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Design of a Novel Fan Loop Frequency Selective Surface
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Abstract: A double-polarization, pass-band and stop-band frequency selective surface (FSS) based on the
square ring element is presented for transmitting in Ka band and reflecting in W band. This structure is loaded on
the middle of the two dielectric substrates, which is obtained by extending each edge of the ordinary rectangular
ring, and then slotting rectangular aperture around the patch. Simulated results show that the insertion loss is
about 0. 02 dB at 35 GHz and the reflection coefficient is —54. 57 dB at 94 GHz. The —0. 5 dB pass-band band-
width is about 5. 85 GHz in Ka band and the —20 dB suppression bandwidth is about 4. 29 GHz in W band. In
addition, the designed FSS structure has good characteristics in polarization-independent and angular-insensitive
when the incident angles vary from 0° to 30°.

Key words: frequency selective surface (FSS); low-pass and high resistance; polarization-independent; an-

gular-insensitive

0 51 H

AR PR I P IR PR OC IR — ML AR
B FSCFR 2 ) ST P T4 A L R R R R
TR RIS A 6 435 1) 5 » B M8 A 280 4 S v 1 0
AR SR USSR o R e 3 3 vl 5 203 D s e L A
FLARZY Pl I R 2R A A Jo e A o 1 ] 300 178 i

Wk H . 2017-10-23; &1 H ). 2017-12-01

B ] Y S A I 5 T L AR TR O A 4 e Al I S
T TF— SR AL, X PN B 93 0l R B 4
SO 78D 4 S (FLARTRL) 3 S BR Sy iy B 78
FSS sigt i i FSSU S e sk 1 (W g -1 43
STz R BN Mk AR5 E 1k #f (Radar
Cross Section, RCS)' DL Kz Ha, il Wz s 44 k7 452 45
AW I

H A5 T 205 Be XU Ak FSS 2544 (i i 58 4 1R

FATH . FHFHRBFEES (No. 61372066) 5 YT WA BAAA



2018 4E55 3

?%";J-"ﬁ’%ﬁﬂ5%5}$4k5ﬁ$ﬁ%%ﬁ@éﬁ1ii‘}‘ 339

%, WnSCHEk [ 8 13 T 4% w458 5 U fie v B3 1 O 38
B4 Y B FSS 4545 . 4F 0°~45°JaE N, Ku/Ka I
BeAG iR e A Sk L9 b it 7 U2 Ku/
Ka i Bt FSS 459 T R R S 5 T, S8 T Ka
W B Bt Ku 3 B St i v, Sk 10 1)
FSS 45kt 7 —Fh Ka ik B 5 b Ak S0 S ST 1
REARANG THIG 5 T, JRYE T 98,
H T 35 GHz il 94 GHz 3% P4~ i S AL RS A%
FE WAL/ S 2K U TP B I A BB AR
XA B B T FSS Z5H 1) XU S T R 2 i 22 oK
IR NI A et A G ES N ) & N )
e J ELAT H ik — B AR A ok S S
FHAE B 559 T8 (948 2 FSS 2546, B G AR SC 32 32 1%
T —FhHr i FSS 2544,

1 HRUETE IR FSS 45 4 0 1y s

RIBt 5504
1.1 FSS it

ST HAf U BB B FSS )RR A B 41 45 4 2
AR TTHR NG 7 A SR HL T s KN F A SR H
P 5 FSS BTz M AHE G BB TR . 1B HL U
T P A RN ) 5 AR A5 3 & e i 1
— AT B XA S 6 B R R A A
() 08

FSS JE g5 )& Floquet B3, (R T HHZE —
ASABAL - FEAREE A R A A A5 p R I | FSS
155 53 A AR R I EL 3 AR [ 0 o3 A R g, [RLE
FSS (5 515 mT LI —41 Floquet #1383k, R4
Floquet & B, Jif] 2546 1 FUR Fo R 3765 12 -

T(xt+p,y.2)=W(x,y,z)e FoP @D)
K, w(x,y. ) B X R AR 0 A R 50
HTEE— 03, p BT R K, fre R
AL AL

KR v,y ) RRITT RN p 0 R
B, T AT DL TT Ry i FL 2 8

P (x,y,2)= Z a,(y z)e Bt (2)
A, a, (v,2) K Floquet 25 [AIEH FIHRIE

1.2 &ALt
AR OB HE Y 0 4 25 LU B S 90 10

FDU TR A LA, i T — AN Ka 3 B A
VW B S R R B TR BRIR FSS g5 AR
Je B B2 B p, an ikl 1 RTR .

