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ABSTRACT In this paper, a novel wideband circularly polarized multiple-input multiple-output (MIMO)
dielectric resonator antenna (DRA) has been proposed for worldwide interoperability for microwave
access (WiMAX) applications. The mutual coupling (MC) between closely placed DRA units at 0.5λ has
been significantly reduced by using a new hybrid technique. The exclusive features of the proposed MIMO
antenna include wide impedance matching bandwidth (BW), broadband circular polarization (CP), and
suppressed MC between the radiating elements. The first step of hybrid technique is the employment of
parasitic patch at an optimized distance beside the conformal metal strip of the two identical rectangular
DRAs in order to generate CP wave along with a wide impedance matching BW over the same frequency
range. In the final step, the MC is suppressed significantly along with the broadband CP by placing the
DRAs diagonally at an optimized position. The proposed MIMO antenna is the hybrid of the parasitic patch
and the diagonal position of radiating elements. The CP BW offered by the proposed antenna is ∼20.82%
(3.58–4.40 GHz) in conjunction with an impedance-matching BW of∼38.51% (3.50–4.95 GHz). Moreover,
MC less than−28 dB is achieved over the entire band and−26 dB at 3.89 GHz (minimum of the AR) through
the hybrid technique. The prototype of the proposed antenna geometry is fabricated and measured. A good
agreement has been attained between the simulated and measured results.

INDEX TERMS MIMO antenna, DRA, parasitic patch, CP, conformal strip.

I. INTRODUCTION

Over a recent couple of decade, dielectric resonator anten-
nas (DRAs) attained the attention of researchers worldwide
due to the features such as high gain, temperature stability,
high radiation efficiency specially for higher frequencies due
to low ohmic losses [1]. As compared to microstrip patch
antenna DRA proves to be a better alternative in term of gain,
CP and impedance BW [2].
Inherently DRA possesses properties of wider BW if low

permittivity material is utilized. Additionally, The size of the
DRA is proportional to λ0/

√
εr ) where λ0 = c/f0 due to

The associate editor coordinating the review of this manuscript and
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this, the BW enhancement and miniaturization of the antenna
cannot be achieved at the same time [3] and [4]. In [5]–[7],
wider BW has been reported using perforated or fractural
DRA, however, these approaches make the design more com-
plicated and fragile. Moreover, the precise cutting of perfo-
rated DRA is a challenging task. This issue can be resolved by
using the parasitic patch without compromising on the DRA
size and shape. In the recent years, tremendous efforts have
been paid on wideband impedance matching and CP band-
widths. As circular polarized systems are insensitive to the
orientation of the transmitting and receiving antennas so it can
be utilized in various wireless applications. Many researchers
have attempted to attain CP by utilizing quadrature and dual
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feeding [8] methods but it has the limitation like increasing
in complexity of the antenna design and size.
An alternative approach to generate CP is through the par-

asitic patch. The use of a parasitic patch was first introduced
by [9] and later by [10] on the DRA. Approximately 116.7%
impedance bandwidth has been achieved by the use of a para-
sitic patch at the bottom of stacked fractal tetrahedron shaped
DRA, but the antenna is linearly polarized [5]. As reported
in [11], where very narrow BW of 2.4% is obtained by
placing the parasitic patch on hemispherical DRA. In [12]
excitation of chamfered rectangular DRA using probe feed
with parasitic patch reported a 3-dB AR BW of ∼10.06%.
CP bandwidth of 11.5% is achieved by placing the para-
sitic patch at an optimized distance beside cylindrical DRA
feed [13]. Furthermore, CP of ∼ 2.5% is attained in [14]
by placing the parasitic patch on top of Rectangular DRA.
In this design [15] strip is loading on the top of cylindri-
cal DRA; the antenna provides AR over a BW of 3.14%
below 3-dB for CP. Two orthogonal degenerated modes are
generated by employing the DR element on the edge of the
circular microstrip patch antenna. The CP radiation exhibits
an AR bandwidth of 3.7 % (2.39–2.48 GHz) [16]. In this CP
design [17] a parasitic patch is attached near a corner of the
DRA to generate circularly polarized fields. The said design
provides a 3-dB bandwidth of 11.8%, which is ∼3 times
of original design. Over a couple of decades, a significant
progress in wireless activities has boosted theMIMO antenna
technologies. For the wireless application, MIMO antenna
systems are used for long-term evolution (LTE) network,
wireless local area network (WLAN), and worldwide inter-
operability for microwave access (WiMAX). MIMO system
offers a better quality of services in non-line of sight (NLOS)
communication since it offers significantly wider BW of up
to hundreds of gigabit compared to a single input single-
output (SISO) system [18]. Additionally, MIMO antennas
have the capability to improve the channel capacity over a
limited available BW to attain a high data rate. One of the
main criteria to design the MIMO antenna system is having
low MC among the radiating elements of an array. Highly
efficient MIMO antenna cannot be designed through patch
antenna because of less radiation efficiency [19]. As DRA
possess high radiation efficiency and it’s not even degraded
in the array configuration. So, DRA is much more preferable
choice of the researcher for MIMO applications.
A great deal of work has been reported in the literature on

