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Abstract—Some focusing properties of the ultra-wideband 
time-domain focused array antennas were presented. Large 
current radiators are considered as the elements of the antenna 
array. Several antenna arrays with different sizes and number of 
elements are modeled. It is shown that similar to narrow band 
antennas, the actual maximum field region shifts from the intended 
focus region towards the antenna aperture.  

I. INTRODUCTION 
Focused array antennas based on Ultra-Wide-Band (UWB) 

impulse waveforms can provide high concentration of 
electromagnetic energy into small regions by controlling the 
timing of pulses radiated by each element [1-6]. Higher 
performance compared to narrowband arrays [7-12] can be 
achieved in terms of higher angular resolution and increasing 
the peak power delivered to the focused region. These antennas 
are of interest in medical applications, radar, homeland security 
systems and communication systems.  

The Large Current Radiator (LCR) is considered as the array 
element. An LCR consists of a generator, a closed loop and a 
ferrite plate. The LCR is inherently a non-resonating structure 
and thus permits to radiate electromagnetic (EM) waves with 
either sinusoidal or non-sinusoidal time variation [13-15]. In 
order to model the mutual coupling between the LCR elements 
within the array, the infinitesimal dipole array modeling is 
considered. Using this method, each LCR is replaced by a set of 
infinitesimal dipoles producing the same electromagnetic fields 
as the LCR [16-19]. 

The main goal of this paper is to study some focusing and 
defocusing behavior of time-domain UWB focused arrays. The 
mutual coupling between the LCR elements is obtained using 
the reaction theorem [20-22]. It should be noted that LCR 
elements can be spaced at distances larger than the spatial 
duration of the pulse to ignore the mutual coupling as well as 
multiple scattering effects between the elements. However, 
using the IDMs concept, the array can be modeled by assuming 
any spacing between the elements. Using this model, several 
antenna arrays are be modeled while the coupling between the 
elements is included.  

 

II. LARGE CURRENT RADIATOR AND ITS MODELING 

A. Large Current radiator (LCR) 
The Large Current Radiator (LCR) is considered as the array 

element. Fig. 1 shows the configuration of an LCR consisting of 
a generator, a closed loop and a ferrite plate. The LCR is 
inherently a non-resonating structure and thus permits to radiate 
electromagnetic (EM) waves with either sinusoidal or non-
sinusoidal time variation. Fig. 1 shows the schematic of an LCR. 
In order to model the LCR with the ferrite plate, only the 
radiator part is modeled while the backward radiation is ignored 
because of the presence of the ferrite plate. The LCR is excited 
by a Gaussian pulse with different variances. 

B. Infinitesimal Dipole Modeling 
A set of infinitesimal dipoles (electric or magnetic), 

representing an actual antenna, can be obtained by using an 
optimization algorithm to minimize the difference between the 
near field of the dipoles and those of the actual antenna. Each 
dipole is represented by seven parameters: the position of the 
elements (x, y, z coordinates); the complex dipole moment (the 
real and imaginary part), and its orientation (θ and φ). It should 
be mentioned that the dipole locations are limited within the 
volume of the actual antenna. The near-field is computed on a 
square observation plane with side lengths of 1000 mm located 
at a distance 500 mm from the antenna aperture. The near field 
is computed at 60 frequency points from 50 MHz to 3GHz. The 
total number of samples is 121 points at each frequency. The 
modified invasive weed optimization (IWO) algorithm with 
restricted boundary condition is applied to determine the 
moment, the position, and the orientation of the dipoles. The 
total number of 30 electric dipoles is obtained after the 
optimization. The frequency domain solution of the problem is 
used and converted to the time domain using the inverse Fourier 
transform. In other words, by knowing the frequency response 
of the LCR, which is the summation of electric or magnetic 
fields of all the dipoles, and the frequency components of the 
Gaussian pulse, the output radiation patterns in the frequency 
domain are obtained. 
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III. FOCUSED ARRAY ANTENNAS 
 
