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Transmission properties of adhesive single-layer bandpass FSS
MENG Zhi-jun, HUANG Jun, WU Zhe, LU Ming-yun
(School of Aeronautic Science and Technology, Beihang University, Beijing 100083, China)

Abstract: By taking slot arrays as illustrative examples, the compound structures of Frequency-Selec-
tive-Surface (FSS) and dielectric slab were investigated based on modal matching method and experi-
mentation. The frequency responses of FSS structures by different compounding approaches were ana-
lyzed, including the influence of polyimide base film and adhesive coating with different thicknesses on
resonant frequency. The results show that the influence of base film and adhesive coating in FSS
structures can not be neglected, for they have a close relationship with the compounding approach and
dielectric thickness. The compound structure should contain adhesive coating to eliminate the effect of
air gap. When dielectric constants of base film and adhesive coating are less than or close to that of the
slab only, the slab is over 10 times thicker than those of base film and adhesive coating, the influence
of base film and adhesive coating on the transmission properties of properly compound structures
would be the minimum. The comparison of measurement and computation of frequency response of
FSS structures loaded with dielectric slab of a series thickness on one side shows that the flaw of adhe-
sion will change the transmission properties of FSS structures. All factors mentioned above should be con-
sidered in FSS design.

Key words: Frequency Selective Surface(FSS) ; transmission property; dielectric loading; experimentation

Y 5 B #3:2007-10-30; 4&1T H#A :2007-12-10.
BEeTIH :BHEARBELS I H (No. 90305026) ; 5 45 Fil iF 8 5 54 % B3 H (No. 6140510)



1248 P o

516 &

1 5 =

P kB F 1 (Frequency Selective Surface,
FSS)HAR — B & K2 75 3k B 45 45038 19 T 50 #4
o Al FSS g5M — 2 e m b B L — &
G EERREIT I i — R Z R A B B
A T8 D8 R (R G I8 B 3 A T R BT 5
Hee B UHGE Tl SR s g,

SH RS FSS M E T B AR F
SCHR3-4 b iy S 30 BF 98 A — 2 1 Jmy BRAE  JE A
1T HA BB B B A SR S A BR . >R
RIUG 7Y FSS 2 2R A58 A0 Jo0 4 P 35 4 1) — Fb 5
2% S i T FSS 5, P4 G R A ke
J2 SRR A B G AR RTE T FSS A
KRS BT AT E A A REHEAT R AL SRR OE .
550 5T RV 52 i 5245 O 2R 52 AN T 20w L A
15 LR ARG 5 B2 BB BRI B LA KA ks
SEA% T T 50

AR S LA TR] BRL 1 B 48 47 S 4] %of B OIG #Y FSS
BRSO XAy TS A E 2R
JEA AR DG FBC 1) O 43 45 A S AT 3T A 43
Mro FEIMHT 1A [ JBE JRE £ 2R Tt . fhg 6 I 11 K
B BIZRE W I RAPE R T ARG T T
SRR B L KOS5 IE X FSS SL6 B 9 HLoA B
Mo TR T — FR A JEEBE A TS fn 2
INf A FSS 4l A8 53 32 e 7 0 30 45 2R L 1 LA — £ 51
F18 S 50 {36 I 1 A7 J5T J5E JBE S

2 BBk

2.1 FoRR7E 5 5 B8 Bk A0 B e AR

WP LT G L i 1 2R I I i (P 3 i
L5 o AR A PR ZH B, X Bh 5 R L ARG 2
FR R = 2 A 45 g R 38 O L T A L LAY A
(¥ e iy LA $ Pk LA BUFESE AN — Rl
JH 9 ol 0 97« b £ 90 B CED) 46 97 2 4E (RAD 44
. P I 22 BIAE T B il 1 A JR AR L fr 5
1M FSS [ & 458 19 Jy 2 P fE 2k T PT A
5% o T 5 50 MILBRCIE BB O AR AN K. A A T
AR /N AE B BEIA S 2 T0 R ) BEAR A

