cross-polarization reflection nulls in the upper and lower stopbands.
With the aid of the transversal coupling network, each resonant element establishes strong coupling with free space, en-
abling highly efficient conversion from linearly polarized incident waves to cross-polarized reflected waves within the target
frequency band. Full-wave simulations, prototype fabrication, and experimental measurements were conducted to validate
the proposed design, and excellent consistency between simulated and measured results was achieved. The sixth-order fre-
quency-selective PRRS exhibits a center frequency of 10 GHz. Within the frequency range of 9.75~10.55 GHz, the cross-
polarized reflection coefficient R  remains below —0.3 dB, while within 9.65~10.3 GHz, the co-polarized reflection coeffi-
cient R is below —10 dB. The measured insertion loss at the center frequency is approximately 0.24 dB, and the polariza-
tion conversion ratio polarization conversion ratio(PCR) exceeds 85% across the passband, reaching up to 93%. When the
incident angle increases to 20°, the measured insertion loss remains approximately 0.35 dB, and the PCR stays above 85%
within 9.75~10.55 GHz, demonstrating that the proposed PRRS maintains excellent frequency-selective performance under
oblique incidence. In summary, the PRRS based on the transversal coupling topology achieves high-order bandpass re-
sponse, strong out-of-band suppression, low insertion loss, and high polarization conversion efficiency using a single-layer
structure. With its structural simplicity and ease of fabrication, the proposed method provides an expandable and practically
valuable approach for the development of high-performance polarization-manipulating metasurfaces, frequency-selective

structures, and reflective array antennas.
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polarization rotation reflective surface; transversal coupling topology; high frequency-selectivity; cross-

polarization reflection null; sixth-order quasi-elliptic bandpass response; tri-mode rectangular resonant ring
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