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Design of a 4x4 Beam-Splitting Patch Antenna for Ku-Band Wave
Detection Radar Utilizing Magic-T Multi-Port Feeding
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Abstract

This study presents the design of a beam-splitting antenna using a magic-T feeding structure for wave detection radar systems. The
proposed antenna demonstrates a technique for forming three different beams feeding at the three ports using a single-layer substrate.
The strong coupling that occurs between the three ports is owing to the use of a single-layer substrate. An optimal arrangement of
the slot lines located on the ground plane was designed to address this issue, achieving excellent isolation with values below -20 dB.
The measured reflection and isolation coefficients agreed well with the simulation results, achieving reasonable results below -20 dB.
The three expected beam pattern types were implemented, and the measured beam characteristics matched well with the simulated
patterns. The two beams fed by port 1 exhibited a peak gain of 10.90 dBi, whereas the four beams fed by port 2 exhibited approximately
6.11 dBi. The single beam fed by port 3 exhibited a peak gain of 11.04 dBi.
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Fig. 1. A comparison between fixed-height antenna and
beam-splitting array antenna.
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Fig. 2. The technique of the proposed wave detection radar
antenna.
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Fig. 3. Principle of beam pattern formation using a 4-port.
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Fig. 4. Principle of beam pattern formation using a 3-port.
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Fig. 7. 3-port 4 X4 beam-split array antenna structure.
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Table 1. Proposed antenna design parameters in mm.
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Fig. 8. A photo of an antenna fabricated using a single-
layer printed circuit board.
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Table 2. Comparison of reflection coefficients between si-
mulation and measured.

Port number (S-parameter) | Simulated (dB) | Measured (dB)

Port 1 (Si) —45.44 —33.14

Port 2 (Sx») —44.21 —23.84

Port 3 (i) —45.11 —28.11
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Table 3. Comparison of beam gain between simulation and

measured.
Port number | Beam number |Simulated (dBi)|Measured (dBi)
#1+3 10.94 10.90
Port 1
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