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Abstract—Edge truncation effects are critical when designing
a phased array, as these can lead to the variation of the active
antenna impedance and radiation pattern between individual
array elements. This paper investigates edge truncation effects
in an array of connected Bowtie antenna elements that has been
initially designed through an infinite array approach. This design
represents a novel implementation of the connected-array concept
that offers a wide-scan performance with up to = 80° scan range
in the E-plane (in the infinite array). The goal of this study is
to estimate the minimum size of a realistic finite array of such
connected Bowtie antennas.

Index Terms—phased array, connected antenna array, Bowtie
antenna array, edge truncation effects, finite array, semi-infinite
array.

I. INTRODUCTION

Phased-array antennas with a high gain, wide bandwidth,
and wide-scan capabilities are in demand for many applica-
tions, such as radars and wireless communication. A common
approach of designing such arrays is to first optimize the an-
tenna element for an infinite array scenario using the Floquet’s
theorem [1], and then fine-tune its geometry by using a more
accurate (though more computationally expensive) modeling
technique. The infinite array approach implies that the impact
of the edge truncation effects (ETEs) on the array performance
is negligible. This approach is usually a reasonable assumption
for phased arrays which exhibit relatively weak antenna mutual
coupling effects and are designed to operate within a limited
scan-angle range [2].

However, for wide-scan applications, the edge truncation
effects can significantly modify the antenna characteristics
(e.g., active reflection coefficient and embedded element pat-
terns) compared to the predictions for the infinite array [3].
There are mainly three factors causing these differences: (i) the
excitation of the array antenna is spatially truncated, as com-
pared with the Floquet-mode excitation; (ii) the geometrical
features of the array near the edges, such as the ground plane,
radome, and antenna element shape, play a dominant role in
the performance of the edge elements; and (iii) the standing
wave pattern over the aperture, resulting from the multiple
reflections of the attenuated guided waves from the edges [4].
All these factors are specific to the array antenna element

type and the array dimensions and typically exacerbate at
large scan angles from broadside [5]. In practice, an accurate
electromagnetic analysis is required to capture these effects.

To some extent, the impact of the ETEs on the antenna
active impedance can be minimized by applying the antenna
element excitation distribution that is tapered towards the
array edge [6]. However, this approach is not suitable for
the applications where the power amplifiers (PAs) or low
noise amplifiers (LNAs) connected to the antenna elements
are required to operate at equal power levels, to achieve
maximum power efficiency or minimum noise temperature,
while minimizing the non-linear distortion effects between PAs
and noise coupling effects between LNAs that can occur in
connected arrays [7].

In this work, we investigate the ETEs in terms of the
standing wave pattern over the array aperture, defined by the
magnitude of the active reflection coefficients of the array
antenna elements which are located in the scan plane. We study
this problem numerically by using a full-wave electromagnetic
simulator CST Studio Suite [8] and compare the performance
of the antenna elements in the middle of the array (that are
expected to behave as in the infinite array) to the elements
near the edge. In this study, the scale of the array is varied
from a few to 50 elements in the scan plane.

II. ANTENNA DESIGN

Fig. 1 shows the array antenna under study, which has
been proposed in [9] and designed through the infinite array
approach in CST Studio Suite. It is a horizontally polarized S-
band (3 GHz) array consisting of 20 x 200 (vertical x horizon-
tal) Bowtie antenna elements. The infinite array simulations
predict the required scan performance which is satisfied within
up to £80° off the broadside in the E-plane, where the active
reflection coefficient (I',.;) is better than -10 dB and -5 dB
over the bandwidth of 10% and 25%, respectively (see Fig.
2).