reducing MC between the DRA elements. In [20] by using
electromagnetic bandgap (EBG) structure∼13dB isolation is

achieved over desire frequency range however EBG make
the design more complicated. While on the other, side split
ring resonator (SRR) has been used [21] to reduce MC
at higher frequency i.e. 60GHz However, the gain radi-
ation pattern is not appropriate in the desired frequency
range. Isolation among the antenna radiators enhanced up
to ∼15dB, by using fractal DRA in [3] but the cutting
of DRA is very challenging. As one of the basic rea-
sons for MC between the antennas is propagating through

surface waves, that can we overcome by incorporating
defected ground structure (DGS) between the cylindrical
DRAs [7]. significantly MC reduces i.e. ∼16 dB by using
metamaterial polarization-rotator wall (MPR) between the
cylindrical DRA [22], nevertheless, all the above men-
tioned MIMO antennas are linearly polarized and in case of
antenna misalignment, antenna performance degrade dramat-
ically [23]. Most of the researcher focus on MIMO patch
antennas and proposed different techniques to reduce MC but
in parallel, no significant work has been done yet on MIMO
DRAs especially circularly polarized antennas except few are
accounted in the literature [23]–[27] to overcome the issues
of misalignment.

In this communication, a broadband circularly polarized
DRA MIMO antenna is proposed as it offers low MC
(|S21/S12 < −28dB|) between the DRAs having wider
impedance and the CP BWs of ∼38.5% and ∼20.82%
respectively. Along with this high diversity gain (DG) and
low envelope correlation coefficient (ECC) is observed. The
proposed antenna operates over a wide frequency range
of 3.50–4.95 GHz suitable for WiMAX [28].

This manuscript is organized as follow. Section II gives
the configuration of the single antenna element, followed by
transaction to proposed antenna array design, the operating
principle, BW enhancement, generating CP and discussion
on simulation results. Measurement results of prototype are
discussed in Section III. Finally, the conclusions are drawn
in Section IV.

II. ANTENNA CHARACTERIZATION

In this section, geometry of the single element along with
dimension andworkingmechanisms and simulated results are
explained.

A. SINGLE ELEMENT OF MIMO ANTENNA

Fig. 1 illustrates a rectangular DRA excited by E-shaped
conformal metal strip. Presently, conformal metal strip can
be used to replace conventional probe feed, Other feeding
mechanisms like coaxial feed having air gap issue which in
leads to frequency deviation [13], that is easily overcome
in a conformal feed. Furthermore, the conformal strip has
been used for good impedance matching as it couples energy
from source to DRA very efficiently [3]. The conformal
metal feeding strips were made up of conducting adhesive
copper tape which easily sticks to the DRA walls. The novel
E-shaped conformal feed consists of seven individually cut
strips.

