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Compact Antenna Array of Superdirective Elements

Abdullah Haskou, Ala Sharaiha, Senior Member, IEEE, and Sylvain Collardey

Abstract—In this letter, we investigate using a two-element
parasitic (loaded) superdirective antenna as a unit-element
to achieve a compact 3D array. Four elements of a planar
parasitic superdirective antenna are integrated in a compact
2 x 2 array for UHF band. The array final dimensions are
200 x 200 x 70mm>(0.58\ x 0.58\ x 0.2)), and it presents a
maximum simulated total directivity of 11.4dBi. The antenna
dimensions are significantly smaller than classical commercial
arrays achieving the same directivity. The measured results are
in a good agreement with the simulated ones.

Keywords—Antenna array, superdirectivity, PCB, radiation effi-
ciency, directivity

I. INTRODUCTION

OME emerging wireless technologies require accurate beam
pointing that can only be achieved using antenna arrays.
The main parameter determining the size of an array is the
spacing between adjacent radiators, which is typically chosen
to be half a wavelength. Reducing the spacing introduces mu-
tual coupling between the elements and, hence, a degradation
of the radiation pattern and the gain of the antenna. To make
ultimate use of all available degrees of freedom for a given
number of radiators, superdirective elements must be taken into
consideration, though at the expense of reduced bandwidth and
high sensitivity to variations in component values.
Since the early work of 1. Uzkov [1], a significant research was
done on the design of superdirective arrays [2]-[6]. Early works
focused on the design of superdirective 3D wire antennas [2]-
[3]. Two-element supergain Electrically Small Antenna (ESA)
arrays were studied in [4]. Later, multiple printed end-fire
parasitic superdirective ESAs were presented [5]-[6].
In our previous works we have detailed the design methodol-
ogy of parasitic superdirective arrays and the tradeoff between
the maximum directivity and radiation efficiency in [6]. The
integration of two-element electrically small parasitic arrays
in PCBs was investigated in [7] where we modify the PCB
by including a slot in order to maintain the superdirectivity.
Finally, the effect of the excitation cable on measuring PCB-
mounted arrays was investigated in [8]. In this letter, we
investigate using parasitic (loaded) superdirective antennas
as unit-elements to realize compact 3D broadside arrays. A
parametric analysis on the inter-element distance demonstrates
the necessary tradeoff between the antenna- dimensions, -
directivity and -radiation efficiency. Although this work is
based on two-element array, it can be generalized to N-element
arrays. ! The rest of the paper is organized as follows: simula-
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tion results are presented in section II. Array dimensions effect
is studied in section III. Results are validated via measurements
in section IV. Finally, section V provides some concluding
remarks.

II. GEOMETRY AND SIMULATION RESULTS
A. Unit-Element Design

The approaches presented in [6], was applied to design a
two-element parasitic array integrated in a PCB for 869M H z
frequency band. The array is based on an electrically small
half-loop antenna printed on a 0.8mm-thick Rogers RO4003
(e = 3.55,tan(d) = 0.0027) substrate. Fig. 1(a) shows array
geometry and dimensions in millimeters. In this array, exciting
the second element and loading the first one with an inductor
of 4.3nH, a maximum simulated (HFSS [9]) directivity of
7dBi is achieved as shown in Fig. 1(b). This directivity is
1.8dB greater than Harrington’s normal directivity limit of
an antenna with the same dimensions (ka = 1.08), where
a is the radius of the smallest sphere enclosing the antenna
and k = 27/) is the wave number [10]. The Half Power
Beam-Width (HPBW) in horizontal and vertical planes (XOY
and YOZ) are respectively 76° and 108°, and the Front To
Back Ratio (FBR) is 6.4d B. Furthermore, the radiation pattern
does not have any side lobes. Fig. 1(c) shows that antenna’s
end-fire total directivity (D(9—goo,4—90°)) is maximal around
the resonance frequency of 869M Hz. The antenna achieves
an impedance bandwidth (S;; < —6dB) of 2.3MHz and
directivity bandwidth of (D4, — 1dB) of 4.3M H z. Finally,
Fig. 1(d) shows the antenna surface current distribution at the
resonance frequency. As it can be noticed, the current on the
two elements is on phase opposition which is the condition for
having superdirectivity for very small inter-element distances.
Due to this current opposition, the antenna presents a relatively
low simulated radiation efficiency of 45.6% (a gain of 3.6dB1).

B. 3D Array Design

Four of the end-fire antenna presented in subsection A are
arranged as shown in Fig. 2(a) where the two antennas in the
same plane are inverted to increase the distance between the
radiating elements. Then, to achieve the maximum directivity
in oY direction, this inversion is compensated by a 180° phase
shift in their excitation (elements 1 and 3 are excited out of
phase comparing to elements 2 and 4). The separating distance
(measured between the feeding points) is 152mm on x-axis
and 200mm on z-axis. Hence, the array total dimensions are
200 x 200 x 7T0mm?>. As it can be seen from the antenna
simulated 3D total directivity radiation pattern given in Fig.
2(b), the antenna has a directive pattern with a maximum
total directivity of 11.4dBi. The HPBW in horizontal and
vertical planes are respectively 56° and 48°, and the FBR is



