4] 38 2 3} Acta Phys. Sin. Vol. 61, No. 21 (2012) 217307

SR OGEIOETES iR 2 ikt kSR s TN

B A

PR DT

F12)

EFamD HeE

1) (P E R BRGNS D ERRT 7T, P E B2 500k 2 R G ek s H R A se it =, K4 130033)
2) (R ERFEBEATF IR, JEET 100039)

(2012 4F 6 H 1 HikZ); 2012 4E 6 H 26 Hik2&k )

T b A T BR A R A R T (FSS) ARfdr tE g2, LL Y PRELITIY FSS FH 5 B 0 I 44 G i) 4% 1)
M SR &85 A ), SR P IR A B 25 2 7 B AT T S AN 20 . e ST BRI 5 52 SC T FLARBE S L P, I A ME I T
SUBHTZEM R T UL 585 D 2% FSS IR S Be 7= A= B M e i, AR & N AT R 45 M I = 5
i, BALARMEE L P (W3R S G nfe i ae. 24 T (4 il B BR K254 80 mm I, 877 3% I %-F 1) N BEBE I 0.9 dB;
2 D E 035y 20 mm I, SIS RV R 1 dB. 24 P E/ANT 12.11%R A A WIS, 24 P E/
T 4.12%MF, Hr4est FSS (R0 v] 20 AT, SR B IR Z) T2 FSS R AE BdsdUin T 7 =X % fa A BT

2R, FFAER S = T AT IR, RS 5 i R AR &,

Fefit 7 EIE 5 S U,

KRR PR PER I, AT, FLARFHAS B

PACS: 73.20.—r1, 73.61.—r

1 8 5

AR BT (frequency selective surface, fic
N FSS) & B B HEAT 1 4@ W A B oo B4 s R
T S HE A B LR TR P — b A A
FI G5 K6, T R AT PR I A U iR A R A R A A S
AT, e — PO A NS A ARk T A
BRI SR AE A 2 () gl ag 131, oAy
I8 FSS ) — ™ 2L 2 7E St v B S Bk B 7R
KB Wt B0 Rk A 4 AL FSS
HITF R 5 R,

XTI FSS ik B i A ) oKk 2 A& A2 e
1) R e, 8 Y 3 R R N R S AR A, Rk
WAL SR FE 11T FSS B IA B0 1 Z4T45. Munk[™)
Tt R A I 28 A o3 1 O 2T DA ESCRE R K A
FE NG FSS AL Sk 1, b vk /% #: 47 A
Jif e AN S A UUC 5 1 22 B A AR B N E R 14y
M & 73 SR BRI 3 £ B i B8 A T BE e 1R R T R

AR LAY BT AR S5 4 /¥ FSS Fa 5y 7 ik B2 AR B H]

PR (RS E E, PEARAT P AR S BAE, S 3R Tl 1 i&
R AR M A RO 5k s I = ]
B AR 7 ACSEELRS B B O BR, AT DGR H A BT 2R 52
¥ FSS LB HJT 1041 % FSS A 2.

AR I B Floquet A58 278 A% 47k I 3k (4
ik, A2 AR AN e i 220 B ARG FSS FasE
FRAmRs . SR P IR BRZE 7320 N8 A o A 4
(¥) FSS AL AT BRI 70 M 2 CALARPHAS EL,
5 52 FL A% JA SRR P ) LAY ST 2R S5 #I X FSS A% 4
R (RS2, 30 3 AR SR S DA K B B B A
37 AR AR A 2 AL, I F S
INCABSAIE, AR f A BT 2R Z5 R f) FSS A B
AL 5 LIS H K.

2 MRy E L

FSS 1Eh Z 4 To bR oK A R+, HHU 2 70
53 2 Floquet 1 :0& I, 51> Floquet #3541

= KEFHUITE = WIEH LRSI H 3HES: 093Y321090) FIE XK HRE 54 @S 61172012) B UhEIIRR.

