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— M EBRCR B RHF TR =
FLEEBEBE MR

EX® wmE

YHE wB R kW

7Kk 2

(R TSRS SAEN, % 710077)

(2013 4£ 12 A 8 HYE; 2014 4£ 3 A 4 HikBIE4F )

PEH T HREAEFIE WA B (shared aperture radar absorbing material, SA-RAM) fJ# 1177k, &7
R TCIE N T L (metamaterials, MTM) B HCH in] @ 55 80CA A Ik FE 51 4 S [l R AT I 7, ) B 41
R JFHNT AT B JE 0 MTM $6H) B MTM F LR A BAE B R A B AR S Bk T e drt, seal A
AAFEDIRER) SA-RAM. fEICEEA b, #it 17— FhEE T N THEFK (artificial magnetic conductor, AMC) FfL
Z A58 MR AR (perfect metamaterial absorber, PMA) T L2 H SA-RAM, 1% SA-RAM @il ¥ AMC F4L
%5 PMA TR ATBE, S0 T B TR AR A7 AR T R PE I SA-RAM. 4/ HLARISEEG 45 5K B, 1% SA-RAM
B AR G 7 B IR U #TA (radar cross section, RCS) 7F 5.5—8.3 GHz #8A B 2 [k 4H, 7F 5.54 GHz &b 1Y)
P4 T PMA 1 =W 2 51 2, 76 7.0 GHz A 984 & BT AMC T L2 A PMA T fLARAE A AR T 51
(). A 9T 25 SRR ISl AN 2 S 55 B A 25 6 1) R AR RO AL T AT S A 4 3 8 L

KR SEEAEFERPA R, NTHETAR, SERMapA R, 5 A HUN i

PACS: 41.20.Jb, 73.50.-h

15 =

B AL RS B IR i G A — 00 A 4
Forb BRI WA B B e )z B — RO, A%
Gt 1) IR A RER 2 2 2 T Salisbury W5
T ) B TR 2 SRR B 1/4 K, BR
Hil 7 H TN A, N T H B (metamaterial,
MTM) 42 fi 3+ J LA SR H Bk SR 76 ) #4 fLUR A,
U A TR LR R T R B R 20
BLHE AR 38 51 2% 1) 3 R 2 T4 L (left-handed
material, LHM). % 717 B 45 #J (electromagnetic
band gap, EBG). A L# 34k (artificial magnetic
conductor, AMC) %&. F|H] MTM ) &5 5 i 45 1
AT LABCTH PR e A S (0 R IR BB RE. An ) A MT-
M [F) FH 2 5 e P T A e il Salisbury PR BE 1/4
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PRI JEL P BRI 1071 R MITM 1 LRV IR 1
ML MTM 4549 BT S5 U 24, 7T DL &
HH 0T F LR T 100% WAL 1) 58 3B BB A (perfect
metamaterial absorber, PMA)E=151 i1 F & B4
FREHE | R R AR T AR 2 R R, AR RS S
SUEAT BRI S AR . BTN SR PMA
TN R TE R 2RI T R E R
4519, 2007 4, Paquay 55 ') 4 i FI ] AMC AT B2
A3 (perfect electric conduct, PEC) 4 L
PAIRIAR 22 180° HUHRF 1L, 4 AMC A1 PEC it 34
A1 &y P LARE T LN S LR I ) e KRR O 1) AL
bR T 21 S R A 2 T T A H AR R IS U
BT (radar section cross, RCS) Wi 2 FFAK. B 5 B
FoN SRR 2B i AR AL AR FE TR 1 K&
(A 5T 07 =240 ook [24] B2 T B TR AI %

* ERAARIEESE (IS 60671001, 61271100). BFE 4 HAAFHEZLRIB 78 E fBTH (it S: 2010JZ010). h E 1 4 5 Rl 25 4
(flk#ES: 2012T50878) MIBR VLA HAARLAFEGIHT T H (#L#ES: SJ08-ZT06, 2012JM8003) 5 B URE.
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KT I AR L ARTE BE, I3 T B 1 R & B R 0 1% AH
KA BE B J7 18 B BEAT 1 35U, X958 N R
K FH B 51 R 28 3818 550 MTM #E 47 00 A0 A B 1 42
Bt ARG ) R

