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Abstract

This paper presents a compact, multiple-input-multiple-
output (MIMO) microstrip-line-fed wide-slot antenna with
good isolation for wideband applications. The proposed an-
tenna consists of a large wide-slot formed by four asym-
metric elliptical wide-slots (AEWSs) of different dimen-
sions. These AEWSs when merged together, give the wide-
band response of 7.71 GHz (5.77-13.48 GHz; 80.1%) and
good isolation with |Sy; | < -20 dB. The peak gain and max-
imum radiation efficiency of 8.66 dB and 88.58% respec-
tively are obtained within the passband. The proposed an-
tenna shows good diversity performance in terms of excep-
tionally low envelope correlation coefficient (<0.003) and
low capacity loss of 0.12. Also, the maximum multiplexing
efficiency of 88.56% (or -1.05 dB) along with total active
reflection coefficient below 0 dB are reported in the entire
frequency band. The proposed MIMO antenna has compact
overall dimensions of 22 x24 mm? that makes it a suitable
candidate for modern handheld and portable wireless de-
vices.

1 Introduction

Wideband multiple-input-multiple-output (MIMO) antenna
systems are gaining much attention from antenna re-
searchers due to their high transmission capacity with-
out much increasing the power level. Two major factors
that affect the diversity performance of a MIMO antenna
system are mutual coupling between antenna elements
and their overall size. Various techniques to obtain large
impedance bandwidth IBW) in MIMO antenna systems
have been proposed. By introducing modifications in the
radiating geometry either by merging two or more differ-
ent shapes or tapering may lead to the generation of large
impedance bandwidth. In [1], two circular monopole an-
tennas with eye-shaped slot have been reported for ultra-
wideband (UWB) range. In [2], the radiating patch con-
sists of a semi-circle and rectangle shapes and is fed us-
ing a tapered microstrip line. In [3], two semi-circular
stepped monopoles which are 90° angularly spaced have
been used for obtaining wide IBW. A hybrid shape consist-
ing of two semi-circles placed one over the other (in face-

to-face) configuration is proposed in [4] shows exception-
ally large IBW. Another way to modify the radiating geom-
etry is to apply fractalization process to their edges as dis-
cussed in [5]. To minimize the overall dimensions, the ra-
diating patch is cut by half (as per symmetry). In [6], a half
cut CPW-fed circular antenna has been proposed for UWB
operation. Another four elements CPW-fed half-cut ellip-
tical shaped patch MIMO antenna for WLAN/LTE/UWB
applications is discussed in [7]. Wide-slot antenna (having
slot dimensions and operating wavelength are nearly same)
structures are well known for their high gain and wideband
behaviour. Wide-slot structures of various shapes such as
hexagonal [8], rotated square [9], stepped rectangular [10],
modified trapezoidal [11] have been already proposed for
wideband applications.

Although the aforementioned antenna structures fulfil the
bandwidth expectation but are larger in size and complex to
design. Here, a two-element MIMO antenna having iden-
tical asymmetric elliptical wide-slots (AEWSs) excited by
identical open-ended microstrip lines is proposed for wide-
band operation. The wideband operation of an antenna is
attained by merging four AEWSs where each ellipse cor-
responds to a different operating frequency and hence, to-
gether give the wideband behaviour. Further, a rectangu-
lar slot is made in between the two AEWSs to increase
the isolation between the two ports. The designed antenna
is highly compact as compared to previous work on two-
element wideband MIMO antennas. Details of obtaining
the proposed antenna geometry and its analysis using ac-
curate design equations are discussed in Section-2. Discus-
sion of simulation results is performed in Section-3. Final
inference is discussed in the conclusion section.

2 Antenna Design and Equivalent Circuit

2.1 Basic Geometry

Fig. 1 illustrates the geometry of the proposed wideband
antenna, consisting of two identical AEWSs excited by two
identical 50Q impedance open-ended microstrip lines. The
length of the microstrip line is divided into two parts: (/1),
having metallic ground plane beneath it and (/,) not having



ground plane beneath it. As it can be seen that each AEWS
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Figure 1. Schematic of the proposed antenna having two
identical open-ended microstrip lines and AEWSs.

consists of four ellipses of semi-major axis Ry, Ry, R3 and
R4. The resonant frequency of an EWS using approximated
Mathieu function, g is given by [12]
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where ﬁ’f is the dual-frequency corresponding to TM¢{, and
TM¢S, mode respectively. The approximated Mathieu func-
tion g7y for even and odd mode are given in [12]. The feed-
ing distance r; (shown in enlarged view of Fig. 1) plays a
major role in impedance matching over a wide range of fre-
quencies. To enhance the isolation between the two ports,
a rectangular slot of dimensions Wy, X Ly, is placed be-
tween the AEWSs. The structure is simulated on ANSYS
Electronics Desktop (version 17.0) using FR-4 substrate
with &€=4.4, h=1.6 mm and loss tangent zand=0.02. The
overall dimensions of the antenna are 22 x24 mm?.

2.2 Equivalent Circuit

The equivalent circuit of the proposed antenna geometry is
shown in Fig. 2 where Z; and Z, are the impedances due
to lengths /; and I, respectively. The impedance Zp and
Zy arise due to the coupling between microstrip line and
AEWS and open ended microstrip line, respectively. The
impedance Z,, . is the impedance due to AEWS that de-

slot
pends on its dimensions. The expression of each impedance
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:

Figure 2. Equivalent circuit of an antenna with microstrip
line and wide-slot.

shown in Fig. 2 along with detailed explanation is discussed
in [13].

