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Abstract–An important challenge in 
communication industry is to reduce the total 
size of devices. Similarly array size reduction has 
attracted increasing interest in recent years. 
Placing elements of an antenna array close to 
each other is certainly one way to reduce the 
total size of an array antenna. However, one of 
the factor called mutual coupling depends on 
inter element separation and relative 
orientation, causes undesirable effects on 
antenna characteristics. Therefore, within a 
compact structure of an antenna, reduction in 
mutual coupling in microstrip antennas is a 
major challenge. 
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1.INTRODUCTION 
 
Surface waves and near fields can lead to coupling 
between coplanar and patch antennas [1]–[3]. Near field 
coupling arises when an antenna is placed in the near-field 
zone of other antenna. This coupling is strong in situations 
where the antennas are placed on dielectric substrates 
having low permittivity [3]. In such cases, the coupling can 
result in degradation to the antenna’s radiation 
characteristics. Apparently surface waves are weakly 
excited in very thin grounded dielectric substrates, space-
waves dominate as well as produces strong coupling when 
antennas are in close area. The study of the mutual 
coupling problem started several decades ago, and several 
research efforts have been devoted to combat the mutual 
coupling between coupled antennas to improve antenna 
radiation characteristics. 

 
 

 

2. TECHNIQUES TO REDUCE MUTUAL COUPLING 
 
Mutually coupling among closely spaced radiating 

elements is essential for the performance of microstrip 

antenna systems due to fact that induced currents, input 

impedance and radiation patterns are affected when 

antenna elements are correlated which in turn reduces 

capacity of MIMO system [4] and simple solution to reduce 

correlation is through physically separating radiating 

elements by distance greater than . However this 

solution is impractical in hand held wireless devices 

considering space limitation constraints. There are 

Methods to reduce mutual coupling between radiating 

elements in MIMO system and antenna array systems 

discussed in following sections. 

2.1 USING ELECTROMAGNETIC BAND GAP (EBG) 
STRUCTURES 
 
Basically Electromagnetic band gap (EBG) structures are 
realized by periodic arrangement of dielectric materials 
and shows characteristics of band-pass or bandstop [5] 
and makes isolation between components [6]. Coupling 
between the microstrip antenna arrays is the essential 
problem that always exists. To solve the problem, 
metamaterial is used in a rectangular patch antenna array 
substrate in order to reduce coupling between array 
antennas [7]-[9].  
In This letter [9] describes a configuration of uniplanar 
compact electromagnetic band-gap (UC-EBG) structures to 
reduce mutual coupling between the radiating elements. 
The idea is to use the UC-EBG structures placed on top of 
the antenna layer. [9] An array of two patch antennas 
including a superstrate layer of the designed UC-EBG 
structures has been simulated. This structure reduces 10-
dB reduction in mutual couplingas well as reduction in 
array size [9]. 



          International Research Journal of Engineering and Technology (IRJET)      e-ISSN: 2395 -0056 

               Volume: 03 Issue: 03 | Mar-2016                       www.irjet.net                                                               p-ISSN: 2395-0072 

 

© 2016, IRJET                                                          ISO 9001:2008 Certified Journal                                                           Page 1065 
 

 
Fig. 3 Schematic view of proposed array and unit cell of 

UC-EBG structure [9] 
 
In paper [10], EBG structure has strong effect in reducing 
the surface wave in E-plane condition, hence the coupling 
between antennas will be reduced. On the other hand, for 
H-plane a state EBG cell does not provide any reduction in 
mutual coupling. This EBG structures is reducing mutual 
coupling between patch antenna MIMO arrays. 2×5 EBG 
structures are used to reduce mutual coupling more than 
20 dB. The total size of the antenna is 36mm×68mm×1.6 
mm [10]. 
 

 

Fig. 1 Patches array antenna with EBG Structure a) 

simulation and dimensions b) fabricated antenna [10] 

In this paper [11], a mushroom-like EBG structure is 

implemented in the design of microstrip antenna arrays to 

reduce the strong mutual coupling caused by the thick and 

high permittivity substrate without sacrificing the 

compact size or bandwidth of the antenna elements. The 

EBG structure is analyzed using the FDTD method. 

Compared to other approaches such as cavity back 

structure, the EBG structure demonstrates a better 

performance to improve the mutual coupling. 8 dB mutual 

coupling reduction is observed at the resonant frequency. 

It can be used in various antenna array applications. 