After running the parametric sweep, the optimized feed
parameters were found to be H1 = 12 mm, b2 and b4 =
7.0 mm, b3 = 9.0 mm, and lengths l2 and l4 = 3.5 mm,
l3 = 5.0 mm and distance between feed and DRA edge
is b1 = 8.0 mm. The width of all the strips are optimized
at 1mm except w1 i.e. 2mm. The dimension of the rectan-
gular DRA is taken from [8] where, H = 26.1mm, B =
25.4 mm, and C = 14.3mm. The DRA is made up of ECCO-
STOCK HIK material having relative permittivity ǫr = 10.
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FIGURE 1. Geometry of the linearly polarized single element.

The parametric and simulated results are carried out in
commercially available software i.e. computer simulation
technology (CST-2017).
E-shaped conformal metal strip of single unit provide sim-

ulated reflection coefficient (S11) bandwidth of ∼ 7.85%,
covering the frequency range from 3.61-3.91GHz and gain of
∼ 5.2dBi over the same frequency range as shown in Fig. 2.
As single unit only excite the fundamental mode with in the
DRA therefore the design is said to be linearly polarized and
hence no axial ratio is attained.

FIGURE 2. Simulated S-parameter and Gain of the single unit.

B. LINEARLY POLARIZED MIMO ANTENNA

In this subsection, the geometry and dimensions of the lin-
early polarized MIMO-antenna is shown in Fig. 3 (a). The
two radiating elements are placed on an aluminum ground
plane of size 35 × 35 cm2. The edge-to-edge spacing (d)
between the radiating element is λ0/2, where λ0 is the wave-
length with respect to the lowest frequency of operation
i.e. 3.722 GHz, the feed of the proposed DRA has been
excited through discrete edge port in CST-2017 simulator.
Fig. 4 shows the design evolution phases, in the 1st stage,
as obvious, antenna-1 is an array of single unit, that has been
designed and simulated for the desired results, in 2nd stage

FIGURE 3. Transition from linearly polarized to proposed wideband
circularly polarized MIMO antenna (a) Antenna-1 (b) Antenna-2
(c) Proposed Antenna (Top View).

parasitic patch has been introduced as shown in antenna-2,
at an optimized distance to the E-shaped conformal metal
strip i.e., b6 = 0.5 mm. The optimized dimensions of the
parasitic patch are H2 = 11.50 mm and width b5 = 2mm.
In the last and 3rd step hybrid (parasitic patch and diagonal
position) technique has been introduced, which leads to the
final design of DRA. In all the stages the edge-to-edge spac-
ing (d) between the radiating elements is kept at λ0/2.
Simulated reflection coefficient (S11) and transmission

coefficient (S12) of all the three stages are depicted in Fig. 4.
The AR (3-dB) of antenna-2 and proposed MIMO is demon-
strated in Fig. 6. High MC and narrow impedance BW is
always undesirable in high-performanceMIMO antennas and
this is what illustrated in simulated results of antenna-1,
where a narrow S11 BW of 6.27% (3.62–3.84 GHz) and high
MC of −15dB have been obtained. The E-shaped feed only
excites the single fundamental mode (TEy

1δ1) inside the DRA,
whereas for the generation of CPwaves, it is required to excite
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FIGURE 4. Simulated S-parameters to illustrate the effect of change in
design.

two orthogonal modes with quadrature phase shift between
them.

C. CIRCULARLY POLARIZED MIMO ANTENNA

The antenna-2 has been designed by doing modifications in
antenna-1. CP has been achieved by incorporating a parasitic
patch as shown in Fig. 3 (b). The degenerate mode pair TE x

δ13
at 3.74 GHz and TEy

1δ3 at 4.4 GHz has been excited to gen-
erate circularly polarized wave. The simulated distributions
of electric field have been shown in Fig. 5. The simulated
mode frequencies are quite similar to those predicted by
dielectric waveguide model (DWM) [8] i.e. TEx

δ13and TE
y
1δ3

at 3.8GHz and 4.53 GHz respectively. For the generation of
CPwaves, the first condition of orthogonal modes is satisfied,
additionally, the minimum of CP of antenna-2 i.e. 3.90 GHz
is in between the degenerated modes, thus both conditions
for the generation of CP satisfied [13] and [28]. Moreover,
the S11 BW, has been improved signaficaly, as the para-
sitic patches help in achieving additional resonant frequency
which in turn lead to wider bandwidth [5]. The simulated
reflection coefficient |S11 ≤ −10dB| bandwidth of ∼30.12%
and CP bandwidth of ∼6.01% have been achieved as shown
in Fig.4 and Fig.6 respectively.

