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(RF TRASERS SH5, % 710077)

(2014 4£ 6 A 29 HIH; 2014 4 7 A 20 HIKEME A )

Wil I % T —Fp 3L+ N THE S 4% (artificial magnetic conductor, AMC) K78 35 X 1 Ku y% Bt {1 5% 7
IR E IR BN #K T (radar cross section, RCS) S BE.  H4 XUSH: HI B 4+ T AMC 25 46 A1 58 i X 42 & 7
T& AMC 251 5 &, @i S H Ak, (5HR EE H0A 7 T8 45 46 1 SR AR L B 7 A0 5 7 T 45 1 1) SO AR AL %
EA R B A B R B, 3 — P A SO AL ZE X, T4 RCS 984 45 9. 45t 1 RO RE U J7
LI — MR TS A S, N A B B B 0 RS AV 8 40 % 0 7 J5, Tl 8 s 5 o s S 0 1 O A
HFSS A B 45 R S5 I ie T a5 RTS8, Wik 7w A Ew . BN 5% RS &8 PR, 78
7.4—17.0 GHz #Uiti N, BR 9.8 GHz BT i)/ > B i b, RE A 17 RCS ¥4 —10 dB PAE 948, B4 5 X
VBRI K B, FHXET 9808 78.7%, £ 11.6 GHz I, JR4A R A K, 1A% 40.3 dB. I L T S B5F Sy 3F k470
i, MHREE R ST A R A—8, UFSE T B BA % 5 (1K RCS H 1.

REIE: N TSR, T8, AR H A RO, S B

PACS: 42.70.Qs, 41.20.Jb, 42.25.Bs

15 =

T IABUR U (radar cross section, RCS) /&3
AIE H bR 650 N S5 R U S S R O B R, S
&I 6 RS YRR IR S, WORAE R
TS IS 4B THT DA v - 6 RO B B 12 i 1l e 9 ) R
pi U700 TR RO AR T R 45 0 VR AR 2 51T SR
N T 34k (artificial magnetic conductor, AMC)
e BB Tz — 1523 AMC R E—E R
PN BT 2 P AR 3 A T TR A% A 1) R I It S A, R
A IR AH S G R 24 SCk (18] 1 ORI A AMC ()
[F) A IS S 5 4 A R AR FL 344 (perfect electric con-
ductor, PEC) [ J ] J 545 ¥4 i 7= A= 1) 180° I AH
K22, K PR &5 A DAAR 25T X8 300 A B, A 408 A
RLAEE B PR R 2 BN S 312 SO B IR F R U
55 3 HAh 7 18], A ROR4E )5 17 RCS. X A 5 B
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Wk faf B, fE o L, HERHER, 5 FMERES
HFE. SR T AMC (1[5 AH S8 s o8 R, i
)% RCS IR 4 4 8. N T ¥ FE RCS Ik 4 15 5
HArEZRAH LB R 7 — 29 % AMC 1)
) FH I 15 98, SCHR [25] R 2 4~ BN
ZERY, DR G5 SRR, AMC B2 5 H A7 5 55 1k 31
26%; ik [26] K H Koch 23 7, i AMC ) J 5 A1
L sedE 3 T 44.6%; H &K PEC H AMCAR
B, kA Bk, R AMC B AR AR AL T
Bl Y PR 7 180°£30° A A AL 22, 7 ik g 4
i AMC, %8 AMC B 22 20 AMCH ER A,
¥ RCS (k4 7 58, BRI 51 S 7 #F 70 il oK
DL 9251 SRR [19] K RS [F K /N 1 7 T
F A HASE ¥ 5 AU 4 I 17 RCS, WSS R, B
6.1 GHz Fff 3l /> B8 s 4k, RCS 9846 —10 dB LA |
() 58 N 5.1—7.5 GHz, AHX 7 5615 B 32%; Tk
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[20] Z= T HAMT VS HRIAAEAS [ AR A0 5k e T i &3
SRR, WU T AN Bl R — A 2H R ) U B
£ 7.4—10.5 GHz B8 Y6, H RCS 9845 —10 dB
DAL, AEX 5 58 0K T 34.6%; SCHk [21] ¥ = NANE
Reb& g i 246, HRCOSI4E —10 dB LA LK)
BB A X B (7.7—13.1 GHz), #—54%
1 1 RCS WIURAE T 985 SCHR [23] 44 P AR [F K/ 1)
I B 480A 7 . 4 M 21 & 7 — S M B 3 R, L
RCS I8 45 —10 dB [ % N 14.4—21.8 GHz (41%),
HAE £30° A A 20% )7 58