 

Fig. 2 Microstrip antennas separated by the Mushroom-

like EBG Structure for a low mutual coupling. Four 

columns EBG Patches are used [11] 

2.2 USING SPLIT RING RESONATOR (SRR) 
STRUCTURE 
 

In [11] and [12], electromagnetic band-gap (EBG) 
structures using the mushroom like topology were used. 
However, the structures involved plated through vias, 
which are not attractive from the electric loss and 
manufacturing perspective. In [12], planar EBG structures 
were used, eliminating the need for vias, however 
incurring the complexity and cost of using two dielectric 
layers. In [13], a spiral resonator was embedded within 
the dielectric substrate, requires long fabrication process 
and increased losses in the antenna system. 
Complementary split-ring resonator (CSRR) structures 
were used for harmonic rejection and filtering [14]. 
In [15] a novel structure based on complementary split-

ring resonators (SRRs) is introduced to reduce the mutual 

coupling between two coplanar microstrip antennas 

which radiates in the same frequency band. The new unit 

cell consists of two complementary SRR inclusions 

connected by an additional slot. it improves the rejection 

response in terms of bandwidth and suppression. The 

SCSRRs reduce the mutual coupling between two coplanar 

microstrip patch antennas spaced by a quarter free-space 

wavelength. The reduction is possible because of the 

ability of the SCSRRs to efficiently suppress the electric 

fields normal to the ground plane, which in turn reduces 

the surface currents in the terminated antenna element. A 

10dB reduction in the mutual coupling is observed when 

three SCSRR cells are placed in the ground plane between 

the patches. The Far-field property shows no significant 

change in individual antenna E- and H-plane patterns. 

Furthermore, unlike EBG and SRR-based coupling 

reduction methods, no additional metallic structures are 

embedded inside the substrate. 
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Fig. 4 Top and side views for the two patch antennas with 

the SCSRR etched on the ground plane[15]   

Capacitively loaded loop (CLL) magnetic resonators are 
used in order to decorrelate two monopole antennas [16]. 
Although the coupling had been reduced in [16], the 
antenna elements were not well-matched. In [17], split-
ring resonator (SRR) magnetic inclusions were used to 
reduce the coupling between closely-spaced monopole 
antennas. Higher suppression of mutual coupling was 
achieved in [17] in comparison to [16]. 
[18] Mutual coupling between closely spaced high profile 

monopole antennas was investigated with particular focus 

on multiple-input multiple output (MIMO) systems.  A unit 

cell of the broadside coupled rectangular split-ring 

resonators (BC-SRR) metamaterial is designed in order to 

decouple the antenna system while at the same time 

maintain low correlation between the antenna elements 

 

Fig. 5 Lateral view of two-monopole antennas with SRR 

inclusions [18] 

In paper [19] SSRR is a metamaterial structure which 

consists of single square shaped ring with gap. This 

structure is printed on a dielectric substrate of thickness 

0.6mm and permittivity 4.4. PSO is used as an 

optimization tool for design and optimization of the 

square split ring resonator (SSRR), which exhibits 

metamaterial characteristics. The optimized SSRR is used 

for reduction of mutual coupling in microstrip antenna 

array designed for wireless applications. An array of single 

ring SSRR is used as a metamaterial structure, which is 

placed over the antenna array as shown in Fig.6. The 

position of the SSRR array is changed to study the effects 

on mutual coupling in the antenna array. It provides 

comparable reduction in mutual coupling. 

 
a)                     b)  c) 

 

 
d) 

Fig. 6  a) top view of unit cell of the metamaterilal periodic 

structure b) equivalent inductance of the SRRR c) 

equivalent circuit of SRRR  d) overall structure of an 

antennas including SRRR  [19] 

In this paper [20], mutual coupling reduction between two 

microstrip patch antennas is achieved by using 

complementary split spiral resonators (CSSRs) as shown 

in Fig. 7.This structure is capable of reducing surface, 

guided and near waves within certain frequency band. The 

technique of metamaterial (MTM) structure that used to 

reduce the mutual coupling is the single negative material 

(SNG). This structure is easily etched, minimizes size of 

antenna compared to EBG, improves the isolation between 



          International Research Journal of Engineering and Technology (IRJET)      e-ISSN: 2395 -0056 

               Volume: 03 Issue: 03 | Mar-2016                       www.irjet.net                                                               p-ISSN: 2395-0072 

 

© 2016, IRJET                                                          ISO 9001:2008 Certified Journal                                                           Page 1067 
 

the antenna arrays, and widens the stop band. The split 

spiral shape resonator keeps the antenna having low-

profile, lightweight, and the far-field properties are 

practically unchanged. Also the proposed spiral shape 

resonator achieves a 23dB reduction in the mutual 

coupling and interference effects.Because of the opposite 

signs of the two parameters ε and µ, these structures can 

block the surface waves inside the substrate of the 

antenna and guide them in other directions. 

