5559 % 45 10 #1 2010 4¢ 10 H Y

1000-3290,2010/59(10) /7338-06

ACTA PHYSICA SINICA

2 Vol. 59, No. 10, October 2010

(©2010 Chin. Phys. Soc.

T Y SR R E AR

IRV mpE"

ET

1) (P E BB LR LS W BB S, h R Bt RGBS RE AT R LR T, KE
2) (P E B BB S A B, b A

wAEDY A

A= ﬁfﬁml) F/iﬁ

130033)
100039)

(2010 483 7 25 H ;2010 455 A 19 H 2B Bk

FFT 538 S5 K 09 19 R H 20 FE B8 R T 490 < 6 £ 32 T (F'SS) U B AT (i 76 50 57 1SS 1 HLAT 20 51 Bty i %
W RrE 456 Floquet JAl 01530 A& 1F R R L P8 T — B Y 3143 T8 FSS fE R [RIA S fi1 B2 R AR R 7 F R
B TTHR AR T3 O B0 A 0 o A 1) 5 W AL 20 I IR AT A Y 22 0 A (B TH B S SR S5 R R BT, PSS IR AR R &
B p AR L B IR R R BT RS U | T 0B Sk 3R % - 3 dB A 5 )k HE A D A A e R S 2 R 5 R )

Br—=k.

KW PURESER T, MO, ZH Y 3, BT

PACC: 7360

L3 7

B R B e 107 (frequency selective surface, faj FR
FSS) S o 4 R 8 1 IR B o0 I — 7€ 7 18] HE S HE
{14 JEL 3P [ 9 - T 5 4 1L T PSS Y e A1 U O 4
PR EE R TR 2N H] TR G R LA RESE
LR LR 2 PR R RO TR 2SI AE ok BNl
A ORI T /N AT 2 B T AR R 2 A
NEHlL 7 2 2 WRLB FSS s S WS AR R A IE B IS

BT FSS AU, F I 43 T8 BT i B AR LA A 58 57 )
JE FSS HAG Z M0 RARIE , AT UL FSS 4552 Jedh
Fy, BAT E A TR S (AL A FSS AR N I, 16
N2 R HIRIESE 55 R Jl B9 BT, %o F'SS i iy G T J
wAK. EH 4h 8B 1991 4 JF 4f, Romeu FI Rahmat-
Samii'* | Gianvittorio %57 XM 45 M 75 FSS L Y B
FHHEAT TR AR RIS T — & i WF 5 iR (H H
i3I8 FSS ATH A HEf = R B 7 2.

Y BRI 1 R, o —Br Y SR HA
B — R AT, T =B Y BR Y SR = R AR X H T

(@ (®)

©

1Y H5 IR S5 R

(a) —Br Y ¥, (b) =B Y 3, (¢) =Fr Y 3

a0 v [E R 2 5 1] 5 6038 4 < (AL iS5 - CXUJ-149) (rp [ Bk BE 40 75 1 98 SO Be 1< 2 345 35 BT R 30 & B2k 4 (it i %5 . 076231J070 ) % 1y

B PR A
+ @ HIEE & A . E-mail ; michaelal031@ hotmail. com



10 1] EENRNGE : T Y BRI M R WA B TR 7339

W E AR A, AN S SE B TR FSS B TR . AR 3
P HRE 2 AR BT T FSS IR AR (W A 51 5 90 5 1
i e 7 IE FSS MRk R TR A
SR A7 90 LA LA L B A S 6 iR T B, E
B 7 IR ACIA 7 B HE A J7 X B Y B A% o A
RO, 4y I R A0 AR ) A0 BT I 2 0 il R R,
SCBETE 0 E FSS B TR $R A TR RE A BROHR
AT k.

2. 4 FSS A

PaI L Up IR T S S PRV AV ¢
PRSE , AR AT AR 4 52 PR R 2k AU R R, B AR
RZRTHAETLRE. Y oo EhEsn Y
Hponge a2 AR T B SRR AR, R Y
HIEACTICHY H O N 5 F, LA &5 4 ] L3R
SIS

F
= F s 1
N (x’y+l.5+F)’ (1)
1 -F 1 -F
= F - , 2
Yas (xi 2 Y 3+2F) (2)
Y. :YnU./YI(Yn) Uyz,s(Yn), (3)

Ho o h R JEEE Y SRR o SRR T K
wmE 2 s, Y, RRRER TS v, —y, A I 3t
5 n+1 WERIE W IUMALE R =h(1 - F). X B
TEFENE, DA RG RTS8 — kR on
HTTIRFEARAR | 22 0 1% A B T 1Y (] B Bl 5 325 4 Uk 5L
) 14 0 2 AN DT AR Y

