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Abstract: The proposed research presents a two-port compact Multiple Input Multiple
Output (MIMO) antenna for Ultra-Wide Band (UWB) applications. The designed
antenna has two identical radiators and has an overall dimension of 20 x 44.1 x 1.6mm?3
on a FR4 substrate. The designed antenna is fed by a 50-microstrip line. Extended F-
shaped stubs are introduced in the shared ground plane of the proposed antenna to
produce high isolation between the MIMO antenna elements. Extended F-shaped stubs
are introduced in the ground plane to produce multiple resonance and high isolation
between the radiating elements. The antenna offers good impedance matching in the
UWB band. The proposed antenna has lower isolation < -25 dB and Envelope
Correlation Coefficient (ECC) < 0.015 from 3.1 to 10.6 GHz. Antenna parameters are
evaluated in term of return loss, ECC, Diversity Gain (DG), gain, Total active reflection
coefficient (TRAC) radiation pattern and isolation. The proposed antenna is tested and
fabricated. However, obtained results are good agreement which make suitable for UWB

wearable applications.
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1 Introduction

N 2002, the Federal Communication Commission

(FCC) allocated the unlicensed UWB frequency
band from 3.1 to 10.6 GHz [1]. Over the past decade,
UWB technology has received a lot of attention and
tremendous progress due to increasing data rates and
channel capacities. However, UWB technology suffers
from multipath fading effect and has poor indoor
coverage [2]. To address this issue, a MIMO antenna has
been designed on the transmitter and receiver side for
UWB  applications. MIMO  antennas  allow
communication systems to improve communication
efficiency, enhance coverage, and increase channel
capacity [3]. UWB MIMO antenna must be small in
design and easy install in portable devices. The
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enhanced features of MIMO UWB antennas such as high
data rate and exclusion from interference make it a
perfect candidate for wearable applications. To meet
these objectives, many techniques for MIMO antennas
have been presented in the literature [4-5]. Weak
isolation between the elements of MIMO antennas
occurs when they are arranged in a small area. The
objective of present research is to design a MIMO
antenna with reduced dimensions and improved
isolation. For UWB applications, different antenna forms
have been suggested [6-8]. MIMO antennas are made up
of many antennas that must have strong isolation and be
compact in size. Various approaches, such as
Electromagnetic Band Gap (EBG), Complementary Split
Ring Resonator (SRR), Defected Ground Structure
(DGS), Decoupling Stubs and Neutralisation Line, have
been employed to produce high isolation and small
dimensions [9-18]. In [9], antenna elements are
perpendicular to each other to produce high isolation and
polarization diversity. To reduce mutual coupling, a
parasitic T-shaped strip is used between the radiating
components as a decoupling structure. The impedance
bandwidth of antenna is from 3.1 to 11.08 GHz and
Lower than - 15 dB mutual coupling exists between
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ports. Size of antenna is 38.5 x 38.5 mm?. In [10], Two
antennas are placed orthogonal to each other. To reduce
electromagnetic interference and improve isolation
metamaterial unit structure is used. Isolation of an
antenna is less than 25, impedance bandwidth is 65.5%
and overall dimension of substrate is 40 x 80 mm?2
Shunt short-circuited stubs and three inter digital edge
coupled microstrip lines, are used in feedline in [11], to
obtain frequency cut-off and improve selectivity. The
impedance bandwidth of an antenna is from 3.1-10.6
GHz. The size of antenna is 68 x 35 mm2 A multi-
branch stub with square monopole antenna is
constructed in [12] to decrease mutual coupling. The
antenna dimension is 40 x 20 mm? Resonating
frequency is from 3-11 GHZ and isolation is less than -
15 dB. In [13], F-shaped stub is used in ground plane to
achieve high isolation. Overall size of antenna is 50 x 30
mm? with impedance bandwidth is from 2.5-14.5 GHz.
In [30], a hexagonal ring components MIMO antenna is
presented. Arc-shaped stub is used to achieve good
isolation on 45 x 25mm? substrate. Antenna isolation is
greater than -15 dB, and the impedance bandwidth from
3.1-12 GHz. UWB-MIMO antenna with GSM band is
presented in [15]. Antenna design on 36 x 45 mm?
substrate with frequency band from 3.01-12.5 GHz. The
isolation is less than -20 dB. In [16], T-shaped stub is
used to reduce mutual coupling of an antenna. The
overall length of antenna is 24 x 32 mm? with 3.1-12.5
GHz frequency band. T-shaped stub is used to minimize
the mutual coupling is presented in [17]. The overall
dimension of an antenna is 26 x 28 mm?2 In [18],
circular shape MIMO antenna is presented. Decoupling
structures are used in the top and bottom layers of the
substrate to reduce mutual coupling. Size of antenna is
40 x 40 mm? with operating frequency is from 3.1-11
GHz. The planar microstrip array antenna with a 4 x4
modified Butler matrix is presented [21]. An effective
method to suppress mutual coupling between two
substrate integrated waveguide (SIW) slot antenna arrays
is presented [22]. The antenna structures in [9-15] have
large dimensions. In [16-17], antenna size is small, but
isolation is low. A compact two-port MIMO antenna for
UWB applications is proposed. The MIMO antenna is
made up of two identical radiating components arranged
in the shape of a right triangle. To achieve high isolation,
extended F shapes of stubs are used in the ground plane.
S12 < -25dB is obtained over the frequency range 3.1-
10.6 GHz. The antenna has a stable radiation pattern
with an ECC of 0.01. The antenna is smaller in size than
the most recent reported antennas.

