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Abstract. An antenna array with wide-angle beam steering 
is presented in this paper. The antenna consists of dielec-
trically filled open-ended waveguides with a new type of 
excitation as individual radiators. The characteristics of 
the radiator have been analyzed. The novel radiator has a 
wide beamwidth and the frequency band of around 21%. 
Following the computational modeling and experimental 
investigations the characteristics of the antenna array for 
scan angles up to 500 are discussed. 
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1. Introduction 
The current progress in advanced communication 

systems leads to a particular interest in broadband phased 
array antennas with large scan angles [1-4]. It is worth 
noting, that there are challenging aspects to be solved in 
antenna arrays such as side lobe level decrease, as well as 
reduction of both antenna size and costs.  

The following requirements imposed to the individual 
radiators of the antenna array should be satisfied: 

1. The element bandwidth should be more than 20%; 

2. The antenna array should ensure scan angles over mo-
re than 45° in both principal planes; 

3. The polarization should be linear. 

The structure of the antenna element consists of an 
open-ended waveguide with dielectric insertion comprising 
a special pin for excitation. The paper focuses on modeling 
of the individual radiator and the antenna array allowing 
for scan angles up to 50°, as well as the experimental in-
vestigations of the individual radiator and antenna array 
prototype. 

2. Modeling of the Antenna Array 
The antenna array characteristics are investigated in 

the frequency range 8 - 11GHz. The computational 
modeling was performed by using the software package 
HFSS. The radiation pattern measurements were carried 
out by the technique developed earlier [5] and allowed us 
to analyze quickly the radiation characteristics of the an-
tenna under testing over the entire operational frequency 
band. The near-field distributions were measured by the 
probe described in [6]. 

2.1 The individual Element of the Antenna 
Array 
The open-ended waveguide filled with a dielectric 

was chosen as individual radiator to provide an element 
spacing in the antenna array less than half a wavelength at 
10 GHz. One of the novelties of the individual radiator is 
the transition from SMA to waveguide using an original 
excitation pin (Fig. 1). 

 
Fig. 1. Design of the individual radiator. 

At first, we examined the parameter S11 of the semi-infinite 
rectangular waveguide filled with a dielectric (ε=2.5) and 
aperture dimensions 14mm×7mm. The waveguide excita-
tion is realized by means of a long coaxial transmission 
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line terminated with the pin (Fig. 1). The fundamental H10 
mode propagates in the rectangular waveguide. In this case 
the pin dimensions equal length l=4mm and height 
h=5mm.  

Field maps in Fig. 2 demonstrate the wave process in 
such a system and the electromagnetic field distribution 
close to the excitation pin. 

     
Fig. 2. Field maps for the semi-infinite waveguide excited by 

the coaxial transmission line. 

In the frame of this research we analyzed the parameter S11 
as function of the following parameters: pin height h, pin 
length l, length a of the waveguide regular part and height 
b of the dielectric prism. These parameters have been 
changed within the limits: 2 mm < h < 4.5 mm, 2 mm < l < 
13 mm, 5 mm < a < 15 mm, 0 mm < b < 30 mm. Accord-
ing to the results of computational modeling the individual 
radiator with parameters h = 4.5 mm, l = 2.5 mm, a =5 mm, 
b = 20 mm was chosen as basic element in the antenna 
array. Such radiator exhibits for S11 < -10 dB a bandwidth 
8.3 GHz < f < 13.0 GHz with the centre frequency around 
9 GHz (see Fig. 3, the theoretical curve). 
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Fig. 3. Input reflection coefficient of the individual radiator 

excited by a coaxial feeding line. 

For the individual radiator with the given parameters the 
radiation patterns in both principal planes have been cal-
culated. As can be seen from Fig. 4, the radiation pattern of 
the individual radiator has a wide beamwidth in both H-
plane (∆θ=86°) and E-plane (∆θ=96°) with a peak direc-
tivity oriented around zenith. 
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Fig. 4. Calculated and measured radiation patterns of the radia-

tor prototype at 9 GHz in the H-plane (top) and E-plane 
(bottom). 

Following the results of computational modeling the 
individual radiator with the selected parameters was 
manufactured (Fig. 5) and its characteristics were 
investigated experimentally. We note that the measured 
and simulated input reflection coefficients are in good 
agreement. However, the experimental bandwidth of the 
radiator is less than the theoretical one (∆f=21% in the 
experiment, ∆f=30% in the theory, see Fig. 3). 

The pattern experiments have shown that the 
beamwidth of the radiator in the H-plane remains virtually 
the same over the operational frequency band (see Fig. 4). 
In contrast to the theory amplitude ripples of around 1 dB 
are observed in the experimental radiation patterns in the 
E-plane. Furthermore, the measured beamwidth is broader 
(∆θ=1300 in experiment and ∆θ=960 in theory). 

The main advantages of the novel individual radiator 
can be summarized as follows: 

• A wide operational frequency band; 

• A wide beamwidth in both principal planes over the 
entire operational frequency band; 

• The original excitation pin allows for designing 
a compact antenna array with element spacing less 
than half of the smallest wavelength. 
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Fig. 5. Realized individual radiator. 

