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Abstract 
In this paper, we describe 2 kinds of printed dipole arrays and compare the 
performances of these arrays in term of reflexion coefficient, radiation pat-
tern and dimensions. It is interesting to design array in order to obtain better 
performances in term of omnidirectional radiation pattern in comparison 
with single element. We choose this elementary source in order to obtain 
compact array with good performances. These antenna arrays are designed to 
have omnidirectional radiation pattern with horizontal polarization. We 
present an application dedicated to compact base station in the last section. 
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1. Introduction 

Omnidirectional antennas are very interesting in many applications such as 
communication systems, base station and sensors [1]-[6]. Specific applications 
for communication systems could be in rotating structure like airplane engine, 
wheels and rotating machines. 

In the first section, we describe the chosen single element choosing for the ar-
rays. After we present two types of printed dipole arrays (3-dipole array and 
4-dipole array), the goal is to obtain compact array with good performances in 
term of radiation pattern and Omni directionality. We then compare the per-
formances of the two arrays in term of gain and efficiency. In the last section, we 
present an application for base station for communication systems with results 
in simulation and measurements for the 3-dipole array and simulation for the 
4-dipole array. For all the radiation measurements, gain and efficiency, we use a 
Stargate 32 from SATIMO. 
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The elementary source, a printed dipole, is presented in the next section. 

2. Elementary Source 

The chosen elementary dipole is described in Figure 1. 
The dipole antenna consists of two arms printed on opposite sides of the sub-

strate with a total length around λ/2. The distance between the arms and the 
ground plane is around λ/4. This structure was simulated and optimized using 
the electromagnetic simulator HFSS for a frequency of 3 GHz with as shown in 
Figure 2. 

The optimized dipole antenna radiates at 3 GHz as presented in Figure 1. The 
simulated maximum gains are respectively 2.7 dBi and 2.4 dBi in measurement 
as we can see in Figure 3 and Figure 4. We note a good agreement between 
measurement and simulation for both reflection coefficient and radiation pattern.  

We note also that don’t have good omnidirectional radiation patterns in the 
horizontal polarization (Figure 3). 

We obtain a ripple of ±0.8 dBi in the xoz plane in simulation and much more 
in measurements. 
 

 
Figure 1. Single printed dipole. 

 

 
Figure 2. Measured and simulated S11 for elementary dipole. 
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3. Array of 3 Printed Dipoles 

Dipole arrays are interesting if we want better performances in term of omnidi-
rectionnality and gain. We compare two potential arrays to be capable to re-
spond to this functionality. 

 

 
 

 
Figure 3. Simulated and measured gain in xoy planeand in xoz plane at 3 GHz (si-
mulation in red and measurements in blue). 
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(a) 

 
(b) 

Figure 4. 3D radiation patterns at 3 GHz: (a) Simulation and (b) measurement. 
 

We present this first array in Figure 5. It consist of a circular network of 3 
printed dipoles positioned every 120˚. The diameter of the array is 60 mm, the 
substrate is a Teflon-glass with 2.2 permittivity and a 0.8 mm thickness. The 
feeding of the proposed array is realized in its center with a SMA connector. The 
frequency design is around 3 GHz. The dimensions of the dipole are the same 
that the last section. Like the elementary dipole, the square ground plane where 
the connector is welded is placed at around λ/4. 

Figure 6 presents the reflection coefficient for simulation (blue) and mea-
surements (red). The 3 dipole array radiates at 3 GHz as predicted. The band-
width of this array is 230 MHz between 2.85 and 3.08 GHz at S11 less than −10 
dB. 

The simulated and measured 3D radiation paterns E total are presented in 
Figure 7. The axis is z in red, x in green and y in blue. The maximum gain is 1.7 
dBi for simulation and 3 dBi for measurements. The measured efficiency at 3 
GHz is 85%. 

We present in Figure 8 the radiation patterns at 3 GHz for the XOZ and XOY 
planes. Simulated result is in blue and measured one in red. In the XOY plane, 
the ripple on the radiation pattern is around ±1.1 dBi. 

We note a good agreement between simulation and measurements. 
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4. Dipole Array 

The proposed circular 4 dipole array is shown in Figure 9. 
In this case, the circular network of 4 printed dipoles are positioned every 90˚. 

We use the same substrate and the same feeding connector as the 3 dipole array. 
The dimensions of the dipole are also the same. We place the dipoles at λ/4 from 
the square ground plane like the 3 dipole array. The diameter of this antenna is 
also 60 mm. The frequency design of the array is around 3 GHz as it can be con-
cluded from the reflection coefficient of the array presented in Figure 10. The 
measured bandwidth of the array is 190 MHz between 2.7 and 2.89 GHz. We 
note a reduction of the bandwidth in comparison with the 3 dipole array. 

 

 
      (a)                                 (b) 

Figure 5. 3 dipole array: (a) Simulated array and (b) Prototyped structure. 
 

 
Figure 6. Reflection coefficient of the 3 dipole array. 
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(a) 

 
(b) 

Figure 7. 3D radiation patterns at 3 GHz: (a) Simulation and (b) Measurement. 
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Figure 8. Radiation patterns in xoz and xoy plane at 3 GHz. Simulation in blue and mea-
surement in red. 

