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Abstract - In this paper, switched beam smart 

antenna systems are investigated to improve the 

performance of wireless networks. The microstrip 

technology of antenna arrays with Butler matrix 

topology as a beam-former is used to implement 

the switched beam smart antenna system. The 

optimum design of a 4x4 planar Butler matrix 

array, operating at 5.6 GHz for WLAN 

applications. System’s design and optimization was 

based on computer simulations. 

Index Terms-Butler Matrix, Switched beam, Antenna 

Array. 

I. INTRODUCTION 

In wireless communication systems, multipath 

fading, delay and interference occurred by 

reflection or diffraction. In a high-speed wireless 

communication, it becomes a necessary to 

separate desired signal from delay or interference 

signal. Thus to overcome these problems, smart 

antenna systems have been developed. 

Now Smart antenna [1] is one of the most 

promising technologies that will enable a higher 

capacity in wireless networks by effectively 

reducing multipath and channel interference. This 

is achieved by focusing the radiation only in the 

desired direction and adjusting itself to changing 

traffic conditions or signal environments. Smart 

antennas employ a set of radiating elements 

arranged in the form of an array. 

The 4x4 planar Butler matrix array [2-4] is a key 

component of the switched beam system. 

Basically this Butler matrix array forms multiple 

fixed overlapping beams which will cover the 

designated angular area. It is a NxN passive 

feeding network with N radiating elements. The 

output ports of the butler matrix feed the antenna 

elements. It is easy to implement and requires 

few components to build compared to the other 

networks. The loss involved is very small, which 

comes from the insertion loss in hybrids, phase 

shifters and transmission lines. However in a 

butler matrix, beam width and bean angles tend 

to vary with frequency. Also it has a complex 

interconnection scheme for a large matrix. 

Butler matrix [5] has been implemented with 

various techniques such as waveguide, 

microstrip, multilayer microstrip, suspended strip 

line, CPW etc. Microstrip technique is widely 

used in Butler matrix due to its numerous 

advantages such as low profile, easy fabrication 

and low cost. 

In this paper we use the microstrip technique [6-

7] to implement the Butler matrix array. The

major components of the Butler matrix such as 

hybrid couplers, crossovers and phase shifters are 

designed by microstrip line technique and the 

array is formed by four rectangular patch 

microstrip antennas with inset feeding. 

II. BEAMFORMING NETWORK

Switched beam systems [2] are referred as 

antenna-array systems that form multiple-fixed 

beams [3-4] with enhanced sensitivity in a 

specific area. This antenna system detects signal 

strength, selects one of the several predetermined 

fixed beams, and switches from one beam to 

another as the user moves. Like the switched-

beam antenna array presented here in Figure 1. 
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Fig.1.  The geometry and the desired beam-set of a 

four-element phased array. 

Referring to the geometry of Figure 1, let us 

assume a 4-element linear array with identical 

elements and identical magnitude excitation. 

Furthermore all elements are equally spaced with 

distance d and each element has 𝛥𝜙 current 

progressive phase excitation, relative to the 

preceding one. 

Assuming that the reference point is the physical 

center of the array, the normalized array factor 

AF (Ψ) of the above geometry can be expressed 

as [8][9]: 
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The array factor of (4) is function of the current 

progressive phase excitation 𝛥𝜙
𝑖
 [10]:

𝜃𝑖 = 𝑐𝑜𝑠−1 (
𝜆𝛥𝜙𝑖

2𝜋𝑑
)  (5) 

III. BUTLER MATRIX

The Butler matrix has four inputs and four 

outputs, and it is implemented to excite an array 

of four patch radiating elements to produce four 

beams in desired directions. Figure 2 shows the 

general block structure of a Butler matrix [2]. 

The design of a Butler matrix 4x4 need four 

hybrid couplers (3dB, 90°) and two equal fixed 

phase shifters (-45) and two crossover that can 

replace each by two hybrid junctions (3dB 90°) 

placed end to end, also called a coupler 0dB. We 

will use this topology with an array of four 

antennas per unit length radiating elements. 

Fig.2.  Block diagram of 4x4 Butler matrix array. 

A. Hybrid (3 dB, 90°) 

Hybrid coupler is well known devices used for 

their ability to produce 90° phase shifted signals 

to these outputs [11]. The associated S matrix of 

this element has the following form: 

𝑺 =
−𝟏

√𝟐
[

𝟎 𝟎
𝟎 𝟎

𝟏 𝒋
𝒋 𝟏

𝟏 𝒋
𝒋 𝟏

𝟎 𝟎
𝟎 𝟎

]     (6) 

Fig.3.  Hybrid couple (3dB, 90°). 
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P1 input power is divided into two output signals 

P3 (direct route) and P4 (coupled channel). Port 2 

is isolated with respect to the input. The phase 

difference between the output ports is 90° [12], 

this phase shift is independent of the coupling. 

