Bent Coplanar Waveguide Feeds for Balanced
Planar Antennas and Arrays

Xianyang Lv'2, Yongwei Zhang'™, Yanwei Fu', Quan Shi',
Ahmed El-Makadema®

LSchool of Transportation, Nantong University,
Nantong, Jiangsu Province, 226019, China

2School of Information Science and Technology,
Nantong University, Nantong, Jiangsu Province, China
3Department of Electrical and Electronic Engi—
neering, The University of Manchester, Oxford Road,
Manchester, M13 9PL, UK

™ david.y.zhang @ntu.edu.cn

Planar antenna arrays of a balanced structure are of great importance in
many applications due to their features including low-profile, wideband
and high polarisation purity. However, feeding such antennas adds great
complexity in terms of manufacturing and reduces the performance due
to production of common mode propagation. A method for feeding such
antennas using coplanar waveguide on a thin substrate is proposed. Not
only does it terminate the antenna of a balanced structure with a single-
ended feed but it also enables impedance transformation. The design was
an attempt towards a completely printed front-end that incorporates the
antenna elements and their feeding circuits on bendable substrates. The
electromagnetic performance has been validated with a dual polarized
prototype and its prospect for ultrawideband arrays e.g., 5G sub-6 GHz
or square kilometre array, was explored.

Introduction: Wideband planar arrays have been drawing considerable
attentions in many applications [1-5]. In particular, flexible phased array
that can be readily deployed as rollable sheets will enable rapid and broad
utilization of phased arrays to overcome many challenges e.g., size, cost,
weight, and complexity of the system as the number of elements grows [6].
Conformal arrays evolved from planar structure have the potential for a
cost effective system [7]. However, for planar arrays formed by elements
with balanced structures and backed by a reflective ground plane, the
common mode propagation produced within balanced feedlines for these
types of array is widely considered as a challenging problem [8-10]. In
particular, the cross polarisation performance is degraded significantly in
addition to resonances in the band which is attributable to the presence of
common mode current [11,12].

Printed Circuit Board (PCB) based solutions have been reported to
feed planar arrays while rejecting the common-mode resonances due to
the feedlines [13-16]. In [17], a co-planar strip (CPS) to a microstrip
(MS) transformer is used to remove the effect from the feedlines in the
integrated balanced antenna structure. Since 180° phase shift between
the balanced line needs to be maintained for antenna feeding, but they
are “hardwired” as a microstrip. Hence, the bandwidth is limited. A
PCB based symmetrical wideband microstrip slot-line transition to cancel
out common-mode signals is reported in [18]. It produces an excellent
common-mode rejection ratio (CMRR). However, this comes at the
expense of a significant loss.

In this paper, CPW based on a flexible substrate is developed to feed the
planar antenna with a balanced structure. The CPW serves as a transformer
and matching network at the same time. The flexible CPW is bent and
attached to the antenna feed terminals at one end and the other end is
extended to the ground plane. A conductive parity strip is introduced to
mitigate impact of the inserted feedlines on impedance matching.

The dual-functional CPW design: The balanced antenna considered
consists of two pairs of disks on the opposite side of the same board. They
are orthogonal to each other for dual polarisation. The antenna is proposed
to be fed by a flexible CPW, and a parity line accompanying each CPW line
is inserted to suppress the common mode. The configuration of the dual
polarized planar antenna and the corresponding feed lines are illustrated in
Fig. 1. The substrate of the CPW has to be thin enough to make it bendable.
Cavity is carved on one disk and a strip is extended from the other disk in
order to make the antenna suitable for CPW feeding. The CPW line extends
the feed point from the plane of antenna to the level of ground plane.
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Fig. 1: The bent CPW design for feeding dual polarized planar balanced
antennas or arrays, two copper layers are on the opposite side of the same
board for dual polarisation, (a) the top layer for one polarisation, (b) the
bent CPW feed design for dual-polarized planar antenna in azimuth plane,
the conductive parity line is on the opposite side of CPW, (c) The bent
CPWs for feeding the planar array of tightly coupled crossed disk antennas
of balanced structures

CPW design for feeding a single antenna: The characteristic impedance
of a CPW is decided by four parameters: the dielectric permittivity of
the substrate and its thickness, the width of the trace for signal and the
separation to ground plane. The parameters for the CPW at both ends are
optimized, thus, the impedance is 50 Ohm at output side, connected to a
sub-miniature version A (SMA) connector, and 25 Ohm on the antenna
side which is the characteristic input impedance of the disk dipole antenna
above a ground plane. It is essential for CPW to be bendable to make it
flexible enough to be connected with antenna in azimuth plane and reach
the ground plane at the same time. The antenna on the top of the substrate
is excited by one CPW via three plated holes, the middle hole is connected
to the signal trace of CPW, and the other two joined to the ground traces
of CPW. Antenna on the bottom side of the substrate is fed by a CPW
in a similar fashion. In order to ensure a good impedance matching and
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Table 1: Design parameters for the bent CPW Feed

