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Abstract: This article proposes a phase compensation method for oblique incident electromagnetic wave to
improve the angular stability of frequency selective surface (FSS) absorber. By using this method, an ultra-wideband,
incident angle-stable FSS absorber-based electromagnetic shield structure is designed to reduce the electromagnetic
environment level in enclosed cabins. The proposed single-layer FSS absorber achieves excellent angular stability
within an ultrawide band by intentionally using different dielectric layers to compensate for the electromagnetic wave
phase at high and low frequency bands respectively, and by designing a novel FSS cross unit cell featuring with
gradually width-varying, slotted and top-loaded metallic strips. Simulation results reveal that the proposed absorber
achieve over 90% absorption in the frequency range of 3.9-25.8 GHz, with a fractional bandwidth of 147.5%. In the
frequency range of 4.7-22.1 GHz (129.9%), the angular stability of two polarizations reaches 30° with 90%
absorptivity, and the absorptivity retains over 80% even when the incident angle increases up to 50°. The good
agreement between the measurement and simulation results has verified the effectiveness of the design.
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Fig. 1 Unit cell structure of the proposed FSS absorber
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Table 1 Structure parameters of the proposed FSS absorber
p/mm hy/mm hy/mm hy/mm hy/mm /;/mm l,/mm [3/mm
7.5 4.6 0.508 1.1 1.0 2.5 2.4 1.1
wy/mm wy/mm ws/mm wy/mm s/mm S,/mm R/IQ
0.5 0.5 1.6 0.5 0.5 0.3 120
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Fig. 2 Phase compensation mechanism of the proposed absorber for oblique incidence
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Fig. 4 Comparison of input impedance and reflection coefficient of FSS 1, FSS 2 and FSS 3 absorbers
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Fig. 5 Surface current density distribution of FSS 2 and FSS 3 absorbers
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Fig. 6 Comparison of input impedance and reflection coefficient for FSS 3, FSS 4 and FSS 5 absorbers
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Fig. 8 Absorptivity of the absorber at different incidence angles
P8 RS W B A it R e AR ot
JIT 4R S VR B AR P R A JEE TR Sy 0.0940A, Ay, Ay i AR IR GBE A31 4 X 17 BRI 4G o Rozanov (548 HH Al 1 0 1A 7 4
FEARBAFAE — D FRIS R BRI, B Rozanov 1 FRJE P24 W] k7R y
| mir o
dim = B e a— (10)
e 1) 2 F S RBOR TR B pR . MR 20 (10) AT T 3R A5 15 A48 SCIR] 55 SO 28 B4 7 7 B9 Rozanov i BRJE
N 6.735 mm, W) BT IS4 I AR R P2 AN A A FR VSR JEE 14 1.07 £
22 FEZEHMSEHRIK RN
SN TR P AR M AT BE A AR R 22, AR SR AL RE T AR IR 22 W S S HGHAT T M, A4S FSS A5 H R AR
XHEURSHL 5, (V0 E WAL AT B TTEE SE L) - FR-4 BPRL AR A0 HL R R e LA B2 URIBRZE 1 RIS EE by, IO S50 T
EATTHE — & 0 Bl N Sl I X WG I Pk R A B2 oy AT R, s, SR I 24.5~25.5 GHz #1 B 11 W e M RE A7 7E 52 I, 7E
063002-6
(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



SR, SE o AN A TR P AR A R R i W A B

100 - o5 100
X N NS
2 2 2

& Z 90 Z 90
= £ £
2 2 2
S S S
< < <

80 - 80

2 5 8 11 14 17 20 23 26 2 5 8 11 14 17 20 23 26 2 5 8 11 14 17 20 23 26
fIGHz fIGHz fIGHz
(a) slit width (b) relative dielectric constant of the compensation layer (c) thickness of the air interval

Fig. 9 Influence of main structure parameters on the absorptivity
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Fig. 10  Prototype of the absorber and measurement system
P10 W HAHE 1 IR T 92 Bk R

FSS 4 Wi i 3 H A SHFIR 505 B 25 R 11 s, ZFWE BI, 500F 7383 7k iy e s . il
REE R, Pris it iy FSS Wik (R B R 47 n Rk fufse Pk, 78 3.6~24.3 GHz Sl i N I8 21 90% LA b iy i ik 2%
SRR L5 R A 22 5 AT BB SR A5 M A it AR PR AR R 2 L AT I e 2R G A 0 2 A D DR e Y

€ 12 A FSS 4 W PR 7E TE. TM # Ak B f J AF AS s A a0 45 5 . fh (&1 AT 60, 78 4.0~ 22.6 GHz 457 3 [
PN, 45 R 7 R R AR AE T W R 90% TR I R 1) Ff B e ME R ) 300, 4 A G A1 ik S0°HT, TE # Ak ik 7% 3.8~20.6 GHz
JEIE P TM WAL 7E 5.1~22.4 GHz 4 N AT RE S B 80% LA L AW R, 26 W13 W i M BLAT B 4 1) JEE R e e

F 24T FSS 5 WU A F A SCHER ook DG AR R 0 ELPEBEXT L o F R AT, A SCHE AU A B )2 FSS H LT
A% 4 4~ 4 S B A 0 R ST RE S IR AN A A R AR e M, LA ARG A SR SO R R 1 1.07 £ .
PRI, A B T SRR 1 [R) 2R 25 4, AR SRR 1 I I8 IR L B i 25 A R AL 3 o

063002-7

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net



100
90 |
g S
2z 2
z =
= 80 =
£ =
2 2
= <
70 measurement measurement
- ® - simulation - ® - simulation
60
2 5 8 11 14 17 20 23 26 2 5 8 11 14 17 20 23 26
fIGHz fIGHz
(a) TE polarization (b) TM polarization
Fig. 11 Comparison of measured and simulated absorptivity at normal incidence
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Fig. 12 Measured absorptivity of the absorber at different incidence angles
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Table 2 Simulation performance comparison with other FSS absorbers
absorption band thickness/ angular stability number of lumped resistors
references FBW/% . . Num/Com
(4>90%)/(GHz) AL (4> 80%) in the unit cell
Ref.[11] 4.7-16.75 112.4 0.103 30° * 8 1/No
Ref.[12] 6.7-20.58 101.7 0.067 TE30°, TM45° 8 1/No
Ref.[13] 2.7-12.7 130.0 0.084 40° 8 1/No
Ref.[14] 2.24-11.4 134.3 0.075 45° 16 2/No
Ref.[15] 3.87-14.84 117.0 0.190 TE40°, TM50° 8 2/No
Ref.[17] 2.11-3.89 59.3 0.09 50° * 8 3D
Ref.[18] 5.8-22.2 117.1 0.155 TE40°, TM50° * 16 1/Yes
Ref.[20] 1.08-5.9 138.1 0.113 450 * 8 1/Yes
Ref.[25] 3.58-12.1 108.7 0.077 30° 4 1/No
this work 3.9-25.8 147.8 0.094 50° 4 1/Yes

FBW : fractional bandwidth, FBW = 2(f,—A)/(f,/)); A4 : absorptivity; * : 4> 90%; Num: number of lossy FSSs; Com: compensation layer.

4 & it
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BT T A+ FSS BT Z5 M, A 8 R T % 502 S IR FSS MR I AR A IR A B o 6 fin TR 2 i o A v v R R AR
B2 WA S BT A A, IR T T 4R LY FSS W R B A A B i M . PR FSS 4 W A AT i
K, Bk 17 AT, g A R R WY, AL 90% W AR A 3.6~24.3 GHz(148.4%) ; R 53k 500, 1% M %
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