2.2 The Antenna Array 
Based on our results of theoretical and experimental 

investigations we manufactured the linear array prototype, 
depicted in Fig. 6. The antenna array consists of 10 radia-
tors with the same characteristics as mentioned earlier. The 
array elements are located in the H-plane at a mutual dis-
tance of 15mm. The minimum spacing between two adja-
cent radiators is therefore bounded by the thickness of the 
metallic walls associated to the waveguides. The aggregate 
length of the antenna amounts 30mm (SMA connector 
excluded). 

 
Fig. 6. Linear array prototype. 

We have measured and analyzed the EM field distributions 
in the radiating region of each elementary radiator inte-
grated in the antenna array. Co- and cross-polarizations per 
element have been investigated by having all other radia-
tors terminated with matched loads. As an example, the 
near-field distributions of radiators 6 and 10 are shown in 
Fig. 7. It was found that the (co-polarization) near-field 
distribution in the XOY plane of each radiator is widened 
along the OY axis (Fig.7a, Fig.7c) due to the finite ground 
plane (width of the ground plane in the OY direction is 
70 mm). It can also be seen that when exciting the central 
element 6 the field intensity decreases slowly to -13 dB at 
the antenna ends (Fig. 7a). From this study we have also 
learned that for the edge element 10 the maximal level of 
cross-polarization is higher (-13 dB) than that of the central 
element 6 (-18 dB). However, the shape of the near-field 
remains virtually the same in both cases (Fig. 7b and Fig. 
7d).  

a 

b 

c 

d 
Fig. 7. Near-field distributions of two elements ‘6’ and ‘10’ within the 

array configuration in the XOY plane at 8.45 GHz; 
element 6: a - co-polarization, b - cross-polarization,  
element 10: c - co-polarization, d - cross-polarization.  
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Calculated radiation patterns of the antenna array for 
different scanning angles were determined as follows. 
First, the array factor of the linear array prototype was 
simulated under the assumption of absence of mutual 
coupling between antenna array elements. After that, the 
calculated radiation patterns of the individual radiator (Fig. 
4, simulated) were accumulated taking into account the 
path-length difference from different parts of the antenna 
array. As a result we obtained a set of radiation patterns for 
different scanning angles as given in Fig. 8 (sim.). More 
specifically, we derived from Fig. 8 that: 
• the antenna exhibits a beamwidth of Δθ=100 (at -3 dB 

from the maximum);  
• with increasing scanning angle the beamwidth 

slightly increases, too (Tab. 1).  
• the side lobes are -17 dB for scanning angle θ=00 and 

a maximum side lobe level is observed for scanning 
angle θ=500. 

 

Calculation Measurement Scanning 
angle  
θ 
 

Δθ 
 

Side 
lobe 
level 

Δθ 
 

Side 
lobe 
level 

00 100 -17dB 100 -17dB 

300 120 -11dB 120 -13dB 

500 140 -9dB 140 -14dB 

Tab. 1. Radiation pattern parameters of the antenna array. 

The radiation patterns of elementary radiators in the array 
configuration were measured in the H-plane at 8.45 GHz 
and having all other radiators terminated with 50 Ω 
matched loads (Fig. 9). In this case the radiation patterns 
(Fig. 8) of the antenna array calculated from measured and 
simulated data have the same beamwidths for all scanning 
angles (Tab. 1). A minimum side lobe level is observed for 
scanning angle θ = 00 (-17 dB) and it increases up to -9 dB 
for maximum scanning angle. From comparison of meas-
ured with simulated results it is noted that the level of side 
lobes for scanning angle θ = 00 is the same for the first two 
side lobes and the level of residual side lobes is higher. At 
the same time for other scanning angles the calculated 
radiation patterns have side lobe levels of the first four side 
lobes (θ = 300) and the first six side lobes (θ = 500) which 
are higher than in the antenna prototype (see Fig. 8). 
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Fig. 8. Radiation patterns of the antenna array in the H- plane 

for different scanning angles: (a) scanning angle 00; (b) 
scanning angle 300; (c) scanning angle 500. 
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Fig. 9. Radiation patterns of the elements 1 and 10 (a) and 5 and 

6 (b) in the H-plane at 8.45 GHz. 
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As can be seen, the calculated and measured results 
demonstrate that the antenna array is able to provide beam 
steering in the limits of ±500. 

3. Conclusions 
A new type of individual radiator consisting of a di-

electric filled waveguide antenna with special excitation 
pin has been proposed. The commercial Ansoft HFSS 
finite element based code has been used for radiator pa-
rameters optimization. As a result, the radiator prototype 
with an optimized geometrical configuration has been 
manufactured. The numerical simulations were validated 
by comparison with measurements performed on the 
physical model. The basic characteristics of the radiator 
prototype are as follows: (i) the beamwidth in the H-plane 
is Δθ=1000 and in the E-plane is Δθ=1300; (ii) the cross-
polarization level is less than -15 dB over the entire opera-
tional frequency band. 

The linear antenna prototype consisting of 10 indi-
vidual radiators deployed in a uniform array configuration 
has been manufactured. The measurements of EM field 
distributions of individual elements of the array have been 
carried out in the radiating and far-field regions.  

In agreement with the simulations, the scanning angle 
of the planar antenna array consisting of 10 elements is 
around ±500 in H-plane and the side lobes level does not 
exceed -9 dB. 
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