1 E-mail: chenxin19344834@sohu.com
© 2012 FEYIEFZS Chinese Physical Society

http: //wulizb.iphy.ac.cn

217307-1



4] 38 2 3} Acta Phys. Sin. Vol. 61, No. 21 (2012) 217307

[, 7£ FSS 751 BBAT &m0 3 70 A0 m DL~
AL Sy 2 FBAY 5 PR B 15 DR s . PTG %
[t Floquet 5% =01 =B Floquet A5 34 Bk, 2= Flo-
quet AL R g B0, =i i Floquet £33
A4 I 32 ek e B 32 AR AE T8 B3R I PR, PRk
I FH v B A A% 398 N S R R AR AR, 255 SR (8] T
R 7S R R, A IE ) 2 SR R B Floquet
BRI = B Floquet 152 3X 43 55, AT 34545 5€ 1) FSS
AR

In# A BT 2L 450 1) FSS FIA 5, AP e
FRgs R E 1 Fros. REA BEECN B
25 BT 1 A AR YR M 2R 4544, VRN SCHE FSS 5
BRI B BRI %, Pl AE — o )5 RS B TG BR KA o 2k
J& b, A7 AE AT B U 4 b 2z TR P 23 B D A T B L
I BRAN FSS F it B [R]85 e 2, AT S B
A7 SJEH FSS T8 B 7 2. 10 TR 4 d A o M7 48
L d ] DL 2SR IR, OB 4 T
DA R 58 FE D n] AR M B A ot 5 28 S
A L EE, B SEAz dMT S 2540 ) LA BE A LE.

o/ A
|
i
1
/ | N
] | YY
T
— | A %%
: |
v
Dy L FSS
7
T,
L
SR RS AR
Bl 1 PEHISE PSS i HA5 R R
LR EEE X
D, T, + D)1, —D,D
p=="" TzTy . (D

ST FLARBH S L P %) BSS A& H P i 5
WA, BB % 4R A0 4k FEL A M AR S5 A IR V. BRI AR
SCEMMTZE A T AR S D AR E K,
H SR ALEREFS L P X FSS A& 45 e 52

3 BT EW AT

FSS [ 43 #7 i H 8 F B UL AC v . Bk
S DT R F R — B A a5 S 1) TR B
P s 2 TS STAH LA P, 3 v B0 F R RO i
EUbR. AR T8 A7 52 2% e IR 25 ) PR SO B A, I ek
A PR3N, B AR, HOR R — B g 5 S
FLAH AT B HI A i TR S AH BAE FH, RS 7800 I
5T 2% S A I H FR B FEL AR . DR AR AR PR 1
FIE 7 (0 A AR R B, SR FH I 38 PR 22 20 i AT o AT
AT BAT ORI RAEE.
B V- T8I 45 K4 D9 FEBR K, 06 B FELRE I8 O~ T
W, FSS )& )= To bR . & A M 4R S5 i s A BT 1 -
1] FSS 7 ik B 7 s B i B 2 Ze . 5 8 FSS
() 8 A4 3R Floquet 5& B, # 1H 5 = FRAE— A
JA BTG, FLR RN AT SRS K B L ) T, F0 T,
i (RN A RS W
E' = [é2(cos 6 cos ¢ cos ¢ — sin psin ¢)
+ é,(cos @ sin ¢ cos ¢ + cos g sin @)
— é,sinf cos (b] -Epe kT, 2)

MR A Harms $2 H (0 X0CF T 9 7% 19100 76 & 11
N T, AT, W X-Y P b n A 5 g% A,
E 2z = 21 Ml 2 = 2z Wbk HEAEULEZE (PML) i
Ft, SR FH 68 BUh IR T H BB A B AR AR
HH (2) 2R E NS T3 P 1 2k =0