G546 TR W 3 B4 E, R R R R O BB o R
FSS JE M 454 $EAT Floquet A2 J& FF, 38 o i /& FSS H
JC L5 ) R R 9 3 B il TR L S B T R
HEBEIE N

. i 9 d
[E;""] - Jop, O axt 0xdy
B ko El R
xdy ¢ gy
AX
|- (4)
A

(MHRF LA, =G J A =G ]k =0 [ueey.G
b H H 25 (8] Green pRE, J O FSS 1N L3R,
b ine Xf R A G 5. X (4) X #E4T Fourier 28 e [
Floquet #% J& JF , v] L5 %]

_[Ei’“‘(x,y)]_ 2m ii[’fﬁ—ai

E'}"‘(x’y) ja)é‘o(lb - - - a,p,

3 J(a, By
x G(Ol,,,,g,,)[ ]eJﬂm%eJBw, (5)
‘])‘(am ’3n>
o, = 20T (6)
a
B, = BTk, (7)

Hhoa,b 535010 « Ry J7 1 BRI R /AN, m,n
Floquet # i K+ ,m,n = —o ,---, =1,0,1,, +
oo . W HL I — 2 B R B R A %t (5) ROH AR R
SR A, FE T AR A B A5 AE [ 7 oK 3 R RO &R
B, E AT HE D FSS S5 4 Y S5 &R BRI G R H
TR VE SRV ST — A BT 09 R S A R S R
S5RGBT B LLTE S 03 B B 0 X FORS A1 02 2% B
JC I, AR VR B B BR 2=k A A
TR

L.
AN

w2

B2 B Y RS S BN &R

3. B SR RAF AT

Bk A -3 dB A 98 A i FSS AL H ke vy
FEES, X B FEE R BRI F oo HE
A3 7 S, TR S5 40 I FSS 153t J5 5. FSS 7K
I EN BT E £=2.85, 5 d=0.02 mm W&
] SR T IV Jie v PR, BT SR T OE = A B B A HE A

/////

1.2 mm,D =30 mm,D =25.98 mm.
3.1, EKLEBIEF 3 FSS & 55148 %2

AEATT FSS BT A I IR A3 0 A0 5 B0 RS B 4
MO XA b AN W T F Ol e ) 3 R
B ITA R B . [ 3 R R T AL



7340 ) Bl

E 59 &

NG F 0,27 254 0.3 F10. 33 BF 40T FSS 1) 45
SR R, e 1 A IE AT F O AR X 3 4R A5 R
T3 3o 3R 04 5 X H

XY 3 IRE 3 R K A5 T MR IR K,
R ITSHOAT A, — B Y SR JE KR 93.6 mm,
IR AL 3.21 GHz, fE 5 MH 558 — &4k 51 f, 195K
HZE AW A FIREHL, 28 38 4R 51 f, 29°8 10 GHz,
SHUESE RAH 2K X TR RIS ot
FA G T BB 7 14 A 280 R R T ol HL 3 R 4
Fe A ST B A, 53 A0, B BT Y ] IE AR Ak X 18 P A
RIG BRI AT TTER. P, 55 38 4R A5R AS 8 ) S
P A AR AR B A IR IR A, =L,k
LI R L R ITTE R, i R BUE 25 R K
TCS B T2 KD B « 2970 1.86. H &3
FTLLE W, RGBS, Fof 0.27 34 & 0.30
0.33 B, £, 5/, ¥IEAKERS T 200 MHz, f, iR

“-‘%;&\ St

T, AR B f, W32 T, Wi/ T 0.28 dB, 5 itk
[FIEF, £, 90 750 M52 690 M, f, 7 9a Il i 810
M 45 /NEI] 720 M5 Y F G A S R RE AR I, f Al B
AL T 230 ML f, A SRS AR T 310 ML H I RT DL 5
— BRI R G R R TR IR R AR E AR
PR F 3 g g R AT S 0 B, %k H i i 8 Sy
TR MRS /IN. X B B A ) A, M ) A% R X
F AR AR SRS B F R 38 K, 550 AH B AR
o W 75 2 o5 B R 1 R B 8 5 R AR S R
XA £, PR R
F 1 EASHE F RT3

B IR A 5 R A
F
fi/GHz  #EE T,/dB  f,/GHz & # T,/dB)
0.27 3.4 -0.189 5.4 -0. 069
0. 30 3.2 -0.114 5.3 -0.118
0.33 3.2 -0. 145 5.2 -0.350
TA
o
m
N
D 20
-30
4 8 12 16
f/GHz

()

