Mutual coupling reduction in multilayer
patch antennas via meander line parasites
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A method to reduce the mutual coupling in wide-band multilayer patch
array operating in C band is presented. The proposed device use
conveniently sized meander line parasites printed on the same substrate
of the upper patch. Measurements on a 2 x 2 prototype shows a
measured bandwidth of about 19.6% centred at 5.1 GHz, therefore
adequate to cover the whole WLAN frequency range. The meander
lines allow to reduce the patch mutual coupling by about 2.4 dB.

Introduction: Mutual coupling (MC) is an unavoidable phenomenon
occurring among neighbouring antennas, which is particularly critical
when antennas are in array configuration. MC is mainly due to three
effects: near field coupling, far filed coupling and surface wave coupling
[1]. The first one is dominant when each element is exposed to the near
field of its neighbours, while the far field coupling is caused from the
radiation in horizontal direction, which is lower when a low-permettivity
substrate is used. The third one, finally, is due to the presence of waves
bound to the air—dielectric interface and produces an undesired end-fire
radiation. Although these effects can be reduced by increasing the
distance between the elements, it is necessary to take into account that
beyond a certain distance undesired grating lobes appear. This issue is
critical in active electronically scanned array application, since the
maximum distance between elements must be minimised in order to
maximise scanning ability.

Several methods have been proposed in order to reduce the MC
effects in an array. In [2, 3], a defected ground plane structure was
used while in [4] an electromagnetic bandgap structure is introduced.
Although both methods show an effective MC reduction, they both
lead to narrow band systems and increased manufacturing complexity.
Active cancellation is possible, in principle [5], but is even more
complex and costly. A more viable, fully passive, technique, presented
in [6], exploits printed U-shaped microstripline parasites. Since the para-
site is printed on the same layer of the radiating elements, the structure
complexity does not increase. In [6], anyway elements and parasites are
narrow-banded.

In this Letter, a technique similar to the one presented in [6] is used,
but for a multilayer wide-band patch array operating in C band over a
19.6% bandwidth. The parasite is a meander line designed for
minimal impact on radiation characteristics and production costs,
yet allowing MC reduction.

Antenna design: A prototype array comprising four multilayer patch
elements composed of two FR408 (e, = 3.67, tan 6 = 0.012) layers
separated by a 3.7 mm air gap, realised employing four nylon spacers,
bolts and nuts.

The single element (Fig. 1) is composed of two patches: patch
Py (W) =11.4mm, L, = 15.2mm), which is directly fed (coaxial
probe dr = 2.1 mm from shortest side), is etched over the lower sub-
strate; patch P, (W, = 12.4mm, L, = 15.69 mm) is etched over the
upper substrate and centred on the first.

W,
o ] [h o FR408
‘ ‘ W1 ‘ ‘ O Nylon
[ | Ihs m Cu

=
() ()

L |L
,,,,,,,,, 14

() ()

Fig. 1 Layout of the single patch antenna element

Each element is fed by a 50 () coaxial cable, whose core is solder
to the lower patch, while the shield is solder to the ground plane. The
choice of air as an intermediate layer, with respect to a fully solid struc-
ture [7], allows to increase the bandwidth performances without adding
weight [8]. Unfortunately, the presence of the air requires larger patches
for a given frequency, since patch length is proportional to half wave-
length in the layered medium. Since the distance between the patches
phase centres must be kept close to half wavelength in air to maximise
scanning ability, larger patches lead automatically to closer patch
borders in the array configuration and hence a sensible increase in MC.

Mutual coupling: To reduce the MC microstrip meander lines are
printed on the upper substrate (Fig. 2). These lines couple with the
neighbouring patches, effectively producing a second coupling path
(2° MC path) which adds to the original and unavoidable coupling
path (1° MC path), as shown in Fig. 2. If the meander lines are oppor-
tunely sized the second MC path can be made to be in phase opposition
with respect to the first one and close to it in magnitude, so that global
MC tends to vanish. The line is placed where MC is most critical, in this
case (Fig. 2) between the two radiating edges of neighbouring patches
aligned along their E-plane.

