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Array beamforming based on dual-band complex—amplitude metasurface

WANG Ling, WANG Xiang, DING Jun"
(School of Physics and Electronic Science, East China Normal University, Shanghai 200241, China)

Abstract: A dual-band amplitude and phase dual-regulation metasurface is proposed to achieve
arbitrary beamforming shapes at two preset frequencies. By combining two resonators of different sizes in
the metasurface unit, independent amplitude and phase control can be realized at the two frequency
points. Under linear polarization excitation, amplitude regulation is achieved by rotating the resonators,
while phase regulation is realized by changing the size of the resonator openings. An improved array
synthesis algorithm, combining Taylor synthesis and genetic algorithm, is employed to obtain far—field
patterns that closely match the desired shapes. The resulting phase range is relatively small, which is
conducive to achieving high—efficiency array beamforming. A metasurface array that can generate a flat—
top beam at 6.25 GHz and a cosecant—squared beam at 15 GHz is designed. The full-wave simulation
results show that the beams generated by the designed metasurface array match the target beams very
well, with low sidelobe levels. This work provides a new approach to far—field array beamforming using
dual-band metasurfaces.
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Fig.1 Function schematic of dual-band beamforming metasurface
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Fig.2 Simulated results of the improved array synthesis algorithm
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Fig.3 The three-dimensional view of the proposed meta—atom and the top view of the middle patterned metallic layer
P13 BATTRY =y R PR v ) 4 R 2 i 2 ]

M0 3 A ) 2 S T R A B e R, 20RE R T AT A 2 0 AR S BB A O~1 2 [ Y S R R, 180° R AH AL AR Ak .
K4 gt +2 7 0] x AL ST T, 24 o (@) ALl , B R E Gy #4705 A R BE ARG A2 4 . NI 4 Rl 0L, f=
6.25 GHz(f,=15 GHz) &b 1) 375 5 % 1% W 52 e Bz phy A0 38 € B4 TF 113 U 5 (P9 31 C BB TF 171 PRAR 4 I 18 41 4% ) 1 e 5% A )2 o,
(o) F . ELIKTT S, MR o (@) B, 6.25 GHZ(15 GHz) 35 0~1 2 i (36 S0 0 BE B . FL Y5 HE Rt 431 3 @ (o)
=@ (=) IF, BT [0 W 88 WA IS BEAS — 5 2 e ) J3E DA [-45°, 012 AL B [0, 45°1mF, B0 1432 S A 37 52 BE 180° 1Y
BEAE, HYNEH MR AT S A, MR ETE R —BUE . BeAh, BRTLUFE I, YR o (o), L)AL RIAH
LM B2 FEAAAS , RW A TTAE 2 W e M7 TAERY . R, R SCRT 4t B 3 1T 5 T ml 7 2 A Be - 552 3
7 14D 8 ARIRE 87 45 o) R A SRR ), T BT B AR RSO, R R 8RR 0.94(6.25 GHz) #10.96(15 GHz) .

180 1.0 180 — 1.0
08 P rreNcreAas e e fan 0.8
90
o 0.6 .3 ~ H06 .3
= = -l =
2 = 2 0 =
= g' = fEl
& 04 8 = 404 5
— - —6.25 GHz * = =6.25GHz
- - - 15GHz -90 F — - —15GHz
— 625GHz [192 — — 625GHz [192
— — 15GHz —— 15 GHz
1 1 0 —180 1 1 -_-_I._‘-I-_-_O
15 30 45 45 =30 -15 0 15 30 45
9,/(°) ?,/(°)
(@ ¢, (®) e,