In comparison with the original element design in [9], we
have introduced the shoulders at the edges of the Bowtie arms
to further increase the desired scan performance (|Tg¢¢| <-10
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Fig. 1: (a)-(b) The geometry of the cross Bowtie antenna
element in different views, and (c) a 5x5 array antenna model.
The standard IEEE polarization definition (Ludwig 3) is used.
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Fig. 2: The active reflection coefficients of the uniformly
excited infinite phased array at various scan angles.

dB) in the E-plane from +75° to £80° for the infinitely large
array. Furthermore, the element spacing for the present design
in both the E- and H-planes is 38 mm (i.e. 0.43 \,,4., Where
Amaz =3.375 GHz).

The details of the element design are the following:

o The array element is composed of two orthogonal Bowtie
elements which are placed above the ground plane and
supported by three solid pillars and one coaxial pillar.
The coaxial pillar has the function of the coaxial feed

line of 50 €2 impedance, where the outer conductor is
connected to the ground plane at one end and to one arm
of a bowtie at the other end, while its inner connector
is connected to the other arm of the same Bowtie via a
metal line (referred to as the connection line in Fig. 1b).
The Bowtie arm connected with the inner conductor is
also connected to the ground via the solid pillar. These
coaxial-solid pillar pair thus represent a balun structure
which transforms the single-ended antenna ports to the
differential ports of the Bowtie antenna.

o The arms of the second Bowtie are connected with a pair
of solid pillars to the ground. If the dual-polarization
is desired, one can configure the second Bowtie with
a pair of the coaxial-solid pillar, similarly to the first
Bowtie. It is worth mentioning that removing the second
Bowtie reduces the bandwidth of the antenna element
in the infinitely large array. Therefore, even though only
the horizontal polarization is required for the considered
application, the second Bowtie is still present in the
element in this work.

III. SEMI-INFINITE ARRAY ANALYSIS TO STUDY ETES

To study the edge truncation effects in large-scale arrays, we
have applied a semi-infinite array approach where the array is
periodic in one direction and finite in the orthogonal one. This
significantly relaxes the computational time while keeping the
analysis rather simple. In this approach, it is expected that the
elements in the middle of the semi-infinite array have similar
active impedance performance to that of the elements in the
infinite array case. Furthermore, we follow the hypnotizes that
if the elements in the middle of the semi-infinite array of size
oo Xy and the elements of the semi-infinite array of size z X oo
behave similarly to that of the elements in infinite array of size
00 X 00, there is a reasonable chance that the elements of a
large scale finite array of size x X y would also behave similar
to the elements in the infinite array.

A. Infinite in the E-plane and Finite in the H-plane

In this sub-section, the semi-infinite arrays of oo x 3, co X 7,
oo X 11, oo x 15 and oo x 21 antenna elements are studied,
where the ‘co’ symbol is referred to the E-plane, which is
realized by using a unit cell in the x-direction with periodic
boundary. Fig. 3 shows the active reflection coefficients at 3
GHz across the y-direction elements of the respective arrays
and compares them with that of the infinite array case for the
broadside beam. The element numbering shows the position
of the elements in the array as indicated in Fig. 1c. Similarly,
Figs. 4, 5 and 9 present the same configurations for the beam
45°, 60° and 80° off the broadside, respectively.

Figures 3, 4, 5 and 9 show that due to the edge truncation
effects, there are varying magnitude values of the active
reflection coefficients across the array in the y-direction, even
when the beam scanning is realized along the x-axis. These
variations are symmetric around its central elements because
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Fig. 3: Active reflection coefficients at 3 GHz at broadside.
The array is infinite in E-plane and finite in H-plane. The
element numbering is as in Fig. 1.
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Fig. 6: Active reflection coefficient at 3 GHz at broadside. The
array is finite in E-plane and infinite in H-plane. The element
numbering is as in Fig. 1.
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Fig. 4: Active reflection coefficient at 3 GHz at 45° off the
broadside. The array is infinite in E-plane and finite in H-
plane. The element numbering is as in Fig. 1.
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Fig. 5: Active reflection coefficient at 3 GHz at 60° off the
broadside. The array is infinite in E-plane and finite in H-
plane. The element numbering is as in Fig. 1.
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Fig. 7: Active reflection coefficient at 3 GHz at 45° off the
broadside. The array is finite in E-plane and infinite in H-
plane. The element numbering is as in Fig. 1.
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Fig. 8: Active reflection coefficient at 3 GHz at 60° off the
broadside. The array is finite in E-plane and infinite in H-
plane. The element numbering is as in Fig. 1.
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Fig. 9: Active reflection coefficient at 3 GHz at 80° off the
broadside. The array is infinite in E-plane and finite in H-
plane. The element numbering is as in Fig. 1.