b
(a) fUHLE (b) HFRLE

(c) =4
1 HREIEIRR FSS HTsi i s 2 J

1 Ca) 2y FSS BGA AN BAR i DAL 1
1(b)ky FSS HITHEE LI . [ 1(c) 2 FSS H
TCEEH = HE 1R IR R AR A B R IR
FRARIERE N 0. 035 mm KA B4, PRAb)E iS5
{0 BT K p=2. 91 mm. %45 M 4K 3
A 1 =2, 02 mm. AI/INETZING 311 2, = 1. 45
mm, ZEFTEE w=0. 26 mm. 2 RHFIL ALK
[;=1.19 mm, % s =0. 26 mm, )2 RHIEF
T T e A A i 45 AR AR Y Rogers5880 , AHXf
AHF R e, =2. 2, FBFEA IEY) tand =0. 000 9,
JEERE d =0.508 mm, ZEENZE 1 iR,

®1 GEREFERENSHE

e 24/ mm
i 2.91
A 2.02
[y 1.45
L3 1. 19
w 0. 26
s 0. 26
d 0. 508

2 BRI

ASCAHRF Ansoft HFSS B 4%} FSS i 47
iE . FIH Master+Slave 31 it 554 B8 TG BR K
1 JEASE R, SEPUNT FSS A& Hr Rk 1 43 HT 5 38 3
Floquet %t H A DL B H 1 35 A A 83 07 0] Rl iR £k
752 THFSE FSS 254 it s P 1) i

2.1 JUASHEXE R R R0

MR BK 1 2 mEsT, 38 =19
mm,2. 0 mm A1 2. 1 mm, J& B R A ST FSS
AR W AR Q18] 2 . BEE £ RS OR, GE



340 BIERIZESHEAK

516 57 3 1]

HerpU O R [A ZE R AL . 40k 36. 1,35, 2 F 33. 8
GHz,—0.5 GHz 58 AR AE . BHAT
B RAS N LR TR AR R, PR B AT
Ly RO I IR AT A A BT

0

~104
204
M
=
5304
%__40_- —S8, [=1.9mm
wo —5, [,=20mm
-50 —S8, [=2.1mm
] —S8, [=1.9mm
—60 — 8, [=2.0mm
1 —3§, [=2.1mm
_70 T T T T T T T T 1
26 28 30 32 34 36 38 40 492 4
H1%/GHz
(a) KailfBt
0—
-10
20
o]
=2
o530
m
E:_4()_
%)
504
60
-70 +————1——1————1——————
89 9 91 92 93 94 95 9 97 98 99 100
Hi#%/GHz
(b) WikkB

K2 3B A L X FSS AR 20

NERHETE MG i L RZmaniFY 2 Bl £, =
1.4 mm, 1. 5 mm F1 1. 6 mm, 3 B = 7% 3% A ST I
FSS Rkl 3 s, B L WK, i
FNRH A B rhoCos 2R 24 1] 22 A% » 391 Ry 36. 1, 35. 2,
33.8,94.5,93. 9 F1 92. 6 GHz, —0. 5 dB @47 Fi i

S,/dB S,/dB

T r T T T T T
26 28 30 32 34 36 38 40 4 4
iR /GHz
(a) Kaife Bt

01
_5]
~10]
~154]
o —20
= 254
“ 30
% _35.] /=14 mm
i 40 —S, L=1.5mm
45 —S, L~=1.6 mm
-50+ —S,, L=14mm
554 ——S8,  L=1.5mm
—60- —S8, L=1.6mm
_65 T T T T T T T T T 1
8% 8 9 92 94 9% 9 100 102 104
W% IGHz
(b) WitkEt

Bl 3 T E AN 1o X FSS LR E R

AN, — 20 dB Y B A AT 98 B WG K. 45 R AR
W, £, %ty R EL Y ] o B 330 5 1

FIE A R BR w 05 MBI 5T, 43 A B w =0. 1
mm,0. 2 mm F1 0. 3 mm, & 5 B0 A ST FSS
LR 4 iR, BEE w M3, BT
DR [ A A% . 4091k 98. 1,96, 4 F191. 9 GHz,
—20 dB BHAHFHE FE 2 Wi K. 5 BH A A H L 3 Al
OISR R AR /N, JLF- RS2 500 B w FEZERE B
TR

