Chinese Physical Society

%fg%"—*&Acta Physica Sinica

Institute of Physics, CAS

T e BSOS M A B B2 7 TR BY ST 3R R AR
RFA i A
A novel wideband absorptive frequency selective surface based on circuit analog absorber

Zhao Yu-Ting  LiYing-Song  Yang Guo-Hui

5] Fi{# B Citation: Acta Physica Sinica, 69, 198101 (2020) DOI: 10.7498/aps.69.20200641
TEZE[R]1E View online: https:/doi.org/10.7498/aps.69.2020064 1
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

T N TR A5 B HOCHY RGP A5 A 15T
Design of dual-band—pass frequency selective structure hased on spoof surface plasmon polariton

WIFEAEA. 2018, 67(20): 204101 https://doi.org/10.7498/aps.67.20180696

XU MR T BB A T 5253 WM PR A58 A R S e A E L
Equivalent circuit model and microwave reflection loss mechanism of double-layer spiral-ring metasurface embedded composite

microwave absorber

YIBR2A4R. 2019, 68(9): 095201  https://doi.org/10.7498/aps.68.20181960

ETIIEIT DI ST S AL e e

Ultra—wideband linear polarization converter based on square split ring

YIBR2AHR. 2019, 68(11): 117801  hitps:/doi.org/10.7498/aps.68.20190267

BT BT A AR R DO AR
Generation of ultra—fast pulse based on bismuth saturable absorber

PIFEAEAR. 2020, 69(9): 094203  https://doi.org/10.7498/aps.69.20191995

FERMMR | g IR DL B¢ R DLRC)Z SR
Absorption characteristics of perfect absorber, electromagnetic  “black hole” and inner perfectly matched layer

WIFEAEA. 2020, 69(15): 154201 https://doi.ore/10.7498/aps.69.202001 10

BT TEEAP R B AT AR AN A R PO
Ultrafast pulse lasers based on two—dimensional nanomaterial heterostructures as saturable absorber

WAL 2020, 69(18): 188102 https://doi.org/10.7498/aps.69.20201235


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20200641
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.67.20180696
https://doi.org/10.7498/aps.68.20181960
https://doi.org/10.7498/aps.68.20190267
https://doi.org/10.7498/aps.69.20191995
https://doi.org/10.7498/aps.69.20200110
https://doi.org/10.7498/aps.69.20201235

¥ 1B ¥ Acta Phys. Sin.

Vol. 69, No. 19 (2020) 198101

B T R RS A H R AT 4 1Y) B8 i TR i BY

SR Ik

CES )
1) (WM/RET.
2) (W/RIE TR F 515

EFEREL
2 3 4 VI

AR5 B (E TR, WK

git’
i B 2

150001)
BB, FR/RIE  150001)

(2020 4E 4 H 30 HUk#; 2020 4£ 7 A 2 HikZIEUR)

1w H’ T — ol 2R 4 e S ) B AR AR AR AR 35 S TR 0 YA B B R 1T (absorptive frequency selective surface,

AFSS). i

L5 R AR LR SR (FSS) BEHBT SR A = 4 B F'SS G I 2H Al 1) 4R 2 FiL KL o 28 1 725 ik

FSS m@ﬁ& P Y = 4k S8 BELHY FSS SZBL T 88 58 i i i b LA B AR T L e e B b A O B4R BN BT Ay IR
e R AR PR E Ay 1—3.5 GHaz, W HEE N 6.6—11.6 GHz, T 5 W45 BL A3 A7 Ltk 1.9, I )5

HAVESE Y AT T SR S0E, MRS R 5 7 HAEA — B, FE Bl 7T A R

ESAnE
PACS: 81.05.Zx, 42.60.Da, 84.30.Vn, 41.20.Jb

il

1 3

A3 B8 R T (frequency selective surface,
FSS) Hi T H ] I 25 (8] H 5 264 T 4 i ABL Y ik
PEAE B B S () ﬁﬁ%ﬁfYZ@Hﬂ?%’iﬁﬁ%
B LRGSR /BR . REBOHER U Y. SR, %
Bil FSS TS5 i W AME 5 19 52 SR DT 552 2R
X AR R A ) P, T T8 1 G o P, TE R S B
il /20 il TR TR PRI 0 B B w8, B S ) LR D
23508 F P 3 A 0TS B, M LA 2 B S
K. Pt BAH SN R BB U A e PR T
AR A 32 GTE, H R, 2009 4F, FSS 4k
i35 44 L 8 Munk® 78 HH 5 o X Flog B FSS
44N FSR(frequency selective rasorber). 2012 4F.,
BERF B K221 Costa 45 BB ORI I 74 45 44

FE A .

W D IR e PR, PR BSOS, B ST, I FRARER

DOI: 10.7498/aps.69.20200641

PEEERI (AFSS) 4T T IR AT, afFﬁééHElﬂﬁl@l_
TR, [FAE, B N2 ZE TR 2w 41 ik 1)
S 114 A BARE T 2 e BELRSE IR i A L) AFSS if—k
k.