Cu(ED/RA)

PI
. &=3.5,tan 6~0.004

P 1 g e e i S SR T . i o 45 4
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ide film
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Fig.2 Geometrical parameters of slot array and inci-

dent wave parameters
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Fig. 3 Schematic diagram of single-layer FSS structure
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Fig.5 Influence of polyimide film
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Tab.1 Change of transmission properties with PI film

thicknesses (f; : resonant frequency Af: —3 dB band width)

L=15,w=0.5 L=10,w=0.5

dp; (pm) Dx=20,Dy=15,Ac=10 Dx=14,Dy=10,Ax=7

fo(GHz) Af (GH2) fo,(GH2) Af (GHz)
0 10. 1 1.9 15.1 2.9
25 9.8 1.8 14.6 2.7
50 9.5 1.7 14.2 2.6
75 9.3 1.7 13.8 2.5
100 9.1 1.5 13.5 2.4
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Fig. 8 Influence of air gap on resonant frequency

23 SR B 0 5% ) 5 A TR dL RO
8 rh WA FE I X AAE T . d. O 8. 2 mm I, i
AT RS 5 1 18 R 400 23 A8 AR AR /N 1R AR E A
FSS BRI IR 9.5 GHz Bt i, X J2& i1 T iz
RFAHRE A A 468 8. 2 mm, T B S H] PRALE R
i 8. 2 mm A JF AR X FSS Mgk &k n A B s i
1 mm Ay 5 J5 B B A0 38 20 Ak U 45 S TR 2, [ v il
BT d. o 8. 2 mm B R IR K, ST
S5V A BT

B R A T 2 I RGO 35 A 285 0 11 1% i
PRS2 0 A& 9 BT . S5 4e 1 g PRI LAY (a3 4
MR ) s 2544 2 v FSS 42 )@ B0 T AM kG 4 i
J2HG PTBLJICBORS W 7 A AR b s 4544 3 A FSS
4 J@ BB WG AE A AR b PTEAL T S0, 7] 4
PRY . TSR W 2 5450 1 Mtk
FerE AR A #3022 5 B G PR AT R N
F& 0.3 GHz, JE B & th F2544 3 vh PTJLJE AL T
FSS 4 J@ Bt 1) 55— 3 4~ 45 ¥ H 24 F R X FR 1
XUON AN 288 5 4548 1 2 A B i 284 5 ) 1X 591
SEkg 2 R 1 IR E AL LA S5 2 T PT 3L



BT

SO LA BN R B2 A I FSS /A2 B bk 1251

58 AR £ J52 J2= 9 52 T 5 3807 AR W AR JE 9 4 o Al
oo AR O AR E— 5 0 R R A A 2
HORE 5 TR 9 A B RO 4.0 38R ) 10, 0. 15 i
Rt A AR 1 R AR PR A2 2R T 454 30. 2
GHz, #RIG RS FSS 45 0 v piy 24 )2 o foff 56 i
RS 3 B2 1) A L8 B0/ T 4 b sl 5 2 Ak
A RE D/ J IR IR IR 5 J2 T2 114 5 Wi o AR B T
JZ.

(Caculated
[=o—Structure 1
[=0=Structure 2
[=A =Structure 3
[==Structure 2,£4c=10.0

