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ABSTRACT

In this paper, it is designed and analyzed the beamforming antenna using the butler matrix. The operating frequency
of the proposed beamforing antenna is ISM band of 2.4 GHz band and the component of the beamforing antenna
consisted of a 1x4 array antenna and a 4x4 butler matrix. Each output port of 4x4 butler matrix outputs the signal having
a different phase, it is provided to each input port of 1x4 array antenna. The beamforming antenna with four output ports
forms a total of four beams. In order to analyze the radiation pattern of the beamforming antenna, it was provided by
switching the signal to the input port and proceeded the Individual analysis for the input port 1 to 4. The main beams
of the proposed beamforming antenna were formed in the —12°, 40°, -40° and 12° directions according to each input port,
respectively.
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Fig. 1 Structure of proposed single and array antenna
(a) Structure of single microstrip patch antenna
(b) Structure of 1 x 4 array antenna

Table. 1 Design parameters of proposed antenna [rom]
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Fig. 2 Reflection coefficient simulation results of proposed
single antenna
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Fig. 3 Radiation pattern simulation results of proposed
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Fig. 4 Radiation pattern simulation results of single
antenna and array antenna
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Fig. 5 Structure of proposed 4 x 4 butler matrix
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Fig. 6 Structure of proposed 3 dB coupler
Table. 2 Design parameters of proposed antenna  [mn]
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Fig. 7 Simulation results of proposed 3 dB coupler
(a) Simulation results of S-parameters
(b) Simulation results of phase and phase difference
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Table. 3 Design parameters of proposed crossover [mm]
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Fig. 9 Simulation results of proposed crossover
(a) Simulation results of S-parameters
(b) Simulation results of phase and phase difference
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Table. 4 Design parameters of proposed 45° phase shifter
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(a) Simulation results of S-parameters
(b) Simulation results of phase and phase difference
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Table. 5 Phase and phase difference analysis results for each output port of 4 x 4 butler matrix

Output Port Phase Phase difference
[deg.] [deg.]
Input port Ports Ports Port; Portg Ports;-Ports; | Portg-Port;; | Porty-Ports;
Port 1 -50.77 -2.23 45.37 86.92 -48.54 -47.6 -41.55
Port 2 -137.99 82.07 -53.41 170.77 139.94 135.48 135.82
Port 3 172.19 -52.22 83.51 -136.02 -135.59 -135.73 -140.47
Port 4 86.62 45.99 -2.51 -50.57 40.62 48.51 48.06
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Fig. 17 Simulation results of radiation pattern for proposed
beamforming antenna
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