
Mutual Coupling Reduction Between Patch Antenna

Array Elements Using Metamaterial Z shaped

Resonators

O. Tabbabi1, M. Labidi1, F. Choubani1 and J. David2

(1) Innovcom Research Laboratory, Higher School of Communications of Tunis,
Sup’Com University of Carthage, Tunisia
(2) ENSEEIHT (INPT) Laboratory France

Abstract — Modern wireless communication systems
require compact design, low cost and simple struc-
ture antennas to insure reliability, agility, and high
efficiency characteristics. This paper presents a mi-
crostrip antenna array designed for 8 GHz applica-
tions. To reduce the mutual coupling effects, a Z
shape metamaterial structure was imprinted in the
microstrip antenna array composed of two elements.
Simulation results show the improvement of mutual
coupling by adding Z shape metamaterial structure
to the antenna substrate. The proposed structure
reduces mutual coupling by 19 dB. The simulation
has been performed by using HFSS simulator.

Keywords- Antenna, metamaterial, FSS, mutual

Coupling.

1 INTRODUCTION

Microstrip antenna array on high dielectric con-
stant substrate is designed, for high gain appli-
cations, beamforming or diversity purposes [1–4],
where compactness is considered as an important
issue. However, the use of high dielectric constant
substrate can induce some weaknesses. One of the
problems is the excitation of surface waves, which
can incur mutual coupling between the adjacent el-
ements.

The mutual coupling is one of the major sources
of degradation in array performance such us poor
radiation, efficiency and low gain, [5]. Therefore,
achieving a high degree of isolation between ele-
ments is an important approach for improving the
array performance.

To overcome the problem of mutual coupling,
various methods have been studied in the literature
such as loading electromagnetic band-gap (EBG)
structures [6], defecting ground structures (DGSs)
between elements [7], using concave rectangular
patches [8], and grooving the dielectric [9].

Metamaterials structures were also used for cou-
pling reduction such us the split ring resonators
(SRR). These materials exhibit either negative per-
meability and/or negative permittivity [10] and can
suppress electromagnetic wave propagation in cer-

tain frequency band [11].

In this paper, a Z shape structure is proposed to
reduce the mutual coupling of the microstrip an-
tenna arrays. The proposed periodic structure was
applied between the antenna elements. The effects
of the inclusion of this structure on antenna perfor-
mances are also studied. The comparison between
the proposed antenna and a reference antenna show
that metamaterial has a good application potential
to improve the mutual coupling.

2 GEOMETRY OF THE ARRAY AN-
TENNA

A rectangular patch antenna array with two ele-
ments, as shown in Figure 1, is etched on a common
ground plane with each element resonating at 8.3
GHz.

The antenna array dimensions, material proper-
ties and operating frequency details are shown in
Table 1.

Parameters Specifications
Frequency of Operation 8 GHz to 8.6 GHz

Resonant Frequency 8.3 GHz
Substrate FR4 eposy

Height of the Substrate 1.58 mm
Length of the Patches (L) 10.6 mm
Width of the Patches (W) 7.6 mm

Dielectric constant 4.4
Distance between antennas (d) 7.8 mm

Table 1: Parameters of the microstrip antenna array.

A separation of 8.3 mm was maintained between
the antennas. This yields to a central resonant fre-
quency, around 8.3 GHz, as shown in Figure 2.
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Figure 1: Top view of two coupled microstrip an-
tenna patches without isolation.

Figure 2: Simulated Return loss and mutual cou-
pling for the microstrip antenna array.

3 Z SHAPED FOR MUTUAL COU-
PLING IMPROVEMENT

In this paper, we use a periodic Z shape structure,
which is depicted by a unit cell in Figure 3. The
proposed Frequency Selective Surface (FSS) is com-
posed of two Z shape resonators printed on opposite
sides and along the diagonal direction of a dielec-
tric substrate. The parametric values of Z shaped

Figure 3: Z shaped MTM structure.

metamaterial (MTM) structure are shown in Table
2.

As depicted in Figure 4, a 1x4 Z shape matrix
is inserted between two rectangular elements of an

Parameters Dimension (mm)
Height of Substrate (h) 1.58 mm

Length of Z (l1) 4 mm
Width of Z (w1) 0.3 mm

Thickness of Metal Strip (t) 35 µm
Width of the arms in the front (L) 2.4 mm

Table 2: Parameters of the Z shape pattern.

(a) Top view

(b) Side view

Figure 4: Two coupled microstrip antenna patches
with isolation.

array. Each element has a size of 4x4 mm and their
edge to edge separation is 0.5 mm. The Z shape
dimension and spacing are optimized to get lowest
mutual coupling.

4 RESULT AND DISCUSSION

The mutual coupling between the antennas was an-
alyzed in terms of electrical isolation (S21) between
the two ports of the microstrip antenna array.

Figure 5: Scattering parameters of microstrip an-
tenna array with and without Z Shape metamate-
rial.

Figure 5 shows the return loss variation in terms
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of frequency for the antenna system array with and
without Z shape structure. It can be noticed that
the two antennas resonate at around 8.3 GHz and
the return losses are −30 dB for the reference array
antenna and −22 dB for the modified one.

Figure 5 shows also that if the Z shape structures
are employed, the mutual coupling level changes,
and there is around 19 dB mutual coupling reduc-
tion to obtain the same amount of mutual coupling
as obtained without Z shape structure. The res-
onant frequency of 8.3 GHz falls inside the meta-
material stop band so that the surface waves are
suppressed.

5 CONCLUSION

In this paper, an antenna array system has been de-
signed with improved miniaturization performance
by reducing the mutual coupling between the el-
ements. The proposed antenna with periodic Z
shape structure has a 19 dB reduction of mu-
tual coupling compared to the microstrip array an-
tenna without considered FSS. This comparison has
proved the ability of the metamaterial structure
to reduce mutual coupling by suppressing surface
waves.
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