—10+ L=10,w=0.5,Dx=14,Dy=10,Ax=7
Structure 1 s Structure 2

Cr/dB

i &~ land~
Dielectrig

T i e 3.8 1an5~0015 S o £-3 8 and~0.015

_ ) & 1> 2 mm e=381and~0015

8 9 10 11 12

fIGHz

B9 ORI =C i 52 i
Fig. 9 Influence of adhesive approach

BT X —4518 , vl I B RE 3R 1 U 2 4 FSS
SER R PERER R . DAL 9 H g A 1 N LAl A
P4 @ BE R VR E PR 2 (L e=3.5,tan 0
=0.025,d=0.2 mm ) FIPjj i L 1 /2 (B e=6. 0,
tan §=0. 25,d=0. 05 mm) , W H [7] T 30 S0 2%, »
23 0T D 235 g 9 AT 23 e o 2 A AR K R e 5 5 AE A
o0 7 5 R 2 DDA V2 ) R T A X /N . PR
KM IF AR K 10 Prs, 5002 145 R X
W, R E A T FSS 4 Jm 5t — ] ) 44 4 4
PEASALAR K IR M 3 A8 1 GHz 247, 4l N
FERIY s 2 A IR 2T A T — M D052 AR )N
BT R AN F) 0.1 GHz, 4 N P EE IS A5 18K,

0
,2 -
4y
o O
=2
= —RK,
S 8 N
10 _L:lO,w':O,S,DFl4,D}:lO,A\C7 N
Caculated N.
—— FSS+dielectric,without SC e
=12 | = = FSS+dielectric+SC '~
—- = SC+FSS+dielectric N
_14 fl f 1
8 9 10 11 12
fIGHz

K10 T U )Z AR

Fig. 10 Influence of surface coating

HoAts 7y 20 PR B R 2 IR 28T R LI
R SRs A B2, S R B S 2 A T U A G
FSS B i1 i A2 rp 06 200 %5 58 31 5 26 41 5 1 52
M) o 3 e PR 2 1T AR U2 A DR 3R BOTU i M e R AR
A,
3.3 HRNREENZMm

A J5JEE E R BAZ FSS BRI B & 0 5% 45k
B SOk (6 11T 3R [ 1 BT A A9 B (W) AR
(R 253, fEL 3K S0 AFF 5 349 2% 1 X XU %o 5k n 2 1)
o AT A s n 28 05 =X, IF k47 T 58
K. HIE T —RIEER D B AT/ LWR-2
EEM:0.5.1.2.4.8 mm. I L4 &L HE £
A TR A LR RS B 7 R EL 9 A AL

B & T 9 R Es R R
i A J D2 DA 38 R 8 A 0 5 8 T B AT HL R AT
TR % 18 38 ) — 2 PR AN T A R R A
FaSELE 9. 5~10 GHz B, BI k@ w1 5 FSS &4k
W 1A/ G, /2 L G 1R 2 SR IR %
FEA AR R BE =1 mm B A A [, B 24 A 5 8
LS d./ (do+dae) =10 B A BE Al 3 )58 5
VR B 188 2 14 52 0 /) 380 W 8 A 30 5 1 A7 T AR
I JEEEE <<1 mm 5 25 1, EL A SR 2 4
2 IR AT RS AR AT S5 A8 1 AR, R R A AR R
JE 5 P LR B OR G EJ2 1 JE 8 ) — i G
5TV W T RTORG i J2 11 5 o Oy

16

L=10, w=0.5, Dx=14, Dy=10, Ax=7

—0— Structure 1(Fig.9),caculated
—o— Structure 2(Fig.9),caculated
A Structure 1(Fig.9),measured

ﬁy /GHZ
[~

0 1 2 3 45 6 7 8 910

de/mm
BT A J5 5 B X 3 R A0 38 1 5 1
Fig. 11 Influence of dielectric thickness on resonant

frequency

L AR GRS R R T e —FwE
PP R IAREL T RO (A 2
& B TR AR R 0.5 GHz Zigy, JRUH F 202
R 5 12 K FSS A A i A &2 & 19 O 5UF
ARIB BN BLAER S A7 AE R 5 A3 50 Ty 2 25 B



1252 P o

K% T

516 &

SERFE L LW RIS FSS 4544 1RG5 T2 0 14 i 4y
PER AR, B 11 58 rpih B (B A 52 5
W AR AT X UL RE D] R IR

4 % ®

AR AT N [ JE B 1 I T 5 Rl A e 2
Xt E B FSS IR A 5w L DL FSS 5 Ay
i -Rew WOk St ikt TEER CNEA IR
B, RPN FSS 450 v, 3K 55 R A 8 )2 55 40
R 2 5 AR 5 A 7 R iR
JEE YRR VI 6 o 233 AT BT T e A1 S 1) 52 )l AR