\
g3 f% e
i i§¥ f giﬁ%ﬁ %fl
hﬁ d o F=0.27
) o ~— F=0.30
30 I —— F=0.33
4 12 16

f/GHz

B3 F BUBRE PSS BRI EXT IE () IEAST, (b)30° A4T, (¢)45° A4)

3.2. /AKX EEFF LR

FESERIERE b AT IAK S ST HE A 7 2 R R ED
LT B B R T, Al A st R 0 96O [ 9 1k 5 3
A T A L A L T A PSS (034 4 A0 2 % 3
it A X IR e TE Bk )7 st T, 508
TEAEIE = 1T 60° Al K Iy T 90° i HE 91 (1 4) i Y
BRI B R, R F = 0,30, F Al 2T R B8
K75,

HITET S K3 2 9 BO(E 45 58 nl 0, A ff 23 0l

0°,30°F1 45°/f, T, i1 -0.117 [£ % -0.119 dB, T,
H - 0.118 F& % - 0.129 dB, 4 B F& I 0.002 #
0.011 dB; MR Hb , T) 5 T AIFEAK T 0. 039 1 0. 361
dB (T} Fl T 43 50 Ry 550 R Y 90° HE A 7 B 55 — &5
5 RIS 3 ) - WA HE A T R B R
S 10 2 L. 5K T7 TE A% HEA 7 M He, R =
FIE HEAR 1 98- 4 8 5 37 M, X 2 il T 60° Hi 4%
HE A 1 BT i B D) RN Y R, 24 R A B
B FSS B, HEA T 2R 98 i o R 5 o 5
B ET UL, B Y RN K HE S AL = A T A . FSS



10 39

EANRAG . T Y BRI R £ 2 10 3R gT 7341
)‘jék )‘jé')k ;
60° 90°
B4 43 FSS HA r R B (a)60° M L (b)90°HHik
BT b 5 T R B HE A T A s R s 2 RIEHEATTT S PSS fh ik 1 8 i
W) FSS A M K 58 SR Ak A . R T e A A 7 A 55— AR R
Az N AR A A BE SR OT TR B D AR RLH 2 A e < M SMRT, ENET =MET,  ENET
D <Ay, 5T 8] B /0N M T AT 56 S0 R R O A 0° ~0.114 -0.16 -0.12 -0.01
Y B 2[R AG AR R Bk A e B FSS et AR 30° -0.117 -0.18 -0.12 -0.11
T 9 A S5 5 T DL B TS 5 SR A R v cew cew 0B S0
0 0 ?
@ f£% 1% 1 OFANIFAY
10 Y 4/ \”.*’/ %ﬁ‘ 10 #’H Vs AP S, ]
5 i %K L Y 3 AN L2 Ry
S 20 d N \/ < 20 fl ‘\ ff{d i
¢ g\\fo —k— 60" HH% | vf —k— ——60°HiH#E
=30 \\E]f —a— 90° M 4% -30 1 ’! T —E—QODWH%
4 8 12 4 8 12
f/GHz f/GHz
0
OFATIEA i
INEFAIR /ﬂeg‘i
” AT \,ajjjgg s
S 20 F/ Xi% {ff Ll
[N e
-30 I —a— 90° % -
4 8 12
f/GHz

B S5 AR T FSS AL 5t

4. 5E %0 K

FH RG] T2, 78 600 mm x 500 mm [
AT 5 T IV e v R RE VS b o AR B BR 4 OB FSS, I AE
2 FL I I 3 v o A e o R VR R AT L T
S S A T R, AL K S (2—4 GHz) Il C (4—8
GHz) 3 B, e gl R Ge an &l 6 frow 8 7 i FSS

(a) IEAHT, (b)30° AHT, (¢)45° AL

PF, S5 A2 SR AN 5] 8 Fir s

1 FSS B TR A SR L b (R R 2 i £ 8
1), FHB B K 26 I i FSS, A AT LLAS 31 4% 1) H
P, 30 AT A £5 1 T A A SR R D L o S T
WS O T R A T T R — B M
ML &5 2R A, 60° MM HEZI 84 /1, £, ~F 39 1 1% 121
MHz,T,,T, 7£ 45° A 5143 51 F B& 0. 338 Fil 0. 363
dB, A AR A 8 3 0ok R G SR A R AT A T 90° Al



