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Miniaturized X-Band Bandpass Frequency Selective Surface with Angular and
Polarization Stability
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Abstract

This paper proposes a miniaturized frequency selective surface (FSS) that selectively transmits in the X-band. The unit cell of the proposed
FSS consists of hexagonal slots arranged in a skew grid, and its periodicity is reduced to 0.10 A. Electromagnetic simulation results showed that
resonance occurs at 10 GHz, exhibiting a —3 dB fractional bandwidth of 38.74 %. A highly stable frequency response with respect to incidence
angles and polarizations was confirmed, and an equivalent circuit model was presented to analyze its geometric parameters. The prototype was
fabricated using a copper etching process, and its performance was verified through measurements in a free-space measurement system.

Key words: Angular Stability, Equivalent Circuit Model, Free-Space Measurement System, Frequency Selective Surface, Miniaturization

I.M & O[FHLE FSSe & 7] TEE TSR, A
= /gl A zbE ofof g, ule}

T e H(FSS, frequency selective surface) A o]2A ol Zud St AHE AL A7) 9 s A

ol

LIS R ] L
Blo] #7402 wjdH 228] X2 &, £ F9 g9E = AohE WA o] 22a 29 B9 T2} EaHE o
HeHoz Fab e ik 54 ket of @k, el P2 2¥she Fugd 4L golg)

M A= TP #8517 & A HEAIE] 2] ¥(No. RS-2024-00396235, Development of flexible thin film spatial filter radome integrated SG/LTE
convergence antenna)2Z F~fH A7,
Zdiety A9y B 54135 3 Department of Radio Science & Communication Engineering, Chungnam National University)
*3t g st A A7) AT A (Strategic Technology Research Institute, Korea Research Institute of Standards and Science)
1: SFAFA (https://orcid.org/0009-0003-8277-0315), 2: EFAF-A (https://orcid.org/0009-0009-1912-5587), 3: EHAF}4 (https://orcid.org/0009-0003-0664-9812),
4: A} (https://orcid.org/0009-0004-4275-6954), 5: SHAFH (https://orcid.org/0009-0000-0990-1153), 6: A1 A7+ (https://orcid.org/0000-0003-3709-1359),
7: 3 5(https://orcid.org/0000-0003-2385-7990)
- Manuscript received June 19, 2026 ; Revised July 20, 2026 ; Accepted August 10, 2026. (ID No. 20260619-009S)
+ Corresponding Author: Dal-Jae Yun (e-mail: daljae.yun@cnu.ac.kr)

892  (© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



b A FSS/] %ﬁ}% 98k vkt ATt S E A

I

. 9% J}é Aol 9 7o

s
olo] tjgt tjokO 2 space filling curve 7|'HS %
T Atk &9 27t A=
15

CELR R
AYEzs ANAELE ZTA A
= 2 ve

EERE R

otk T Xetho] ' 1 o)4pel Fk4 ool

shgel dolAl aqst AR

T [¢] [eJRE)
X HeAo s Fanss 42 S ESS %
ZE ARt AlRME w9 PRl o
dolzt 57} B2 BAL S
242 59 452 AFsa

II. FSs 24 & Al=zgf ol

21 29 7= 44 & Alsgold

= %7189 22 B9Y(oop type) TF
LY B FEE SEL AL Sl o ol E

Aol g Agske W4l FEE TG AEA
34 2As gell), 39 19 T2 Tl E v

ZEle S FEl O =2 57 AAEL

=
2 %Eo} 2SS SR EH 7 A A WG

JE 1. AIQkE FSS &9 =2
Fig. 1. Proposed FSS unit cell structure.
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Fig. 2. Simulation results of the proposed FSS.
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Table 1. Performance comparison with previous works.

£, |Unit cell FBW (%) | Stability

Rt 1o G| o | ™™ | @ | ©

6] 135] 10 [ 0233 |Bandpass| 6.8 (—3)| NA

71 [27] 10 | 025 [Bandstop|23 (—10)] 45

8] [35] 10 | 0.167 |Bandstop| 40 (—15)| 80

9] |44 10 | 020 [Bandstop|26 (—10)] 60

work| 3.64] 10 0.10 |Bandpass|38.74 (—3) 60
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Fig. 3. Equivalent circuit model of the proposed FSS.
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Fig. 4. Surface current density and E-field distributions.
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Fig. 5. Simulation results of the ECM.
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Fig. 6. Fabricated FSS and measurement setup.
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Fig. 7. Measurement results of the fabricated FSS.
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Table 2. Performance variations of the proposed FSS with
respect to incident angles and polarizations.

Pol. | Af, (%) [FBW (0°/60°) (%)| IL (0°/60°) (dB)
Sim TE <0.25 38.74/19.25 0.19/0.38
| ™ 0.5 38.74/70.64 0.19/0.1
Meas TE 0.28 41.84/26.84 0.46/0.95
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