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Abstract—Wideband connected arrays of dipoles are a
very promising solution for broadband, wide-angle
scanning phased arrays. Unlike tapered slot antennas,
connected arrays can operate over wide bandwidth
maintaining polarization purity. However, an open issue for
the practical implementation of these arrays is the
propagation of common-mode currents along the
differential feeding lines. A solution for this problem is here
proposed and is constituted by a loop-shaped transformer
that acts as common-mode rejection circuit. Simulated
results are presented for connected arrays of dipoles for
both linear and dual polarization, with 30% relative
bandwidth (from 10.7 to 14.5 GHz) and scanning capability
up to 45° for any azimuth.

1. INTRODUCTION

Wideband arrays are receiving a lot of attention because
they enable new system functionality and increased
integration in environments where multiple sensors are
competing for the same physical space. In particular, a
wideband aperture could be shared between radar and
communication systems (operating at different frequencies)
but could also support systems that require very large
continuous bandwidths, e.g. Electronic Support Measures
(ESM).

The field of wideband radiators is currently dominated by
Vivaldi like antennas. However, these have a high profile,
are difficult to integrate in planar (and conformal) arrays and
they are known to radiate strong cross-polarized fields,
especially in the diagonal plane (p = 45°).

A novel trend emerging is the use of planar arrays of long
dipoles or slots periodically fed at Nyquist intervals which
can guarantee both the broad band and the low cross
polarization: connected arrays. These antennas are planar
radiators with very high mutual coupling between
neighboring elements to enlarge the bandwidth. Physically
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touching connected arrays have been formally introduced by
Hansen [1] and then further theoretically developed in [2].
Similarly wideband antenna concepts were also developed
by Munk [3], who did not refer to the name connected arrays
but essentially realized the connection by means of
capacitive loading at the edges of the dipoles.

A number of issues still limit the actual performance
achievable from the practical implementation of connected
arrays. In this paper, we will specifically target the problem
related to the realization of the feeding network. As for all
wideband phased arrays differentially fed, also for
connected arrays the balanced transmission lines used to
feed the elements can support both differential and common-
mode propagation [4-5]. This latter is undesired, since it can
give rise to resonances that ruin the array performance. Due
to electrical connection between the array elements and high
mutual coupling, standard baluns typically used to avoid
common-mode resonances are not effective for connected
arrays [6].

Therefore, a novel Printed Circuit Board (PCB) solution to
avoid common-mode resonances, without resorting to active
components or Monolithic Microwave Integrated Circuit
(MMIC) technology, is proposed in this paper. It consists in
a loop-shaped component that constitutes an open circuit for
the common mode, while representing a small impedance
change for the differential mode. The use of such common-
mode rejecting loop allows the design of a dual polarized
array of connected dipoles, according to the design rules
specified in [7]. The specific application considered is
aircraft-to-satellite communication for in-flight
entertainment [8]. For simultaneous receive and transmit
operation, a band from 10.7 to 14.5 GHz is required.

2. COMMON-MODE RESONANCES

A detailed analysis of common-modes resonances in
connected array of dipoles and another possible solution to
the common-mode problem suitable for PCB manufacturing
was reported by some of the present authors in [6]. In this
section, we only give an explicative example to quantify the
impact of the common-mode propagation on the array
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Figure 1 - Connected array of dipoles without vertical
feeding lines: (a) array geometry; (b) active reflection
coefficient and (c) X-pol levels at 6 = 45°, ¢ =45°
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Figure 2 - Connected array of dipoles with vertical feeding
lines: (a) array geometry; (b) active reflection coefficient
and (c) X-pol levels at 6 = 45°, ¢ = 45°
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performance. Figure 1(a) shows the geometry of an array of
connected dipoles in the presence of a backing reflector,
when the elements are fed at the dipole level, without the
inclusion of vertical transmission lines. Figure 1(b) shows
the active reflection coefficient of an array unit cell in
infinite array environment, for scanning direction equal to 6
= 45° on the diagonal plane (p = 45°). For the same
observation angle, the X-pol level (Fig. 1(c)) is about —15
dBs, according to the third definition of cross polarization
by Ludwig, [9]. Note that this value of X-pol is typical of
perfectly linear radiating currents oriented along the x- or y-
axis. Figure 2 refers to a similar array geometry, in which
the same dipole elements are fed by vertical co-planar strip
(CPS) lines, in order to reach the ground plane level, where
the feed is located (Fig. 2(a)). It can be observed in Fig. 2(c)
that in this case the X-pol level rapidly increases with
frequency. Such degradation is attributable to common-
mode current propagation in the CPS lines. It is important to
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Figure 3 - Geometry of the loop-shaped transformer for
common-mode rejection.
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Figure 4 - Schematic of the vector current distribution and
vector magnetic field on a transverse section of the loop
calculated via Ansoft HFSS at (a) 7 GHz and (b) 15 GHz

note that, even when the array is well matched, for instance
at 14 GHz, the X-pol assumes very high levels (about -5
dBs). Thus, the effect of common-mode resonances on the
array efficiency should not be analyzed in terms of matching
properties. The usable bandwidth should be defined by the
X-pol levels rather than the matching characteristics.

