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A Novel Low RCS Design for Patch Antenna with High Gain Performance

CONG Li-li ,CAO Xiang-yu" ,L.I Wen-giang ,ZHAO Yi ,SONG Tao
(Information and Navigation College, Air Force Engineering University,Xi'an 710077, China)

Abstract: A novel design for patch antenna, which can obtain low radar cross section (RCS) and high gain
performance simultaneously, is proposed on the basis of metamaterial superstratum. The superstratum
consists of two metallic layers with different patterns on both sides of a dielectric substrate. Low reflection
and transmission are obtained from the upper surface which can absorb most of the incident wave to reduce
the antenna RCS. The bottom surface, which has partial reflectivity, is used to construct a Fabry-Perot
resonance cavity with the ground plane of the patch antenna to improve its directivity. Simulated and meas-
ured results show that the proposed antenna can achieve an obvious RCS reduction in a broad frequency
band ranging from 2 to 14 GHz and the maximum reduction can reach 28.3 dB, and yet the gains of the an-
tenna are all enhanced and some are even enhanced maximally by 4.3 dB in the working frequency band
compared with the original antenna.

Key words: metamaterial; superstratum; radar cross section; wave absorption; Fabry-Perot resonance cavi-

ty

Wfs B #:2014-11-27

EETH HEK ARSI E (61271100, 61471389) ;BEVE 4 [ SRRl FEREHF 52 11 %1 ¥ BY 300 H (2012 M8003)

MEF R AT (1991—) , 2, INAR SCE N B4R, F 8 AR RCS W4 7 n] BF 5.

* BEEE WHE (1964 —) %0 FE LA I, 2N S REC S R REARA L REGE ADRE T3 L 24 2 WFJE . E-mail : gjj9694 @ 163.com
SIAER: AWM. E#E.FXH.&. —FEHT K RCSHUHERERI[]]. ZFITBAFZER: AHAFFIK.2015,16(2):67-72. CONG
Lili.CAO Xiangyu. LI Wengiang. et al. A Novel Low RCS Design for Patch Antenna with High Gain Performance[ J]. Journal of Air Force Engi-
neering University: Natural Science Edition,2015,16(2):67-72.



68 2R TR CHARBE O

2015 4

TEHL 5 1E B R A K, R H AR
L C 4 550 & BE P & 19 28 By A A A7 BE
1. BN E U (Radar Cross Section, RCS) ,E
S H bR R B RE ) 1 — Bl R i 8 B e T H AR
Xof FL T e S S RE T B RN o Ay i T A R A B B
A8, K BE BEAIR H 457 5 BB & IR, B oK
EREARH AR 0 RCS FRAE . Bl BB & H R 1
PR JiE AT & LSO AE S5 - 5 79 RCS E2 445 3
T AR 4R (R RCS B Rk il 29 AL
SR B B PE AR B, REAE R — PRk
A TS L 7 S BUHE RCS 6l 4 1 7] i 6 250 R SIE F B
F, B 904 1) T R S R W, PR R R RCS 98 4
T3 1 AR RCS AME BT LB ik WA R4 AR
S5 BN BE ] SR 1 0 T R gkt

R TR 3K B 48T 9 4 T TR I 19 e K [ UL T
K LR SR BE 55 RIS 1 BE T TRT A SRSB4 fr S B
K2 FUR S AR W TR Ty TR 38 B S B S U SO0y
TR X LR bR AR e ny — X 7 . R EH
HI L AR 2 i ok F A I b b — R B
RCS 3845 19 H 1, A A i e R 204 S PEBE 5 B
B Z 8% )

N T H8, 8% # B ( Metamaterial, MTM) , 4& 18 1
FE— A Bk AR 1 SR T 1 4 R LA B A
(U S /N T i S T NS O i S
PEST B A B R AR RCS R Y B T4 it
TR BRI A . SCHRL6 ]38 i SR F AR ik 4
Z 1 (Frequency selective surfaces, FSS) , U 4% 4t
T R 2 110 46 Ja 3 M A, ) P HGT A 4 RS (SR B A
A St SR TR AN AR R A SE B T R
2R A G ) RCS B 9804 5 SCHR 8 IR HT A i 2101 ¢
BEFE AR I (FSS) IR Ak 1 5 2 i (PSS) #y B A3t =% itk
PER IS RZ L, SC O 1A A RCS W4 s STk [ 9 [ 5T
Salisbury 5 Wi J5 31, 38 3o 78 [W) AH S5z 565 3 T fin 2 v
BELA 80 W% 95 A ek 4 G 5 K 2 S i S B N R 4R
RCS W4 AH 2 X T EWIR T R MR S 7 b8, &
BORAM g TR SCRRC10 M A AMC 5 PEC 2 4t
RS B2 AR A5 ) 3 AR A AR T B O T ik S 4R
BIR LR, ST R4t N S HE 5 1) (1 RCS 804 5 3C
BRCLT 8RR T —Fh 22 5% Bt 11 i 5 38 Wil 14, JF
Sk R R LB RIT fE — 25~ + 25" M
Mol R4k RCS W44 4E 5 dB LA b, B J5 9 RCS
45 T 12 dB; Xk [ 12 % mushroom-like EBG
5 RERIET A Bt iy [ — R m L, A EBG 59 [8] A1
SRR SE I EBG 3R 18 5 R £ HLS % HH L 7R
2 TAEME N, H RCS W TR T 8.2 dB, ] B
T EBG 2544 (1% 5 B 3% 181 Re 1 L R 2 i FARAS 3] T 4

il s SCHRL L3 ~ 14 JH 388 50 S 2% 1T (Partially reflec-
ting surface,PRS) 5| A R HE 2R, I35 Kk
— R TR MR, O Rl T HAK R
AN AR B 5 I B M e 2 AR A S0 A TEAE R
e LA R R