2 Antenna Geometry and Design Theory

The structure of the MIMO antenna constructed on a

20 x 44.1 x 1.6 mm? substrate is illustrated in Figure 1.
The effect of with and without stubs in the ground plane
are discussed in this section. The proposed antenna is
built on a FR4 substrate with a dielectric constant of er =
4.4 and a loss tangent of 0.02. The antenna is made up of
two right triangle radiating elements connected by a 50
Q microstrip line. The centres of the radiating elements
are separated by 26.5 mm. The antenna’s structure must
be small enough to accommodate the space between the
two patches with distances between them of about A0/2
(A0 is the free space wavelength), in case of the distance
between the patches is larger than A0/2, the mutual
coupling is already small. Mutual coupling among
neighbouring antenna elements can take place when
antenna elements are close to each other, this effect can
reduce MIMO channel capacity. The feed line length
and width are 6 and 3 mm, respectively. The ground
plane width is the same as the width of the antenna, and
its length is 4.47 mm. F type stubs are utilised in the
ground plane to increase impedance bandwidth and
isolation. The optimized antenna parameter is shown in
table 1.

We have added design equation, relationship between
the distance the antennas and impact of the distance
between the fed points on input impedance are added in
the revised manuscripts.
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Fig. 1 UWB MIMO Antenna Geometry

Table. 1 Optimized values for dimensions of UWB MIMO

antenna.
Parameters | Dimensions | Parameters | Dimensions
(mm) (mm)
L 20 XF 3
W 441 SL 12.3
L1 9.1 SwW 4.5
W1 4.9 SWi1 2
L2 3.6 SL1 1
W2 4.9 SL2 1
G 4.47 SL3 1

The circular monopole has been designed using the
following relation as:
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The equations used to calculate the widths of the micro
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All simulations were performed using High Frequency
Simulation Software (HFSS) to validate the provided
antenna. Figure 2 depicts the total impact of ground on
MIMO antenna bandwidth and impedance of an antenna.
Figure 2 shows that antenna bandwidth increases, and
impedance is matched at 4.2 mm ground length, which is
the offered antenna ground length. In this design, an F-
shaped decoupling stub is employed between radiating
components to provide good isolation between MIMO
antennas. The evaluation steps of without stub and with
extended F shaped stub structure for the proposed
antenna are depicted in Figure 4. The initial stage is to
develop and verified results a plain traditional ground
plane. In the second step, an F-shaped stub is attached to
the ground plane for customization. The F-shaped stub
will provide desirable increased isolation.

Input impedance is directly associated with the return
loss. The width parameter of fed point is heavily
effective in improving input impedance and, therefore
effective aperture of the antenna is increases. This
results in the antenna capturing more electromagnetic
energy, which leads to higher power reception.
Consequently, the reflected power decreases, and the
return loss improves. Figure 3 shows proper input
impedance is matched at 4.2 mm ground length.
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Fig. 2 S-parameters plot for various ground G values
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Fig 4 Evaluation of decoupling structure for the proposed
MMO antenna.
The two radiating elements and the feed line are
designed on the top of the substrate and the ground plane
is designed on the bottom of the substrate. The upper

Antenna 1
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patch is cut by triangular shape and place side by side to
achieve wide band matching and good element spacing.
Initially a lowered edge stepped cut rectangular shaped
UWAB patch radiator was designed [20], then modified to
triangular shape with two steps cut in the lower edge of
the radiator to achieve a wide-band matching.” In the
first stage a simple triangular shaped radiator was
designed and tested for the desired results (Antennabl).
Then we were further modified to F-shaped stubs for
better MIMO performance (Antenna 2). Fig. 4 shows
simulated refection coefficient (S11) and transmission
coefficient (S21) of the proposed antenna for simple
ground plane and ground plane with F-shaped stubs. It is
worth noticing that low mutual coupling is always
desirable for high performance MIMO antennas. It can
be seen that antenna 1 has poor isolation in the whole
UWB range when the conventional ground plane is used.
Mutual coupling between the pro-posed antennas is
reduced by modifying the ground plane. High isolation
between the MIMO antenna elements is achieved by
printing F-shaped stubs on the plane.