 

 
(a)                                         (b) 

Figure 9. 4 dipole array: (a) Simulated array and (b) Prototyped structure. 

 
The simulated and measured 3D radiation patterns are presented in Figure 

11. The maximum gain measured is 1.7 dBi at the 2.7 GHz frequency with a val-
ue of 1.4 dBi for simulation. The measured efficiency is 85% at the resonant fre-
quency. 

The simulated (in blue) and measured red) results of the radiation patterns in 
xoz and xoy planes are presented in Figure 12. In the xoy plane, the ripple on 
the radiation pattern is around ±0.25 dBi at 2.7 GHz. 
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Figure 10. Reflection coefficient of the 4 dipole array: simulation in blue and measurement in red. 

 

 
(a) 

 
(b) 

Figure 11. 3D radiation patterns for the 4 dipole array: (a) Simulation and (b) 
Measurement. 

GAIN

Min

Max

- 25 dBi

1.7 dBi

https://doi.org/10.4236/wet.2019.102002


J. M. Floc’h 
 

 

DOI: 10.4236/wet.2019.102002 27 Wireless Engineering and Technology 
 

 
 

 
Figure 12. Radiation patterns in the xoz and xoy plane at 2.7 GHz. Simulation in blue and 
measurement in red. 

5. Comparison between Gain and Efficiency 

In the next section, we compare the maximum gain and the efficiency for the 
two dipole arrays.  

We note a better gain for the 3 dipole with around 3.75 dBi and 2 dBi less for 
the 4 dipole array as shown in Figure 13. 

https://doi.org/10.4236/wet.2019.102002


J. M. Floc’h 
 

 

DOI: 10.4236/wet.2019.102002 28 Wireless Engineering and Technology 
 

 
Figure 13. Maximum gain in blue for the 4 dipole array and for the 3 dipole array in red. 

 
We note in this case efficiencyal most equal for the two arrays with a maxi-

mum efficiency around 0.88% for the 3 dipole array as shown in Figure 14. 

6. Application for Compact Base Station 

In this last section, we propose an application of the 3 dipole array for compact 
base station. In this application, we put a circular ground plane at 20 mm from 
the array. The radius of the ground plane is 45 mm. we obtain a very compact 
base station with a 90 mm diameter with 20.8 mm thickness as shown in the 
next photos. It will be easy to integrate electronics and battery on the backside of 
the ground plane and keep a very compact base station. 
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Photos of the compact base station. 

 
The next figure presents the S11 in simulation and measurements. We note a 

reduce bandwidth and a sight degradation of the S11 as shown in Figure 15. The 
degradation of S11 is due to the presence of the ground plane and the degrada-
tion increase when the distance between the ground plane and the array de-
crease. 

We obtain a measured bandwidth for S11 less than −6 dB of 190 MHz. 
We obtain a ripple of ±2 dBi in the xoy plane in measurements as shown in 

Figure 16. 
We obtain a maximum gain of 3.7 dBi at 3 GHz and the bandwidth at −1 dBi 

is 190 MHz as shown in Figure 17 and Figure 18. 
 

 
Figure 14. Efficiency in blue for the 4 dipole array and for the 3 dipole array in red. 
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We obtain a maximum efficiency of 80% at the 3 GHz frequency as shown in 
Figure 19. We obtain almost the same results in simulation with the 4 dipole 
array with ground plane but we obtain better ripple in the xoy plane (±0.15 dBi 
and a maximum gain of 3 dBi at 2.76 GHz) as shown in Figure 20. 

 

 
Figure 15. Reflection coefficient of the 3 dipole array with ground plane: simulation in blue and measurement in red. 
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Figure 16. Radiation patterns in the xoz and xoy plane at 3 GHz. Simulation in blue and measurement in red. 

 

 
(a)                                           (b) 

Figure 17. 3D measured radiation patterns (a) at 3000 MHz and (b) 2860 MHz. 
 

 
Figure 18. Maximum gain for the 3 dipole array with ground plane. 
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Figure 19. Measured efficiency for the 3 dipole array with ground plane. 
 

 
Figure 20. Simulated radiation patterns in the xoy plane at 2.76 GHz for the 4 dipole array with ground plane. 

7. Conclusions 

We present the design of 2 circular dipole arrays in order to obtain omnidirec-
tional radiation pattern with horizontal polarization and stable radiation per-
formances. We obtain good comparison between simulations and measure-
ments.  

If we compare the results for the 3 and 4 dipole arrays, The 3-dipole array 
presents good performances in term of match, bandwidth, gain and efficiency. 
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The 4-dipole array presents better performances in term of ripple in the xoy 
plane. Theses arrays are very compact with a diameter of 60 mm with a thickness 
of 0.8 mm. We present in the last section an application for compact base station 
with no degradation in the performances (we introduce a ground plane at 20 
mm from the array). The choice is now a question of applications. The potential 
application of these dipole arrays is compact base station for communication 
systems and antenna for communication for rotating machine. 
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