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ABSTRACT: Wireless-enabled gadgets pack a lot of functionality into a small package, which necessitates
much bandwidth for speedier data transfer. This paper discusses the characteristics of two-element multiple-
input and multiple output (MIMO) antenna systems operating in ultra-wideband (UWB). The close proximity
of the antenna components results in high mutual coupling. The unique chain-structured parasitic element
is introduced on the radiator to enhance isolation and acts as a decoupling structure. The physical dimension
o of the substrate is 21.5x34x1.6 mma3. The addition of a decoupling structure enhances isolation by more
than 15 dB for the working frequency range of 4.5-13 GHz. Additionally, the diversity characteristics of MIMO
are examined, (Envelope Correlation Coefficient (ECC)<-0.05 dB, Mean Effective Gain (MEG)<-3dB, Total
Active reflection coefficient (TARC) <-10 dB ratio, and CCL< 0.4 bps/Hz outcome confirming that the
suggested MIMO architecture is well-suited for applications involving wireless communication.

Keywords: MIMO, isolation, chain-structured parasitic element, ECC, DG, CCL
Abbreviations: MIMO. Multiple-input and multiple outputs; PCM, UWB ultra wide bandsmen, Mean Effective Gain.

I. INTRODUCTION

Wireless communication is the most preferred channel
for transmitting and receiving information in modern
portable electronic devices. These devices offer multiple
features that demand large bandwidth for seamless
operation. The ultra-wideband (UWB) technology
provides 7.5 GHz unlicensed bandwidth in the frequency
range of 3.1 to 10.6 GHz [1]. In recent years UWB has
been widely studied and wused in near-field
communication due to its outstanding features like low
power and large frequency spectrum. The short pulses
used in UWB communication cause multipath fading due
to diffraction [2]. Multiple-input and multiple output
(MIMO) technology are used in conjunction with UWB to
take advantage of UWB and overcome the issue of
multipath channel fading. MIMO technology is a major
key factor in the exponential growth of wireless
communication technology. The MIMO provides
extensive coverage, improved spectral efficiency,
enhanced QoS, and high-speed communication. The
multiple antennas at the transceivers help improve the
spatial multiplexing, and the low bit error rate increases
the system's throughput [3-4]; Mutual coupling occurs
when multiple antennas are put in close proximity in a
MIMO system. The literature describes numerous
techniques to enhance the isolation in MIMO antennas.
These approaches are broadly categorized as
suppressing coupling current and alternate current
channels. Isolation enhancement techniques such as
defected ground structure (DGS), meta-material loading,
and filters behave as band-stop filters and suppress the
coupling effect [5-14]. On the contrary, matching
networks, neutralization line (NL), and embedding
parasitic elements provide a local alternate current path,
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so the coupling current should not reach the neighboring
antenna element. An inset-fed rectangular two-port
antenna operating in the UWB range is presented in [6].
An electromagnetic band gap arrangement between the
antennas improves the isolation among the elements. In
[8], an orthogonal configuration with the shared structure
is proposed for the reduction of mutual coupling in the
two-port MIMO antenna. The different structures and
their impact on designing the UWB antenna are
illustrated in [9]. In [10], a hybrid construction formed of a
rectangle and a circular with a reduced ground plane
illustrates UWB functionality. Furthermore, the designed
antenna is placed orthogonally with the common ground
plane to eliminate mutual interaction among the inter-
components. Authors in [12] show microstrip fed rhombic
shape slot antennas. The suggested design improves
isolation by employing parasitic components and putting
the antennas perpendicular to each other, allowing the
coupling current to be neutralized. Two-port UWB MIMO
antenna based on the NL is presented [14]. The
suggested design cancels out the coupling current
between the components by creating an out-of-phase
current of equal magnitude. The literature reveals that
most of the work employs decoupling structures such as
defective ground structures, orthogonal antenna location,
orientation, and loading parasitic components onto the
radiator to improve isolation. Maintaining consistent
radiation characteristics while designing a compact
MIMO antenna with strong isolation and a broader
impedance bandwidth is difficult.

This study provides a two-element MIMO design that
operates in the UWB band. The physical dimension of
the proposed design is 21.5x34x1.6 mm3,
demonstrating an S11 ranging from 4.5 GHz to 13 GHz.
The unique chain-structured parasitic element is
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introduced between the components to function as a
decoupling framework. The ground plane is adjusted to
achieve the required reflection coefficient curve. The
projected design has isolation better than the 18 dB
across the bandwidth, diversity features are also
examined, and results demonstrate their values are less
than the minimum levels required for MIMO
applications.