 

Fig. 7 Complementary split spiral Resonator (CSSR) unit 

cell [20] 

 

Fig.  8 simulation geometry of metamaterials using 

Complementary split spiral Resonator (CSSR) unit cell [20] 

In [21] MTM are nothing but unit cell of specific shape and 

material which are periodically arranged at intervals 

shorter than the specified wavelength. Since MTMs are 

generally not available in nature and one has to imposed 

them, they can be classified asi) Single negative MTM 

(SNG) ii) Double negative MTM (DNG)  iii) Electromagnetic 

Band-gap MTM (EBG)  Surface waves and radiated wave 

are the two causes for increased mutual coupling which 

affect the antenna performance.Thin Wire (TW), split ring 

resonator (SRR), omega, mushroom, Fishnet and many 

more. These structures can be constructed using either 

metal or any dielectric material. Every homogenous 

structure results into either into negative ε or negative µ 

or both. Each structure has its own advantages along with 

its limitations. TW results into negative ε and positive µ in 

desired frequency range which is decided by dimensions 

of TW structure which are described in fig. 9. 

 

Fig. 9 TW Structure [21] 

TW structure has negative refractive index and hence it 

can be used them for enhancement of isolation. An array of 

such TW structure had been placed between two antenna 

elements as well as at the radiation edge also and is shown 

in fig.10.Array of TW at the center helps to reduce mutual 

coupling due to surface waves. Array of TW at the 

radiating edge helps to reduce mutual coupling due to 

near field radiations. 

 

Fig. 10 Technique used for isolation Enhancement [21] 

TW structure not only enhances the isolation but also 

improves the antenna parameters also. 

In this paper [22], a metamaterial spiral resonator 

structure was used for reducing the mutual coupling 

between the elements of the microstrip array antenna .The 

proposed antenna with spiral resonator had the 5.5dB 

reduction of mutual coupling in comparison with the 

microstrip array antenna used alone. This comparison 

demonstrated that the unique capability of the 
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metamaterial structure reduced mutual coupling by 

suppressing surface waves. 

 
a)                                                               b) 

Fig. 11  a) A unit cell of periodic Structure b) view of array 

antenna with SR structure for 3 rows [22] 

2.3 USING DEFECTED GROUND PLANES (DGS) 
 

[23] A low mutual coupling design for two and four 

elements microstrip antenna array were proposed. A new 

distribution for dumbbell shaped defect on the ground 

plane of the antenna is inserted between the patches 

creating a band gap in the operation frequency band of the 

antenna. By suppressing the surface waves, it provides a 

very low mutual coupling between array elements. The 

DGS antenna was analyzed using a finite integration 

technique (FIT) and a mutual coupling reduction of 35.6dB 

was achieved. The analysis indicates that increasing 

number of dumbbells reduces the mutual coupling 

between elements. Radiation patterns have minimal 

change in the broadside direction but back lobe level is 

increased. However, the gain and the efficiency are 

decreased due to penetration of DGS in the ground plane.  

 
Fig.12 Five cells Dumbbell shape DGS between two 

elements array [23] 
 

Number of structures is available for DGS to reduce 

coupling between microstrip patches. 

 

2.2 USING EBG AND SRR 
 
In paper [24] One-dimensional electromagnetic bandgap 
(1-D EBG) and split ring resonator (SRR) structures were 
inserted between two closely located monopole antennas 
to suppress mutual coupling. The 1-D EBG and SRR 
structures in these planar multiple antennas function as a 
reflector and wave trap, respectively. With the effect of 
these two structures, the mutual coupling between the 
two antennas is reduced by more than 42 dB and the back 
lobes are reduced by 6 dB. 
The two-port planar antenna with1-D EBG and SRR 

structure was operated at 2.46 GHz as illustrated in Fig.13. 

The spacing between the two monopole elements was 

fixed at 24 mm (0.19λ0) antennas were fed via coaxial 

cables. The reference antenna and the antenna with the 1-

D EBG structures were fabricated to operate at the same 

frequency to investigate the effects of the 1-D EBG and 

SRR structures. 

 
Fig. 13 Configuration of planar multiple antenna with 1-D 

EBG and SRR structures a) fabricated antenna b) Thin wire 
c) Nested SRR structure [24] 

 

Inserting the SRR structure between the two EBG columns, 

the mutual coupling is additionally suppressed by more 

than 37.4 dB and the impedance matching property is also 

improved. 

3. CONCLUSION 
 
Survey shows the different techniques to reduce mutual 
coupling between antenna elements. Ideally it should be  

 to avoid mutual coupling. Keeping this spacing 

between elements is impractical due to space constraint. 
Hence it increases mutual coupling. Using 1-EBG and SRR 
structure between two radiating elements reduces the 
mutual coupling more compared to other techniques. We 
can incorporate bandwidth enhancement techniques like E 
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shape slots in radiating patch to increase bandwidth of a 
resonant frequency.  
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