L FZ L 1% (shared aperture) £ A & —F (1)
MR ZEHA P w2 — R LR
oK [R] B 58 B JER 58 73 ) R AN [ DR 2k 58 IR 22 Bl R
DRE. 25 5 380 <2 I HME B2 A0 S FH 1 R PR, 38R
LRSS BB RSB =012 PO H
LA 7 73 B R RN By fLAR R 3 O7 %, AT
e H P —ATIR, B R e meE TR
L. AT IR B, 12T
T I AR R B WM K] (shared aperture radar
absorbing material, SA-RAM) & 11 777%, FIH 1%
JE¥ AMC FfL12 5 PMA 7 LA A 45 A7 B st
T ELAT R MR AR T R 1 1 3% = AL AR R IR MR
MERE. AIF 5845 FO0S RSN 7 3B B FH 45 5 1) B AL
BRSO R BRI 3R

2 SA-RAM it #H it

TESCHR [16] H, Maurice % H R Z 4> AMC H
JCHA ) AMC (1) J 56 e 1k 5 B 9 5 %A T
AMC .0 B S R AR [R], 2088 A BRSSO T 2
GRS 45 SR, R B 51 DR 2K 43 B T )
AMC A PEC #4) ¢ H) B AL AR T B 19 RCS $ L 4T
TS, AR SO MTM Se/E oy = ALAR B 1AW A1
BT LR, B — A 4EF T MTM R 5
SERSEROAY, 1 s, R A AR AL
IR, 1L EA TR EE R R
SR AR AN S SRR P R BN AR B, WA T fLAR R T
(m, n) FIBUR FER R

fmn (97 90) = fzmn (63 @)fymn(a, (p) glPmn

— emez e.]nwy e.]";"mn7 (1)

J
|

Yy = kAxsin 6 cos ¢,
1y = kEAysin fsin ¢,
O NZ R RS HRLLAE B
AT LR O B 720, 7743 MTM
R 1) AT BACE B IR 5 7 1 P

M—-1N-1

f: Z men(eagp)

m=0 n=0

M—-1N-1

— Z Z eiM¥a oJndy QiPmn (2)

m=0 n=0

1 2 ... N—-1

ssnlﬂll:

Bl 1 MTM &30 41 TR 25 s 2

7 i FH A B 1 8 R B MTM 1 LA IR 47
BELR, DMEE=F4 x 48 MTM 5] yH, 5 H
I, Iy, I3 IFEFEERIE
_1 11 1_
1111
I ,
1111

1111

1212
2121
I2 9 (3)
1212

2121

1020

2102
I3: ;
2010

0112

H 1R PEC T2, H ISR A 1S H AL
H180°; 2KF AMC T FL1%, HRFMRE N 1. x5
FAL N 0°; 048K PMA TfL4%, BT PMA A LLA
FIE100% FIW R B R AL e R T
0, SR 0°. I, N4 PEC I, I, 3 AMC 141
125 PEC 1 LRSS Hi A B J5 B9 MTM AHAL AW BE,
I; 5 AMC TfL12.PEC FfL12 . PMA T fLI2 2L 4
s AT B 5 1 35 = AL B AR R (SA-RAM).
T FLAR B BE AN, ) = F i Ol 1) = 4k 50
B R 77 T B an L 2 B, L2 (a) AT RAE Y, &2
PEC I #UH EIWEE T PECTH; HIE 2 (b) AT
F H, MTM AHALAHTH BF B U 32 R4 4T 508 I 5
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T B8 £ 7 1m), F 2 5 SR [16] A RS AR BRI
Bt o7 2 R 2 (o) W LB, BT PMA
FFLAF ORI 25 SR A SA-RAM P i S 068 A1 K s 5
Mk ZE, H T PEC FFLAM AMC FFLZRRIFEAL
FHVHAE A8 SA-RAM FRTHICH I o AR h 7 ) S
B — N4 77 1)