7342 ) Bl

59 &

E

REMZ ST
Aglient N5244A

[EEE

FSS
'

e

P&l 6 FSS S I e R B

RSB FSS, C 5 Bl 4k R 294 ik 152 M, S %
Bl IR EERS 190 M, 7E AN [A) AR #A B2 T g i 00 5l &
[ 0.41,0.56 1 0. 82 dB. i Jik K oy i i) 28 £ 128 5
(] BB AN TS I B I B, % K 2 0] 4 B 2 A
B, BV F'SS J 75 AP b IR A R A R
Wi B, JE HR R A BE A1 B0 R . 55 8k, R BE A
I, FSS 4k 1 0 EORAS AR 1R B9 R/ X FSS i 451
B 9 0 A A AR K, SR UL, S 36 44 2R 5 JUfE
TR A2

B 7 FSSSEEEME  (a)60°HiH , (b)90°HH%

f/GHz

K8 NP FSS AR Mk 2558 (a) 60°HH HEAR , (b)90° 4l HE Al

5.4 #®

AR 23 12 B o0 9 3 AL AT 2R 20 ik
045 R N T T FSS U, 45 B Y R EROT L
iy oA Bk AR 2 2 25 5 J8 0 B 2 B T R
FEAR VA EE , XTI B IT 45 K 2 B0 FSS AL i i

S KRR AT HR R AF 9T, 45 2 K U B A 5 o B
FSS PR ATR 1 2 56 % 50, M T BN T R 2
M) 3 41 A A7 B, T R K -3 dB A e X FSS HE A
J5 BRI G518, K B HS — 5 R 003 i) oy o M A
5 R IR T O R MR AL XN Y Y BR FSS [ i
W TREHRETRRHESSE TR ES
BB FSS T #2400 48 %) v



10 39

EENRNGE : T Y BRI M R WA B TR

7343

[4]

(5]

(6]

Mittra R, Chan C H, Cwik T 1988 IEEE Proc. 76 1593

Li X Q, Feng X G, Gao J S 2008 Acta Phys. Sin. 57 3193 (in
Chinese ) [ Z=/NEK 1D 158 [ 55 S 4 2008 Y34 2% ik 57 3193 ]
Li X Q, GaoJ S, Zhao J L,Sun L C 2008 Acta Phys. Sin. 57
3803 (in Chinese) [ Z=/NEk | S FA B8 FH T L 90 % 5 2008 9
24k 57 3803 ]

Kraus J D, Marhefka R J ( translated by Zhang W X) 2006
Antennas (Beijing: Electronic Industry Press) pp523—525 (in
Chinese ) [ 25 - 52 95 7 , 2 94 4 - T offs R 3, 35 SC 3% 2006
Kk (dbnt 7 Tl ARtk 45 523—%5 525 7T ]

Romeu J, Rahmat-Samii Y 1999 IEEE Proc. Int. AP-S Symp. 3
1734

Gianvittorio J P, Rahamat-Samii Y, Romeu J 2001 IEEE Proc.

[9]

[10]

[11]

Int. AP-S Symp. 3 640

Gianvittorio ] P, Romeu J, Blanch S, Rahamat-Samii Y 2003
IEEE Trans. Antennas Propagat. 51 3088

Munk B A 2000 Frequency Selective Surface: Theory and Design
(New York: Wiley) pp69—81

Jia HY, GaoJ S, Feng X G, Sun L C 2009 Acta Phys. Sin. 58
505 (in Chinese) [ 5% 723 = S A% 15 1% [F \PME 7 2009 ) #1
24 58 505 ]

Sheng X 2004 Computional Electromagnetics ( Beijing: Science
Press) pl133 (in Chinese) [ B3R 2004 |55 B B 22 36 (b
TR AR AL) 55 133 T ]

Goldsmith P F, Gill G J 1986 Microwave J. 29 207

Design and study of second-order Y-loop
frequency selective surfaces”

Gao Jin-Song'’  Wang Shan-Shan' *'

Feng Xiao-Guo"

. 1) 2)
Xu Nian-Xi

Zhao Jing-Li"  Chen Hong"

1) (Key Laboratory of Optical System Advanced Manufacturing Technology, Changchun Institute of Optics and Fine Mechanics

and Physics, Chinese Academy of Sciences, Changchun

2) ( Graduate University of the Chinese Academy of Science, Beijing

130033, China)
100039, China)

(Received 25 March 2010 ; revised manuscript received 19 May 2010)

Abstract

The multiband properties of self-similar fractals can be used to design multiband single-layer frequency selective

surfaces (FSS). Combined with Floquet periodic boundary conditions, the moments method is applied to characterize the

second-order Y-loop fractal FSS frequency response to different valuses of iterative scaling factor F' and lattice as the

incidence varies, and then the estimated empirical constant is obtained. Experimental results show good correlation to the

calculations, indicating that the resonant frequencies are mainly determined by the iteration factor and the initial unit size,

while the lattice impacts the transmission coefficient and bandwidth apparently.
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