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Abstract 
A conductor backed coplanar waveguide feed network for a star patch antenna is presented. The feed 
network matches the input impedance of the antenna to a standard 50Ω line and can switch the location of 
the antenna feed in order to achieve beam steering.  
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1. Introduction 
 
In many modern wireless communication systems, beam steering is achieved with the use of phased array 
antennas. For applications with space limitation, these antennas are not suitable. As an alternative, a single 
element spiral antenna with switches was proposed originally [1]-[3]. In that antenna, the current 
distribution along the spiral arm is modified with the use of switches. The switch connects or disconnects 
sections of the spiral, or short circuit certain points of the spiral to the ground, leading to different 
radiation patterns with their main beams in different directions. Unfortunately, this current switching 
action in the spiral antenna causes polarization randomness. In addition, the antenna gain and VSWR 
change with the switch configuration. These problems have been overcome with the recent introduction of 
square loop [4], circular loop [5], and four feed star [6] antennas. In particular, depending on the location 
of the feed point, the printed star patch antenna is capable of generating a doughnut shape pattern and four 
different patterns with beams tilted in four different directions [7]-[8]. These tilted beams are the only 
directional patterns with a dominant 𝐸𝜃 polarization. Thus, a beam steerability is achieved when the 
antenna generates each of these four tilted beams individually. The star patch antenna is constructed over a 
stratified dielectric substrate with a ground plane on the opposite side. It was proposed that this ground 
plane can be used to fabricate a coplanar waveguide (CPW) feed network, embedding the switches, to 
feed the antenna [9]-[10]. In this paper, the feasibility of this proposal is investigated. To this end, a CPW 
feed network constructed on the star patch antenna ground plane is presented and it is shown this feed 
network adversely affects the operation of the antenna. An alternative solution based on a conductor 
backed CPW network is introduced eliminating the interaction between the antenna and the feed network. 
In the example treated, the antenna operates within the S band (2.9-3.5GHz) at the centre frequency of 
3.2GHz. The performance of the antenna including the feed networks is predicted using Agilent Advanced 
Design System (ADS, 2009) [11]. The experimental verification of the results was performed using 
SATIMO starlab antenna test facility [12].  
 
2. Antenna configuration 
 
The star patch antenna is constructed over a stratified dielectric substrate composed of a 1.5mm thick 
dielectric layer with 𝜀𝑟  = 3.48, and a 10.5mm dielectric layer with 𝜀𝑟  = 3.45 [7]. To maintain the 
homogeneity of the substrate, the materials are selected to have almost the same dielectric constants. The 
opposite side of the substrate has a conducting plane. The substrate surface area is 78mm x 78mm.   



 
Figure 1: (left) Printed star patch antenna and its dimensions and (right) (a) Elevation cut of 𝐸𝜃, (b) 

Azimuth cut of 𝐸𝜃 at 𝛷𝑚𝑎𝑥 = 180 deg. 
 

Figure 1 (left) shows the configuration of the antenna.  In order for the antenna to generate a tilted beam in 
a particular direction, the feed location must be at the end of a star branch along that direction. The 
antenna input impedance when fed at this location is about 60-j95Ω [7]. This value was measured at the 
ground plane of the antenna with a via connecting the patch to an SMA connector. Figure 1 (right) shows 
the elevation and azimuth cuts of the tilted beam, generated by the antenna under these conditions. 
 
3. Feed network on open CPW 
  
The first feed network uses a CPW circuit [13] fabricated on the ground plane of the antenna. This CPW 
circuit is not enclosed. Figure 2 shows the shape of the feed network and its corresponding. 

 
Figure 2. (Left) First proposed feed network, (Right) The measured 𝑆11 of the antenna fed by this network 

 
measured 𝑆11. The input is an SMA connector that connects to the diagonal branch leading to the centre of 
the feed network, Figure 2. Impedance matching is achieved with the use of quarter wavelength 
transformers between the 50 Ω line at input and a 60Ω impedance at the start of a feed branch. Matching 
the 60 Ω branch to the 60-j95Ω antenna input impedance is achieved by using an open circuit shunt stub 
located at the end of the feed branch, and connected to the antenna through the via. As seen in Figure 2, 
the signal is directed to one of the branches by shorting the centre conductor of the other three branches to 
the ground plane at a branch length of approximately 𝜆𝑔/4. The -10 dB bandwidth is 400 MHz covering 3 
GHz to 3.4 GHz. Figure 3 shows the measured 𝐸𝜃 radiation pattern of the antenna when fed by this feed 
network. As seen in Figure 3, the antenna radiation pattern does not match the intended pattern in Figure 1 
(right) obtained by feeding the antenna directly at one of the feed points (by using a coaxial line) when 
there is no CPW network on the ground plane. 
 
4. Feed network on conductor-backed CPW 
 
From the investigation presented in Section 3, it is clear that the open CPW feed network has an effect on 
the operation of the antenna. In other words, the correct operation of the star patch antenna is highly 
dependant on the current distribution on its ground plane.  



 
Figure 3: Measurement of 𝐸𝜃, (Left) Elevation cut, (Right) Azimuth cut 

 
In order to overcome this problem, a new feed network is proposed which uses the concept of conductor 
backed CPW. This feed network no longer shares the antenna ground plane and is fabricated on a 1.5mm 
substrate with 𝜀𝑟  = 3.48. A 1.5mm air gap separates the antenna ground plane from the feed network 
ground plane. The diagonal feed branch is removed to improve the symmetry of the structure and the 
SMA for the input is connected to the centre of the feed network. In order to minimize the induced current 
flow on the feed network, each feed branch is only connected (switched) to the input SMA when the 
respective antenna branch needs to be fed. An additional switch was added to the end of each feed branch 
(in open circuit position) to prevent the current flow from the antenna returning back into the feed 
network. Figure 4 shows this feed network and its corresponding measured 𝑆11. The radiation pattern of 
the antenna fed by this new feed network is measured. Figure 5 presents the results. These 
measurements confirm the feed network no longer interferes with the antenna operation. In 
addition, by comparing Figures 1 (right) and 5, it is seen that the side lobes in the antenna pattern 
connected to the new feed network are 7dB lower than the main lobe whereas in the case of the 
antenna without the feed network, this difference is 5dB. Thus the conductor backed coplanar 
waveguide feed network improves the radiation pattern generated by the antenna. 
 
5. Conclusions 
 
The correct operation of the printed star patch antenna is adversely affected by the presence of 
currents due to asymmetry of the open CPW feed network. A conductor backed CPW feed 
network was proposed having no interaction with the radiation pattern of the antenna. This 
network satisfies the impedance matching and beam switching requirements of the system. It also 
improves the ratio of main lobe to sidelobe by 2 dB. 

 
Figure 4. Feed network constructed on conductor backed CPW (left) and the measured antenna 𝑆11(right). 

 



 
Figure 5 Measurement of 𝐸𝜃, (a) Elevation cut, (b) Azimuth cut 
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