A. 4 × 4 LCR Array 

A two-dimensional square array composed of 16 (4 × 4) 
elements, shown in Fig. 2, is considered. The array elements are 
uniformly spaced in the xz-plane with separation of d = 0.3 m 
between elements. Each LCR element, replaced by a set of 
dipoles, is excited by a Gaussian pulse. Therefore, there is an 
equally weighted amplitude distribution for the array. The array 
antenna can focus the radiated pulses by setting a proper delay 
time at each element. Therefore, the radiating waves arrive 
simultaneously and add up in phase at the desired focusing 
point. For a focusing distance F from the antenna aperture the 
time delay of i-th element should be set up as  

 

c
LF
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i
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=                                                        (1) 

 
where c is the speed of light and Li is the distance of the i-th 
element form the center of the square aperture. The radiation 
near field pattern of the array at the focal distance from the 
aperture at time t can be obtained by the summation of the 
radiated fields of all elements. However, the coupling between 
the elements is included by using the IDM technique. Observing 
the field variations at several different time instances (Fig. 2a), 
we can see that a higher intensity value occurs at a point closer 
to the antenna aperture compared to the focal point. The bold 
line in Fig. 2a shows the field at the time instance t = 1.2m/c. 
The variation of peak power values for different time instances 
are shown in Fig. 2b. It can be seen that the maximum intensity 
occurs at a point closer to the antenna aperture.  
 

 
 
Fig.1. The schematic of an LCR. 
 

B. 8 × 8 LCR Array 
In this section, a larger array antenna composed of 64 (8 × 8) 

elements is considered. The elements are separated by d = 0.3 m 
and a Gaussian pulse excites each element. The antenna is 
designed to have a focal length of 4.8 m. Fig. 3a shows the 
variation of the normalized power versus the axial distance at t = 
F/c  instance. The variation of the power distribution versus the 
axial distance for different time instances is shown in Fig. 3b. 
The bold line shows the field at the time instance t = F/c.  It can 
be seen that the maximum intensity occurs at y = 4.48 m from 
the antenna aperture. The variation of the peak power versus the 
different time instances for the 8 × 8 array is shown in Fig. 3c. It 
can be seen that by increasing the focal length the focal shift has 
been increased.  

 
 

 
(a) 

 

 
(b) 

 
Fig. 2.  4 × 4 uniformly spaced array (a) normalized field distribution 
versus the axial distance at different time instances. The bold line 
shows the field at the time instance t = F/c = 4 (ns) (b) the variation of 
peak power values for different time instances.  
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In order to further study the behavior of the focal shift, the 8 
× 8 array antenna with many different focal lengths is modeled. 
Fig. 3 depicts the variations of the maximum intensity length 
and the difference between the power values at the focal point 
and maximum intensity point for different focal lengths of the 8 
by 8 array antenna. It can be seen that similar to narrow band 
antennas, for the focal point close to the antenna aperture, the 
maximum intensity is very close to the focal point, but as the 
focal point moves away from the antenna aperture, the focal 
shift increases.  
 

 
 
Fig.3. The variation of the maximum intensity point (Solid) and peak 
power difference (dash)  versus the focal length of the 8 × 8 array 
antenna. 
 
 

IV. CONCLUSION 

Some new focusing properties of time-domain ultra wide 
band (UWB) focusing array antennas were presented. The large 
current radiator (LCR) was considered as the UWB antenna 
element. Each LCR was replaced by a set of infinitesimal 
dipoles modeling both the near field and the far field patterns of 
the antenna element and the coupling between the elements. 
Calculating the variation of the power distributions versus the 
axial length at different time instances showed the focal shift 
effect in the near-field pattern. It was shown that the maximum 
intensity occurred at a point closer to the antenna aperture than 
the focal distance and this displacement was increased as the 
focal point moved away from the antenna aperture. It was 
shown that this displacement can only be seen when the radiated 
pulse is observed at successive time instants. 
 
 
 

 
(a) 

 

 
(b) 

 

 
(c) 

 
Fig. 4. The 8 × 8 array antenna with F = 4.8 m (a) the variation of the 
normalized power pattern versus the axial distance. (b) the variation of 
the near field pattern versus the axial length at different time instances 
The bold line shows the field at the time instance t = F/c = 16 (ns). 
(c)The variation of the peak power versus the different time instances at 
the focal point.  
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