Parameter Size (mm) Description
d 20 disk diameter
l 2 diameter of via for parity line
Lg 4.5 tap width for CPW signal trace
Ly 3 tap length for CPW signal trace
fn 6 major axis of ellipse cavity
h 10 extension of CPW signal trace
b 8 width of CPW
fw, fs 4.5,0.18 CPW size at antenna side
fw, fs 1.2,04 CPW size at receiver side
Pw, Ps 4.5,0.18 Soldering tap for P2
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Fig. 2: Reflection coefficient of the elements in an infinite array of three
configurations: planar elements only in tightly coupled disk dipole array,
elements with CPW feeds, or elements with CPW feeds and parity lines, (a)
broadside scan for three configurations, (b) scan performance at broadside
and 45° in the D-plane, with and without the proposed complete feed
structures

assembly easiness for the antenna on the bottom side, three soldering
taps are added on the top with plated holes and they are connected to
the CPW traces through vias. The connection between the CPW feedline
and the balanced antenna in the azimuth plane is illustrated in Fig. 1(b).
The optimized physical dimensions of the CPW design and the planar
differential antenna utilized for investigating the effect of CPW feed are
summarized in Table 1.

CPW design to feed array antenna: The flexible CPW design can also
be used to feed a planar array of tightly coupled disk dipoles. In an infinite
array environment, the unit cell used to construct the array has been studied
under two conditions of with and without the CPW feed integrated. Take
an example when the element separation is 40 mm, which is equal to the
wavelength at 3.75 GHz, the optimum distance between the antenna plane
and the ground plane is 29 mm. Interdigital capacitor of 0.35 pF is placed
between the elements for a wider bandwidth. The reflection coefficient of
the unit cell element in an infinite array for broadside scan is shown in Fig.
2. It is observed that a resonance occurs at the frequency of 3.03 GHz when
the CPW is present alone. When a parity line is added, the resonance can
be shifted to outside the operational frequency band. The active reflection
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Fig. 3: The prototype of the dual polarized planar antenna fed via flexible
CPWs, where P1 and P2 refer to polarisation 1 and polarisation 2, and P2
is on the bottom side of the board, (a) the view from the ground plane side,
(b) the view from a side perspective, (c) the complete prototype
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Fig. 4: The reflection coefficient of the dual polarised planar antenna
prototype of balanced structure fed through the bent CPW

coefficients for the elements in an infinite array with CPW and parity lines
for feed are shown in Fig. 1(c).

Manufacturing and Assembly: A prototype of the dual-polarized planar
antenna and the proposed CPW feed were fabricated. The substrate for the
antenna is Teflon woven glass fabric based board F4BM-2-A255, with the
relative permittivity of 2.55 and the thickness of 0.762 mm. The CPWs
are manufactured by using the material of TP-1/2 (¢, = 10.2) with the
thickness of 0.762 mm. The dual polarized planar antenna, the CPWs for
feed, the parity lines and the assembly process are illustrated in Fig. 3,
where the element P1 is on the top surface of the board, and P2 is on the
bottom side of the same board. They are both connected to CPWs through
three vias—the middle one for the signal trace and the other two at sides
for the traces of CPW ground.

Results and Discussion: The reflection coefficient of the single antenna of
balanced structure with the proposed CPW feed is shown in Fig. 4. The
same operational frequency bandwidth was observed from the measured
and the simulated results. This validated the effectiveness of proposed
feeding mechanism for this type of antenna. Although the bandwidth is
limited for the single antenna scenario, but the method can be applied on
an array with a similar structure where a wider bandwidth will be yielded
when enhanced coupling is present between the elements.

Conclusion: This paper presents a flexible CPW design for feeding dual
polarised broad band antennas of balanced structures. The design allows
a value controlled impedance transformation into single-ended feed. In
addition, the design provides an effective common mode rejection often
associated with such antenna type. The flexible CPW design allows for



easier integration with the antenna without effecting the performance. The
results are demonstrated in simulation and verified through measurements
with a good agreement. It showed a prospect in large-scale applications
such as Square Kilometre Array (SKA) where low-cost production is one
of the key questions.
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