these elements are in the non-scanning direction, and the corre-
sponding symmetrically located elements (symmetric about its
central element) have the same mutual coupling environment.
It is worth noting that, the impact of the edge truncation effects
on the active reflection coefficients are strongly dependent on
the scan angle. It is evident that the performance degradation
is stronger for the edge elements and reduces towards the
middle of the array, while slowly converging to the infinite
array case for large-scale arrays. Furthermore, it is seen that
the infinite array solution approximates reasonably well the
performance of the cox 11 element array, both at the broadside
and 45° scan angle. For a 60° scan angle, we observe a similar
degree of agreement for the cox21 element array. For 80°
scan angle, the active reflection coefficients in the middle of
the cox21 element array is better than that of an infinite array.
The targeted antenna array will have the number of elements
in the order of 20 in this direction; hence, larger-scale arrays
have not been considered.

B. Finite in E-plane and infinite in H-plane

In this sub-section, the semi-infinite arrays of 3 xco; 7x00;
11x00; 25x00 and 51xoo antenna elements are studied,
where ‘oo’ is defined in the H-plane. Figures 6, 7, 8 and 10
present the simulation results for the same configuration as for
the E-plane of sub-section III-A.

The variations of the active reflection coefficient magnitude
across the array in x-directions are symmetric about its central
element for the broadside, and asymmetric when scanning at
45°, 60° and 80°. It is because these elements are in the
scanning direction, and the excitations of the elements have
different phases when scanning. Similar to observations of
sub-section III-A, the impact of the edge truncation effects
depends on the scan angle. The active reflection coefficients of
the central elements of 11xco elements array have converged
well to that of the infinite array at the broadside, and it is
better than that of the infinite array at the scan angle 45°.
However, at 60° the solutions of the semi-infinite and infinite
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Fig. 10: Active reflection coefficient at 3 GHz at 80° off the
broadside. The array is finite in E-plane and infinite in H-
plane. The element numbering is as in Fig. 1.

arrays only partially agree, and become very different for the
80° case.

This outcome of our study points in the direction of the
critical factors contributing to the edge truncation phenomena
in connected arrays, (as mentioned in section I), and their
combined effect:

o the stronger spatial truncation of the array element exci-

tation at larger scan angles in the E-plane, as compared
with the Floquet-mode excitation; and

o the proposed antenna element type, which possibility
suffers from stronger reflections from its edges for the
horizontal polarization when scanning in the E-plane,
causing a more pronounced standing wave pattern over
the array aperture.

As a consequence, even the 51xoo element array model
is not large enough to approximate the performance of the
infinite array. Due to the lack of computational resources,
arrays bigger than 51 x oo are not studied in this paper.

IV. CONCLUSION

The study of the edge truncation effects in the arrays of
connected cross Bowtie antenna element has shown that for
the broadside beam direction, the one would need an 11x11
element array to reasonably accurately represent the behavior
of the antenna active impedance in the infinite array. This
observation is consistent with a common engineering rule of
thumb of 5Ax5X (i.e. 10x10 antenna elements for 3 GHz)
[10]. However, the same observation is not valid for wide-
angle scanning scenarios. In particular, much larger scale
arrays would be required, i.e., 51 x21 element array and larger
than that, for the 60° and 80° scan directions, respectively.

The next phase of this work could be to study the ways of
reducing the edge truncation effects in the finite array for the
wide scan angles off the broadside direction.
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