S,/dB S,/dB

2% 28 30 32 34 36
$i 5 /GHz
(a) KalfBt

_65I'l'l'l'l’l’l'l"
86 8 90 92 9 9% 98 100 102
$ii 2R /GHz
(b) WikBt

P4 T B S w X FSS AR R0



2018 4E55 3

é%—‘;f"#%’Tﬂlﬁ%j}z4k5ﬁ$@*¥ﬁ@ﬁﬁ1ii‘}‘ 341

2.2 NStFFIRATT E 3HE B R S0

FEANTRLA G A B AR A 7 ] FSS A& i 4e
PEAYDT ELAE AP 5.8 6 IR .

K5 41 TRFE AT FSS Gttt &
5Ca) AT LG i, AR AL R 38 7 oo A5 R 1 0y 35
GHz, §fi #/ 0.02 dB, — 0.5 dB 7 5% H 5. 85
GHz, ARSI 4B 5 . B 5(b) R, R T
REA HO M8 %k 94 GHz, [ REGA F] — 54. 57
dB, —20 dB #5554 4. 23 GHz, @400 & 8L, A
(IR Ak T BELHS 038 104 500 e e 1 i 2 B AR — 2,
WEFA TS FSS g5k AT i fefa e k.

04
5]
~104]
~154
204

m

g E

& —25—-

g —30-

;: 354
40 — S,
i —TES,
50 — M,

T T T T T T T 1
26 28 30 32 34 36 38 40 42 44
B /GHz,
(a) KaizEt

5,/dB S,/dB

86'88'90'92'94'96'9'8'1(;0'1(;2
$i%/GHz
(b) WikB:
5 E A ST R AR AL e
K 6 & TE Ak ™ AR A ST A 015 i 4 vk
MIEL 6 Ca) \T LA 21, Bl 25 A5 1 A 0° %] 30° Elﬁi"'
s TR VIR SR R A RS i R AE — 0. 03 dB
PLb BEARSI A . — 0.5 dB H S8 I A Bk /)
IE 6 (b)Y, B A E B 3E I BEHT TSR 43 K ]
FIRES s —20 dB P S EE AR REAN S . BARTEA
P AR AR BELAT Hh O S R A T R A« (B2
RNF 3. 6%, A RBL T —0. 14 dB, H7E Ka
W B e e R4 S TR B R

5]
-10]
~15]

@ 20
2 sy S 62°
“ —S, 6=10°
3 j‘s): —5, 0=20°
> —S, 6=30°
—40' _Sll 0:00
451|—5,, 6-10°
—S04|—35, 6=20°
-554|—s,, 630°
26 28 30 32 34 36 38 40 42 44
4% /GHz
(a) KaBk

m 254 [—5,, 6=0°
= _30] “ o
= —5, 6=10
359 |—s,, 6=20°
8 40]|—s, o=30°
o 457 —s,, 6=0°
-504|—s,, 6=10°
=551|—s5,, 6=20°
-601|—s,, 9=30°
—65 T T T T T T T T 1
8 88 9 92 9% 9% 98 100 102 104
2R /GHz
(b) WikBt

K6 TEBA T AFRAS 5 RE

3 gEE

ARSCEIT T — B B T FRAR FSS 45, &

AW EAR AL, SEBL T 7F Ka 3Bt (35 GH2) i
%T e W kBt (94 GHz) [ 4, HLIERATFAE 35
GHz W55 2 50E—0. 03 dB LI, JEA K| T 4
75 T B EESR VE R ITRAE 94 GHz IR 2B T
—0. 14 dB, FEASIH T . X P& xR B
PRI AR Ak B A SR U8 3 B R4 e 1k
FFELXF 0%~ 30° 31 [l PN 19 A S5 £ AN SR iy AT BE
RS SO LA T8 . S FSS W TR 818 R &k
(R I S A T BT R AL T — BN fE Ka P BOE ST W
P BRI B SE AT - Ak A A R RS RE ) fHG i g L AR
AR GE BRI . A — LTSS 35 GHz Al
94 GHz XU L i R 2R 42 4L T 331 5L m

S WK

[1] MUNK B A. Frequency Selective Surface: Theory and
Design[ M]. New York: Wiley, 2000.

[2] WU T K. Frequency Selective Surface and Grid Array
[M]. New York: Wiley, 1995.