3. LOOP-SHAPED FEEDING STRUCTURE FOR
COMMON-MODE REJECTION

In order to reject common-mode propagation on the vertical
feeding lines, we consider a loop-shaped component as in
Fig. 3. The loop radius is 1.06 mm and the loop is printed on
a 0.254 mm thin dielectric substrate with permittivity 2.2.
When a common-mode input is applied, at low frequencies
the currents flowing in the loop are equal in phase (Fig.
4(a)), thus the loop only behaves as a small series
inductance for the common mode. As the frequency gets
higher, different portions of the loops are flown by currents
with different phases (Fig. 4(b)). Figure 4 shows the
magnetic field in a cross section of the loop structure,
calculated via Ansoft HFSS [10], at 7 and 15 GHz,
respectively.



At low frequencies, the currents flowing in the loop are
equal in phase, thus the loop only behaves as a small series
inductance for the common mode. As the frequency gets
higher, different portions of the loops are flown by currents
with opposite phases, generating cancelling magnetic fields,
which in turn produce a magnetic field circuitation with
close to zero contributions in the center of a cross section of
the loop. As a consequence, at frequencies higher than a
certain threshold, the average distributed inductance of the
loop becomes lower as the magnetic fields do not add up
coherently any longer. In a frequency range of more than an
octave, the characteristic inductance will tend to very low
values, creating a strong impedance discontinuity.

This effect is quantified in Fig. 5, by the S-parameters
pertaining to differential (a) and common mode (b). A -10
dBs common-mode rejection is observed from about 9 to 22
GHz, while no significant mismatch is experienced by the
differential mode up to 18 GHz. The S-parameters pertain to
the geometry depicted in Fig. 6. Since the active input
impedance of a connected dipole element typically exhibits
high values (about 400 Ohms), the loop can be used to
implement an impedance transformation for the differential
mode. To this aim, a two-section transformer from 400 to
200 Ohms and a tapered line from 200 to 160 Ohms have
been implemented. The loop is printed on a dielectric
substrate with & = 0.254 mm and relative permittivity 2.2.
Two inverters have been added to compensate for the
slightly different radius of the inner and outer conductors
within the loop, thereby reducing the spurious radiation of
the loop when a differential input is applied.

4. ARRAY PERFORMANCE

Figure 7 shows the X-pol levels pertinent to an array of
connected dipoles with and without vertical feeding lines,
compared with the array including the loop-shaped feeding
structure proposed in this paper. It is evident that, when the
common-mode rejection loop is used, the degradation of
polarization purity introduced by the vertical lines is
strongly mitigated over the bandwidth of interest. In fact, the
X-pol ratio becomes lower than -17 dBs over more than
40% relative bandwidth.

These results pertain to a differential excitation located at
the ground plane level. A more realistic coaxial feed
requires the inclusion of a transition from CPS to microstrip
(MS). A simple CPS-to-MS transition would introduce a
further unbalance of the current along the differential lines,
giving rise to a resonance as shown in Fig. 8. To avoid this
problem, a sleeve balun has been designed. The resulting
performance of the overall structure are presented in Fig. 9,
which shows the geometry of the array unit cell, the active
reflection coefficients for broadside and for 6 = 45° in the
main planes (normalized to an input impedance of 160
Ohms), and the X-pol ratio for § = 45° and ¢ = 45°. A
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Figure 5 - S-parameters of the loop in Fig. 6 pertinent to (a)
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Figure 6 - Dimensions (in mm) of the loop-shaped
transformer.
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Figure 7 - Performance of the loop when included in the
dipole array unit cell.
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Figure 9 - Unit cell geometry and performance in terms of
matching and X-pol, with loop and sleeve balun.

reflection coefficient lower than -10 dBs is achieved over
more than 30% relative bandwidth and the X-pol level is at
least -14 dBs lower than the copular component. The array
periodicity is 8.2 mm (about 0.4A with A being the connected
wavelength at the highest frequency) and the overall profile
of the array is 11.7 mm (about 0.57 A).

For the dual-pol array design, a slightly different loop-
shaped feed has been designed, as shown in Fig. 10. The
radius of this loop is reduced with respect to the linear
polarization case, from 1.06 mm to 0.8 mm. The loop is
composed of two quarter wave sections of CPS lines to
implement an impedance transformation for the differential
mode from 400 to 160 Ohms. In order to have two sections
approximately equal to a quarter wavelengths at the highest
frequency of interest, the point of transition has been rotated
of 100° with respect to the corresponding point for the
previous configuration. The S-parameters of the loop are
reported in Fig. 11, while the array performance is shown in
Fig. 12. Considering the points of -10 dBs matching, a
relative bandwidth of 35% is achieved, while the X-pol ratio
is below -18.5 dBs over the operational bandwidth.
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Figure 10 - Dimensions (in mm) of the loop-shaped
transformer for the dual-pol array.
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5. CONCLUSIONS

This paper presented an efficient practical way to design the
feeding network of a connected array, as valid solution to
common-mode resonances. The proposed loop-shaped
feeding structure is based on PCB technology, to limit the
costs and the complexity, without resorting to active
component or to MMIC technology. The performance has
been characterized via full-wave simulations performed via
Ansoft HFSS. Simulated results show a 10 dB common-
mode rejection over a more than one octave bandwidth (9 to
20 GHz). The inclusion of the loop component into the
feeding lines of a connected array of dipoles has also been
investigated. The design of a linearly polarized and a doubly
polarized array has been presented. This latter has been



shown to operate over 35% relative bandwidth when
scanning up to 45 degrees, and X-pol levels below -18.5 dB
within the entire scan volume. Even if only on paper, these
results are believed to be the best reported for wideband
wide-scanning applications, without penalty in polarization
efficiency.
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