13.2dB. The radiation pattern has four side lobes with a Side
Lobe Level (SLL) of —8.3dBi. Fig. 2(c) shows that antenna’s
broadside total directivity (D 9—ggo,p—900)) is maximal around
the resonance frequency of 869M Hz (the input reflection
coefficient of the four elements are identical so only one is
shown). The antenna has an impedance bandwidth of 1M H 2
and a directivity one of 8.7M H z. Comparing with the end-fire
array, it can be noticed that the array maximum total directivity
is increased by 4.4d Bi, the horizontal HPBW is divided by 1.4,
and vertical HPBW is divided by 2.3. The limited improvement
in horizontal HPBW is due to the smaller separation in this
plane, and hence, a higher mutual coupling as it can be seen
in Fig. 2(d).
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Fig. 1.  End-fire array geometry and simulated parameters. (a) Geometry
and dimensions, (b) 3D total directivity radiation pattern, (c) input reflection
coefficient magnitude in dB and broadside directivity and (d) surface current
distribution.
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Fig. 2. Broadside array geometry and simulated parameters. (a) Geometry
and dimensions, (b) 3D total directivity radiation pattern, (c) input reflection
coefficient magnitude in dB and broadside directivity and (d) mutual coupling
magnitude in dB.

III. DISTANCE EFFECT

We vary the array distance (d) from 0.01\ to A while
monitoring the antenna input reflection coefficient, total di-
rectivity and radiation efficiency. Fig. 3(a) shows the array
simulated input reflection coefficient magnitude in dB as a
function of the distance. The figure shows that for d = 0.01
the array is completely unmatched in the observed frequency
band. This is due to the high mutual coupling. As the distance
increases the mutual coupling decreases and the array reso-
nance frequency converges to the one of the unit-elements.



Fig. 3(b) shows the array simulated maximum total directivity
and radiation efficiency as a function of the distance. For very
small distances, due to the high mutual coupling, the applied
loads are not suitable anymore and superdirectivity effect is
lost, and hence, the radiation efficiency is maximal. As the
distance increases, the superdirectivity effect appears and the
radiation efficiency decreases. As expected, we can note that
as the distance increases, the achieved directivity increases
till 0.7A when it starts decreasing again [11]. Fig. 4 shows
array 2D total directivity radiation patterns in horizontal and
vertical planes at the design frequency (869M H z) for several
distances. For distances greater than 0.5\ side lobes appear
in the vertical plane and as the distance increases the SLL
also increases, where increasing the distance from 0.5\ to A
increases the SLL from —12.8dBi to 6.7dBi. We chose to
realize the antenna with d = 0.6\ due to a constraint on the
antenna dimensions.
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Fig. 3. Broadside array simulated parameters as a function of the distance.

(a) Input reflection coefficient magnitude in dB and (b) total directivity and
radiation efficiency.
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Fig. 4. Broadside array simulated 2D total directivity radiation patterns as a
function of the distance. (a) Horizontal plane and (b) vertical plane.

IV. MEASUREMENT RESULTS

Fig. 5(a) shows a photograph of the realized prototype
of the broadside array. The feeding system is composed of
one ZFSCJ-2-4+ power splitter [12], two ZX10-2-20+ power
splitter-shifter [13] and four 30cm-long UFL cables [14]. The
antenna far-field radiation pattern was measured in SATIMO
stargate (SG 32) near-field measurement system. The measured
3D total directivity radiation pattern at the resonance frequency
is given in Fig. 5(b). The figure shows a maximum total direc-
tivity of 11.3dBi in the broadside direction (towards oY). Fig.
5(c) shows measured input reflection coefficient magnitude for
the unit-elements and the antenna with the feeding system as
well as the maximum total directivity versus frequency. The
measured resonance frequency of the unit-elements is around
883M Hz (a frequency shift of 1.8%). This shift is probably
due to the antenna environment (UFL cable effect, SMA
connector and the dispersion of the commercial SMD loads).
We can note that the feeding system presents an approximate
insertion loss of 3.5dB at the resonance frequency. This loss
is distributed as follows: 1.5dB in the splitter, 0.6dB in
the splitter-shifter, 1dB in the UFL cable and 0.4dB in the
connectors. The antenna (without the feeding system) has an
impedance bandwidth of 1.9M Hz. The figure also shows
that the antenna directivity is maximal around the resonance
frequency with a directivity bandwidth of 13.50M H z. Fig. 6(a)
and Fig. 6(b) show measured 2D total directivity radiation
patterns. The HPBW in both horizontal and vertical planes are
56°, the FBR is 12.4dB and SLL is —2.6dBi. The measured
pattern is in a very good agreement with the simulated one in
the main-beam direction. The small difference in the backward
direction may be attributed to the measuring system and
environment. The antenna radiation efficiency measured in a
reverberation chamber [15], after compensating the losses in
the feeding system, is about 58%, and hence. the antenna
measured gain is 8.9dB1.
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Fig. 5. Broadside array prototype and measured results. (a) Fabricated
prototype, (b) 3D total directivity radiation pattern and (c) input reflection
coefficient magnitude in dB and maximum total directivity.
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Fig. 6. Broadside array measured 2D total directivity radiation pattern.(a)
Horizontal plane and (b) vertical plane.

V. CONCLUSION

In this letter, a new strategy is presented to obtain a
3D small-size broadside array using compact end-fire unit-
elements for UHF band. The array total dimensions were
0.58\ x 0.58\ x 0.2\ and it achieved a total directivity of
11.4dBi. The measured results were in a very good agree-
ment with the simulated ones. This array is significantly
compact compared with others achieving such directivities.
Although this work is based on a two-element array, it can
be generalized on N-element arrays while keeping in mind
the tradeoff between the array- dimensions, -directivity and
-radiation efficiency.
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