it — 20 ¥ RCS B4 w5 55, A SOk 250
{87 P R0 RS A ) ) U I B A - - 4 R R
Wi U7 TG 25K 5 G, Hep s i e Rk AT A b
SRS BE. G EE MR TE AT YA L, AR A 22
PR¥FAE 150°—210° 2 [8], SIfFBF RCS ¥4 —10 dB
DL 55 7.4—17.0 GHz, JEATE &5 X i BRI
Ku B .

2 REHRIT 4
2.1 HHBHERE

AMC1 1 AMC2 # #% An B i & 1 o, 44
AMC B4 24~ AMC ¥t 385 R B3 R 28 1)
I3 M T VR AR A B G SRR AT T AL R
T EASHEIRS F, AMC1 5 AMC2 #5524 S 5 45
¥, T AMC1 A1 AMC2 7= A2 A5 [R) R BE (1 H 37, ) IX
Pl 5 ) s S S L N

E = Exvct - AFamvct + Eamvcs - AFavice2, (1)

Had Exvcer = B¢ Eooment1, Eamce =
B> €' Eeement2, E1 Eelement1 5 2 Eelement2 — 5L
BN 0 R 5 2 R o Bl ) e A 23 ) 00 A
90°, A AFanmc1 = AFance = 2, S IGTE R

FE = 2E1(ej<p1 + ej¢2)Eelement1~ (2)

T AR VLR T Th), SO I FE R B B L PR G [R) AR
R/ —10 dB LA L, T

|E|* / |Bof” < —10 dB, (3)

Hort By &7 % 50 S8 8 R A A D0 T B0 B8 S A
Y. #— BTG

ejtﬂ1+ ej‘P2 — \/2+2 COS(SOl_QO2) < 06325, (4)

H AT A3 AMC1 5 AMC2 BIAH A Z 5 Bl N
1430 < |g01 — (p2| < 2170. (5)

It O AMCL 5 AMC2 () M A1 % 35 2 7
143°—217° 2 [a], — f% HL 150°—210°, B} o] 523
E HLG % T BN 1% LT S5 17 RCS 984 —10 dB
LA
AMCT HU AMC2 He4ie 8 5 25 1) 33k 47 A [ 20
B ST BR, R R AMC1 A1 AMC2 A A7 22 33847 F1
LRV, NS U e e 4 s I 21 At U 1ml, A
T3 Bk 472 RCS B9 H 1. 2N 5995 T B R
I, RE B 3 R SO B DY A SRR R R 2T 1A,
SRR T 58— R NSRS S e & e A 7 i mT
AR R e A AT 5 L
sin §; sin ¢; + (2n + 1)22
tan ¢ = —, (6)
sin6; cos ¢; + (2m + 1)

2W,

A
sin 6; sin ¢; + (2n + 1)ﬁ

sinf =
sin ¢

sin 6; cos ¢; + (2m + 1) QIi\VC
- cos @ - M
Horr 0, # ¢y R NI 2 A0 2 il IK AR, 6 7 ¢
e SRS 2 Bl o Bl B R A, N R T SRR
XF LK, Lo MW, 7359 & LA 45 449 5. 58 (AMC
ﬁ%) KA TE, m A n NAEATEEL m +n + 1RR
RS re e HILM . 24 Lo = W B, m = n, X}
T—M S RERIE, m =n = 0. M (6), (7) AT LL
B, NI AR R AR 5 0 RST8] 5 5, AR
NS SR R R B4 77 [ R LR 3, AR Bk
fE, O8N, SR RE R A R . R A R,
HNIHB A FE AR [ 78 J5, SO BRI 7 A R
MRS MR ITH RN K (Lo 5 We), SHAK
itk RS AMC ook ok, Bk P ie
A At