FIGURE 5. Distribution of electric field (a) TExδ13 at 3.74GHz
(b) TEy1δ3 at 4.4GHz.

High MC in low frequency band is due to the surface
waves coupling between feed elements [3] and based on
the simulated result, it can be seen that surface wave cou-
pling is more significant in low frequencies (3.55–4.1GHz)
of antenna-1 and 2. However, the CP bandwidth and isolation
between the radiating elements need to be improved futher
that is achieved in the proposed design.

D. PROPOSED WIDEBAND CIRCULARLY

POLARIZED MIMO ANTENNA

The proposed design of the wideband circularly polarized
MIMO antenna has been illustrated in Fig. 7. The final
geometry has been proposed on the basis of wide CP band-
width and enhanced isolation. The design has been achieved
by proper positioning of radiating elements as depicted in
Fig. 3 (c). Rigorous parametric analysis has been carried out
to obtain optimized DRA position. This optimized position-
ing of DRAs reduce MC throughout the entire band and a
broadband CP is achieved. As depicted from Fig. 4, a suitable
isolation by more than−28 dB is achieved on average (12 dB
at 3.65 GHz, 26 dB at 3.89 GHz, 16 dB at 4.85 GHz). And
a significantly wide CP BW of ∼21.23% is provided as
shown in Fig. 7. The entire AR bandwidth completely falls
within the simulated impedance-matching BW of ∼ 34.51%
(3.61–4.65 GHz).

FIGURE 6. Simulated Axial Ratio to illustrate the effect of change in
design.

In order to further analyze the performance of wideband
circularly polarized MIMO antenna by plotting surface cur-
rent distribution on the E-shaped conformal strip at a min-
imum of AR i.e. 3.89 GHz of all 3 modified antennas as
presented in Fig. 8. In antenna-1, when port-1 is excited high
MC is observed between the DRAs as high current is coupled
to the other DRA. To reduce the MC, a parasitic patch is
incorporated although this step reduces MC a bit as provided
by antenna-2. By positioning the DRAs at optimized diagonal
location, the isolation enhanced dramatically and because of
this very less amount of current is coupled to the other radiator
this is obvious from the Fig. 8.
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FIGURE 7. Geometry of proposed Wideband Circularly Polarized-MIMO
antenna.

TABLE 1. Comparison with other mimo antennas.

TABLE 2. Comparison with other MIMO antennas on basis of CP.

Furthermore, Table-1 compares the performances of pro-
posed antenna w.r.t the previous work on the basis of tech-
nique, BW (S11), isolation and CP. In parallel comparison
of 3-dB AR performance between different circular polariza-
tion generated by MIMO antennas are given in Table-2.

III. RESULTS AND DISCUSSION

The wideband circularly polarized-MIMO antenna is
designed by using rectangular DRA. Both the elements are
made up of ECCOSTOCK HIK material having dielectric
constant ǫr = 10. Radiators are placing on the aluminum

FIGURE 8. Surface Current distribution for (a) Antenna-1,
(b) Antenna-2 and (c) proposed antenna.

ground plane of 35× 35 cm2.on the other side for simulation
and optimization commercially available software CST-2017
is used. For fabrication purpose conformal strip made up
of cutting the copper adhesive tape and solder to the inner
conductor of SMA connector. Each Antenna is fed by the
respective 50� coaxial probe. Measurements of the radiation
performance of the Far-field parameters (3-dB AR, Gain and
radiation pattern) were attained using a Satimo Start Lab
System.

