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ABSTRACT: In this paper, a novel decoupling strategy for a MIMO antenna is proposed. This MIMO antenna system consists of two
symmetric inverted L shaped antenna elements. To improve the isolation between radiating antenna elements, split ring arrays, neu-
tralisation line, and ground slots are employed. The MIMO antenna operates at 6.27GHz. Neautralization line aids in cancelling the
coupling by introducing reverse coupling. Ground slots introduce band-stop characteristic to nullify the coupling effect, and split ring
array blocks the electromagnetic coupling reaching the other antenna element. The isolation parameters |S12| and |S21| obtained are
less than −21 dB. The diversity parameters envelope correlation coefficient and diversity gain are investigated. Envelope correlation
coefficient is within acceptable limit. These diversity parameters indicate that good diversity performance is achieved by the proposed
MIMO antenna. Measured results are in good agreement with simulated ones. The suggested antenna is appropriate for many wireless
applications, including IEEE 802.11 and 802.16 standards, as we deal with the sensitive environment.

1. INTRODUCTION

Many modern telecommunications standards have em-
braced multiple antenna technology, multiple-input

multiple-output (MIMO), particularly in the consumer area,
because it provides significant advantages over equivalent
systems that use single antenna transceivers, single-input
single-output (SISO). The signalling degrees of freedom
brought about by many antennas at the sender and receiver
were absent from SISO systems. This refers to the spatial
degree of freedom. It can be used for “diversity,” “multi-
plexing,” or a combination of the two. When the same signal
is generated in numerous copies, the signal-to-noise ratio
increases, increasing the chance of data delivery unaffected
by fading. MIMO technology enhances radio frequency (RF)
network capacity, which reduces congestion and enhances
connection reliability. Wi-Fi networks and cellular 3G/4G
LTE are two prominent examples of how MIMO has become
more prevalent in RF/Microwave communication technologies
over the past few decades. It is difficult to achieve an ideal
isolation in a small package, although they can greatly enhance
the channel capacity.
Numerous methods for improving antenna element isolation

to decrease the coupling impact are available in the literature.
To increase isolation,MIMOantenna design incorporates po-

larisation diversity technique. An excellent isolation perfor-
mance is achieved by placing the two feed points orthogonally,
which guarantees that each planar inverted F-shape antenna
(PIFA)’s dominant polarisation is opposite to the other [1]. To
increase isolation at the lower band edge, a rectangular slit was
added from the bottom left of the ground plane. The slit on
the ground plane causes a noticeable decrease in surface cur-
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rent density [2]. With loaded inverted L-monopole antenna el-
ements using split-ring resonators (SRRs), an improved level of
isolation is found by presenting a MIMO architecture in which
SRRs inhibit the overall inter-element interaction [3].
Two similar monopole antenna (MA) elements are posi-

tioned on one side of the substrate. Assigning the opposite side
of the substrate to the ground plane with the flag-shaped stub
lowering mutual coupling and promoting the isolation between
antenna elements. It is demonstrated that the new coupling path
generated by the flag-shaped stub cancels out the originally es-
tablished coupling between the MAs [4]. Partially extended
ground (PEG) arm and ground stub lead to lower coupling be-
tween two ports and a restriction on the current to link [5].
In order to control the mutual coupling between radiators,

the MIMO antenna is connected to each partial ground and em-
ploys a T-shaped isolator to restrict the coupling effects [6].
The antenna is made up of two radiating patches with sym-
metric L-shaped slots and folded microstrip lines. An isola-
tion line connects the two patches to lessen the coupling effect
between ports. CSSRs are used to regulate resonance frequen-
cies and improve isolation. To strengthen the isolation between
the ports and neutralise mutual coupling, an isolation line is
connected between the two rectangular radiation elements [7].
In order to reduce the mutual coupling between the radiating
patches, a neutralisation line is used. The current is flowing in
the opposite direction on the rectangular strip and at the centre
ground plane. This results in the field being cancelled, which
improves the isolation between the two radiating elements [8].
Its ground plate includes four inverted L-shaped grooves etched
into it to reduce the mutual interaction between adjacent an-
tenna elements [9].
Electromagnetic band gaps (EBGs) are structures that have

been utilised to reduce mutual contact between antenna ele-
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FIGURE 1. Schematic of (a) top view and (b) bottom view of a designed two element MIMO antenna without SRA-DGS-NL.