B. Phase shifter: 

The phase shifter use the transmission lines to 

phase delay [14][6]. So, to create a phase delay θ 

with a microstrip line over another, just add an 

extra length of line:  

∆L = θ. λg/360  (7) 

Fig.4.  Phase shifter. 

C. Crossover: 

In a 4x4 Butler matrix, there are two crossovers. 

By cascading two hybrid couplers, you can 

implement a crossover, also called a coupler 0 dB 

(Figure 5). 

Fig.5.  Crossover. 

The associated S matrix of this element has the 

following form: 

𝑺 = [

𝟎 𝟎
𝟎 𝟎

𝟎 𝒋
𝒋 𝟎

𝟎 𝒋
𝒋 𝟎

𝟎 𝟎
𝟎 𝟎

]     (8) 

IV. IMPLEMENTATION OF 4x4 BUTLER

MATRIX: 

The Butler matrix is a type of beam-forming 

network. Depending on which of N inputs is 

accessed, the antenna beam is steered in a 

specific direction (Figure 1). The microstrip 

technique is used for the implementation of the 

matrix, there are several cross lines and 

crossovers to isolate the signal [14].  

The Table 1 shows the summary of the 

corresponding magnitudes and phase shifts 

between the inputs and the outputs of the Butler 

matrix. 

Table 1: Magnitudes and phase shifts at the inputs and 

outputs of Butler matrix. 

The Butler matrix is implemented to excite an 

array of four patch radiating elements to produce 

four beams in desired directions. The operating 

frequency is around 5.6 GHz.   

V. DESIGN OF ARRAYS ANTENNA: 

A. Patch antenna: 

The proposed microstrip patch antenna is shown 

in Figure 6. In this design the substrate FR4 is 

used due to its low cost and easy fabrication. The 

substrate height is 0.76 mm, the dielectric 

constant is 3.2 and the loss tangent is 0.035. The 

dimensions of our antenna are optimized by 

using electromagnetic software.  
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Fig.6.  Top view of our patch antenna resonating at 

5.6 GHz. (Wp = 18.73 mm, Lp = 14.475 mm, We 

=1.04 mm, Le = 4.864 mm, Wq = 1.83 mm, Lq = 

16.864 mm). 

Figure 7 presents the scattering parameter of the 

patch antenna operating at 5.6 GHz. We can see 

that the adaptation is better than 30dB.  

Figure 8 shows the radiation pattern of the 

antenna. The gain of the antenna is around 6dB in 

the resonance frequency. 

Fig.7.  Parameter S11 of a patch antenna. 

Fig.8.  Radiation pattern of a patch antenna in 3D. 

B. Array antenna: 

Figure 9 shows the array of four patches, the 

distance between the patches elements is around 

0.7𝜆 [8][15]. Figure 10 presents the scattering 

parameters of the array antenna. We can see that 

the return loss is better than 30dB and the 

isolation between the array elements is better 

than 25dB in the operating frequency.  

The radiation pattern of the antenna array is 

presented in Figure 11, the gain of the array is 

increased of 6dB and the radiation direction is 

broadside. 

Fig.9.  Design of array antenna network. 

Fig.10.   Simulation of scattering parameters of 

array antenna. 

Fig.11.  Radiation pattern of a patch antenna array 

in 3D. 
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VI. ANTENNA ARRAY WITH

BEAMFORMING NETWORK: 

The final layout of the optimized antenna with its 

beamforming network is shown in Figure 12. 

Beamforming characteristics of the proposed 

smart antenna system are obtained for uniform 

amplitude distribution [9][16].  

Fig. 12.  Final layout of the proposed antenna array 

with its beamforming network. 

2-D polar far field patterns are obtained and 

plotted in Figures 13 and 14 which achieve the 

targeted specifications. From the radiation 

patterns, it is shown that the angles of the four 

beams associated with different inputs are 30, 15, 

-15, and -30. We can see that the theoretical 

results agree well with the simulation results.  

Fig.13.   Calculated beam patterns at 5.6 GHz when 

port 1, 2, 3 and 4 are fed. 

Fig.14.  Simulated beam patterns at 5.6 GHz when 

port 1, 2, 3 and 4 are fed. 

VII. CONCLUSION

This paper presents a planar implementation of a 

smart antenna system using microstrip antenna 

array with Butler beamforming network for 

wireless applications. A linear antenna array is 

initially designed and optimized using 

Electromagnitique software.  

The Beamforming/feeder network is designed 

using a 4x4 Butler matrix, and realized using 4 

quadrature hybrids, 2 phase shifters and 2 

crossover circuits. The microstrip antenna array 

and the Butler matrix feed network are simulated 

and optimized to achieve the required radiation 

characteristics. The comparison between the 

theoretical and simulation radiation pattern 

shows a good agreement. 
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