Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

R R T 5 KRR — L RKRCSKES
BAEMR FW HRK
A novel low-RCS antenna array based on integration of electromagnetic metasurface and conventional antenna

Feng Kui-Sheng LiNa  Yang Huan-Huan

5] Fi{5 B Citation: Acta Physica Sinica, 70, 194101 (2021)  DOI: 10.7498/aps.70.20210746
TEZE[R]1 View online: https:/doi.org/10.7498/aps.70.20210746
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

— ol it AP R R AR T o 2 v R B8 5

A coding metasurface antenna array with low radar cross section

WIFAEAE. 2020, 69(24): 244101 https://doi.org/10.7498/aps.69.20200978

W 25 N RIS 5 5 T AT

On method of composing low frequency signals based on array structures

WIFIEH. 2020, 69(19): 194101  hitps://doi.org/10.7498/aps.69.20200501

— PRt e 2 DI RER T B

A wideband coding reflective metasurface with multiple functionalities

YIBR2EA. 2017, 66(6): 064203 hitps://doi.org/10.7498/aps.66.064203

T BN B foe DL Rl

Optimal microwave imaging with random field illuminations

PPz 2019, 68(5): 055201  https://doi.org/10.7498/aps.68.20182122

—FE R AR BN R R P it
Novel design of microstrip antenna array with low scattering performance

YrH2E4E. 2019, 68(3): 034101  https:/doi.org/10.7498/aps.68.20181708

— A AR AR T S AR R R R I 2 B 1

Composite polarization conversion metasurface and its application in integrated regulation radiation and scattering of antenna

PIFEAEAR. 2020, 69(23): 234102 https://doi.org/10.7498/aps.69.20200797


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20210746
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20200978
https://doi.org/10.7498/aps.69.20200501
https://doi.org/10.7498/aps.66.064203
https://doi.org/10.7498/aps.68.20182122
https://doi.org/10.7498/aps.68.20181708
https://doi.org/10.7498/aps.69.20200797

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 19 (2021)

194101

R EHRES K& EH—ELRE RCS 5

B 4 12

1) (BB AT

Z V2

R

B, M 350015)

2) (BHETREREFLSRAFR, HE 710077)

(2021 4 4 A 20 HIg#F); 2021 45 5 A 14 HUEHEH)

P 0 — Pl e ) R 1 R — R A 1R T D ST IR P 0 4 O . 207 R A R SN B A R e
4> BT IR, R IR 5% e Sl , DA A 380 3 B K 2k W 3 9 R A 1) SR BE A% BE B B LT ML 2441
SR B IR U RS B B s R FE A ) 2 T RN HL R B R R S5 A B I i 2 5 K e 7R AS 0] BT A0 0, AT S B
KL TAESHT N A B TR BT A (radar cross section, RCS) Wi 4. 3 TiZ b7k, Lh 2 x 1BEHI 6], #d T K
SRR, B AT T PR RE, S UE T MRS By R AT A S AR RCS #RAE, JFHE40 iR T RZ M TAEPLI, i —
3 B4y BT IR 4B 7~ T 8R4 2 T 465 F) XoF IR 42 S AR IS 1k R 1 g i LA . SR, T LA RV BT R T SR
REFED . AT AL R GAT . RN &, BT LA e 2T KA RS R & i1t

KR BRGBMER, IR, — Mk, R U

PACS: 41.20.Jb, 78.67.Pt, 73.20.Mf

1 3

H SR T A [R5 (%) 73 S AR AE R AR N 43 )
IR, FE R U0 Y 3K S 3R T DX a9 £ i 1S 1) 20 L
[ Snell 7. 2011 4F, MR~ Cappaso HuEig [
HRPE R BRI BIREE, IR A
TAYER &R /N AL <R W X R RE
FE P HES A, IR SRR AAH LL, X MR
AT DLk 25 M Snell 2 B BRI, SC 8% L i I AT
BORGS Ira, H 2Rl = R
PR IS, ZR P RS AR R A PR B H2 R B A
AT PR 2 A RS, Fh U, A SR THT AT AN TR
JE AR B AW, F0i7 1o) Z2Y)6g 67, w] gy B
A G 9100 S 25 b v 1 i 1 R A 3R T A B R &
Ji&, 5 Z AR AT A SR T R D RE AR OF,
RER LR M Bk dieds 12 A daias 9, Seikds s 1Y

il

DOI: 10.7498/aps.70.20210746

LA MGA.