 

(a) (b)

FIGURE 2. Schematic of (a) top view and (b) bottom view of a designed two element MIMO antenna with SRA-DGS-NL.

ments. The EBG configuration’s resonance indicates that the
EBG edge impedance is very strong close to the resonant fre-
quency, which causes waves striking the EBG structure to be re-
flected in phase [10]. In order to provide stronger isolation be-
tween the elements, L-shaped meta-rim extended ground stubs
provide an additional longer electrical channel for surface cur-
rent between the two ports [11].
The MIMO configuration uses three sets of hexagon-shaped

split ring resonators (HSRRs) to provide decoupling. A fre-
quently employed synthetic magnetic material is split ring res-
onator. Its band-stop filter properties help decrease coupling
currents in addition to efficiently countering the free-space cou-
pling between the MIMO sections [12]. A switchable band-
stop filter is employed as a decoupling mechanism to develop
a small reconfigurable MIMO antenna [13]. The issue of mu-
tual separation between adjacent radiating elements has been
enhanced with the inclusion of a vertical decoupling strip to the
rear of the two-port diversity MIMO antenna [14].
A unique complementary modified Minkowski fractal

(CMMF) is suggested to be used in a smaller U-formed ultra-
wideband (UWB) MIMO antenna for isolation enhancement.
A specifically modified Minkowski fractal-shaped slot was
added to the ground plane to boost isolation. It is noted that
there is enough current coupled close to the CMMF. As a
result, CMMF decreased the coupled current density close
to the UWB-MIMO antenna’s second U-shaped monopole
element [15]. To enhance the isolation in the sub-6GHz band,

a Dual Negative unit cell isolator, inspired by metamaterials,
is placed precisely across the side of the tightly spaced antenna
elements. The redesigned W-shaped antenna elements contain
an isolator, which is a 2 × 1 array of metamaterial unit cells.
The metamaterial unit cell array’s effective enhancement
in isolation level is confirmed by the surface current sup-
pression [16]. Compared to side-by-side arrangement, the
orthogonal orientation improves the isolation between antenna
parts [17].
In this paper, the novelty in decoupling structure is in-

troduced which includes neutralization line (NL), defective
ground structure (DGS), and split ring array (SRA) in order to
lower the coupling effect.

2. MIMO ANTENNA DESIGN AND FABRICATION
In this section, a detailed antenna design and its schematic is
illustrated. Further, figures of fabricated prototype of MIMO
antenna (i) without SRA-DGS-NL (ii) with SRA-DGS-NL are
also presented.

2.1. Fabrication of Designed Two Element MIMO Antenna

In this section, figures of a schematic and fabricated two ele-
ment MIMO antenna have been provided.
Figures 1 and 2 show the schematic of top and bottom views

of a MIMO antenna without and with SRA-DGS-NL, respec-
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FIGURE 3. Photographs of (a) top view and (b) bottom view of a designed two element MIMO antenna without SRA-DGS-NL.

(a) (b)

FIGURE 4. Photographs (a) top view and (b) bottom view of a designed two element MIMO antenna with SRA-DGS-NL.

tively. Further, Figs. 3 and 4 show photographs of the corre-
sponding fabricated prototypes. The design concept calls for
the placement of identical inverted L-shaped antenna elements
fed by microstrip feeding on top of the dielectric substrate.
Slots are etched into the ground plane to improve impedance
matching and isolation between the antenna elements. The sub-
strate used is epoxy FR4, which has a thickness of 1.6mm and
a dielectric constant of 4.4. The antenna resonates at 6.27GHz
and takes up a very small space (18× 26mm2). Spit ring array
is included between the antenna elements to reduce the coupling
effect.
Table 1 gives the detailed dimension of a two-elementMIMO

antenna considered in this study.