The traditional ground plane antenna is analysed, and
the significant mutual coupling between antenna is -15
dB is obtained in UWB range due to the lack of a
decoupling stub. The traditional ground is changed to a
F-shaped stub to improve isolation between antennas.
Figure 5 depicts the S12 results for antennas with
traditional ground plane, and F-shaped stubs. The
proposed F-shaped stub provides significantly better
performance than the traditional ground plane. The
mutual coupling of the proposed antenna is -25 dB for
UWB range, as shown in Figure 5. Surface current
distributions at various frequencies are shown in Figure
6 for analysis of the proposed antenna. Surface current
distributions at various frequencies are shown in Figure
6 for analysis of the proposed antenna.
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Fig. 5 S12/S21 parameters plot for traditional ground and
extended F shaped stub structure.
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Fig. 6 Surface current distribution for traditional ground and
extended F shaped stub structure for different frequencies (a)
3.5 GHz (b) 6.5 GHz.

The performance of proposed antenna is evaluated at
3.5 GHz and 6.5 GHz frequencies activation of port 1.
The antenna that is being shown has its port 2
terminated. Figure 6 shows that a large surface current is
collected between the two ports in the traditional ground
plane, leading to a poor isolation between the two
components. An F-shaped decoupling structure is placed
between the radiating components to manage the surface
current. After installing the F-shaped decoupling
structure, the majority of the surface current concentrates
at port 1, whereas the coupled current to port 2 is
minimised. As a result, optimum isolation between the

HNO e
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two radiating part is achieved. It is important to consider
that improved isolation between the radiating elements is
always preferable.

3 Antenna Results and Discussion

The proposed antenna structure is made on FR4
substrate and has a 1.6 mm height. It has a 4.4 dielectric
constant and a 0.02 loss tangent. The proposed antenna
simulated by a HFSS software. Front view and back
view of fabricated antenna are shown in Figure 7.

(b) Back view
Fig. 7 Photograph of the proposed antenna: (a) Front view (b)
Back view

(a) Front view

=

=

w -20

2 -

£ .25 | hemmmmhe v S el

c =

2 -30

[o]

& -35

e — 511 Simulated
-40 ===511 Measured
_as — 512 Simulated

==-512 Measured
-50
2 4 6 8 10 1z

Frequency (GHz)
Fig. 8 Measured and simulated reflection Coefficient of
proposed MIMO antenna.

Reflection coefficient results are tested using Agilent
Network Analyzer (VNA).  Figure 8 shows the
measured and simulated reflection coefficients of the
proposed antenna. S11 < —10 dB is obtained from 3.1 to
10.6 GHz and S12 < —25 dB is achieved from 3.1 t0 9.3
GHz. The measured results are good agreement with the
simulated results. The minor variations are caused by
fabrication material and connector losses. Figure 9
depicts the radiation patterns E-plane and H-plane (co-
polar and cross polar) at 3.5 and 6.5 GHz frequencies of
the MIMO antenna. One port excited at a time and port 2
is terminated. The radiation patterns at 'port 1' are nearly
identical to those at 'port 2', confirming antenna
diversity. The proposed antenna has stable radiation
pattern at both the frequencies with less cross
polarization level.
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Fig. 9 Radiation patterns of proposed antenna after decoupling
stub (a) 3.5 GHz (b) 6.5 GHz
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Fig.10 Radiation patterns of proposed antenna before
decoupling stub (a) 3.5 GHz (b) 6.5 GHz

Co-polarization and cross-polarization results before
decoupling is shown in Fig. 10. The co-pole results are
almost Omni directional and stable for both radiators,
while the results of the cross-pole are maximum.

The maximum gain of proposed antenna is from 1 dB
to 9.3 dB as demonstrated in Figure 11. Gain of an
antenna rises exponentially across the entire UWB band.

