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Design of a Hybrid Beamforming Antenna System Using Broadband
Butler Matrix and Phase Shifter
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Abstract

In this paper, a hybrid beamforming antenna system using broadband butler matrix and phase shifter is proposed. In the previous
works, an 8x8 butler matrix is used to overcome a drawback of the 4x4 butler matrix based switched beamforming which provides
only 4 beam patterns. However the 8x8 butler matrix should be designed on the bi-layered substrate using via holes due to its complex
structure. It causes performance degradation. To overcome these problems, the proposed hybrid beamforming antenna system is designed
on the single side of the substrate for simple structure. By addition of two phase shifter, it provide various beam patterns. The proposed
antenna system provides more than 10 dBi radiation gain in the +45° scanning range by 16 input combinations.
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(a) Beamforming antenna system based on 8x8 butler matrix
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Fig. 1. The structure of switched and proposed hybrid beam-
forming antenna system.
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Fig. 2. Photograph of a fabricated 4x4 butler matrix.
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Table 1. Phase differences measured with 4x4 butler matrix.

Input Output port Phase difference
port | 5 6 7 8 | Meas. | Sim. | Ideal
1 =0.7°|—139.5°|  86.3°| —46.8°| —135.4°| —134.6°| —135°
2 | —91.9° —48.2° —2.6°| 423° +44.7°| +44.5°| +45°
3 41.0°) —1.9°] —49.0°| —=90.7°| —43.9°| —44.4° —45°
4

—47.0°|  87.3°|—140.0°| 0.42°| +135.8°| +134.6°| +135°
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Fig. 3. Layout of the proposed hybrid beamforming antenna
system.

295 mm 30 mm

Bhasess
Shifter-

R
| Power
E—0{ ~  °q - .
Combiner

250 mm

; 7
Controller & DC SP2T Patch
Regulator Switches antennas
O 4. AR stolEs UE QMU AXFS A
4 212

Fig. 4. Photograph of the proposed hybrid beamforming
antenna system.
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Simulated beam scanning patterns(xz-plane).
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. Measured beam scanning patterns(xz-plane).
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