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Abstract 
 

The goal is to design a Ku-band circular polarization array for satellite 
application, and an array of circular polarization satellite antenna covering 
11.45~12.75GHz is reported. The Wilkinson equal-power splitter is first used to 
feed the signal power into the array, for which we have examined the simulated 
characteristics of the 2X1 and 2X2 arrays, while the prototype of the 2X2 array is 
fabricated and measured for verification purpose.  Then the phased array antenna 
is optimized by genetic algorithms to determine the optimum parameters for the 
phase shifter.  Note that the coupling effect between the antennas elements must 
be took into account to achieve good accuracy. To accomplish this, we have to 
calculate in advance the radiated E fields of the entire antenna array (at least 
including the neighboring components) with only a single antenna element being 
excited. The far zone E fields Er of all the angles (up to one degree resolution) are 
obtained and saved for successive optimization using GA algorithm. The 
optimum result could be programmed into a microprocessor to control the array 
antenna steering electronically.   

 
Introduction 

 
Phased array antennas are gaining in popularity. They are not only of interest to 
remote sensing and military applications, but are employed today in mobile 
communication systems, for example in satellite mobile multimedia service: 
satellite news gathering, point to point transmission in fixed outdoor customer 
terminal equipment [1-2]. The phased array antennas have the advantages of high 
gain, low sidelobe, while the mainlobe can steered to the desired signal direction. 
Furthermore, the phased antenna array can reduce the interference caused by 
multipath signals and improve the data rate, capacity and performance of mobile 
communication systems.  
  
The goal is to design a Ku-band circular polarization array for satellite application 
and an array of circular polarization satellite antenna covering 11.45~12.75GHz is 
reported. The array structure is based on a simple slot-coupled patch antenna 
element with three metallic layers, of which a square radiator patch resides on the 
upper layer [3-6]. The Wilkinson equal-power splitter is first used to feed the 
signal power into the array, for which we have examined the simulated 
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characteristics of the 2X1 and 2X2 arrays, while the prototype of the 2X2 array is 
fabricated and measured for verification purpose.  
    
Then, the genetic algorithm is applied to further optimize the design for the 
circular polarization array antenna. The optimization goals include: (1) to scan the 
main beam by suitable adjustments of the phase of the excitation current [7], (2) 
during the course of scanning the characteristics of circular polarization must be 
maintained, (3) the sidelobe level (SLL) need to be kept low. Note that the 
coupling effect between the antennas elements must be took into account to 
achieve good accuracy. To accomplish this, we have to calculate in advance the 
radiated E fields of the entire antenna array (at least including the neighboring 
components) with only a single antenna element being excited. The far zone E 
fields Er of all the angles (up to one degree resolution) are obtained and saved for 
successive optimization using GA algorithm [8-9]. Then through the genetic 
algorithm the optimal solution to achieve the required scanning angle can be 
obtained, and the list of the excitation phases of the current is calculated and 
saved for practical usage. The results of GA optimization are compared with the 
simulation results of the whole array by commercial software, and the results 
show very good accuracy and consistency with error less than 1%. 
 

Design Processes and Results  
 

The objective of this paper is to explore the circular polarization array antenna for 
fixed satellite services and satellite broadcasting services covering 
11.45~12.75GHz frequency range. First, one needs to design a single antenna 
element with circular polarization that meets the Ku-band satellite bandwidth 
requirements. The single antenna element is required to have broadband 
characteristics of circular polarization, but also have high isolation. A simple slot-
coupled patch antenna with three metallic layers is the structure tested, of which a 
square patch radiator resides on the upper layer, and the middle layer is the 
metallic ground plane, where the coupling slots are etched. Finally, the bottom 
layer serves to provide the 50Ω feed line and/or the feeding network. When the 
feed ports for slot 1 and slot 2, respectively, exhibit 90-degree phase difference 
the circular polarization of radiation can be achieved. In addition, in order to 
reduce the backscattered radiation another metal surface is added to form a four-
layer metallic structure. 
 
It is found that placing the excitation slot at the corner (instead of the edge) of the 
patch can improve the isolation. Hence corner-fed slot coupled structures adopted 
for the successive studies of this paper. In addition, for the feeding network the 
Wilkinson power splitter is used to feed the power into the array. Taking into 
account of the coupling effect between the feed lines of near paths, careful 
adjustment for the path length is made as shown in Fig.1. We have examined the 
simulated characteristics of the 2X1 and 2X2 arrays, while the prototype of the 
2X2 array is fabricated and measured, of which the results are shown in Fig.2. 
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Fig.1 The structure of 2X2 array including the feeding network 

 

 
ZY -Plane                                               ZX –Plane                                 

 
XY-Plane                                                                 S11                             

Fig.2 The simulated and measured results of the 2X2 array. 
 
In this paper the genetic algorithm is applied to further optimize the design for the 
circular polarization array antenna. The optimization goal is to scan the main 
beam by suitable adjustments of the phase of the excitation current. In addition, 
during the course of scanning the characteristics of circular polarization must be 
maintained. and the sidelobe level (SLL) is kept low. Note that the coupling effect 
between the antennas elements must be took into account to achieve high 
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accuracy. To accomplish this, we have to calculate in advance the radiated E 
fields of the entire antenna array (at least including the neighboring components 
conceptually) with only a single antenna element being excited. The full-wave 
commercial software is employed to simulate the 2X2 array antenna as 
mentioned. The far zone E fields Er of all the angles (up to one degree resolution) 
are obtained and saved for successive optimization using GA algorithm. In GA, 
the far zone E fields must be updated for different phase adjustments of the 
excitation current. 
 
Finally, for the searching of the optimal excitation phase for the 2X2 phase array, 
one must first select the appropriate optimization conditions and weights. As a 
circular polarization array antenna is considered, the conditions of high-gain, low 
sidelobe level (SLL) and low axial ratio are included into the fitness criteria (1). 
Then through the genetic algorithm the optimal solution to achieve the required 
scanning angle can be obtained, and the list of the excitation phases of the current 
is generated and saved for practical usage. 

Fitness = F1 (main beam direction) + F2 (power of main beam) + F3 (SLL)  
    + F4 (AR<1.5dB) + F5 (weight of RHCP)                                        (1) 

 
The optimization phase parameters by GA are examined by commercial software, 
and the results of two cases as listed in Fig.3 show very good accuracy and 
consistency with error less than 1%.  Hence, GAs can be the suitable optimum 
algorithm for the main beam direction controlling for a CP array via phase tuning 
of the excitation current. 
 

 

 
Fig.3 The GA optimization parameters are tested by commercial software. 
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Conclusion  
 
The proposed phased array antenna are optimized by the genetic algorithm in 
order to steer the direction of the main beam. For the array structure a simple slot-
coupled patch antenna element with high-isolation is examined, of which a square 
radiator patch resides on the upper layer of the four-metallic-layer structure. The 
prototype of the 2X2 array with feeding network is fabricated and measured for 
verification purpose. The measured and simulated results compare quite well. 
Then via the GA optimization procedure and hence some pre-generated table lists 
it is expected that the steering of the circular polarization phased array antenna 
can be realized in real time application. Future works will include the extension of 
the present work to a larger antenna arrays such as 4x4, 8x8 and 16X16 cases to 
offer a practical applications.   
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