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Broadband high—gain low—profile antenna based on gradient size metasurface
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(1.CAS Key Laboratory of Microwave Remote Sensing, National Space Science Center, Beijing 100190, China;
2.University of Chinese Academy of Science , Beijing 100049, China)

Abstract: A broadband high—gain low-profile antenna based on gradient size metasurface is
proposed. The antenna is composed of a double—layer metasurface and a layer of microstrip slot. The
double-layer metasurface is composed of gradient size hexagonal array patches printed on two dielectric
plates respectively. There are non—equidistant gaps between these patches. This gradient design of the
metasurface unit size can generate multiple adjacent resonance points to broaden the bandwidth. The
antenna's bandwidth radiation characteristics are analyzed by changing the size and structure of the
metasurface antenna. In order to obtain the best broadband performance, genetic algorithms are
employed to optimize the antenna geometric parameters. To verify the simulation results, a sample
antenna with a side length of 43.3 mm and a thickness of 4.853 mm is fabricated and tested. The actual
measurement results show that the -10 dB impedance bandwidth of the antenna reaches 54% (3.99~
6.93 GHz), the highest gain reaches 12.05 dB, and the gain remains above 8 dB in 4~6 GHz range.
Therefore, the antenna realizes the characteristics of wide frequency band, high gain and low profile, and
can be applied to many fields of wireless communication.

Keywords: metasurface; broadband; high—gain; low-profile; non—uniform distribution;gradient

size; genetic algorithm

B BT L 5 PR B R & g, B shilfE Ry . Wk . 1L AR A 0 v AR O A i R K A I A Y
oK H AR, 90l . S RSB TR e, R RA& . BH KL . MO RGOS s Rk, H
JE 0 A T ANE B R R E R, ANE M TN A R G WO R THANNTG By TR, s
JEAAE, ETIZ T A IELGE R R SR AL S8R RO K 28 25 Rl S e A BRI, IF HLRCH RS R LA
Jo A3 FE B R 2 030 3 A g 4, B AT R S B i

ARG MRS B Tz O, R R A 4R R, RS B R R
WFsEHA: 2021-03-08; fEEIEHA: 2021-04-26
"EEEE: LX#H#  email:wanghongjian@mirslab.cn




1008 Kz BT ERFE 521 %

TE AR A 72 T R 52 19 45 7 A VP 2 B IE BT BRI C T T RETL, FLABGE REVERE, 04 48 5 1Y
i, SRR, WOEBLYUN v, LB/ RN AR SCHR[8T48 1 — ol i 4 B 45 15 Pl Pl R T K
2R, R BRI 43 A Y R R T BT S B BELPT Y 9E Oy 28% , M 45 1K F 9.8 dB . SCHK[9] R FH Al 34 50 8 2 1 A T S
BT R /NRAL, BPUH S B 21%, e aE ol 7.2 dB. 5% L TIR, — iy BRI SR TE A RS S35 30% .
SCHER[10] Fh 482 ) FH XU 8 2 14 v 49 f RS v KA 98, BB 96 mT LATK 1) 4%, fpmi i 42 15 % 11.5 dB. X
FR L1 ]7E U A 2 T A Rty L, M) P A 45 RO 2 ThT P 0 AR R A B RS 5 B2 o2 9 45 O 3 I BELPC AT 98, R 9 18
#54.9% . BARSCHR[10-11142 5 7 BHPTHF 98, (HIX 2 BRI 45 I EE IR A4, 7B BEya B N B TR
M g AE A, JF BB IRAICR B2, B0 M BEgE AR .

