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Fig. 1. Schematic of the unit of composite polarization conversion metasurface.
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Fig. 2. The transmission coefficient, reflection coefficient,
phase and AR of the unit of composite polarization conver-
sion metasurface: (a) Transmission coefficient, reflection

coefficient and AR; (b) phase and phase difference.
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Fig. 3. The schematic of polarization conversion.
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incident wave; (b) y-polarized incident wave.
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(a) The linearly polarized microstrip antenna; (b) the circularly polarized high gain antenna.

() —o— 12 12 HHARTE-K L
50 —— R
4
40
Mm
<
3 30
&
20
10

0
(a) 5‘ ................. —o— 12 x 124k FH- R4k
N
m 10.6 GHz
<
=
W&
=
=8
—50 L L L L L L L
80 85 90 95 10.0 10.5 11.0 11.5 12.0
ﬁ%}/GHZ
6 12 x 12 HiA R I -R &S IR L X L IE]

60

0 ? ) )
80 85 9.0 9.5 10.0 10.5 11.0 11.5 12.0
iR /GHz

(a) FCST A BOREAR R AL AL 2R (b) b LG BEA R A2 1k 2k

Fig. 6. Comparison between the 12 x 12 units arrangement metasurface-antenna and source antenna: (a) Reflection coefficient

varies with frequency; (b) AR varies with frequency.

B 7 &R AR R R B

Fig. 7. Schematic of the linear to circular polarization conversion phenomenon: (a) Linear to left-hand circular polarization conver-

sion; (b) linear to right-hand circular polarization conversion.

RIS o WA B A e R AR AR B A, i 7
B

LM A T LS R AN S T 1 AR B L R
FRIR) R AR A . R i A e 1 S 1) A3 A
WAL T I e A BRIS oA, R A ek
1 S A B AR IR AT, [F]— 25 (W] P fs 23]
IPAFAE R | [ E | R] o4 14 22 e 193 i A i A
A BERALSE, PR AL AR ELZ N, ol AGR 5 IR

(a) Zk-72 W2 A AL 46t s (b) 2k ke I A A e £k

RELMLMACTESS. 1 90T i L%, K ik
A BT AR AT 6 x 6 T, 43331
fiT 44 N part 1, part 2, Bf part 1 Al part 2 #4740
MG, tH—A> 12 x 12 LS AR 2m . Bkt
B ME B HE A R AR Dy G R T AT R B T 10 GHz
PRRE 07, VLRG0 7 2 Aoty K il =[]
] LIE R Fabry—Perot 1R, B 1548 5 R AHZ
Jissig, ATHE (2) 2P IR by SR

234102-5


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 69, No. 23 (2020) 234102

2
pc+pa— - 2H = —2N, (2)

Horpr ) o, RN e 4 3% T 1Y [ A0 A B S A A6
TN REMAR I AL, H A R AR AL
e R OB RIS PR, A O 10 GHz X RLAY
P I 2(b) AL 7E 10 GHz 4b ¢, = —202.8°.
A, R S AR o = —180°. A T
PR UE R 2 1 BEL 7 DC T B A i) o oA A DR 4 i T, i

N =3, HEAE H = 29.1 mm. Zabi%4E e i
Ak, BB hy = 30 mm. K5 4% T LIS HEA %
T R 2t 44 AHESHEA SR IE- R4, ANkl 8 BR.
BB RS A, U5 R 2R R 93 HE AR 2 1 -
KL EA5 X L An ] 9 B . AR 385 HE A 3 1fi -
KR S RSV A L AT m s, BRBTHY
VT W15 M0 AR R B4, 10 AB W 95 o 9.4 —
10.5 GHz; il il X FLET TN, AL e - K2k

PLOLIONNNS
LA AL AL IR
G2 4 NN

AR R RRNNT L A LA L4
AR XNY ZT L& L& 4
WM WNWNYZ T T LT
ANANINNNY T L LT 4

B8 T LA R T A LR AL AR RCS 53 £ K&
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Fig. 10. Scattering pattern of antenna: (a) Source antenna; (b) chessboard arrangement metasurface-antenna.
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Abstract

The transmission polarization conversion metasurface has been widely concerned, because it has the
advantage of being easy to be conformal with the antenna. Based on the reasonable arrangement of
transmission polarization conversion units, various and complex electromagnetic functions can be realized. As
the electromagnetic open window on the flight platform, the antenna is the bottleneck that restricts the
decrease of radar cross section (RCS) of the whole flight platform. It is difficult to simultaneously realize the
normal and efficient radiation of the antenna and the decrease of the RCS of the antenna. When the designed
transmission metasurface is used in the antenna design, the radiation and scattering of the antenna can be
regulated comprehensively. In this paper, a composite polarization conversion metasurface is proposed and
verified. The unit cell of composite polarization conversion metasurface consists of two mirror symmetrical
anisotropic metal patches in the upper layer, a dielectric layer and a polarization gate in the lower layer. When
the polarization direction of the incident electromagnetic wave is perpendicular to the extension direction of the
polarization gate and arrives at the composite polarization conversion surface, the conversion surface can realize
the conversion from transmission linear polarization to right-hand circular polarization in a frequency range
from 9.3 GHz to 10.9 GHz. When the polarization direction of the incident electromagnetic wave is parallel to
the extension direction of the polarization gate, co-polarized total reflection can be realized. The chessboard
arrangement metasurface is composed of composite polarization conversion unit and its mirror unit. A novel
linearly polarized chessboard arrangement metasurface antenna is composed of the linearly polarized source
microstrip antenna with a bandwidth of 9.4-10.7 GHz and the chessboard arrangement metasurface. By using
the counter rotating cancellation characteristic of circular polarization, the chessboard arrangement metasurface
antenna maintains linearly polarized radiation. Comparing with the source microstrip antenna, the linear
polarization purity of chessboard arrangement metasurface antenna is improved from 9.5 GHz to 10.5 GHz. At
the same time, the forward gain of the chessboard arrangement antenna increases and the radar cross section
decreases. The maximum reduction is 39.2 dB. To further verify the practicability of the design and analysis,
the chessboard arrangement metasurface antenna sample is fabricated and measured in microwave anechoic
chamber with an Agilent 5230C network analyzer. The experimental results are in good agreement with the
simulation results. This study has important reference value in the design of high gain, low RCS antenna and
integrated regulation radiation and scattering of antenna.
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