1 gityieit 550t

1.1 BEZWHEITESH

ASCBOT M 2 ROTAS UL 1. BoTE e
12 mm, |- )23 2 F O 2 5 A BEL A O B0 R 4 o e g
Pt A Ly = 8 mm JHAIE w, = 1 mm I
AR w, = 1 mm , 5y 30 R FF 0 A5 S ffH R
= 200Q s P2 FRA S )2 LW KL e, = 4.4,
FEFEIEY] tand = 0.02,JE ¢ = 3.5 mm ; N )2&H
FE S5 2 I PR 4 1 4 e G R g o8 1 38 0 e S 3R 1
b R R AMNME A 2.4 mm, N2 K 2.25 mm, Uil
ZEBK L, = 6.8 mm , % w= 0.1 mm ., XFAHEIT
SER VL TTT 15 8 )2 R 2k B0 T[] AR BE S 1Y) H 1
BB BT B AR E

Y z
Y z X
W
[T e
I I R
X :_T_wI Tl A y LiL
1
> —
W, fe—  —

K1 BEHocsiig &l
Fig.1 Unit cell of superstrate structure

a

b
4 Bl

—

z

I pS—la
x y

Y12

K2 HEGAARUREH
Fig.2 Simulation model of superstrate structure
F A Ansoft HFSS 14.0 34 1y Floquet i
1T 3 AT 5 5% A A 400 TG BIR ) 3 445 4 ) A Y DL
Bl 2. FLEGD S 2 ASFRE O — < 2 4 2.2
Tl A1 B0 B2 B 58 T2 #9803 o iz il 26 DL 3
(a) (b, NI DLE X T o ilfl, TR IT4E



5% 2

DT R 45 - — Bl 3 45 1% RCS Rl Kk it 69

B2 6 T A TS PR B R Sl 11.58 GHz, 5T 2 BOR 7 il
R RIRTE 11.33~11.73 GHz BI85 il 4 4B Ky
1E, 5 R BRI AE 0.8 DL s xbF v #fk, T2
T 4 [t 0 T 7 A ) T IR AT 3 I ) o D S L R BT AR
BRI A 11 2 1) A% 236 7 9 i 00 236 R AT R DR R OE
Bt R BOBAE I 7E 0.82 DL 1. m Oy LA A L T
W WAL y Wfb )2 2 B B 1 4 Gt
Rk

@

& o

& Y =

i - L 14 E

0.6 | — ALY R LB \ =

= - - - AL AR L =
— = AR % 5] 160
o yRRAL LA o

0.4 1 1 L
10.5 11.0 11.5 12.0 12.5
A /GHz

P 3 I AR R R i 2%

Fig.3 Simulated reflection coefficient of the RS

PR O PR O 1T 1 B R O il + = Bl —= ) L2 Ff
e AR 0T J2 W 38 3 T A A0 23 i 7 Y 42 0 R 3 %
M 2k W A~5, NE el LLE X Fao ikl , 78
5.78~11.34 GHz WM S N . SOt 2%k S <—
10 dB, BSR40 S, <<— 10 dB , 2 5 ik A0 5 il 1
WA BRI ARXA=1— S, |*—|Su]?
AR, TE b 3R 00 B A W R ERTE 8120 LA L X Ty
etk .78 5.78~11.53 GHz RS 15 N L 5 &R 8
S; <<—10 dB.iBH &% S, <— 10 dB . 7E LB
DI R AR R 880 DL I [ A5 SRR, 12K
FE 2 P AR S T #0 RE 7E S8 45T Y1 BN I A S H

. _
oy
20| g
e e L S,
=T WAL S,
T . | -- Bk s,
-30 4 6 3 10 12 14
HEIGHz

B4 W 2 A o ot £
Fig.4 Frequency response of the AS
1.2 MBBERERMTEREHELRD T
W FIR BT BN TR R R 2 I T R4
iE B RS M B A AR WK 6, 4
TR E8 1)1 i 1 23 R A 23 1 5 A [T s, )2 I 4R
e BE B Ry R M) R 28 A SV R RIS R i Y B 3R

%, HEE L ﬂmﬁh:’M%4—;W—d Jen

—0—%,/@ =0,1,2... IE", Lo, Fl Lo, 535 B
Ay ISR PRS F 4 Ja 32 M AR (0 S ARG . en R
R LA TR A AHXT A HLH R, d S R TR 1Y I8
B L2 B R L Bk R N R e =

12.9 mm,

WETEE/dB
S
2

N
~

— ol
- il

o
o

4 6I SI 1I0 ll2 1I4
BERIGHz
Bl 5 W R R
Fig.5 Absorption of the AS

TN KL

AAAAAA

MM N,

W )2

z

h
I
x y

|

(&R

(b) i FUBAL R R
Bl 6 s R e K Eon B R

Fig.6 Simulated model and schematic view

of the antenna with superstrate
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