Fig.4 Amplitude and phase responses at 6.25 GHz and 15 GHz versus ¢, and ¢,
4 @, M@, N-45°25 4L 3] 45°0F , 6.25 GHz Fll 15 GHz i £ FIAT S 1

ik A C RUTE D PROIR A B IR 4% A9 T 1A B, I8 R 0 AT AE 15 GHz Ab 4R 154300 Z 18] (9 7 A 67 I il . 4
@, Mo, MAE I E Ry 450, C BITF 11 IRAR A% BRI R 48 19 T 1A AR 1 S 0,=[11°, 22°, 30°, 38°, 46°, 54°, 61°], iX
7T A HIGAE 14~16 GHz 35 [ N 03 S AR W& S Fias, wl LR H, 78 15 GHz &b 35 55 A 7 9 5 AH 25 100, Rtk al LA
SEPRA30°Z [l 1) 7 HAHAL M LY . 6.25 GHz Fll 15 GHz &b () 1 B2 e i i 181 6 s, AT LA, elods C AUJF H AR 48 B
TR 28 B T 1 AR R AR RS 2 A S AL A BB . B9R 15 GHz W IR A B PR a3, B0 R 7E 0.8 L I,
PRAIE T 3X 7 BT s 0% . BRG, JR3E C ALTT DI IR 25 19 25 F4 BB 5 4 2445 i 6.25 GHz Kb 133 SR B, IRl 5 5
180° A A7 Wb A% , 36 2 AF BT T o 0 25 1F 5 185 C 2R T 10 BA0R 4 B30 IR 40 1) 435 4 T A 2% ) 15 GHz 4b 19 33 it
R, IR T4 B +30° Z (8] 49 7 A AL, T 2 AR A B 7 R Y S5 1



5.4 F %% EFNRRIEETALE R TSR 381
240 10
— N e o
- —0,22° T
180 0,=30° .
: ——0,=38°
— -0, =46°
~120 Sy & 06
= ° 2
% ------- 6,=61 = —=—0.25 GHz
£ g -
% S04 4— |5 GHz
ok 02
& . 0 1 1 1 1 L
14 15 16 2 3 4 5 6 7

fIGHz

Fig.5 7-level phase response at 15 GHz
K5 15 GHZAL#Y 7 Z0AR LM

3 B KRB R T

Fig.6 Amplitude response of seven meta—atoms at 6.25 GHz and 15 GHz

element number

6 6.25 GHz Fil 15 GHz &b 74~ 2A.7C it i FBE Wiy 17

o3 T S8k T R A SO B R I SO I PERE , BT I B S BT — R0 B R R M R T . 1M R I A
6.25 GHz 4b B 52 B -30°~30° Z [A] ) - TR o, 7E 15 GHz Ak RE A% 52 3 0°~40° 22 8] 1 A 1 5 o, HLaxX 2 M R

Ak 1) D TR 55 AR AR T -20 dB .

40
o0
° 9
30F o ]
< o (]
s 20t
E
< (o] o
=
£ 10F
15}
‘é’ o (-]
p O 04
OF o [~} o o
00 [+] o 00
oo o0
<90 1 1 1 1 1 1 1 1
1 4 7 10 13 16 19 22 25 28

element number

Fig.7 Rotation angles of the C—shape ring resonators for
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Fig.10 Comparison between the the full-wave simulated and synthesized results
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Tablel Comparisons with other works

reference structure center frequency/GHz beamwidth/(°) desired shape average fluctuation/dB  sidelobe level/dB  number of elements
[21] antenna array S band 60 cosecant ~1.22 -12.09 7
[22] metasurface 11.10 60 flat—top 0.56 —-14.00 24
[23] antenna array 245 =50 cosecant 0.56 -20.00 13
[24] antenna array 3.00 ~13 cosecant—-squared ~0.35 -20.05 29
[25] antenna array 10.00 ~35 cosecant—squared <1.00 -20.00 16
[26] conformal array 5.00 50 flat—top 0.50 -22.00 16
[27] antenna array 245 20 cosecant—squared ~0.15 -21.61 48
[28] antenna array 1.00 ~20 flat—top <1.00 -20.00 12
[29] metasurface 10.00/11.80 36/34 flat-top 1.00/1.00 -10.00/-11.00 15x15

this work metasurface 6.25/15.00 60/40 flat—top/cosecant-squared 0.70/0.79 -19.87/-20.77 28
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