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Abstract: This paper describes the result of analyzing the radiated power density from a large-scale phased array 
antenna using the FEKO software. In this analysis, we used the Method of Moment (MoM) with the multilevel 
fast multipole method (MLFMM). Additionally, the result obtained with MLFMM analysis is compared to a 
measurement result. 
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1. Introduction 
 

A phased array antenna is widely used for both radar and communication systems in recent years, because it 
can make a high-speed beam scanning easily. This type of antenna consists of several hundred or more antenna 
elements and T/R modules and it can radiate high power. Therefore, it is necessary to determine a radiation 
hazard area, but it is a hard work to obtain this radiated power density by measurement. So, the electromagnetic 
field analysis is an effective method to know the radiated power density. 

One of the basic analyses is Aperture Integration method [1] and the example is shown in [2]. Recently, the 
Finite Element Method (FEM), the Finite Difference Time Domain (FDTD) method and the Method of Moment 
(MoM) are used as a powerful tool for numerical analysis. But these three methods need a huge amount of 
memory for the large-scale problem. In order to solve such a problem, the multilevel fast multipole method 
(MLFMM) is prepared in a FEKO software [3]. 

In this paper, the radiated power density from a large-scale phased array antenna is analyzed by MLFMM, 
and it is compared with a measurement result. The result of the analysis that shows a good agreement with the 
measurement near the antenna aperture, it is shown that the electromagnetic analysis is an effective method. 
 
 

2. Analysis Parameters 
 

Figure 1(a) shows the structure of the phased array antenna to be analyzed. The antenna element used is a 
dipole antenna and arrayed about 1000 elements within radius (r) 10 wavelengths. The reflector size is 24.5 
wavelength width (W) and 23.8 wavelength height (H) to set at the back of the dipole antenna. The distance 
between the dipole antenna and the reflector is 0.6 wavelengths. In this case, the main-beam direction is 
considered to normal to the antenna aperture, therefore, the phase of the voltage source is the same for all dipole 
antennas. But the magnitude of the voltage source is different between the inner and outer region at the area of 
existing dipole antenna. The FEKO model structure is shown in Figure 1(b). The dipole antennas are modeled 
as a wire element, and the maximum wire segment length is set to 0.1 wavelengths. And the radius of the dipole 
antenna is set to 0.001 wavelengths. The reflector is modeled as Perfect Electric Conductor (PEC), and the 
maximum triangle edge length is set to 0.125 wavelengths.  
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                                 (a)                                                                                     (b) 

Figure 1. (a) Perspective View of a phased array antenna. (b) FEKO model. 
 
 
 

3. Analysis Result 
 

Figure 2 shows the radiated power density along the x-axis. In this figure, the horizontal axis is normalized by 
the distance at the boundary point between near-field and far field: Rfar and the vertical axis is normalized by the 
power density at the far field boundary point: Pfar. For comparison, the calculation result of using equation (1) is 
shown as a dotted line. In equation (1), Pt  is the transmitting power, Gt is the antenna transmit gain and R is the 
distance from the antenna aperture. As shown in figure 1, MLFMM result compares very well with the result of 
equation (1) in the far filed region (Rfar>1). 
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Figure 2.  Radiated power density in the direction of x-axis. 
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Figure 3(a) shows the analyzed current distribution on the wire element and figure 3(b) shows the analyzed 
surface current distribution on the reflector. The current distribution is represented by two colors according to 
the excitation. Figure 4 shows an analytical result of the radiated power density in the x-y plane and y-z plane. 
The radiated power density is normalized by Pfar.  From analysis of the y-z plane, it is confirmed that maximum 
radiated power density not always exist in x-axis and depends on the distance from the antenna in the near-field 
region. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                   (a)                                                                               (b) 

Figure 3. Current distribution. (a) wire. (b) reflector. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 4.  2-Dim. power density. 
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For the MLFMM analysis, 116525 unknown is needed and the total memory usage is 509MB (peak memory 
usage is 1GB), while for the full MoM analysis, the memory usage is 207GB and the calculation is not 
available using one CPU in a 32bit system. 

 
 

4. Comparison of Measurement Result 
 

The amplitude power density in a distance away from an antenna aperture at 3 wavelengths is shown in Figure 
5. Figure 5(a) is an analytical result by MLFMM, and Figure 5(b) is a measurement result. The pick-up antenna 
in the measurement is used an open-ended waveguide and the measurement step is half-wavelength both y- and 
z-axis. The amplitude is normalized by the maximum value both analysis and measurement. When the analysis 
result is compared with the measurement result, they are in good agreement. As a result, the effectiveness of the 
analysis could be confirmed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(a)                                                                                     (b) 

Figure 5.  Power density distribution at a distance of 3 wavelength away from the antenna. 
(a) Analysis result. (b) Measurement result. 

 
 

5. Conclusions 
 

The radiated power density from a large-scale phased-array antenna is analyzed using MLFMM in FEKO 
software. It can be confirmed that electromagnetic analysis is an effective method since the result of analysis 
shows a good agreement with the measurement result. 
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