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Abstract

This paper proposes a high-selectivity frequency-selective surface (FSS) based on a single transparent substrate with double-sided
metallic patterns. Conventional high-selectivity FSSs have primarily relied on multilayer stacked structures or vias to realize highly
selective responses. However, such configurations are difficult to implement on transparent substrates such as glass or quartz. To address
this limitation, the proposed design exploits the electric and magnetic coupling between resonators formed on both sides of a thin quartz
substrate to achieve a highly selective bandpass response even with a single-substrate configuration. The proposed structure produces
bandstop characteristics on both sides of the passband through the combination of top and bottom metallic patterns. Its operating
principle is explained using an equivalent circuit model that considers interlayer coupling effects. The proposed FSS was designed on
a 0.7-mm-thick quartz substrate and exhibited an optical transparency of approximately 87.1 %. Its performance was validated through
measurements using a 14x14 array prototype. The results showed an insertion loss of less than 1 dB at 15.7 GHz, a 3 dB bandwidth
of approximately 8.3 %, and an out-of-band rejection level greater than 10 dB.
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Fig. 1. Exploded view of the proposed unit cell.
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Table 1. Design parameters of the proposed FSS.

Parameter Value (mm) Parameter Value (mm)
p 6.0 tquartz 0.7
L 4 L, 3.8
g 0.5 Simesh / Linesh 0.14/0.01
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Table 2. Design parameters of the equivalent circuit.

Parameter| Value |Parameter| Value |Parameter| Value

Zo 377 Q Cp 119 fF Cl 1709 fF

C2 2.7 fF Cil 545 fF Ci2 27.6 fF
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Fig. 5. EM/ECM simulation results of the proposed FSS.
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Feature [12] [13] This work
Freq.
28 .
(GHz) 27 15.8
IL (dB) 0.07 241 0.9
Incident
angle (deg) 45 50 40
# of metal | ) )
layers
*
Type of Thin film cocC /Qu'artz .
substrates composite
OT (%) 84 58.84 87.1
FoM (%) 32" 46" 470

"Cyclic olefin copolymer.
“Estimated from the figures in the paper.
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