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Frequency Selective Surfaces with High Q-Factor and Angular Stability for the
Ka-Band of 5G Communications
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Abstract

This paper proposes two novel designs of a high Q-factor frequency selective surface (FSS), which resonates in the 5G mmWave
band (n257: 26.5 to 29.5 GHz). Radome applications are proposed, and they were experimentally evaluated. The FSSs were designed
based on slot and meander line elements and are composed of a simple symmetric structure for stable performance at angles of incidence
and polarization. The proposed FSSs were investigated using electromagnetic waves incident at degrees from 0° to 30°; the frequency
deviations did not exceed 1 % for transverse electric and transverse magnetic polarizations and achieved high angular stability.
Additionally, a high Q-factor was confirmed by measuring a 3-dB bandwidth of 2.7 % and 8.85 % of the center frequency (28 GHz).
For the performance evaluation, the fabricated FSS prototypes were designed on a single-layer substrate of high-frequency, low-loss
TLY-5 (2.2, tan 6 =0.0009) composed of 30x30 (15x15 em?) unit cells (5x5 mm?). The experimental results were in good agreement
with the numerical results.
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Fig. 1. The proposed FSS structures.
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Table 1. Physical dimensions of FSS structures (Unit: mm).

Parameter Case 1 Case 2
I 0.6 0.6
b 1.05 0.92
I3 0.3 0.2
Iy 0.55 0.3
wy 0.18 0.15
Wy 0.1 0.2
W3 0.12
d. 0.15
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Fig. 2. Equivalent circuit analysis model of both FSS.

30

Fo 9=S 9As7] Y8l Q-factorS Z7HAI Ak

Q-factor= 571 AYEXNL+L)E Z7HIZIAY G
Aoz g4 i o714 L 2 LG
7t &% oA 959 FEg £F oA i T
o 5782 vy ol el A7l wpel 7o), &
Zo|7} A5, 57F AYH 28 A7)7F Z7hsid

ot
ol
B o

oN

o _1:1_‘

A% ofN fy Q N rlo o
o

2 2749 Fo F245 57 A2 2717}
ek web @l 2717k 2388 4% 571 Q)
B e

o 57} AR LE 20 Z7h1A AT &
2SR FSS FRE BFE A HatelA oy
FPANE BAS B

o
57182 B AA A ¥ Al (clearance)E X

ol

A
case®] Q-factor 7} A, case 1 case 2H.U} =
< 7™ Q-factor7} =% 2™, case 29] IHH X~
< case 1H.TF =AY Q-factorell S F7
A oSkeh. A FSSO| HFSSE o] 8- full-wav
ool e T4 F2E 2= 249 Ad EA
X517 8 227 EE(floquet port)®] F(master) 2
T&(slave) A 27e At AlEgelde M st
Atk 19 3(b)= TE 2 T™ Hate] gk S-hebvg A
g 54& BaFa olow, Ak FSS AAl= 4 A
(09l A Aol B]JEHYS HAFTh

I9H 4 2 19 5= A case 1, case 2 FSS2| TE 2
T™M Hatoll T AAFZE SH A (angula stability) A& ©]

=

rir l
S ol

%

2 32 Bdo vpyjHFE
Table 2. Parameters of the circuit model.

Lumped Com. Case 1 Case 2
G 0.4 pF 0.23 pF
L 0.0565 nH 0.113 nH
L, 0.025 nH 0.025 nH
Zs 254.17 Q
d, 1.52 mm
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