E. = Eyexplj(wt — kzx — kyy)], 3)
L3 4y B 2
9H,  OE.  0H, OF.
ot = "oy "ot T ar
0E. (0H, OH,
ot _<8m Oy ) “)

¥4y kA7 2 40 & B, B e 15 2k At

AR
At
n+1l/: \ _ ne. -
Ez (Zaj) - Ez (Z)J) + 5(%])

[H5 it 1/2.5) - Hy T - 1/2,4)
X

Ax

Hy 7205+ 1/2) — Hy PP, - 1/2)
— , (5)
Ay
HIVY2(0,5+1/2) = HP V20,5 +1/2)
At

pli, j +1/2)

217307-2



4] 38 2 3} Acta Phys. Sin. Vol. 61, No. 21 (2012) 217307

L B +1) — Bi,)

Ay , (6)
HPPV2(i+1/2,5) = HP V20 +1/2, )
LAt

p(i+1/2,5)
X EZ(,L—’_]‘?J)_EZ(Z?]) (7)

Az '
TE JE ) 45 K6 v v 1 373 /2 Floquet 7€ 3, Bl fir
B0 &IRER X 7Y J7 1 28 A6
(P(.’L' + Tfmyvt) = 90(x7y7t - ¢:E)7
(p(ﬂ?,y—f—Ty,t) :¢(xayvt_¢y)v (8)
X o NGB E — &, ¢, = Tpsinb/c,
¢y =T,sinb/c.
(8) Xt B ATUE
oz + Ty + Ty, w)

&1 My
AR RV
E L ] L ]
[ ———] — —
BT,
€3 M2
Dac

23 Z3
3 Zg —> oo E3 M3 X3 — o0

=p(z,y,w) exp[—jw(dz + ¢y)]. ©)

K i I RIS (3) AU (9) A5 24
W77 1) bR Rk 5

HV2 (i, — 1/2, 5)
=H 2 (i, — 1/2, §) exp(jwés),

HI 2 (0, + 1/2, 5)

( )

=H]T2(iy +1/2,5) exp(—jwds),  (10)

Hord i, F oy, 2050 9 WA e A5 0 R 1 g 5. AEIEAR
HEF Yt =n B2, 8T S) XRIF RS E,
H G =y by = Jay oo, b BT ) T A2
FAEF 2D, Bl ¢ = n+ 1/2 W ZE T (6), (7) X
A1 (10) ZRETRE S 7 &

X1

X2

X33

K2 Pt FSS fA AR R A () M SEARAR & ()

4 fEh Rt

K B3R5 B 7 v S 1 B B A B A A
I, A I PR R SE A 5 0.1 mm, 25 SCHR (8]
5% d=25mm WE%E D, = D, = D, it
WERMT, =T, =T, MHFE e = 3.0, Hike
EY) tgd = 0.005; M3 KK FH 5 M7 42 45 #4 4H
[F A1 KL, JERE 25 um; & Y PR TG IR AL
K L = 3.65 mm, LB % W = 1.65 mm, I
B 1 = 3.25 mm, I FE % w = 0.85 mm, 1E =
FIEHAR, X 71 JE N 8.5 mm; &% A R
N 28 mm, A\ HUE A 3.25, $FEIED] 0.004.

I S R D AT SRR T W%% FSS
PR VE (0 AR, SR LAY T B 45 X FSS 5%
M) PRI, 3T &5 HE R85 75 4 SEBm N 2% AR L AR

P EE.

4.1 BhEFEEXMEEMTIEARN

A TR L T 8 240 mm, %2
B D /5N 2,5, 10 A1 20 mm I, TE AL
i LA 0° F NSFIE FSS & ek, T+ 545 S
Kl 3 B, B D B3GR, 8y 8 SRR N .
PR PUFR D H I FLAZBE S 2 58 1.66%, 4.12%,
8.29% F1 15.97%. “MFLABHEI /N T 4.12%HF, 7]
DL 2 MT 4R 45 4 % FSS IR, 24 FLAR B4 B K
T 15.97%H}, 1871 46 7 AE m A IR 728 4.