2.2 BIEWgit5ath

AL AMC BIG&H3Z2 075 )R R, KU
f) AMC1 M 583 0 AMC2 B4, Bl S5k, fi
AMCT 1 J S5 A A S B i 5 AMC2 [ J 569 A 57
FTHMEESNEARIOEME, DR
AMC1 5 AMC2 1) F &R S M A7 % 45 %5, AMC1
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FTAMC2 ot 858 B AR Ak J5 i S 50 B 2 B,
HEMTE, 7 8=2, B—ER_REE4M, AM-
Cl HHHR B A T+ e, T 7B K L1 = 5.6 m-
m, % wl = 0.8 mm, FFIEKL2 = 2.4 mm, %
w2 = 0.7 mm; AMC2 HHLIHEZ 1) 75 TN #4) E,
Wi F i K4y 5N L3 = 2.2 mm, L4 = 3.0 mm; 25
TERNRE, XA HEE SN e, = 2.65, #FEIE
PINtand = 0.002, BEh =3 mm; FE=ZNE)E
FEHRR, BT AW P = 9.0 mm. FJF HFSS #ft
(9 35 3D AN Flouquet S 3647477 2 A

2
xr
AMC1 AMC2
AMC2 AMC1
E1 AR =R
AMC1 AMC2
P
B
H H
— T
h
B2 AMC #egii K
200
150 |
100F~~ 2 _
Z 50 } I .
=
2 0
&R —50 S.L )
—100F N\ | immmean
L .i
1
—1o Lk
—200 Il Il Il Il Il
7 9 11 13 15 17 19
iR /GHz

3 AMC $ICHI S AL 25

AMC1 5 AMC2 .76 75 T2 BN S 3 BB 45 T (1)
AR AL it 28 W B 3 B, AWEI At AMCL
LT WA A A F A, 4 8.2 GHz M
18.9 GHz, J1E11.9 GHz At J 5 A A7 B e %%,
AMC2 ) S AR ZE 58 12.1 GHz, AMC1 )  5F
ARV 2 27 A7 A R AMC2 B s B AR A7 254541 3 A
7£0.2 GHz, W 2 & iH 2R, B44H 7 AMCLY
AMC2 B T AR 22 # 2k, B AR B RS 40 N
B R 2 X 38, (180° + 30° KA VL ). ME
ATLUE H, EEASR, ££9.0—17.8 GHz [ i
Fil, AMC1 F1 AMC2 5 AH A 22 40 T8 0 A 2 X
BN, AR AR B .

90

240

SRR/ (°)

— MR

1 1 1 1 1
6 8 10 12 14 16 18
BiR /GHz

K4  AMC $I0H) I HISL 22 M 2k

3 ML A R AT B I RE AT

NG AIE = 5 BE BRSSP RE, AL T 4 x 410
AL, B — M R IT 44 AMCL T
B AMC2 e . BS54 T NG EE R
R4 x 4 BB 5T B B S ) RCS 8047 il 28, B
9.8 GHz fff iz /b Hb s A (B /MRAE N 9.3 dB), 1
7.4—17.0 GHz 3B, RCS A —10 dB Bk
4, £1799.6 GHz, FHXT5 56k 3 78.7%, 78 i
BN XU BRI Ku P B oy i, KRR T
RCS W46 %%, J1E 11.6 GHz &b, e KIk4e F ik 2
40.3 dB. \EHIEFE H, 7£8.1, 11.6, 12.6 f116.5
GHz Btz 7= A2 7 DU/ A4 W A8, Ja = /> I i A0 AT
5 ) G A AL 22 180° % B F A7 AR — 3,
LI A0 22 2 7 2H R 2 B T B (1) AMIC B 0N 5K
b AL R T I S 1 A2 BRI BT L, RCS I8
GRrr ks S 2 RF. 1T 8.1 GHz IEAS
TEA SRR AR 22 DX 3, AT 72 28 T Ok 4 Vg AL
SN 8.1 GHz Ab T AMCT Sz S M A7 2 55 B3kt
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LB AMC2 #25 T & & T, 25180 F AMC #1 PEC
(perfect electric conductor) #LAL &5, W= T
AR AR, ELHAE FH 2 5 0 BRI A R RCS 1804
ZULRm, JRATE 9.8 GHz PRI H B A ek 445 068 {2 5%
HHIL 17.0-17.8 GHz LA s 4y, BAER
RO 22 X33, (HRCS Jk4i ARiE 2| —10 dB, 4347
N, X AT RE R A L RS IO, A B 5
TR RCS 15K