Gain rises as frequency rises. Since the patch size
increase with frequency, the gain increases. It is because
at a higher frequency the patch dimensions become
larger than the corresponding wavelength which results
in the enhancement of gain. The diversity performance
of the presented MIMO antenna is evaluated by
computing diversity parameters such as ECC, DG, and
mean effective gain (MEG).
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Fig. 11 Gain of the Proposed antenna.
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Fig. 12 Radiation Efficiency of proposed antenna
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Fig. 13 ECC of the proposed antenna

The proposed antenna efficiency is greater than 40% to
89% in the UWB range as clear from Figure 12.

The isolation between communication channels is
defined by ECC. It takes into account how the radiation
patterns of the two antennas interact while they are
operating simultaneously. ECC can be calculated using
equation (5) [19]. Figure 13 shows that the ECC of the
presented antenna is less than 0.015 for the frequency
range of 3.0 to 12 GHz. The low ECC value indicates
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that the antenna offers good performance in terms of
diversity.
ECC
_ |S*11512 + 5*21522| (5)
(A = 1511 1% = 152112 (@ = [Sp2|* = |12/
The diversity gain (DG) is calculated from the
correlation coefficient using equation number (6) [19]

DG =10 x+/1—|p| (6)

Where, p is the ECC. The diversity gain is 10 dB over
the 3.1 GHz to 12 GHz frequency range, showing that
the antenna has high diversity performance. MIMO
antenna diversity efficiency can be analysed from the
Eg. 2 in terms of diversity gain. It is obvious that greater
diversity gain is given by the lower value of correlation
coefficient. The correlation coefficient is zero in the
ideal case and in such ideal case diversity gain is
constant with a value of 10. The diversity gain of the
proposed UWB-MIMO antenna is shown in Fig. 14.
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Fig. 14 Diversity Gain of the proposed antenna
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Fig. 15 TARC of the proposed antenna

TARC is defined in (7), where ai and bi are the incident
and reflected signals, respectively.

I = 2L 1b 2/ la;l> forb =
Spd ™

S is the scattering matrix.
To evaluate the MIMO efficiency of the antenna, the

total active reflection coefficient (TARC) is taken into
account. The exact effect of the mutual coupling on the
antenna is assumed TARC (I') is calculated using
equation (8) and depicted in Figure 15. “Theta is
variable range is 0 to 2pi. Theta is angle of observation”

TARC = J<|sn+slzeﬁ|>;§|sn+sm”|>z ®

The proposed antenna is compared with the previously
presented antennas in term of size, bandwidth, isolation,
gain and ECC in table 2. The antenna structures in [9-
15] are larger in size than our proposed antenna. In [16-
17], antenna size is small, but isolation is and gain
minimal. Presented antenna is simple to design, easy to
fabricate, high gain, and high isolation. It has stable
radiation pattern and satisfies all diversity parameters
and MIMO requirements.

Table. 2 Comparison of the proposed antenna with antennas in

literature.
Ref. Size Band Isola | Gain | ECC
# (mm?) width tion | (dB)
(GHz) (dB)
9 38.5x | 3.1-10.6 -15 14— 0.02
38.5 3.6
10 40 x 80 4.5-8 -25 2-4 | 0.002
11 68 x 35 | 3.1-10.6 -20 1.7— | 0.002
4.2
12 40 x 20 3-11 -15 2-5 0.3
13 50 x 30 | 2.5-14.5 -20 0.3- 0.04
4.3
14 45x 25 | 3.1-12 -15 4.5 0.2
15 36 x 45 3.01- -20 4- 0.025
12.5 8.24
16 24 x32 | 3.1-125 | 16 1-4.8 | 0.05
17 26 x 28 | 2.9-10.8 -15 1-4 0.5
18 40 x40 | 3.1-11 -20 3.28 | 0.002
21 26x28 4.95 -17 10.6 | 0.002
22 55.1 x 9.92- -35 13.5 | 0.002
52.9 10.8
Prop 20 x 3.1to -25 1-9.3 | 0.015
osed 44.1 10.6

4 Conclusions

In this work, a novel compact high isolation UWB
MIMO antenna is presented. The size of antenna is 20 x
44.1 x 1.6 mm?, however the isolation is enhanced by
using a extended F shape decoupling stub. Isolation of
an antenna is < -25 dB, ECC < 0.015 and peak gain
varies from 1 to 9 dB over 3.1 to 10.6 GHz frequency
band. The results of measurement and simulation are in
good agreement. The antenna is simple to design, easy to
fabricate and low cost. It offers stable radiation patterns
and all diversity parameters peak gain, ECC, DG, TRAC
are satisfying therefore proposed antenna can be used for
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MIMO UWB wireless applications.
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