1° MC path

2° MC path

Fig. 2 MC path considering the microstrip meander line, with meander
dimensions and induced currents. Patches radiating edges are the
vertical ones

The meander line has been chosen in order to minimise its effects
on the radiation pattern. Its induced currents exhibit a global mutual
cancellation of their far field components due to the repeated change
in direction, hence the radiation performances of the array are little
affected (Fig. 2). Meander line dimensions are: L, = 6.2mm,
W, = 2.5mm and s =0.2 mm.

Simulation and measurement results: A 2 x 2 prototype has been fab-
ricated, and is shown in Fig. 3. The array is realised via photo-chemical
etching and fed via four SMA connectors.

Fig. 3 2 x 2 array prototipe, with meander line parasites

In order to check the MC reduction, a second structure, with identical
patches but without parasites has been prepared. To minimise prototype
differences due to soldering and assembling tolerances, only the upper
layer is duplicated, so that measurements have been carried out on the
same lower layer, with different upper layers.

A comparison between simulations and measurements is shown
below. Simulations have been carried out using the full-wave software
CST studio suite while measurements have been made using
a Keysight 5242A Vector Network Analyser (20 MHz-26 GHz).

Fig. 4 shows the comparison between the simulated and the measured
reflection coefficients. Due to the symmetry of the structure, only one
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port is presented here, so these results are expressed in terms of |S) ;.
The green lines represent the response of the reference structure,
without parasites, while the blue ones show the performances with the
meander lines. In both cases, a shift of the central frequency of
about 200 MHz is present, which is due to the tolerance on the
FR408 dielectric constant [7], and on the spacers. Anyway, the measure-
ments behaviour reflects the simulations one and only a small reduction
of the bandwidth due to the presence of the meander lines is observed.
Considering a RL>10 dB, the simulated bandwidth of the structure
without parasites is 21.3%, while the array with parasites shows a
19.84% value. For measurements the percentage bandwidth are 22.8
and 21.3%, respectively. In both cases, the percentage bandwidth of
the designed array covers the whole WLAN frequency range.
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Fig. 4 Measured (dashed line) and simulated (solid line) reflection coeffi-
cients. The reference structure results are plotted in green while the
meander structure results are plotted in blue

Fig. 5 shows the comparison between the simulated and the measured
transmission coefficients, that is the MC levels. Since the analysis on the
reference structure showed the highest MC value on the E-plane, only
this worst case is reported. Despite the presence of the already men-
tioned frequency shift, also in this case a good agreement between
measurement and simulation general behaviour is apparent.
Considering the simulation results the worst case for the basic structure
shows a MC of —11.76 dB at 4.57 GHz, while the one for the proposed
array is —13.68 dB at 5.25 GHz. That is nearly 2 dB better. Measured
MC drops from —13.109 dB at 5.21 GHz to —15.51 dB at 5.29 GHz,
for the array without and with parasites, respectively. In this case, the
decrease is even better and equal to 2.4 dB.
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Fig. 5 Measured (dashed line) and simulated (solid line) MC. The reference
structure results are plotted in green while the meander structure results are
plotted in blue

Finally, a comparison between simulated and measured patterns for
both structures at 5.8 GHz is presented in Fig. 6. Measurements have
been carried out in a semi-anechoic chamber. It is apparent how the
presence of the meander lines does not affect the pattern shape, since
simulations and measures are nearly superimposed for both structures.
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Fig. 6 Measured (dashed line) and simulated (solid line) patterns at 5.8 GHz.
The reference structure results are plotted in green while the meander
structure results are plotted in blue

Conclusion: A technique to reduce the MC for wide band multilayer
patch arrays and experimentally proven on a 2 x 2 array working
at 5.1 GHz has been shown. This method is based on the addition
of two meander microstrip lines on the same substrate of the upper
patch. Although their presence slightly reduces the measured bandwidth
the resulting value, 21.3%, is anyway sufficient to cover the whole
WLAN frequency range. In addition, a reduction of about 2.4 dB in
the MC is shown. A comparison between the two structures in terms
of pattern shows that the presence of the meander lines does not
affect the antenna pattern.
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