MR R v AR, il FALAR AL B R
SRR S s S B A Ak B AT LS B A R [A 3
REM LA LAR B R R e AR

3 SA-RAM &M kit 517 & 447
It

AL BT SA-RAM &2 B AMC 1 fL42 F1 P-
MA FAAR AT FESE I, W 3 frzs. AMC AL
A5 x 5 I A AMC BoG g L, AMC 3t
S5 TR TR A2 7 TG e 2544, A TS T 2 4 8 R AR,
HAER RSP E 3 (b) s, Bcia; = 9 mm,
Wi i1 by = 8 mm, HHE A RN 2 mm, A H
W 42.65, AR 1ED]0.001. PMA T L4152 H
5 x 5 IR 745 PMA BT R, R 7426 P-
MA L IGA 5 IE TH A2 Z il - 42 B 1) R IR Fr
SER, A S T 2 4 R AR, A5 R RS 3 (c)

3.1

o (TIRE) = T 7

—10 =

10

Fiw, Bt ax = 9 mm, WK by = 8 mm,
MK = 7.5 mm, 285 w = 1.6 mm, H[A]
AN 0.5 mm, /B 4.4, BBRFEA ED)
0.02.

75 R AF 2R 2 1A R o6 7 5 1 HFSS14.0,
AT 3= / AL 50 Floquet 3 1548, 0 R J 33 50,
AMC B oA PMA St B85 R an i 4 FE 5 B
. BB 4T LA, AMC $tE 7 GHz A R
MR N1, [RSHAAI N0, S LLE Y, PMA
BTG AE 5.54 GHz A I S 5 i@ B2 8 1m) T 0, S5 AH
14 0.

ST 98 T BRI, SA-RAM 540 A R~ K/
()4 JR AR BB AT R A5 Ak () RCS B £E 2 P 6 B, AT L
F HAE 5.54 F17 GHz 455 BB 5 1) RCS 84 £

3.2 HESH

AR B 1 L S AU T IR R B R BT
AR, ARSI SA-RAM SRR RE W] LS

I= ;

02
Hep 24R03F AMC FALEE, 0fRE PMA T4L42. H
4R 5 B4, £ 5.54 GHz &k AMC F1L 2

(4)

DE i

]
HFNWER OO0 O

(a) PECI; (b) MTM AHAZARVH BE; (c) SA-RAM

(a)

&3

(b)

(c)
(FFRAL) (a) SA-RAM £5#4; (b) AMC #IL4EH; (c) PMA Btshty
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K5 PMASITHEE  (a) RAFIEEE; (b) REHHAL

R E N0, SO AEAL A 0, T HCE B B 1~ T 1) &1 2%
AT SA-RAM X A1 77 18] () — Je 4 B J7 1) B, 4
Bl 7 (a) s, 1B 4 FOE 5 A1 767 GHz 4k AM-
CT LRI R ST mE BE N 1, A A7 8 0°, PMA
TR SOMTRIZ N1, SO AHAL )9 180°, L )
SA-RAM ) HUS W 5 4 4T B 3000 1 26 77 1), 4
7 (b) fizs. M Ansoft HFSS 1j B () = 4 i
J7 1 B W E 8 B, 1T LA B8 4 B A5 SR 3
W HTHUAS TARGFI — B

2

0+
—2
4+
—6
—8F
—10}F
—12+
—ldr i Vo
—16¢ Vi eEk
— 18+ '\(' ‘.\’:'
—20+F+
—22 1 1 1 1 1

MRCS/dBsm

i /GHz

K6 (MTIR) SA-RAM 54 @K RCS k%t

E7  (MTIRE)BHERT7RE (a) 5.54 GHz
SRR N 1, AL A 120°, PMA T LA 1) St (b) 7 GHz
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B8  (MTlREa) =48 TmE (a) 5.54 GHz;
(b) 7 GHz