S & k-

KA 0.2 mm 1 28 ) B S 285008 4R
PR T 1 GHz, 1 2528 R B> A/5 i 4 i
TN FEA T I o WO A SR TR AR A
JBJZ + LARE 28 SR BR A2 . S 25 SRk R W
AN 21 58 R R M RG 5 T T2 B9 A B B8/ T A AR
5 Z M R A 1S W 5 07 2 HA BORUE
LI R VR 5 T2 T8 BE Y 10 A5 DL B A B ol B
JER RS RIR 3 T V2 X 52 5 445 4 A5 il e A 119 2 i g 22
. FSS Wit #2255 8 ki 2 W
o ARSCHWETE S5 F0R 0 —IIG B FSS 1 52 56 AF
FAHEEEL,

[1] MITTRA R, CHAN C H, CWIK T. Techniques for analyzing frequency selective surfaces - a review [CJ. Pro-

ceedings of the IEEE, 1988, 76(12). 1593-1615.

[2] MUNK B A. Frequency Selective Sur faces : Theory and Design [M]. New York: John Wiley, 2000.
[3] EZBF.89W =, X4, NBUNBXFHREFERTERAER W ERUIFRL] 2obh 2 Kk FH, 2005, 24(1):

27-30.

WANG H Q, LV M Y, WU ZH. Experiment on the influence of dielectric loading on transmission properties of
frequency selective surfaces[J 1. J. Infrared Millim. Wawves, 2005, 24(1): 27-30. (in Chinese)

(4] ZwA, 39 =, K¥. FSSX TE AP AL mAEN LRI & F 54, 2005, 33(6): 1099-1101.
WANG H Q, LVM Y, WU ZH. Experiment on transmission properties of TE polarized plane wave incidented on
frequency selective surfaces[ J]. Acta Electronica Sinica, 2005, 33(6): 1099-1101. (in Chinese)

[5] VARDAXOGLOU ] C. Frequency Selective Sur faces| M]. London: Research Studies Press, 1997.

(6] Kikik. FSSK & FA F 0 ARt Areg KA MMM R[D]. Jbat LR ALK K% . 2004,
WU ZH B. Research on essential problems of electrical performance analysis for FSS stealth radome[D]. Bei-

jing: Beijing University of Aeronautics and Astronautics. 2004. (in Chinese)
(7] @3e3b. JOMGHE De v B A 70 Rk W e W R B AR R [T ], 90 Al o 3645 &, 2002, (8) ¢ 52-54.
GAO Y R. Technical requirement for adhesiveless flexible copper-clad polyimide film[ J]. Printed Circuit Informa-

tion , 2002(8); 52-54. (in Chinese)

(8] #4st. wdl b ALMI deat. Bl it . 1987,

SHEN X K. Technology of Printed Circuit Board[ M]. Beijing: Science Press, 1987. (in Chinese)
(9] FEk.RM,FEAR YIEM Y HIPRITHEMIIAT s ]. % #%F T4, 2005, 13(2): 219-224,
LU J, ZHANG J. SUN L CH. Experimental comparison of the characteristics of Y element and Y loop element
[J]. Opt. Precision Eng. , 2005, 13(2): 219-224. (in Chinese)
[10] CALLAGHAN P, PARKER E A, LANGLEY R J. Influence of supporting dielectric layers on the transmission
properties of frequency selective surfaces[J]. IEE Proceedings-H , 1991, 138(5): 448-454.

EBR S8R (1982 —) L ML A AL ML TFRE, FENF TR RS BARMIT . E-mail: amengzj @ ase.

buaa. edu. cn

B AT =) I PRI B A W EEA GRS R BT BOR L B B B B 5G4 Y BT

2y

7% ., E-mail: wuzhe@ buaa. edu. cn





