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A Tri-bandpass Three-Dimensional Frequency Selective Surface
with High Selectivity and Small Band Ratios
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Abstract: A tri-passband three-dimensional frequency selective surface (3D FSS) with high selectivity and small band
ratios is designed based on the topology of the microwave filter. The unit cell of the proposed 3D FSS consists of an
air-filled square waveguide and a cuboid dielectric block,and three concentric square loops are printed on both the top
and bottom layers. Due to electromagnetic coupling between the resonant elements on both the top and bottom layers,
original single resonant mode will split into even- or odd-resonant modes, multiple transmission zeros/poles are intro-
duced, three second-order passbands and stopbands are achieved ,and its frequency selectivity is greatly improved. Square
loops with very close sizes are designed to realize small band ratios. To understand the working principle of the proposed
3D FSS,the surface current distributions at the frequencies of transmission poles are investigated. Meanwhile, the fabrica-
tion and measurement methods of the proposed 3D FSS prototype are discussed. According to the literature comparison,
the proposed 3D FSS has the advantages in high selectivity, small band ratios, good angular stability, dual polarizations
and no grating lobes.

Key words: frequency selective surface( FSS) ,tri-passband, frequency selectivity ,band ratios , three-dimensional (3D) ,

dual polarizations

BRI PR (frequency selective surface,FSS)EfuﬂjFH:J:%%%E“: KRR AT AR DL R
LG AR, SRS IE D AR AR EE T PSS SR R EL A R FIR B4 B ) BT A A A [ 5

W5 B #3:2020-09-24.

EE&TA LR FE B I 2B - TAEE BB H VIR & i TR R0 [ 2020110 5 ) JFHAAR AU B 5 R G141 BA
(JSEIYC2020002) VL7545 “333 T/ BHF4F B35 H (BRA2018315) JLIR4E i &5 284 1 AR B WF 5830 H ( 19KJB510002) VL5
H4333 BB AATETR TR BEFRXTR (IR AAIN[2018]26 ) (WK ASARF A I FIH (61571232) 22 A X5
AR LI E (HAP201904 ) .

BIES . T IRk, T2 @l g TR, BF 5T 07 1 W B 58U 40 U R sk B R i i3\ KRR I1H4E. E-mail ; yonglly@

sina.com



TIEIK &5 — Rl RPN/ N A PG A =38 i = R i PR T

g, BA IR ) 23 TRI IR IR R | T S R 38 sl BHLUR SR e 76 PRGBS R, i T 24 K& i
WAEAE S, TR FSS RS TARLEAN 19 AN B, [RIEE, 2% 3 A3 {5 3 TAE AR A UL (985 R B I i
Bt BEA/NE AT ) =7 FSS.

N T R AR TR SR, — 2 =@ PSS M A N AR . i AR Moo aR ) fLesi i
ANEER O A AR T 3 RIS B R ) = A FSS. HJE X 3 Al FSS AR E A S — B B, i
TGRS AFAE BT AN AR M E B R SN R et HE R =2 T IR i T
LA R B BRI RN R A B RS P B =3 A1 RSS! L IRt WIFSE N B 1 SCHR [ 11 ] P 0 SRR R N i
TEER A0 v 748 il i TAEHE 58 , AR T4 P AOIR ABURED . (HJE X WAl FSST' ™) B8 — @ #7415 o —
B 7 5 (RIS B 5 A5 A RE 0 14, 76 = B 4 BT MR R . A R — B R e 1 T ik, =4k (three-
dimensional ,3D) FSS MM HE 1 1 o SCHR[ 13 ]38 Bs BT RIS ST BHPT AR 2544 , R 2
JZ ENRH 84 ( printed circuit board , PCB) F RS2 T —Fp ELA B b7 () =3l H7 FSS,{H 1, 1% 3D FSS {1
RERS TAETE AR AR T LA AD B AT A AL i 25 o, HOUR R PR RE— . @k B PE a7 )
HIBE 48 A, T 22k B FLAE , 6 B FLAR i RERR A, SC B0 T —FhoBUil Ak, -y =3l FSSH'® R
i, A AN R G I AT S s, HUR S B e T 2Lt — 2D 48 Tt | IRl i T ERon a5 i g i RGH R R, &
BT HMEREMER 2. ILAN, LU SCHR AT ) =387 FSS FHARE 385 b 28K, fE— e
RELA T LS bR .