3. RESULTS AND DISCUSSION
The proposed antenna has been simulated using commercially
available ANSYS HFSS simulation software, and various pa-
rameters such as S-parameters, gain and radiation patterns are
investigated and extracted for MIMO antenna without and with
SRA-DGS-NL.

TABLE 1. Dimensions of the two element MIMO antenna.

Parameters Dimesnions
(mm)

Parameters Dimesnions
(mm)

Wa 26.0 La 18.0
Wb 6.0 Lb 15.0
Wc 9.0 Lc 1.5
Wd 4.5 Ld 1.0
We 0.5 Le 1.0
Wf 1.5 Lf 2.0
Wg 7.0 Lg 0.5
Wh 3.0 Lh 3.0
Wi 3.5 Li 3.5
Wj 3.0 Lj 10.0
Wk 2.0 Lk 6.5
Wl 2.0 Ll 0.5
Wm 1.0

3.1. Simulated and Measured S-Parameters
Figure 5 shows the simulated results of return loss |S11| andmu-
tual coupling coefficient |S12| for both the cases, i.e., without
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FIGURE 5. Simulated |S11| and |S12| of a MIMO antenna without and with
decoupling structure.

FIGURE 6. Measured (a) |S11| and |S12| of a MIMO antenna without
and with decoupling structure.

(a) (b)

FIGURE 7. Simulated DG and ECC. (a) Without SRA-DGS-NL. (b) With SRA-DGS-NL.

and with SRA-DGS-NL. From the figure it is seen that, in the
case of without SRA-DGS-NL, antenna resonates at 5.99GHz
with return loss |S11| being −17.71 dB, mutual coupling coef-
ficient |S12| below −10.51 dB, and gain of the antenna being
1.77 dBi. With SRA-DGS-NL, antenna resonates at 6.27GHz,
with |S11| being −53.10 dB, |S12| being −21 dB, and gain ob-
tained being 2 dBi. A slight shift in the resonant frequency as
compared to that without SRA-DGS-NL decoupling structure
is seen and is due to insertion of split ring arraywhich adds reac-
tive loading effect to the structure. The reactive loading effect
causes changes to the reactive elements value, i.e., inductance
and capacitance variations due to which drift in the resonant
frequency is observed. |S22| and |S21| parameters are the same
as that of |S11| and |S12|, respectively as the two antenna ele-
ments are identical. The inference made on the results is that
isolation enhancement around 10.5 dB is obtained by including
SRA-DGS-NL decoupling structure.

Experimental investigation is carried out with the help of a
vector network analyzer. Fig. 6 represents the measured results
for the above mentioned s-parameters. Analysis on the results
depicts that measured and simulated results are in good agree-
ment.

3.2. Diversity Performance

In applications involving diversity and MIMO, the correlation
among signals obtained by the corresponding antennas at the
side of a wireless link is a critical aspect in determining the ef-
fectiveness of the system. The envelope correlation coefficient
is frequently used to assess a multi-antenna system’s diversity
capabilities.
In general, the far-field radiation pattern [18, 19] or the scat-

tering parameters from the antenna system [20] can be used to
calculate the envelope correlation coefficient of an antenna ar-
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(a) (b)

FIGURE 8. Measured DG and ECC. (a) Without SRA-DGS-NL. (b) With SRA-DGS-NL.

(b)(a)

FIGURE 9. Simulated radiation pattern. (a) Without SRA-DGS-NL. (b) With SRA-DGS-NL.

ray. According to [20], the following equation may be used to
calculate the envelope correlation coefficient ρe (See Eq. (1) of
a two antenna system):

ρe =
|S∗

11S12 + S∗
21S22|2

(1− |S11|2 − |S21|2) (1− |S22|2 − |S12|2)
(1)

Envelope correlation coefficient ρe < 0.5 is the acceptable
limit for good diversity performance.
Another diversity parameter is diversity gain (DG). It defines

how well a signal is transmitted with the minimum loss dur-
ing transmission. It is given by the following expression (see
Eq. (2)) [20]

DG = 10
√
1− |ρe|2 (2)