E XM HRR = S, BEHET = [Sx]?,
MR RA =151 = |Sq>? =1-R-T.
BT PMA #. T KR N & @R, MOk &E S, B
1012 =0, MA=1-1S1]>?=1—R. PMAH$
TG W A B AE R 9 B, W LLE H, 7
5.54 GHz AbS2 3L T 38 100% FIWR . SEELWR R 75
W2 A %A, — R BHPIUT AL, — 2 5 FE TR UK.
P10 2 R 45 3 10 1) S 2 80 I vk 2301 i B
BRI L. T LUE B, fERIiE L, PMA 5
H HR 2 ) AR A AR 4F I R4 UL I, JCHAE 5.54 GHz,
BEATC A S R 230 377 Q, BRI A 0, WA HL
Fp T AU T8 O B N 10T PMA H. 138 PMA
I N n(n = ny + ing), FHEHE ny SR
T PMA S R B i 0 S R B R 5K 4] i i o
S SHE R R PY Syt = emimkdenakd
BAFER R T = [S91|2 = e 22bd w10, Wb
i 2 T 5 2R ) RE B no FEH R, X EUORIIE T R
TR A WL I8 A v B g e R R i 201, ey
T PMA G (1) 56 38 W B A 1 T AMC 570 UPRE N
SRR A IS 2%, TRIUE PMAA T FLAR IR 3 6 43
FEE E i KT AMC TR Th R BFEHE, W
K11 (a) Bi7n. 167 GHz &b, PMA BG ¥ 55 i &
91, ROFAHAL Y 180° SR T-HAR Hi F44, 1T AMC
BT B R IR 1, AT 00, R PMA
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TR AMC FFLAR S 7 AHAL AR, B 7 1A
B AL T = 2 P 1 B 510 1 22 7 1 B, G 18 () B
7N, BT PMA FTAMC #4% fe & 5 i 3173 18] v 25,
DALt SA-RAM F) Dy 2 45 FE 25 BEATAR /1S, a0 11 (b)
F7.

38 43 BT AT 1, SA-RAM 1E 5.54 GHz &b
1) 58 ok 46 A2 B PMA B WA = AR 1, T 7R
7 GHz 4b () 55 9 455 5 2 i PMA AT AMC F 8 457 41
TH AR = A 1.

3.3 SO

by = 8mm, by K HUE M 7.5 mm 4 4k F|
8.5 mm, AMC 570 1) SR AR A7 26 F1 SA-RAM ]
RCS e an &l 12 fron. MR AT BLE W, Bl by
(38 K, AMC [ SR AR A 1 2% pl s A3 R AR AT RS 3,
[ B SA-RAM [ 55 ek 45 rii. B v 400 1 MK A0 RS B,
H T oy REEADS DRI EE — N AE i R AR,
b, = 8 mm, by FIELE M 7.5 mm 22 {3 8.5 mimn,
PMA H0HIW R 26 F1 SA-RAM [ RCS HiZk

180
150
120 |

90 |

60 | h

30 | N

ok \
—30 AT
—60 | N
790 L

—120 | - ~

—150 [ (a) =
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—— b =7.50 mm
— — b;=7.75 mm
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SR/ (%)
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MRCS/dBsm
|
—
=

|
)
=}

T
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|
N
Tt
—~
=
NS

h 5 3 T 8 9 10
Eﬁi%‘/GHZ

El12  (MTFIEf) by = 8 mm, by = 7.5—8.5 mm,

AMC B 5% 19 |2 4 H8 Az il 25 A1 SA-RAM ) RCS i 2%

(a) AMC B8 MZHS ALK R; (b) SA-RAM

BITA SIS RCS IR R

WE 13 s, WEFET LA H, BEE by UK,
PMA {4 J5 b A 2 i e 431 1) IR 45052 50, T SA-
RAM )5 — I 4 . b = A AR SRS 2. [F] I
F bo B, 5I#E T PMA AHAL 22 1 2%, S8
T PMA T AMC (AR AL 22 R A 80, TR e A7
Pl e, 8T I EE R 5 B AT IS TARGF I
—EL

