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Fig.1. Schematic of the all-dielectric integrated meta-antenna.
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Table 1. The structural parameters of the integrated meta-antenna

w2 R w2 G
D 15 mm Do 50 mm
H 5.9 mm H> 6.47 mm
i 12 mm > 80 mm
T 92 mm D 50 mm

FERARII N RGO R, SRBERT S — P R e F 5 3E A I K LT sl
Ke) o JEELAE) BRLTCA'E D Ay PR K 2 T ) A2 BB TT L R T T S Ak EL RS M A
A R T 9 2 I A I 8 5 D RESE T NS FEL R I8 P9 AR S TR o B SR AR o 78 i

0-2n [VEHE, XAfCOE MBERTHREE /ORI . SHEARN, 85T I

WE AR, BEN d, D9k, FITIRE B i 2. HUREE M SR I

5




o, M 25 . SCREITE . H , WU S R 1 P AN AR A A8 4k » SRR,

th S B B AR T BN o =kox (nxHrd) , e X SR BT Wl 2 B,

BITH S H N 1 mm $ENF] 4.2 mm, R E T H S AL 2 0-2n. SR

LD 200 pm B KEEATRGAIMERAE, ZBOHRE R 5% & 3D TH RS
100 pm HIHIGERE B, BEOROR 1 ARAL H 2R i-F 1, e T S f il 3 A AT AT 1

Y FITAE 0.14 THz I BB RIIER] T 90%, feim il LLIAH] 99%. fitk i3]
P3O T S R ORI 24 A5 28 [ IS 40034 e 6 OO 28 O E L . WS a A v A e o U,

BEFRE 3D FTEINLAGSTENRG I, B DN P=1 mm.

- ion 200

1.0 150
_ 08 - 100 .
(]
2 L50 &
é 0.6 C
172} ro 3
g 3
e 0.4 Ls0 =

F-100

0.2
k150
0.0 -200

1.0 1.5 2.0 2.5 3.0 3.5 4.0
& H/mm

K 2 AFEE H S5 3RITE 0.14 THz T RIARALAE G 2
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Fig.8. Characterization of the designed integrated meta-antenna with / = +1
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All-Dielectric integrated metasurface antenna
for focused vortex electromagnetic wave

generation
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Abstract

In order to develop low-cost and high-performance vortex generation
devices, this paper designs an all-dielectric integrated metasurface antenna
system operating in the 6G terahertz communication window, with a focus
on investigating the electric field distribution characteristics of focused
vortex waves carrying different topological charges. Under physical size
constraints, a metasurface capable of generating focused vortex beams is
designed by controlling the propagation phase of terahertz waves,
significantly enhancing the design flexibility of the antenna. The integrated
metasurface antenna is fabricated using stereolithography 3D printing
technology. Finally, an imaging system is constructed to analyze the electric
field distributions of the integrated metasurface antennas with varying
topological charges. The results demonstrate that the device can effectively
generate and focus vortex beams at a low cost, mitigate beam divergence,
and address the stringent alignment tolerance between the metasurface and
the light source. This work provides a simple and cost-effective general
design method for all-dielectric integrated metasurface antennas that
generate focused vortex beams, offering broad application prospects for 6G

communications and high-resolution imaging.

Keywords: vortex beams; orbital angular momentum; spiral phase plate; metasurface
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