ASSCHR H — O TS O 3 i T ZE R, AN R W R SO0 RSP A, s ol o T R R A e s O I
THAR L B9 70 SRR 5 4B B, 390 R RRE P o 1% KRS i) BELBT A 58 95 1 0 3.99~6.93 GHz, X 98 ik
#) 54% . AHLESCHER[10], BHHTA S8 T 10%, I H KL A3 45 1 38 B A SOk (117 = Be i =X 728 4l i3 S 55
SRR A A, RIPRZRAE 4.1~5.9 GHz Ju Bl 38 45 Y [F1 08 9~12 dB, MM B T RL MR EN . HAMZ KL
F T ROST AR L SCHR[10-11], 4898 17 1 mm. %R0 RLR—3 000 . M4 REm R, T TEm iz
L5 R

1 REHEWIZIT

PR sEHs . mahes . RS R R LRSI 1) TR . % K2 3 25l Rogers RO4003 . i L
B e=3.55. HFEMIEYI§=0.002 7. & L=75 mm ., 1K W,=43.3 mm [ 1E B IE N TR B, 200002 )R R H=
1.52 mm, HEE 7 — AL A 2 Bl R K /NS 36 i 2 FNJR O H,=0.813 mm JE A 15 B B2 3 2, FR 3% 1 465 4 J2 A 4 L 2
i JZ B8 B R B R H =1 mm B 25 S . REW R IR T &5/ i 1) s, AR A RSE I IE S i JE 42 J8 W A B
W ZEA B A 1, IE7S Y 48 W R 09 RS bl S 0 1) 5 AR R DB/, OGS Ff 2k AR AR I B TRI B R g, A
6] RUSE A 0 7 JLAR] o A AR FE RS/ /S I TE L B 1 & @G A 1) B 0 2 J2 M TR K /0N B9 A Jo i 5 0 o — 2 4 1l b 3
T 5K )2, IXPP SR A AE 350 20 A 0] DL A 2 A AR IR IR A, DT R W R R BT 9, I LR [ A [ Bt ] LA
ol R R A A T 8 5 A AR B AR /N o SR H AR SRR AR AR B R S B B Fe AR RS Ay s =11 mm, W=
10 mm, W,=9 mm, W,=8 mm. g=1 mm. WK 1(c)Fin, KGR EN TR 208 TF A RRIR S5 H 4 B 1Y 32 b
L@, TR T BB AR T 2 . SRR K E N L=37.5 mm . FEHEE N W=2 mm, A IE KA
0=120°, WJE 42 R=2.5 mm. HLHE SCHk[6-10]7H AU T2 00, T il 1 A 4% I LA 588 36 T UG A 22 B) A9 4% i
B A RE IR B R A AR A RCR, UL R R R m A — K O L=27 mm . B8 W=10 mm {955 B S5 17 A JK 32 55 AH D A
) 42 M AR B BEBR IR 5

Wa

w

(b) top view (c) bottom view
Fig.1 Geometry of the proposed antenna
1 KLt
REW ARG IR 2 fros, N EBITROO RIS 12 . B8R 22 . M7EG bz LR IT 52 48
2. BRAE R T RO R . RERIEEIR R ST N 1,254, 1,444 ,x0.08A (A, R HC AR AE A 28 R I -



55 8 1] &S ETRTHTBEREES aigmKSmReE 1009

2 REMUGTESERSH

2.1 RTEE@BRmIEIT

1% G 1) 4 B A G % THT R A0 SR T 34 50 43 A1 i A RO I
R BT AR, SCHR[7-10] 0 By 8 SR A BRR S5 A, A W2
gty EATHERA — A Sk ) SO R SR T R BT R A R 8
S1Ar A PR R o AR SCET T A8 3R T ER 2 )2 R/NAR R A 7
SUBIATI = A WS ER  E EE EIvE |oR B R AN
A REVERE RS2, F H B O AR BT N 8T 3 B s Y
2R LA . B 3(a) S AE R ST A 0 A Y R 3R I A5 Fig.2 Stereo structure of antenna
FEl 3(b) 4 SR S A 9 5 5 A 108 R A (2 KA RS IR

(a) uniform unit (b) non—uniform size gradient unit

Fig.3 Different meta—surface structures
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Fig.4 Simulation results of uniform and non—uniform metasurface antenna
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Table 2 Antenna performance comparison
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[7] 25.0 9.90 4.063 60x60
[8] 28.0 9.80 4.063 60x60
[9] 21.6 7.70 4.063 26.4%x25.0
[10] 44.0 11.50 5.310 65%65
proposed 54.0 12.05 4.853 70x70
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