RSP L2540, BRA 1Y AFSS £ 2435 — 4
AFSS Fl =4 AFSS. il %, — 4k AFSS i i B
ﬁ%% FSS A1 JG#E FSS o 52 88 69, 1iif = 4k AFSS

1 7E R 1 AT RE TR R e RN TCRE TR
%IJL, ﬂn%ﬁé@%éﬁnw 0], SEAT AR T 1, SR R
HE R S 2 BRIV 2k 18] 25 Hodh ) Sk [4— 9]
FI A FSS SEBL T WA o s T 0 =k e )
) AFSS, X2 AFSS F 2586 T 007 R T AE
B Tk AT RO B B N B . (R,
HiEfEPEBRLZ A L. S B TEIARL, &
FEAN AR AR B T8 38 7 1 FSS &R 5 IRER.
I, 1562234 R B FSS 1C#: AFSS H1AYHF

* O R E S L TR (S 2016 YFE0111100), SR e VL s WF & TR (HEHfES: GX17A016) Al [ 1+ 5 3L 4 (S

201M620918, 2019T120134) B B,
t HEEEH. E-mail: liyingsong@ieee.org
©2020 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

198101-1


http://doi.org/10.7498/aps.69.20200641
mailto:liyingsong@ieee.org
mailto:liyingsong@ieee.org
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 19 (2020) 198101

i FSSIM-161 e IF e g 9l 5% . B T T 4EBHAHY FSS
VEPRPERR 22, W SR, I = 4EBHAF FSS NAFIEIE
JE 3 R | TR PRI A [ A, v R L BT D 1Y
FSR BEIH39R 2 1 HERE.

ASCRIFH 425 A #E FSS 5 ik ety
FSS, ib—40 et v, M SE B s e Bt | 9
W 5 RS TE A 1 AFSS 1. %450 B A
Jr HLBH ) 25 PE FSS A EL A kR M 9 9 BE A
FSS i1 p. i T #E FSS AYiE T 547 L FSS
f3E A —2, BB FSS HAT ke, ] L
SR i PO 8 P 7 DA R U P 3 . (RN S
USSR, BT Y AFSS HAG R 58 0 8 0
FlE R

2  AFSS % it 5 5

e 7 L1 A AR e L A A R 3 o A
4 i bR T T — B Ak — Bl BB AL, 14
Ha BHL B i JCFERY FSS iz 4 5 s B SR (IR i
AAE A B 101 Do 25 S0 B S0 R i I8 () WG L T B
R T SRR MBI B T TR, T 4 bl
BELAF FSS AT 151 dn &l 1 s, it PR FSS 7
BN PR A5 e 1) BE AT 55 I8 A 1 R 8 A s —
B, A5 W AR R B — 3 2) BHAF F'SS FE
HLRHy N HAT HETE 3 2K (PEC) Fit.

(a) o
|

|

(b) o

ZossyFSS

| Zins

B 1 BmEREE  (a) Wik, (b) AFSS
Fig. 1. Circuit Model: (a) Absorber; (b) AFSS.
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Fig. 2. Design of the absorber: (a) 3-D view; (b) front view.
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Fig. 3. Characteristic of the absorber: (a) S); and absorptivity; (b) impedance characteristic.
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Fig. 4. Band-stop FSS: (a) The design of unit cell; (b) equivalent circuit.
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Fig. 6. (a) Geometry of the proposed AFSS (3 x 1 periodic
structure); (b) S parameters and absorptivity at TE-polar-
ized incidence; (c) reflection/transmission coefficients at

TE-polarized oblique incidences.
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Fig. 7. Fabricated AFSS: (a) Lossy FSS; (b) bandstop FSS.
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Table 1.  Comparisons between the proposed AFSS and the previous AFSSs.
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A novel wideband absorptive frequency selective surface
based on circuit analog absorber”
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Abstract

In this paper, a single polarized absorptive frequency selective surface (AFSS) with ultra-wide transmission
band and broad absorption band has been proposed numerically and experimentally. Based on the principle of
circuit analog absorber (CAA), the proposed wideband AFSS is realized via replacing the ground plane with a
band-stop frequency selective sturcture. The proposed AFSS is finally a hybrid structure composed of a
wideband lossy frequency selective surface (FSS) in the top and a 3D band-stop frequency selective structure in
the bottom. The wideband lossy FSS with thinner profile in the top is realized by utilizing a low pass capasitive
elements to compensate the equivalent load inductance arising from the air space that is less than quarter
wavelength installing between FSS and ground plane, and the low pass capactive lossy FSS is synthesized using
“Gong” -shaped patterns with lumped resistors. Meanwhile, the unit cell of 3D frequency selective structure
consists of two electrical coupling C-shaped patterns is investigated to achieve a wide stop band with high
selectivity, which can be equivalent to the ground plane in the absorption band. By cascading the wideband
lossy F'SS and the 3D band-stop frequency selective structure, a thinner hybrid AFSS is presented with ultra-
wide transmission band and broad absorption band. The results obtained from simulation shown that an
absorption band with absorptivity above 90% is obtained from 6.6 to 11.6 GHz, and the 1 dB transmisson band
is from 1 to 3.5 GHz with minimum insertion loss of 0.21 dB. Moreover, the performance can be guaranteed for
TE-polarized oblique incidence up to 30°. Finally, a prototype is fabricated to validate its performance, the
measured results shown that the 1 dB transmission band ranges from 1 to 3.5 GHz, and the absorption band is
operating from 6.3 to 11 GHz at normal TE-polarized incidence. A good agreement between the experiment and

simulation results is achieved, which verifies the effectiveness of the design.

Keywords: absorptive frequency selective surface, circuit analog absorber, ultra-wide pass band, split ring
resonator (SRR)
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