Va1 T R I REH AN LR
PAL T TR A ] JCHAEAR SRR, MR IE
fE DAL G R E T Im A 7 IAFUH A (radar cross sec-
tion, RCS) flit =5 [ XERBTFRE T 40 B AR A28 19181,
LA 2007 4F, BTN D4R R A R m  R]
A B2 IR AR R 4 S 3R A 1 BORE A %o 3 1191, T
DASiCRZE RCS. WMiJ5, 24 T 1Y RCS Wi 58,
TR N D3 3 K R 8 ) 2 T b T e 2 o A 2% T
FHF R 2k 20231 755 R4 551 BE 52 i 55 /N ]
W40 1 RCS. b, FATH I A AT A R 1w i ¢
Mg 2420 RN R ik 126 R, W LA R
REST A, DL 5T 3R W, R AL 2 1H 4
WKL T ARSI A RCS 8 5 L. ML Z R, K
2 T ARSI I RCS W48 M ZL RS 22, HARfE
X REHR G RERE BCRg . A SRk [27) KB A 2
TP NN 375 U0 S G B AR A 4 i 1 v &1 L, R

* EFR ARPEIES (HEHES: 61801508, 61701523, 61671464) ., BEIHE A RFLAIEREATE 1R (HEHES: 2019JQ-103, 2020JM-350,
20200108, 2020022) FE/F A4 (S BX20180375, 2019M653960) ¢ B A,

t BIEMEE. E-mail: jianyeS8901@126.com
©2021 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

194101-1


http://doi.org/10.7498/aps.70.20210746
mailto:jianye8901@126.com
mailto:jianye8901@126.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 19 (2021)

194101

G S 07 TR A ) RCS fie K46 20 dB L
I, RGBT DA R SEE N3] 1.50 x 1.5)
(A AR RITR N B A TAER ), [R5 1 &
kA T A, S e 1.7 dB. SCHR [28] K ik
TR A 2% TN 2 30 0 T A S A IR R 1L, Rl Y
RCS f K40k 14 dB, 325 TF% 0.6 dB. SCHik [29]
FET BRI R AL HLEE, 38 40 7F B R 2k A
Bl fin 2888 4 2R 1T, SE BT R BR AE R 2l N Al Ab
6 dB LI_ERI RCS 34, [ ARSI RS 1.6 x
1.6), R 5 45 5.6 dB. SCHk [30] K5 HA W%
TR AR THE 2 1 B 1A T A5 75 ) 4 T o 28 381 4 B
LY L, TR 5 R S Al R i e B T
RCS Jfi4e, K&HEZE T 0.8 dB. XLl B IE
W, WL R A T AT DL T4k 2l N RCS, B
el ZE4a s RCS 1y [ PR R L i M e AN A2 K
SRARR BA PR ME. B85 E NSNS BOIR AT LR
h, REAF N RCS Wi 752 AT o8 i F e, 58
PR S PE BE AN AE HoAi 9 RCS 184 i XE R 3K, M
KARIEBAERTEL . 55—, MR TR 2R
B P 2 T I 28 T R 2 8 L 4 vl RCS 1y g H
3, R MR R — R A B R
Fag 1831320 B AF A IR HL T RS L AL L /NELAE
() % a3 RTE AR e R 2 55 8 A 3R THT A 2544
R 275 2 FE B A 2 TR RE AN R 2R i 5 | w1
AE AR L A DG

BEXT AR R8T, ASSCHR S —F e i e A0 3R 1
B R — R BT 18T 1, 1207 16 U FL G A
FE M B A N RER SRS S5 F 10 —R oy, FFal i 2
(A FEL R AR SRR 1) R 2R (R B, TR T AR R ik
B, PG R R 9 T 118 I AN G 288 S At 5 44 (1) JC A
VR, 725 6] B AR 5 8 I, (A5 PR 51 R 26
HAH ML RCS FebE. RAR I, A0k
TR BUE T — A e KRR, 45 RAESE Ty
B RLE.

dy
d, {0 -
I .

(b)
Yy

L

x

Bl RSN EE

Fig. 1. Configurations of antennas: (a) Side view and (b) top view of metasurface antenna array; (c) top view of conventional an-

tenna array.
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Fig. 2. Radiation performance comparison of the antenna arrays: (a) Reflection coefficients; (b) E-plane radiation patterns; (c) H-

plane radiation patterns.
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Fig. 3. Surface current distributions at 6.3 GHz: (a) Proposed antenna array; (b) reference antenna array.
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Fig. 5. Scattering patterns comparison of the antenna arrays: (a)—(d) Reference antenna array; (e)—(h) the proposed antenna array.
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Abstract

Aiming at obtaining low scattering antenna array, in this paper a novel method of integrating
electromagnetic metasurface with conventional antenna is proposed. The theoretical analysis and practical
implementation of this method are presented. Using this method, a novel antenna array is obtained by
connecting partial unit cells of metasurface with transmission line and adopting coaxial excitations. In the
radiation mode, the metasurface is excited and radiates effectively. Besides, the array has almost the same
performance as the conventional array. In the scattering mode, this array demonstrates low in-band RCS due to
the scattering cancellation of middle metasurface and other surrounding structures. Using this method, a 2 x 1
array, as an example, is designed and numerically analyzed. The results show that the array has the well-
behaved radiation performance and low RCS property. The working principle of the proposed array is
illustrated by investigating the current and resultant field. Further analysis also reveals the effecting law of
metasurface unit cells in antenna's radiation and scattering performance. Therefore, flexible designs can be
obtained to fit different requirements. Finally, experiments are conducted. And the good agreement between
computations and measurements further verifies the validity of the proposed design. Moreover, the proposed
method also features easy implementation and high integrity and can be extended to the designing of large scale

array antennas.
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