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Abstract: Leaky-wave antennas (LWASs) have been widely applied in communication and radar systems due to their
inherent beam-scanning capability. However, conventional leaky-wave antennas suffer from two critical drawbacks: first,
their beam scanning mostly relies on frequency tuning, which makes them incompatible with applications requiring fixed
frequency bands; second, periodic structures are often introduced to achieve the scanning function, which tends to induce
the phenomenon of open stopbands. In this paper, we propose and systematically investigate a novel class of LWAs, based
on the unique physics of one-way surfacemagnetoplasmons (SMPs). We conduct a comprehensive theoretical analysis and
numerical simulations to unravel the dispersion characteristics of all viable modes in the proposedstructure that comprises
gyromagnetic and dielectric layers. This analysis reveals that one-way SMPs modes, endowed with intrinsic unidirectional-
transmission immune to backscattering, serve as ideal candidates for enabling high-performance LWAs. In numerical simu-
lations, we implement SMPs waveguides using gyromagnetic ferrite with both finite and gradient-controlled widths. This de-
sign yields ideal far-field radiation patterns, characterized by uniform field distributions along the SMPs’ open surface. The
radiation efficiency can be tailored to any desired value, reaching upwards of 95% in our optimized configuration. Further,
the one-way SMPs mode is dynamically tunable via external magnetic bias: adjusting this bias shifts the SMPs dispersion
curve, directly enablingmagnetic control over the LWAs’ scanning angle. Compared to conventional LWAs, this SMPs-

based design offers evident advantages, such as it achievesbeam steering at a fixed frequency and eliminates the need for fre-
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quency-dependent tuning, and avoids open stop bands induced by periodic structures intraditional designs, a beam scanning

range of more than +60° is achieved in simulations. These attributes make SMPs-based LWAs as a promising solution for

advanced radiation and beam-steering applications, with excellent advantages such as fixed-frequency scanning, broadband

stability, high-efficiency radiation, and flexible regulation. It boasts broad application prospects in high-precision beam con-

trol and high-efficiency radiation systems.
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Figure 1  Schematic model of one-way SMPs with semi-infinite gyromag-

netic medium
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Figure 2 Dispersion relations of SMPs (solid red line) and bulk mode

(green shaded area) for semi-infinite gyromagnetic medium
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(a) Experiment photo of the proposed one-way SMPs

waveguide
Sa Sy Sx Sz
— i i mmi

Hy= 200 Oe 300 Oe 400 Oe 200 Oe

0 -
=20
I
' .
S I P
®o-40t I :
RS 1
1 v
%] N fl.
~60 aAtho ly kg ot
v’mm { |fl\ J\a,‘”
] n
: v
-80 L . \ i )
04 0.6 0.8 1.0 1.2 1.4 1.6
w/m,

(b) MEAFEN S SHL

(b) S parameters from measurement

i 1E 4 g A

RInf&hi 7oA

(c) B SMPs I 5 1) HL 3% 43 A

(c) Electric field distributions of the SMPs waveguide

in simulations

54 SMPs I 54 5256 A4 HL45
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ic medium
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