RCSJi4i/dB

—35 | —— RCSIR4ih £k

—45

1 1 1 1 1
7 9 11 13 15 17 19
B /GHz

K5 RCS 45 Hh £k

— &JER
- - - AMCHEL TR

MEFRCS /dBsm

—35 1 1 1 1
—-90 —60 —30 0 30 60 90

0/()

6 11.6 GHz & ¢ = 0° P X RCS

MRAE RCS i 4 it 26, W98 T 11.6 GHz (RCS
VR AE f K ) B XU ROS 1k, 7F 76 BN 5 ik R
W, BB RICE S SR IIE ¢ = 0° ~F I A ALk
RCS X L 26 an e 6 frow. MEIH AT BUE i, 7
—31°—32° WM IRVE El, RCS A 45, 7£60 = 0°
I}, 4 JEAR R H RCS 4 9.0 dBsm, 4% #IC R
J& Al RCS A —31.3 dBsm, RCSV&4i T —40.3 dB,
FE0 = +£45° BF I T A IS gm0, FLR /D
N —4.9 dBsm, 5 & @R K R IEE AL, RCS
54 13.9 dB 4. 5 A) RO RE BRI, FoAth 7
) S A B G K, 45 SFLIE S U BRI RC'S 98046 24

A FASRIRDE, S R .

R (6) 20, NS BRI, 0, F1 ¢ #M 0,
THEAT ¢ = 45°, NI R RLDE I B8 & 3 B4 s 2
DU RBRXT MLk drm b k5 8.1, 12.6 F116.5 GHz
=AMRFEE R S (RCS I 48 168 ), AR (7) 28,
THEHAE ¢ = 45° “FIHIM 0 18, NS R 5 5
8.1, 12.6 116.5 GHz I,

0s.1GH, = £46°,
011.6cH, = £27°,
016.5GH, = £21°.

K725 T R HFSS 8- 4)i B ¢ = 45° P
Bk RCS Frfg g 1, ME 7 (a) i =4EE AT LLE
MHLE H, 5T RE 0 {8 H ILAE TY AN SRR 3 % £
275 ), HOBE A N S () & W K, e B U
(B3R 1) AL A PR T R IV R T AR R, SRR
BIGUE T M S R o = 45° MO BE MR Ak
P IERYE. 8.1 GHz I AL 2% B 5T 5 A1 4 J8 AR
FR X0k RCS % Ee it e an 1 7 (b) B, M Hha] B
EH, fE0 = £43° L T WA —4.3 dBsm [
UEEAHL, AH PG JB AR S S IR, RCS k7 10.4 dB, £
6 = 0° I, RCS k4 fix K1k 20.4 dB. B 7 (c) 45
H T 12.6 GHz [ X055 RCS % e i 28, 7€ 6 oy +26°
43 B T R/ N 1.8 dBsm R ST, 54
JEMEAEAH L, RCS 4 1 8.0 dB, 7£ 6 4 0° I Jik
i IB B BOK, A OKIR4E BN 24.1 dB. 16.5 GHz
XL RCS B an & 7 (d) fizi, 7E60 = £20° [ A
BT BN RIS, K/ 4.5 dBsm, 1459
& JE B SO I8 (B v 12.7 dBsm, RCS 1845 1 8.2
dB, 7E 0 & fikb, HILT — AN, KN
—8.6 dBsm, 54 @R UEEAH L, RCS FEK T 21.3
dB. M EA_E =AM S X005 RCS 1500 7T AE ), 78
¢ = 45° “F1i, SRR A R ERE )G, J5h g
SR REEAE AT HR, SO G B e B AR A EL 4 JE AR U
SHIEAE 4 8.0 dB LA [k /)N, Jekd i f K AE AR
HILAE 0 = 0° &b, f Kyskds 23576 20 dB B E. f)j
HATRMoES (7) Nt E B AR &, EsL T
B AR 4 R IER TS, Mok i el iR R E S
2 3R R S 5 e VA HH P A 3