ASCHRE T D8 I A8 AF R B D, Bt T — AP s e B /NiE s LY =387 3D FSS. B 1% 3D FSS
FATTEE R B RFRYE | R, AR 5 e AL T BE. 24 L) 00 30° 1 60° ff B A BT, i% 3D FSS BAFa
PR AT 0]

1 FSS Hocixil- SR
1.1 BRI R S B B R b

BT 5 T — B = O DR I 2 i SF OB B D i F i AR L) 5 = AR LC (L, -C L, -
C,,L,—Cy) FERIEHR S 4 L.

MR L, 5 L -C, BRI R AR F R IR, 2574 1 AR E L f, F— MR AL S (fa >
.

1

omJLC,

1 1

4 L,=C, FRIIEIR AR AR VEIRIT , T U™ AR5 AR L S, (f>f,, ) ARG SCRR[ 17 ]l 41, A
BB LC B PRI IF RS AE M AMER Z fUZ )77 A 1 AR, B2 T 88 BRI £, (f, <f 0 <
fa). WE

Sa (1)

1

2mJL,C,

1 C,+C, A
fp2_277 C,Cy(Li+Ly) " )

[, 24 L, ~C, ERIRIERAS A AR IRIT AT LU A 58 = MBI R ([ > ) FIER = MERI £, (f 0 <
Sa<fa) AT

p:

Ja (3)

1

EEN N

1 C,+C,
fo = C (LAl (6)
2w/ C,C,(L,+L;)

L5 BT, M 1 BT ARSI TR, ATAE £, £ | £ TR T 3 AN, R TE £, L £,

Ja (5)



PSR4 (AR 55 44 55 2 11 (2021 4F)

LB AR T 3 ANBHA. AR ATLUR I, B8 U & 1 MBS, AP (B & 1 MBI AT,

PRI | AR T RSP 2 A 308 5 R 5 (R AN ). A e 1A Tml R K T 1 B L B AR S AT T RUZ HE B, Il
FIAE SRR T 4 WO o — 38 Al T U 0 2 AR AR B AR I, W] 2 B, BeR  AE R RERR A VE TR R
AR—HIEIRNE (L, L Lo S fus S fro) B 73BN B BEREA P RS, R, 2R MRE SS9 3 >
Bvid s A 3 A R A BE S

Ui 1 Ui 112 brrfu bl (RIES 512
(o O o { ] 0

R P A [ = R N DR (P R [ PR RPN Y I
1 —M = EHERMRIRN SRS R B B2 ZH =@k RN a0 e i
Fig. 1 Topology of the first-order tri-band Fig.2 Topology of the second-order tri-band

bandpass microwave filter bandpass microwave filter

1.2 FEH B ST 54 5 8 i i R

BT, FSS A5 b —Fhas [RI pae , PRI, 1 2 FIrm 59— By =38 e ot i o A B s A T
DR T B =58 FSS. ARHESCHR [ 18—19 ] 4525 B 43 B T 6 MRS 454 W LASERICA LR, 5 57 T
DAGERCH LC HRBRIEIR S A e S Aok A0, IRt 45 31 1 Bk i+ — B =387 3D FSS B 5T
gEF R EIUNE 3 fis. R 3 s, A BAoTgE R i 1 A SO SR 1 A B R I 20 3 A RO R
PN T R G . BATCEERIAE & Ry Sl ) LR RTS8 2h p A& (R 58 2R ¢, ARSI 3 AN J5 BRI Y
IR TE T BIR 1, A, L, T w, Ly A w, ,FSS BYEER b IEAN BT HRAGHHXT A L H BN ..

,L‘E' [} ll |
fl\ﬁ | l |
HTh | . |
L
off ! I s
0
HAY, | 1" e
X, y y I [ 1 w, 1 t
X
(a) B (b) MHHLIE

3 Z=iEW 3D FSS #T4ia
Fig.3 Unit cell of tri-passband 3D FSS

SERTRR R /NEAY H A ABURESSE FSS SR ARIGIZTT ELRR, FSS B 04 B0 ~F 7T LAGH i 22 vk A
WA RS, 02 1 FoR. fEtEERE -, n] Dz FSCERE 18-19 ] PG AT 2 sha M 28, (FUR
T ICE R P A BRI S O B 2%, DL S BTSN SO ANRE S Hh S B MER L, L RESS 1 vl
SRR E , B SR FZAE T LU 25 77 iR 3R A

1 Zi&% 3D FSS Migit8H
Table 1 Design parameters of tri-passband 3D FSS
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Fig.4 Simulated transmission and reflection coefficients
of tri-passband 3D FSS by HFSS
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Fig. 5 Surface current distributions at transmission-pole frequencies
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Fig.7 Simulated transmission coefficients of 3D FSS under oblique incidence for(a) TE polarization; (b) TM polarization
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