1. MIMO ANTENNA DESIGN

1. Single Element Design

The conventional circular monopole antenna is
designed with a radius of 5.6 mm, having a fullground
plane to resonate at the frequency of 7.5 GHz. The
designed antenna demonstrates the resonating
frequency of 11 GHz due to poor impedance matching.
To realize the UWB spectrum, the circular monopole
antenna is modified by embedding an ellipse in between
the feedline and radiator, and the ground plane is
lowered. The reduction of a ground plane and
modification to the circular radiator creates the current
discontinuities and helps in realizing theUWB spectrum.
The antenna design operates in the frequency range of
4-12 GHz with the realvalue of the impedance around
50Q and an imaginary value of approximately zero as
illustratedin Fig. 1.

13

Fig. 1. The Projected circular monopole antenna (a)
radiating (b) ground plane. (Dimensions are in mm).

The following equations are used to build a circular
monopole antenna in the first step.The radius (r) of the
circular patch is determined by

F

r= (@))]

2h

nerF(In(5r)+1.7726]

Where F is given by,
_8791x 10°

e @)
The fringing field spreads from the patch boundary to the
ground plane, resulting in the effective radius. The
fringing field around the circular patch may increase the
radius of a circle. Therefore, the effective radius (refy) is

determined as shown below

7o e 18412c
eff= s 3)

Where C=3x 10! mm/sec.

2. Two Element MIMO Antenna Design

The UWB antenna is horizontally mirrored with a spacing
of 10 mm (less than the quarter wavelength, A calculated
at the frequency of 4 GHz) to form a two-port UWB
antenna. The ground plane of the single-element antenna
is extended across the width of the substrate of the two-
port antenna as illustrated in Fig. 2. This arrangement
leads to poor isolation among the antenna elements. To
enhance the isolation among the MIMO antenna
elements, a unique chain- structured parasitic element
called as neutralization line (NL) is installed as a
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decoupling structure among the antennas of the MIMO
system. The parasitic element creates local current
channels that neutralize the coupling effect from the
excited antenna and helps in isolation improvement as
illustrated in Fig. 3. The two-poet UWB antenna operates
from 4.5 GHz to13 GHz, providing an isolation of better
than 20 dB across the impedance bandwidth except in
the operating frequency range of 9-10 GHz, where
isolation is better than 18 dB.
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(a) radiating (b) ground plane. (Dimensions are in mm).
Fig. 2. The Projected two-port MIMO antenna
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Fig. 3. The Projected two-port MIMO antenna (a)
reflection coefficient (b) transmission coefficient.

The described design employs FR4 as a substrate. The
physical size is 0.4Ax0.5Ax0.02A, resulting in impedance
bandwidth ranging from 4.5-13 GHz. Following a
thorough parametric analysis, the appropriate physical
dimensions are determined.

A. Surface Current Distribution

As demonstrated in Figure 4, the surface flow of current
is presented at the resonant frequency of 9.7 GHz and 11
GHz. This is performed by activating one port and
deactivating the other. The graphic demonstrates that the
feedline, NL, and ground plane have the highest current
concentration. The current concentration ensures that the
NL prevents the coupling field from reaching the adjoining
antenna, resulting in enhanced isolation.
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Fig. 4. The plots of surface current of the antenna (a)
9.7 GHz and (b) 11 GHz.
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3. Parametric Investigation of Two-Port MIMO Antenna

A. Effect Decoupling Structure

The effect of decoupling structure is studied and is
illustrated in Fig. 5. The results reveal that the minimum
isolation S21 obtained without decoupling structure is 15
dB which is very low for a good MIMO antenna. After
embedding a unique chain-structured parasitic element
called as neutralization line (NL) as a decoupling
structure among the antennas in the radiating part of the
MIMO antenna the isolation is enhanced upto 20 dB.

= without decopuling str. S11
.5 p== without decopuling str. S21
= with decopuling str. S21

S-Parameters (dB)

-40

4 6 8 10 12
Frequency (GHz)

Fig. 5. Effect of decoupling structure.

B. Effect of distance between the elements

To fix the optimum distance between the element an
analysis is performed on a connected ground plane
MIMO structure where the distance between the two
radiating elements is varied, and the effect of surface
wave coupling is studied. Fig. 6 (a) indicates that at 9.5
mm, the minimum isolation obtained is 10 dB in the band
of interest. For 11.5 mm, the isolation is best however the
S11 and S22 are not optimum as can be seen in Fig. 6(b).
At 13.5 mm, the structure resulted in better minimum
isolation of 18 dB throughout the frequency of interest
with co related S11 and S22 as illustrated in Fig. 6 (a) and
(b), respectively.
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Fig. 6. Effect of distance between the elements (a)
Isolation (S21) (b) S11 and S22.