S R e 2 2 x 2 AL A B e R A A,
T TS, B84 T I T R 5 b sy, H
AR R <} 288 mm x 288 mm x 3 mm. N T K
WE S Bf ) RCS P 4asitt, FH Agilent N5230C &
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16.5 GHz

12.6 GHz

8.1 GHz

(c) — &5

FImAR
51 <o AMCHLEE ¥ITH

IHERCS/dBsm

-90 -60 —30 O 30 60 90
0/()

(b) — mil
ol - AMCHUL ek
E —10} -
A
T 20t
n B
2 —30} ..
&
X —40¢t
_50.
—60 . . . . .
—90 —-60 —30 O 30 60 90
0/(%)
15
@ — A
5| o[\ e AMCHt TR
g
A
=l
S~
n
O
&
T
=3

-90 —-60 —30 O 30 60 90
0/()

F7  (MFIER) ¢ = 45° FHIFX RCS  (a) =AM X0 RCS =4EE; (b) 8.1 GHz; (c) 12.6 GHz; (d) 16.5 GHz

[ 28 43 AT ASCRI B A 5 T o) A R 4 4 N 4
PN TR st 47 7k, o 2 i s
Fia~. WA 7 iES % T SCER[27), BT SEER 5%
PERI PR, AR T 712 GHz 85 B 1 I 5 B5f %
S AE M 28, WK 9FT N, IWEIH ] LLE H, 7
7.4—12.0 GHz (PG N, RCS JAFI1E 10 d-
B ULk, #£8.0 GHz A111.7 GHz Bz HBL T PNk
ARUE(E. 7£11.8 GHz AL, R HiFER /DN, 79 —40.7
dB. F AN 2 R BT 0 RA R R A
BRIERAL B 5, it 2 AR E i, ik
5 B IR —8, I3F 7 S B R BN S
Tk HA 98I RCS 1.

K8 (TR R hES Slson 2 &

as)]
S
®
E\E—g
Py
Lﬁ v
— iR |
— - iR Al
—40} \:
7 é (:J 1I0 1I1 12
iR /GHz
Ko Sall 505 ns by
4 % ®

ARt MR 2 B X BN Ku 35
R 10 9 17 1K B A RS AT B S R . R XU [ HR it
WA+ T EE R RN 8 B & T A R A,
R BT, AU B AR L B A s A i AR
(VAR N SRS b i 7% | R S S € VA
DXask, BET 40 RCS Js4e i 98, 45 i 1 IR g =
WA 5 AL B TR A S, (TR AR 5 ER T
SARFFEBAF. N7 SEIF AT S50, I
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A low radar cross-section artificial magnetic conductor
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Abstract

Based on the properties of the artificial magnetic conductor (AMC), a broadband low radar cross-section (RCS)
reflection screen covering X and Ku band is designed and fabricated. The reflection screen is formed by combining
two AMC cells, i.e., AMC1 with a dual band Jerusalem cross structure, and AMC2 with a wideband metal square
patch structure. By optimizing the structures of these AMC cells, it is achieved that the frequency corresponding to the
inversion point of the AMC1 reflection phase curve is equal or close to the frequency corresponding to the null point of the
AMCQC?2 reflection phase curve. Therefore, the valid reflection phase difference band is broadened and the RCS is reduced
in a wider band. In addition, presented in this paper is a theoretical formula to calculate the reflection energy peak
direction. When the incident angle, chessboard unit dimension and observed frequency are fixed, the reflection energy
peak direction can be calculated by the formula. The calculation results from the theoretical formula are consistent
with the HFSS simulation results, so the theoretical formula is valid. The simulation results indicate that, compared
with the same-dimension metal RCS, the backscattering RCS is reduced by more than 10 dB in a frequency range of
7.4-17.0 GHz, except minority frequencies close to 9.8 GHz. The 10 dB-reducing RCS bandwidth covers the entire X
band and most of Ku band, and the relative bandwidth is 78.7%. The largest reduction reaches 40.3 dB at 11.6 GHz.
The simulations and the measurements are in good agreement. The results validate the broadband low RCS property of

the reflection screen.
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