MIZR A EARH R M I IR
PEHUNTBL B 5EFE D 9 5 mm, % 5¢HT 4L

4.2

217307-3



Y I8 % 4R Acta Phys. Sin. Vol. 61, No. 21 (2012) 217307

T 43 54 80, 160, 240 mm A1 ¢ R K I, TE #%
AT HLRE DR LA 0° F3 NS IS FSS A e PE. 1t
He R 4 Fios, B&E T G0, 8% T
RELR T B, (HIE W AP E WL %, @il EA
0, L= T H A FLAR BEES B A R 12.11%,
6.15%F1 4.12%. M fLAABHFS LN T 4.12%KF, AT LA
BHEHTIREE K0 FSS R4

0

—4
m
o
~

N -8

—12

11 13 15 17 19
f/GHz
K3 A D {EI FSS IR IR B

0

—4
m
=
~

N -8

T=80 mm
j T=160 mm
T=240 mm
_12 T=JFERK
11 13 15 17 19

f/GHz

B4 ANE T {EI FSS IR R

5 ERBIE

EHUE N 25 um, R K/NA 500 mm x
500 mm [ 5 Pt . Jie e A4 RE (N U 3 e = 3.0,
tgd = 0.005), K FH 9% JI5E £7 AR 75 3% 1 ] % & B
920 um W, A RDEZ . B AE T 2SI
il iR KT ) FSS B il %%, & B FEA 2.5 mm,
5 FSS B[R] 1 SR I S0 e s Al A R, o FH 258
MUBEIN T 1 77 201 4% B 1E J7 T2 XA (R4 SR 4544,
WE S Fiow, IEJ MK 80 mm, B 78
N5 mm. PRk HEE e = 3.25, tgd = 0.004 {14

JARAE NZEIR. H /D B B =5 (Rl Ak %
AAE—it, i FSS VbR I PR 5], skl B
MTBREE I FSS ~F I FELE, HahtaniEl 6 fiw.

K5 Hidereamas

Ko WRFEFEH

SR B ER 25 () A B = R AR B A
HBEAT AR SR v I =, R R B ] 7 B, SR
A B8 LA 22 4G NS244A T8 W28 7 B A, il
WURZe A% & 46, MRASBCN 12—18 GHz, HLLUK
9 TE ARALNST, RS #7152 2 0° A1 300, kit

GBI HTX
Aglient N5244A
B
B AT ] C;U/* [ AN
e

K7 el

217307-4



4] 38 2 3} Acta Phys. Sin. Vol. 61, No. 21 (2012) 217307

RErh, S O PRI 9604 1 kHz, P
BN 10 dBm, 6 #5538 ) LA e B AN I 48] 98 72,
R A EE 28 GE AT AR PR B R BRI S 2 B, SEEILT
T A Sy R i 2. S R 8 B, PRt
S5 S G B P 5 RS AR — B, BE 1 LA UM 2R
ZE RS FSS AR R IR R AR

0
—4
m
o
S -8
& A 0°
—— JHEME 30°
—— SEIH 0°
—12 —— KEE 30°
11 13 15 17 19

f/GHz

8 TR SIEEE AT

6 % %

AR LLHL A R MT 4R FSS 75k BN R AL, SR
I3 PR 2 40 v, LA B34 B 7 20 B A
HRE P 10 F A MY R S R FSS A% i s P AR
MM, B TR S SR Ie MR &5 R AR
NESRI R T UL R i 0 56 BE D /2 %2 FSS i
WhROEMKFESH, HILEHEAL P it
Yo B AL A5 RE. 2 T MERR KAE N 80 mm
I, Ay A I R CE ) R BT 0.9 dB; M E B B
& D M 0 7ZZ )y 20 mm B, 375 i R85 R B
Ik 1 dB. FIR S LR L P AR AE: 3/
T 12.11% 0 8 BmRB IS, M H /AT 4.12%0,
MTZREE R X FSS (114 52 1 v] 208 AN 1T, BEA% SE B
TERS B T I B NI N2 S 2, i FSS &4y
PEFFSR- T TAES B 13E I %, NP0l R ) A AT 22
SERII PSS Fa B TR A SR 4L T HIR R SL IR 10 555
A,