342 BIERZEEEAR

516 15 3 1]

[3] KNOTT E F, SHAEFFER J F, TULEY M T. ik
PR AT < TR 0 R ML o 4 R L i e
oL AR dent: ATl A, 1988,

(4] BAIR, IRIESC. —FAHFERE R LY FSS REL R IHS
SARRLT. AR . 2012(S1) 1 50-54.

(5] R, R, BBIF 07 3 FSS Rk fkd st 5
B[], BHEHLA, 2017(5):108-109.

[6] GENOVESI S, COSTA F, MONORCHIO A. Low-
Profile Array with Reduced Radar Cross Section by
Using Hybrid Frequency Selective Surfaces[ ] ]. IEEE
Trans on Antennas and Propagation, 2012, 60 (5):
2327-2335.

(7] 42 BB & LS. [BERHIT FSS X W b 4R Pk
M sEL) ). PrBisAdR . 2008, 57(11):7200-7203.

[8] EFHFZ .. 85, Ku/Ka i BEXGE R 1wt %
KM FERERIOIRLT]. PH2EH, 2013, 62(23);
370-375.

[9] SONG XY, YAN Z H, ZHANG T L. Design of Tri-
Band FSS Used as Subreflector in Ku and Ka Bands[ C] //
IET International Radar Conference, Hangzhou: IET,
2015.1-5.

[10] DENG Ruyuan, YANG Fan, XU Shenheng, et al.

R STIR. ST ST TR ST ST ST ST S S S S S S A SR SR S S SIS

(4% 337 )

SE k-

(1] AR, RilsEe, G, 5. BT HIRARER AT
By e R Ak [T ], BACE A, 2017, 39(6):
46-49,

(2] Z=tk, XIAIR, #&4, 45 Tt Bk £ Hix
TR B A B L) ) PRI 24, 2015, 37(2):
59-61, 65.

[3] PATRICIO M, FERREIRA F, OLIVEIROS B, et al.
Comparing the Performance of Normality Tests with
ROC Analysis and Confidence Intervals [ J]. Commu-
nications in Statistics: Simulation and Computation,
2017, 46(10):7535-7551.

IR R B P o7 o D > IS N & B /Y A= $ =9 1 )il
A E ARSI Bk [T ], PO 22 A2 K #2424l 2013, 47
(6) :25-30.

(5] B/ME. FE N B R EMELD]. 792 PEmF
BHER, 2014,

(6] dmifiE. REW. £RH. HSEH T T K CFAR
R RE LT ). B TE B X HIEOR, 2017, 32(2):

An FSS-Backed 20/30-GHz Dual-Band Circularly Po-
larized Reflectarray with Suppressed Mutual Coupling
and Enhanced Performance[ J]. IEEE Trans on An-
tennas and Propagation, 2016, 65(2):926-931.

L11] BEIE. =Kk vy B g B 1SSl Ak R 28R AR R & it
SHHRILD]. Fgat: FafE R TR, 2015,

(127 FRA. B sponiiilAb Ka B BOWUR M5 26 1) i
H7AID] ®: R TR, 2014,

EE I

B A 2, 1991 AR A TR E AT
PR i w1l S o R 1 B sl
FSS.R&BLT.

E-mail: anjing_star1018@163. com

BRE 55,1960 fE R VLI R RN HB AR
S LURE- S SR IL W BN N O E ¥ ST S PN 5 % NN
L IUN S S EE .

BYR 1992 4F AR VLI N B AR AE
FERIFIT 0 FSSURL BT

1111111411111 11111 1@ 11111 1111111111411

45-50.

[7] MAGAZ B, BELOUCHRANI A, HAMADOUCHE
M. Automatic Threshold Selection in OS-CFAR Radar
Detection Using Information Theoretic Criteria [ ] ].
Progress in Electromagnetics Research B, 2011, 30:
157-175.

[8] FARROUKI A, BARKAT M. Automatic Censoring
CFAR Detector Based on Ordered Data Variability for
Nonhomogeneous Environments[ J]. IEE Proceedings:
Radar, Sonar and Navigation, 2005, 152(1):43-51.

EEE T

KGR 53,1992 AR A TG HREE A
LR A, FEAR T W ES S
FRAL

E-mail : 418944040@qqg. com

BHE 51972 4R WAL R E N BBz
A FEEEESE D5 1 AR S AR S AR B