Figures 7(a) and 7(b) show the simulatedDG and ECC for the
MIMO antenna without and with SRA-DGS-NL, and Figs. 8(a)
and 8(b) show the measured DG and ECC for the MIMO an-
tenna without and with SRA-DGS-NL. From the figure it is ob-
served that ECC ismuch reducedwhen the decoupling structure
is included and found to be less than 0.0027, and diversity gain
(DG) is nearly 10 dB. Therefore, the proposed work suggests
that diversity parameters are excellent, and antenna elements
are well isolated from one another.
Radiation patterns at ϕ = 0◦ and ϕ = 90◦ for the two el-

ement MIMO antenna without and with SRA-DGS-NL are as
shown in Figs. 9(a) and 9(b), respectively. From the figures it is
observed that stable and omnidirectional radiation patterns are
obtained. Figs. 10(a) and 10(b) depict the measured radiation
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FIGURE 10. Measured radiation pattern. (a) Without SRA-DGS-NL. (b) With SRA-DGS-NL.

TABLE 2. Performance evaluation of two element MIMO antenna.

Antenna Configuration
Resonant
frequency
(GHz)

|S11|
(dB)

|S12|
(dB)

|S22|
(dB)

|S21|
(dB)

ECC
DG
(dB)

Without
SRA-DGS-NL

Simulated 5.99 −17.71 −10.51 −17.71 −10.51 0.023 9.99732
Measured 6.13 −17.80 −11.53 −17.80 −11.53 0.01 9.99955

With
SRA-DGS-NL

Simulated 6.27 −53.10 −21 −53.10 −21 0.0027 9.999963
Measured 6.39 −16.64 −17.73 −16.64 −17.73 0.0033 9.999943

TABLE 3. Comparison of parameters considered in the present study with the published work.

Ref. Antenna size (mm×mm) Resonant Frequency (GHz) Isolation (dB) ECC DG
[12] 45× 40 5.08–6.30 < −25 < 0.1 -

[21] 20× 34
2.11–4.19
4.98–6.81

< −21 < 0.004 > 9.97

[22] 100× 60 2.4, 5.2 and 5.8 < −18, < −38, and < −34 < 0.04 -
[23] 18.5× 56 2.5, 3.7, 4.3 and 5.5 < −20 <0.05 > 9.98

Present study 18× 26 5.68–6.56 < −21 < 0.0027 > 9.99

patterns at ϕ = 0◦ and ϕ = 90◦ degree which have a good
agreement with the simulated results.
Table 2 shows the performance evaluation of Two Element

MIMO Antenna, from the data it can be infer that mutual cou-
pling with SRA-DGS-NL is reduced by about 10.5 dB com-
pared to mutual coupling without SRA-DGS-NL. The mea-
sured and simulated readings correlate well with each other.
The influence of SMA connector soldering, substrate losses,
and measurement conditions are the causes of the slight varia-
tions between the measured and simulated findings.

3.3. Comparison and Implications

Table 3 summarises the performance of proposed MIMO an-
tenna reported in this article compared to the published re-
search. The obtained results are summarised according to the
number of parameters, including isolation, frequency band, an-
tenna size, ECC, andDG. From the data reported in Table 3, it is
noted that the suggestedMIMO antenna has a few standout fea-
tures, including strong isolation, decreased ECC, and enhanced
DG, all of which point towards good diversity performance.
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4. CONCLUSIONS
This paper has described a two-port MIMO antenna that utilises
an SRA-DGS-NL decoupling network. The antenna resonance
and isolation achieved are 6.27GHz and below −21 dB. The
comparison made without and with SRA-DGS-NL decoupling
network indicates that isolation enhancement around 10.5 dB is
obtained with SRA-DGS-NL. The envelope correlation coeffi-
cient of less than 0.0027 is achieved, and diversity gain close
to 10 dB is achieved. The isolation improvement is due to DGS
which acts as a band-stop filter, split ring which blocks the radi-
ations coupling to the other antenna element, and neutralization
line reverses the coupling effect. The findings obtained show
that the suggested antenna performs well in terms of diversity
and is appropriate for a range of wireless applications, includ-
ing WiLAN, WiMAX, and sub-6GHz applications.
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