1.0
(a) \ by =7.50 mm
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5
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0 —
4.5 7.0
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& —10f
o
~
w0
g 15l | | / by =7.50 mm
g€ ,| / — — by="T7.75 mm
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—25 . . . ; '
4 5 6 7 8 9 10

$iZ ) GHz
B13  (MFIEM) by = 8 mm, by = 7.5—8.5 mm,
PMA # 76 1) W 9% % ih 28 Al SA-RAM (1) RCS #h £k
(a) PMA WG SH SR EMKR; (b) SA-RAM
RIS E RCS XA

4 SA-RAM 5 % %6 3iF

SR FH B ) b B AR R A n T HE ) SA-RAM &5 44
FE I B 14 BT, K/ 450 mm x 450 mm x
2.5 mm, HHEITGRSFS5E 3 S HMHE. 45
A OCHR [14, 21) FT B BOIAR T v, FE B g =
XF SA-RAM M | S 2 E AT M & R % W 4% 43
BT (Agilent N5230A) 43 3l & SA-RAM Ll K 5
SA-RAM MR R/NE BRI S5 5, B AR 42
4, FPE S T8 T = H R IX, 25108
e [ AT, AR )T P R A2 SA-RAM FIAH
) RN 4 JR AR I B 49 26 i e b B’ 15 B, 5
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6 [0 A4S RN LE T UKL, SA-RAM S %
1 ARSI LL S Fe B R AR A i 3 5 0 A5 R
e B HA A S R S 4 A RAE RN
725 EEOE TN TR ZE IR IR B I AN H & R 4
I AE R I 55 R S RSO B AR A ot — 2
FENSHE 5 A mZE SR ZE SRR, (H2 Bk
Ui, R 2 BT L, I B S U A R AT
A BT, BAE T % SA-RAM X 2 BN S H R A
AR5 ) RCS et .

K14 (MTIEMS) ey E

S /dB

LS /GHz

&5 (MTRE) SRR SR 2 2%

5 % W

ASCHE T I E AR T IR R BT T
V2, 1% 5 B A R 48 D5 BRI 5T N T HL T 00 )
BRG] A R N R R T AL R B
& EVIE S B AL B TR AL, SEE A
BAFIREM L =LA T AWM R R %7
% AMC T L1425 PMA T FLAR S 6 A5 B, 2R
T FL A R R A A A T R v R S AL AR A TR
BEARL. 5 BRI S B 25 R W, % SA-RAM W )5
1] RCS 80 42 JB R AE 5.5—8.3 GHz #4 W 5 (11 )84
£ 5.54 GHz &b W98 4 & BT PMA (1) = Wi 2 5
EH, 75 7.0 GHz AL I8 46 72 T AMC 1 fLA2

PMA T fLARMAL AR SR 1. A SR FE 45 SR A
SRR 2 3 B B AT 5 I A AR IR M R B R AT
R FE L
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A kind of shared aperture radar absorbing material with
absorber and phase cancellation characteristics®
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Abstract

A method of designing a kind of shared aperture radar absorbing material (SA-RAM) is presented, in which
method the scattering problem of passive metamaterial (MTM) is converted into the radiation problem of active array.
Multifunctional SA-RAM is realized by optimizing the position, amplitude, and phase of the MTM subarray composed
of finite MTM structures based on the array theory. An SA-RAM with absorber and phase cancellation characteristics
is fulfilled by interleaving artificial magnetic conductor (AMC) subarray and perfect metamaterial absorber (PMA)
subarray. Simulation and experimental results demonstrate that the backscattering radar cross section (RCS) of SA-
RAM is smaller than that of the metal plate in a frequency range of 5.5-8.3 GHz. Especially, the RCS reduction is caused
by high absorbance at 5.54 GHz and by phase cancellation between AMC subarray and PMA subarray at 7.0 GHz. The

idea can help to design radar absorbing material, which combines frequency stealth with space stealth function.

Keywords: shared aperture radar absorbing material, artificial magnetic conductor, perfect metamate-

rial absorber, radar cross section
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