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Abstract— In this paper, a 4 x 4 Butler matrix (BM) switched-beam patch antenna array is designed and
discussed. The design is developed on a single layer of Rogers material; RO 5880 with dielectric constant
2.2 and thickness 0.254mm.This makes the designed antenna low cost and easy of fabrication. The four
rectangular patchesfed by inset microstrip lines are connected to the outputs of the BM. The results show
wide bandwidth that coversfrom 24.67 GHz to 30.2 GHz in all the four inputs, and the highest array gain
performance of 10.8 dBi at 28 GHz. The designed switched beam antenna provides a cost effective
approach to implement at 28 GHz wireless communications.
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. INTRODUCTION

The continuous growth of traffic in mobile communication has recently leads to recommendation of millimetre
wave frequency band for 5G wireless applications [1-3]. Due to the high propagation losses at millimetre wave,
it will be difficult to use either omnidirectional antenna or fixed beam antenna[4]. To overcome these problems,
several studies have recently been conducted using switchable antennas for increasing signal in the desired
direction while rejecting the interfering signals thereby enhancing capacity and quality of service [5]. Smart
antenna can be divided in two categories: adaptive antenna array and switched beam systems. An adaptive
antenna array uses digital signal processing and adaptive algorithm to automatically steer the beam to the
desired direction, while creating nulls to the interferer which results in a better signal to interference ratio but at
the expense of high cost due to the complexity of implementation. However, switched beam antenna can be
implemented at less cost to achieve most of the features of adaptive array including the beam steering capability
[6]. A switched beam system produces multiple narrow beams and selects from them the appropriate beam that
givesthe strongest signal level.

The application of Butler matrix (BM) beamformer in millimetre wave, has been proposed by many
researchers due to its simplicity and low power loss [7-9]. BM is a widely known beamformer network in
switched beam antenna system. Patch antenna with attribute of light weight, low profile and easy of fabrication
are highly desired for wireless communication. In this paper, the conventional BM is adapted but the input ports
are amended to allow free connection of the ports because at very high frequency, the size of the BM is too
small that the ports are too close to each other. The proposed BM is integrated with four elements of a
microstrip array patch antenna structure. The achieved return loss range from 24.67 GHz to 30.2 GHz and the
highest gain performance is 10.8 dBi at 28 GHz. Section Il presents the implementation of BM and the designed
antenna. Then, Section |11 shows the results and discussions. Finally, conclusions are offered in Section IV.

Il. IMPLEMENTATION OF BUTLER MATRIX AND ANTENNA

BM commonly employs the combination of directional couplers, crossovers, and phase shiftersto control phases
and amplitudes of the excitation for the beam forming network. The layout of the designed antenna with BM
beamformer is shown in Fig. 1. Itisa4 x 4 BM and consists of four directional coupler, two phase shifters, and
a crossover. The conventional branch-line coupler structure is adapted but the input ports are extended to apply
it in millimetre wave frequency. The transmission lines of the input ports are extended to accommodate the feed
connectors. Extending the transmission lines of the input ports, changes the phase but the branch parameters are
adjusted to achieve the desired result. Rogers material RO5880 substrate with dielectric constant of 2.2 and
thickness of 0.254 mm is applied to achieve BM at 28 GHz frequency. The conductor coating thickness is
0.0175 mm. The transient field analysis and radiation pattern calculations are done by the transient solver in
computer simulation technology (CST) microwave studio.
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I11. RESULTSAND DISCUSSIONS

The required magnitude and phase are obtained starting from the coupler to the crossover and then the 45
degrees phase shifter. The designed individual components are integrated together to form the BM beamformer
of Fig. 1. Fig. 2 shows the magnitude and phase of the designed branch line coupler (BLC). The design adapts
the conventional BLC but modified the input ports. By extending the input port, there is a change in phase
which was accommodated by changing the branch parameters.

Fig. 2(a) shows the simulated return loss, coupling, insertion loss and isolation of the proposed BLC.
The coupling and insertion loss (Sz; and S;) are 3.84 dB and 3.64 dB respectively at the operating frequency of
28 GHz which are within the acceptable limits. The return loss and isolation (Sy; and Sy;) of 44.9 dB and 24.2
dB are obtained which is far better than S11 of less than 38 dB that shown in [10]. Furthermore, the phase
differences between port 2 and port 3 is 88.8 degrees at the designed frequency.
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Fig. 2. The frequency characteristics of the designed antenna:
(a) magnitude, (b) phase difference.

Fig. 3 shows the simulated return loss and transmission coefficients of portl of the BM. From Fig. 3(a), the
return loss is better than 10 dB from 24.67 GHz to 30.2 GHz in al the input ports. Fig. 3(b) presents the
insertion loss when fed to port 1. As can be seen the insertion loss are approximately constant across the
operation frequency. There are little differences due to different path lengths and possible mismatches along the

line.
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Fig.3 Simulated S-parameter of the proposed BM:
(@) return loss, (b) insertion loss.

Fig. 4 shows the simulated phase shift characteristics at the different output ports. The phase difference of
88.8 degreeis achieved at the designed frequency.
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Fig. 4 Simulation phase difference results of the output ports of the BM:

(a) output ports with respect to input port 1, (b) output ports with respect to input port 2,
(c) output ports with respect input port 3, (d) output ports with respect of input port 4.
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A single antenna is designed with the same material to operate at 28 GHz and aso integrated to the
beamformer and simulated. The inter element distance of 0.5) is used. Fig. 5 shows the radiation pattern and
return loss of the designed antenna at 28 GHz operation frequency. The gain of 8.22 dBi is obtained for asingle
patch antenna, but when integrated as an array the maximum gain of 10.8 dBi is achieved.
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Fig.5 Performance of patch antenna designed at 28 GHz:
(a) Radiation pattern (b) the return loss.

IV. CONCLUSIONS

A 28 GHz switched beam antenna with BM beamformer has been demonstrated. The obtained result showed
that the antenna can cover from 24.67 GHz to 30.2 GHz with the highest array gain performance of 10.8 dBi at
28 GHz. The simulated results of the designed 4 x 4 BM demonstrated a good performance at the 28 GHz
operating frequency in terms of S-parameters and phase differences. The beam can be switched toward different
directions by switching any of the input ports.
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