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Design of a Multi-Beam Horn Antenna Based on a Ridge Waveguide
Multi-Mode Network in the Y-Band

ZHAO Yun', MU Yunxi
(School of Electronic and Information Engineering, Nanjing University of Information Science and Technology,
Nanjing, Jiangsu 210044, China)

Abstract: To achieve efficient signal coverage and system capacity enhancement in high-frequency wireless commu-
nication system, multi-beam antenna technology plays an irreplaceable role. The sub-millimeter wave band has become a
key frontier for next-generation communication systems. However, existing mainstream solutions face significant bottle-
necks: traditional Butler matrices suffer from high insertion loss and complex structures at high frequencies; lens and reflector
antennas are bulky, making it difficult to meet compactness requirements; and traditional substrate integrated waveguide (SIW)
multi-mode networks are limited by narrow bandwidths and high dielectric loss. Addressing these challenges, this paper pro-
poses a compact broadband multi-beam horn antenna operating in the Y-band (170~260 GHz), aimed at overcoming exist-
ing technical limitations and providing a low-loss, easy-to-fabricate, and high-performance solution for sub-millimeter wave
communications. The structure of the designed antenna consists of four parts: ridge-waveguide transmission lines, a ridge-
waveguide multi-mode network, periodic slot phase shifters, and a horn antenna. To overcome the limitations of narrow
bandwidth and high sidelobes in traditional multi-mode beamforming networks, single-ridged waveguide structure is intro-

duced to alter the internal electromagnetic field distribution. The electric field is highly concentrated in the ridge region,
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which acts as an added shunt capacitor in the equivalent circuit. Therefore, the cutoff frequency is lowered, significantly
broadening the operating bandwidth of the multi-mode beamforming network. Additionally, periodic slot phase shifters are
designed as key optimization components to the phase adjustment of the designed antenna. The phase shifters are loaded in-
to the waveguides connected to the output ports 6 and 7 of the multi-mode network. The shifters consist of periodically ar-
ranged rectangular slots protruding outward from the waveguide’s broad wall. Based on the theory of phase delay caused by
waveguide discontinuities, the inherent phase deviation of the ridge waveguide multi-mode network is compensated, mak-
ing the overall output phase distribution flatter. Simulation analysis confirms that the designed antenna obtains suppressed
sidelobe radiation and enhanced beam gain. The designed antenna is fabricated and measured, the entire antenna is made
with aluminum alloy with high-precision computer numerical control (CNC) milling method. To minimize assembly errors,
the structure adopts an H-plane split-block design with alignment pin holes reserved to ensure precise cavity alignment.
Measurement results show that the antenna achieves a 25% relative impedance bandwidth within the 175~225 GHz range,
with reflection coefficients for all four feeding ports below —10 dB and great port isolation. The four synthesized beams cov-
er a maximum scanning range of +30°. Within the operating band, the antenna achieves broadband radiation characteristics

with a peak gain exceeding 15.6 dBi, a gain fluctuation of less than 3 dB, and an aperture efficiency maintained above 48%.
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(a) The 3D view and side view of the antenna
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(b) The bottom view of the antenna and the structure of the ridge-wave-
guide multi-mode network
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Figure 1  The structure of the designed antenna
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(a) The physical disassembly diagram of the fabricated antenna
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(b) The physical disassembly diagram of the fabricated antenna
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Figure 5 The photo of the fabricated antenna
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Figure 6 The measurement environment of the designed antenna
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