3 Results and Discussion

3.1 Sii, S2; and Impedance Parameters

The reflection coefficient S1; (in dB) for the proposed an-
tenna is shown in Fig. 3(a). It can be seen that two fre-
quency bands having S1; <-10 dB ranging from 4.61-4.98
GHz (f,=4.83 GHz) and 5.77-13.48 GHz (f,=7.85 GHz) are
obtained. The level of isolaiton (S,;) is below -20 dB in
both frequency bands which is acceptable for good perfor-
mance of MIMO systems.
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Figure 3. Simulated curve for (a) S11/S2; (in dB) and (b)
input impedance with respect to frequency of the proposed
antenna.

Fig. 3(b) shows the variations of real and imaginary parts
of the impedance with frequency. It is clear that the real
oscillate around 50Q with maximum and minimum val-
ues of 29.42Q and 92.49Q, respectively. Similarly, imag-
inary parts of the impedance oscillate around 0Q2 with max-
imum and minimum values of -36.24Q and 37.31Q, respec-
tively. The average magnitude of impedance over entire fre-
quency band is 54.27Q. Also, an impedance close to 50Q
is obtained at 4.83 and 7.85 GHz.

3.2 MIMO Performance

The performance of any MIMO antenna system is calcu-
lated in terms of envelope correlation coefficient (ECC), ap-
parent diversity gain (ADG), mean effective gain (MEG),
total active reflection coefficient (TARC) and MIMO
voltage-standing-wave-ratio (MIMO-VSWR). The ECC
parameter gives an idea of the level of mutual coupling be-
tween the adjacent antenna elements and can be given as

[1]
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The ideal value of ECC is zero, but practically its value <
0.5 is acceptable for an uncorrelated MIMO antenna sys-
tem. Similarly ADG, a closely related parameter to ECC
can be computed by using [1]



G =10\/1—|pi,P. )

Fig. 4(a) shows the simulated graph for ECC and DG which
are less than 0.003 and more than 9.99 dB, respectively.
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Figure 4. Diversity parameters (a) ECC/DG, (b)
TARC/VSWR[MIMO)], and (c) CCL/MEG for the pro-
posed antenna.

When more than one antenna work simultaneously (as in
case of MIMO antenna system), they start affecting the per-
formance of each other. Hence, S-parameters cannot com-
pletely predict the actual behaviour of the system. Hence,
another figure of merit known as TARC is introduced which
is defined as the square root of the ratio of power reflected
by the antenna to the total power incident and apparent re-
turn loss of the MIMO system which is given by [1]
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Corresponding to TARC, the value of VSWR for a MIMO
antenna system is calculated using

1+TARC

®)

For an efficient MIMO antenna system, the TARC and
VSWR[MIMO)] should be below 0 dB and 2, respec-
tively. For the proposed MIMO antenna, their value is be-
low -6 dB and 2 for the entire frequency band, respectively
as shown in Fig. 4(b). Another critical parameter for char-
acterizing a MIMO system is MEG which is defined as the
ratio of mean received power to the mean incident power,
given by

M
MEG; =0.50; a0 = 05[1 - Z |Sij|2] (6)
=

The loss of capacity in a MIMO antenna system due to cor-
relation between antenna elements termed as the capacity
loss and is given by

CCL = —log|y¥| @)

where WX is a 2x2 correlation matrix whose elements are
represented as

R__| P11 P12
v _[P21 Pzz]

Here, pi=(1 — |Si> — [Si;|*) and p;j=—(S5Sij + S3:Si))
for ij=1 or 2. To full-fill the criteria of an efficient
MIMO antenna system, |%g;\ < £3 dB and CCL< 0.4
bits/sec/Hz. From Fig. 4(c), it is clear that both ECC and
CCL are within their limits required for wideband applica-
tions.

3.3 Radiation Performance

The 2-D radiation pattern at resonating frequencies 4.83
and 7.85 GHz are shown in Fig. 5(a) and (b), respec-
tively. An omnidirectional radiation pattern due to back ra-
diation is obtained at both lower and upper resonating fre-
quencies. The back radiation can be minimized by putting
a metallic reflector beneath the ground plane.

Figure 5. Measured 2-D radiation pattern at (a) 4.83 GHz
and (b) 7.85 GHz of the proposed antenna.

Fig. 6(a) shows the gain and radiation efficiency versus fre-
geuncy of the proposed antenna. The gain of the proposed
antenna varies from 0.01 to 8.66 dB along with maximum
efficiency of 98.57% in both frequency bands. While sim-
ulation, it has been observed that the efficiency of both the
antennas due to symmetry remain almost same in the entire
operating band. The absolute efficiency of a MIMO system
can be characterized by using a parameter known as mul-
tiplexing efficiency (nyyx) as shown in Fig. 6(b). It is the
ratio of the required signal to noise ratio of the antenna un-
der test (AUT/proposed) and isotropic antenna which can
be approzimated as follows



uux =/ (1 =1pij|*)Mina. )]

where 11 and 1, are the total efficiency for the first and sec-
ond antenna element. The multiplexing efficiency not only
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Figure 6. (a) Gain and raidation efficiency and (b) total and
multiplexing efficiencies versus frequency of the proposed
antenna.

considers the total efficiency but also considers the correla-
tion and efficiency imbalance. The maximum value multi-
plexing efficiency of 88.577% is obtained for the proposed
MIMO antenna system.

4 Conclusion

An open-ended microstrip line fed wide-slot MIMO an-
tenna with wideband characteristic is proposed. The pro-
posed antenna achieves the operating bandwith ranging
from 5.77-13.48 GHz with an isolation below -20 dB in the
entire passband, by simply using a rectangular slot. With its
wide bandwidth, compact dimensions (22 x24 mmz), stable
radiation patterns and good diversity performance, the pro-
posed MIMO antenna cut backs the need of using multiple
antennas in wireless devices for accessing multiple applica-
tions.
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