Ill. RESULTS AND DISCUSSION

The proposed antenna is simulated in high-frequency
structure simulation (HFSS) version 2014. The solution to
the model is obtained using the finite element method
(FEM) with a meshing of 0.333.

1. Scattering parameters Gain and Radiation Pattern
The proposed antenna is fabricated and the prototype is
illustrated in Fig. 7. The single-element antenna has
generated impedance bandwidth ranging from 4-12 GHz.
When the antenna is mirrored horizontally with connected
ground to form a MIMO design it results in impedance
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and width ranging from 4.5 -13 GHz under simulation and
4.7-12.8 GHz under measurement as illustrated in Figure
8. Also, it can be seen that the simulated and measured
result are closely correlated with each other. The
proposed antenna has good gain at the operating bands
with 7.25 dB at 9.7 GHz and, 7.39 dB at 11 GHz, as
illustrated in Figure 9. The two-port MIMO antenna
radiation pattern is depicted in Figure 10, wherein it can
be read that at both the operating frequency stable
radiation performances are achieved.

(b)

Fig. 7. The fabricated two-port MIMO antenna (a)
radiating (b) ground plane.
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Fig. 8. Simulated and measured results S11 and isolation
S21 of proposed MIMO antenna.
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Fig. 9. 3D Gain of the two-port MIMO antenna at (a) 9.7
GHz and (b) 11 GHz.

2ok mima? 4

2ele_mimo2 4
—nmE- .

-~ 4B{GainTotal

Setupt ; Sweg gﬂdB (GainTotal)

oY ¢ Bht i ‘ up ;Svm

Freqe"9.76Hz Fm- Udeg Freqe11GHT Fhll'ﬂdeu'
dB(GainTotal)

dB{GainTotal) ‘

Setupl : Sweep Selup! : Svee
. Freq=9.7GHz F‘hil!')d Frqu'ﬁGHz‘ Fﬂi-'ﬁﬂdeﬂ

Fig. 10. Radiation pattern of proposed MIMO antenna at
(a) 9.7 GHz and (b) 11 GHz.

2. Diversity Parameters

MIMO antenna should satisfy certain diversity
parameters such that the proposed design is accepted
universally. We have calculated the ECC, DG, CCL, and
TARC using the S- parameter approximation method.
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Envelope Correlation Coefficient (ECC): ECC represents
the radiation pattern independence from each MIMO
element [19] and is mathematically calculated as given in
equation 4. For the proposed MIMO antenna, obtained
ECC is < 0.00142 for all the respective bands, as shown
in Figure 11.
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Fig. 11. ECC results of proposed MIMO antenna.

Directive Gain (DG): The MIMO antenna should have a
comparatively high signal-to- noise ratio to that of a single
element and is mathematically calculated as given in
equation 5. The DG should be close to 10. For our design,
the DG has resulted in 10 for all bands, as displayed in
Fig. 12.

DG = 10V1 — |ECCP? (5)

Channel Capacity Loss (CCL): The MIMO antenna
throughput is maximum when the bit error rate is low and
is mathematically calculated as given in equation 6. For
good design, the CLL should be less than 0.4b/s/Hz. The
proposed MIMO antenna has a maximum CCL of
0.31b/s/Hz, as shown in Fig. 13.
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Fig. 12. CCL results of proposed MIMO antenna.
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Fig. 13. TARC results of proposed MIMO
antenna.

Mean effective gain (MEG): It depicts the
antenna's average power ratio emitted to
an incident concerning the isotropic
environment and is mathematically
calculated as given in equation 8 and is
illustrated in Figure 14.
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Fig. 14. MEG results of proposed MIMO antenna.

IV. CONCLUSION

This paper describes a two-port MIMO antenna with a
neutralization line as a decoupling structure that
operates in the UWB band. The unique chain-structured
parasitic element form decoupling structure that links
both antenna elements improves isolation between the
antenna elements. The decoupling structure in the
projected design creates an identical current having out
of phase compared to the exciting antenna. Therefore it
cancels the mutual coupling between antennas. The
projected antenna shows stable radiation properties.
Furthermore, the MIMO diversity parameters results
verify that the MIMO antenna is suitable for the wireless
communication system.
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