A. RETURN LOSSES

Fig. 10 demonstrate simulated and measured reflection coef-
ficients of the prototype. The reflection coefficient was mea-
sured using an 8722ES agilent network analyzer (VNA)
in an open air condition where simulated results are vali-
dated throughmeasured results. Proposed antenna cover wide
impedance BW S11/ S22 < −10 dB of ∼38.51% that is
achieved over the frequency band of 3.5–4.95 GHz. Mea-
sured MC S21/ S12 < −28 dB is achieved over the entire
band. good agreement is attained between the simulation and
measurement, and the small discrepancy is mainly caused by
the experimental imperfections and fabrication errors. There
are two modes visible in S11(simulated and measured) graph,
these modes are because of introducing a parasitic patch to
the E-shaped conformal strip at an optimized distance.
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FIGURE 9. Photograph of fabricated circularly polarized wideband
MIMO-antenna (a) Front View (b) Top View.

FIGURE 10. S-parameters of the circularly polarized wideband
MIMO-antenna.

B. AXIAL RATIO

AR of the proposed design is computed and measured as
shown in Fig. 11. From the measured results, it is clear that
the diagonally positioned DRAs offers a wide impedance BW
of ∼21.23%. CP of the MIMO antenna is in conjunction with
in impedance matching BW of ∼38.51%. Fig. 11 The tested
results are closely concurrence with the simulated results.

FIGURE 11. Axial ratio of the circularly polarized wideband MIMO
antenna.

C. DIVERSITY ANALYSIS

The performance and capabilities of the MIMO antenna are
endorsed through envelope correlation coefficient (ECC),
in ideal case ECC should be zero [29], but practically limit
for better ECC is < 0.5. The formula to calculate ECC using
S-parameters is

ρe = |S11S12 + S21S22|2
(

1 − |S11|2 − |S21|2
) (

1 − |S22|2 − |S12|2
) (1)

ECC can be computed by using far-field radiation patterns
with the help of Equation (2)

ρe =

∣

∣

∣
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It is clear from Fig. 12 that measured ECC for the proposed
wideband circularly polarized MIMO antenna has < 0.04 for
the entire band.

FIGURE 12. ECC and diversity gain of the circularly polarized wideband
MIMO antenna.

DG is another parameter to validate the performance of the
MIMO antenna. Ideally, the value of DG is 10 but practically
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FIGURE 13. Radiation patterns at 3.89 GHZ of the circularly polarized
wideband MIMO antenna.

FIGURE 14. Gain of the circularly polarized wideband MIMO antenna.

more than 6 is considered good [29], the value of measured
DG for the proposed wideband CP-MIMO antenna is greater
than 8 dB as shown in Fig. 12. Following relation can be used
to calculate the DG of the MIMO antenna.

DG = 10
√

(1 − ρ2
e (3)

D. RADIATION PATTERNS AND GAIN

Fig. 13. depicts the simulated and measured tested 2D radi-
ation patterns at 3.89 GHz (minimum of AR frequency).
The left-hand CP (LHCP) and right-hand CP (RHCP) tested
patterns are plotted It is evicted that in both phi = 00 and
phi = 900 planes, LHCP-radiated fields are dominated over

RHCP fields by >25 dB. On the other side, the tested gain of
a proposed MIMO antenna is calculated by taking a standard
high gain broadband horn antenna (LB-10180) as a reference
antenna.

From Fig. 14 simulated and measured gain offered by the
proposed antenna is 6.5 dBi and∼6.2 dBi respectively across
the whole CP BW

IV. CONCLUSION

Wideband circularly polarized DRA-MIMO antenna has
been studied in this article, isolation between the radiators
are enhanced by introducing the parasitic patch and further by
incorporating the diagonally position of DRAs. CP achieved
due to the parasitic patch which in result not only wide
the impedance matching BW but also responsible for the
degeneration of two orthogonal modes (TEx

δ13and TEy
1δ3).

An important diversity performance parameter for MIMO
antenna like diversity and DG results are found to be in an
acceptable limit. moreover, the proposed antenna is fabricated
and tested, simulated scattering parameters agree well with
the measured scattering parameter. The antenna may find its
use in WiMAX application.
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