[1] JiaHY, GaoJ S, Feng X G, Sun L C 2009 Acta Phys. Sin. 58 505
(in Chinese) [B{ % #, mizhia, e, FhEF 2009 ¥ HE # 4]
58 505]

[2] LiXQ,GaolS,ZhaoJL, SunL C 2008 Acta Phys. Sin. 57 3803
(in Chinese) [Z=/INK, miZhF2, B ST, FHIEHL 2008 427 4R
57 3803]

[3] Fang CY, Zhang S R, Lu J, Wang J B, Sun L C 2010 Acta Phys.
Sin. 59 5023 (in Chinese) [5 & 5, ik#A=, S &, 819, FME
% 2010 PyBEA4R 59 5023]

[4] Pelton E L, Munk B A 1974 IEEE Trans. Anten. Propag. 32 799

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

[6] GaolJ S, Wang S S, Feng X G, Xu N X, Zhao J L, Chen H 2010
Acta Phys. Sin. 59 7338 (in Chinese) [ 2h#8, FE I, 5w,
TR, BT, MRAT 2010 3244 59 7338)

[71 Munk B A 2000 Frequency Selective Surface: Theory and Design
(New York: Wiley)

[8] Meng ZJ, Li M Y, Wu Z, Huang J 2008 Chin. J. Radio Sci. 23
1123 (in Chinese) [FEH, B¥ =, 30, #4& 2008 RLHFIA
4k 23 1123]

[9] Harms P, Mittra R, Ko W 1994 IEEE Trans. Anten. Propag. 429

[10] Turner G M, Christodoulou C 1999 [EEE Trans. Anten. Propag.
47 4

217307-5



4] 38 2 3} Acta Phys. Sin. Vol. 61, No. 21 (2012) 217307

The influence of dielectric truss on transmission
characteristics of frequency selective surface*

Chen Xin"" Gao Jin-Song")  Xu Nian-Xi"? Wang Yan-Song") Feng Xiao-Guo"

1) (Key Laboratory of Optical System Advanced Manufacturing Technology, Changchun Institute of Optics, Fine Mechanics and Physics, Chinese
Academy of Sciences, Changchun 130033, China)

2) ( Graduate School of the Chinese Academy of Sciences, Beijing 100039, China )

(Received 1 June 2012; revised manuscript received 26 June 2012)

Abstract

In order to analyze the influence of dielectric truss structure on frequency selective surfaces (FSS) transmission characteristics, as
an example, the FSS of Y ring unit and the truss made of polyimide are investigated by the finite difference time domain method. The
relevant physical model is developed and pore blocking rate is defined. Through the analysis it is proved that the variations of truss
period and rib width will affect the FSS, so they become the main parameters to measure dielectric truss structure, and that the improve-
ment of the aperture stop ratio will increase transmission loss. When truss period changes from infinity to 80 mm the transmittance of
passband is reduced by more than 0.9 dB on an average; when the ribs width increases from 0 to 10 mm, the transmittance of passband
is reduced by more than 0.6 dB on an average. When aperture stop ratio is lower than 12.11%, the passband produces no shipt. When
aperture stop ratio is less than 4.12%, the influence of the truss on FSS is negligible. The FSS specimens is fabricated by coating and
lithography process, the dielectric truss is machined by numerically controlled machine, and the microwave measurement is carried out
in a dark room. The experimental results and the calculation results are verified to be in good agreement with each other. Therefore the

present study presents an experimental and theoretical reference for designing the FSS stealth radar with the dielectric truss structure.
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