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1. Introduction 
 
 Phased array antennas are quite attractive due to the agility of beam scan. Up to now, many 
attempts were studied to use this antenna in advanced radio communications [1], but almost all 
failed. The reasons may be disadvantages in cost, weight and size, and power consumption [2]. The 
phased array antenna is also available to construct quite a large aperture in addition to beam agility 
for microwave power transmission systems [3].  

To solve the above-mentioned disadvantages, we proposed the concept of a partially driven-
array antenna (PD-AA) [4]. Some elements in a fully driven array antenna are replaced with 
undriven elements or parasitic elements by means of the active utilization of electromagnetic 
coupling between array elements. The PD-AA scheme was verified using dipoles in space without a 
reflector which were coupled via a direct wave [5]. However, as an actual antenna should have a 
reflector to shield radiation in the back-side, a new type of PD technique is required.  

This paper proposes and clarifies the coupling via a reflected wave in addition to a direct 
wave in order to realize a practical PD-AA with a reflector which may be called a PD-AAR.  
 
2. Concept of PD-AAR  
 

 The configuration of two kinds of a PD-AA with two dipole elements is shown in the 
direction of the dipoles in Fig. 1. In the figure (a), the radiated wave from the driven element 
spreads, and a part of the wave reaches the parasitic element to excite a current on the surface. The 
induced current emits a re-radiated wave. If the distance between the elements is adjusted to make 
the radiated and re-radiated waves in phase, the combined wave is maximized. With proper design, 
the combined antenna gain can be almost the same as the array antenna with all elements driven. In 
this case, the amplitude and phase should be adjusted by a single parameter, the distance d.  

In the figure (b), the coupling between two elements is accomplished through the reflected 
wave by a reflector as well as the direct wave. Therefore, the coupling is adjusted with two 
parameters: the d and the height h.   

 
3. Characteristics of a Single Element Used for Test 
 

 The actual dipole element used in the experiment is a so-called ULPD (Ultra Low Profile 
Dipole) type with a simplified configuration shown in Fig. 2 where a coaxial mode of the current is 
converted to a dipole antenna mode by an elaborate transition at the end of a semi-rigid coaxial 
cable [6]. This type of a balun is effective regardless of the height h as is quite convenient in the 
present experiment [7]. As the frequency is 5.8 GHz, the length l is 24.0 mm, a bit shorter than a 
half wavelength of 25.9 mm. The height h corresponds to 0.63λ. The characteristic impedance of 



the cable is 50 Ω. The reflector is a square aluminium plate with size of 400 x 400 mm which can 
be considered as an infinite plate.   

The radiation pattern was measured in an unechoic chamber in far field. The results are 
shown in solid lines in Fig. 3, with simulation results in broken lines which were calculated in a  
half wavelength dipole model regardless of the feeding structure. The lobe perpendicular to the 
reflector, or the main lobe is 6.7 dBi.  

The lobes on both sides of the main lobe, or the side lobes in H-plane in Fig. 3(a) are at 65 
deg, and higher than the main lobe. On the other hand, the side lobes in E-plane in Fig. 3(b) are 
asymmetrical on both sides of 0 deg due to the structure of the actual element shown in Fig. 2. 
 
4. Characteristics of a PD-AAR with Three Elements 
 

 The configuration of three elements PD-AAR is shown in Fig. 4. The center driven element 
was realized using the aforementioned element. The adjacent two dipoles or parasitic elements were 
mere metallic rods with 2 mm diameter supported by a foamed material. The spacing between the 
center and each parasitic element is denoted d.  

The radiation pattern was measured changing the element spacing d. The H-plane patterns 
are shown in solid lines in Fig. 5. The side lobes in d = 0.6λ are located at the same angle as the 
side lobes of a single element shown in Fig. 3(a), but have lower side lobes than those of the single 
element. The simulated results are added in the correspondent figures, and agree well with the 
experimental results.  

The change of the main lobe level is summarized in Fig. 7. The experimental value 
indicated by black squares has the maximum of  12.7 dBi at d = 0.6λand 0.7λ, though the 
simulated value indicated by white triangles is 13.2 dBi at d = 0.7λ. The change of the side lobe 
level is summarized in Fig. 9. The side lobes have the minimum at d = 0.5λand 0.6λ. Those 
minimum side lobe levels are higher than the simulation results.  

The E-plane patterns are shown in solid lines in Fig. 8, which are almost symmetrical. The 
side lobe levels are almost the same as those of a single element shown in Fig. 3(b). The change of 
the side lobe level is summarized in Fig. 9, as remains constant.  
 
5. Conclusions 
 
 A partially driven array antenna of one driven element and two parasitic elements with a 
reflecting plate were studied experimentally. A strong coupling between the driven and parasitic 
elements was realized so that the antenna gain is close to an array antenna of three equally driven 
elements with a penalty of - 1dB. The side lobes is - 8dB to the main lobe, and much lower than that 
of a single element. The experimental results agree well with the simulation results. Accordingly, a 
PD-AAR is basically confirmed for practical utilizations.  
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(a) H-plane   (b) E-plane 
Fig.3 Radiation pattern of the element antenna  

(h = 0.63λ).  

Fig.4 Configuration of three elements array antenna with  
         two parasitic elements  

Fig.2 Configuration of an element antenna 
used for experiment.  
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(a) Coupling a by direct wave (b) Coupling by reflected and direct waves 

Fig.1 Types of coupling between a driven and parasitic elements.  



Fig.9 Change of side-lobe level in E-plane by 
distance d (h =0.63λ) 

（d）d=0.80λ（b）d=0.60λ（a）d=0.50λ 

 
 
 

 
 

 
      

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
      

 
     

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig.6 Gain change by distance d (h = 0.63λ) Fig.7 Change of side-lobe level in H-plane by 
distance d (h =0.63λ) 

Fig.5 Radiation patterns in H-plane for several values of the distance d 

Fig.8 Radiation patterns in E-plane for several values of the distance d 
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