55012 1] = F oo Vol. 53 No.12
2025 4E12 A ACTA ELECTRONICA SINICA Dec. 2025

KT IRAS MG (0] T sy e MR e 9% 3R i

B B HRRK R, TR AT G, PR A
CHEHIFL TR T S5 B 2FBE )4 510641)

W OE: ARSCER AR I 2 R 2R 0 Sk B AR R B B 2R 1T (Frequency Selective Surface, FSS) ¥
T SRR BRI 2R A 15T P IR 250 B 2% 10 S OB PR AR = S RS AL i LA AR 4, 1 1 B % i 2 A R
T B A [ L, AR SCHR I TR A A REAR 5 BIIE 1 SR R0 IR, IR I 0 F TR e B R I 0 2R i 0 . Bk,
ARSCE T I M T —Fh 558G BUZ M W2 B2 0, DA L TAERLE . D5 2RI, W02 0 R o] A TR & FRL R (Elec-
tric and Magnetic, EM) ¥4 0T 5| A —~ 0T 45 (9455 % 5 (Transmission Zero, TZ). FEM A b 20 fih B 2% B XSRS B T A5 5K
WA SR EE , AT RS VAP 25 2 A 7 5 . ST IR0 UE T AR R AR Y LIVER R A R A ML . ST bR, HE
— R T RN A A — OB AL TR A Y = 0 3 R 3 I N — AR L S I EL A A B T a0 DU B R R R A R
eI, AR T T AR R e . IR T TAEALE 4.72 GHz BYSEHIRE SY, STIN 25 R S 05 A R — 8.
H AR E PR AR T B O S RS R B, R A I A S A A PRI T, 33 72 [ e R F 0 5 i oz 1

KB PURIEPERI  IRA BB G M E AU BB R S8 s e pe

E&WHE: EREARFAIES (No.62501240) ;7 7RAE HAARFFA IS (No.2024A1515011615)

FESES: TNS2 XEkARIZAD: A XEHES: 0372-2112(2025)12-4485-09
8 F 23 URL:http://www.ejournal.org.cn DOI:10.12263/DZXB.20251023

Low-Profile and High-Selectivity Frequency Selective Surfaces
Based on Mixed Electric and Magnetic Coupling

MA Jun, CHEN Xin-ran, XIANG Kai-ran’, CHEN Fu-chang, YAN Jun-jie
(School of Electronic and Information Engineering, South China University of Technology, Guangzhou, Guangdong 510641, China)

Abstract: This paper proposes a high-selectivity frequency selective surface (FSS) based on a low-profile stacked
patch structure. To address the challenges in the synthesis design of FSS: where complex structures make it difficult to accu-
rately control resonant modes and coupling mechanisms, thereby limiting the flexible control of transmission zeros, equiva-
lent circuit models based on mixed electric and magnetic coupling theory are proposed and applied to the design of FSSs.
First, a weakly coupled dual patch FSS is designed and analyzed to clarify its operating mechanism. It is demonstrated that
mixed electric and magnetic (EM) coupling between the two patch layers can introduce a controllable transmission zero (TZ).
By etching one or two narrow slots on the patches, the EM coupling strength can be effectively adjusted, allowing precise
control over the TZ position. An equivalent circuit model is developed and validated to accurately predict the coupling be-
havior. Based on the working mechanism, two third-order FSSs with single TZ and a fourth-order FSS with TZs on both
sides of the passband are further designed, significantly enhancing frequency selectivity. A prototype operating at 4.72 GHz
is fabricated and measured, and the measured results are in good agreement with the simulated results. The proposed FSS
exhibits excellent out-of-band suppression, stable angular stability and low profile, making it a suitable candidate for ad-
vanced spatial filtering and electromagnetic shielding applications.

Key words: frequency selective surface; mixed electric and magnetic coupling; transmission zero; stacked patch;
equivalent circuit; high selectivity
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