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Abstract. In this manuscript, a compact MIMO antenna for wireless application has
been presented. The proposed antenna consists of the F-shaped radiator with the circular
slot in the center and a rectangular ground plane on the other side of the substrate. The
proposed antenna has the overall size of 48 x 48 mm2. The antenna is designed to work
on two frequency bands - from 1.5 to 2.3 GHz, and 3.7 to 4.2 GHz, having the resonating
frequency of 1.8 GHz and 3.9 GHz respectively. The diversity performance of the antenna
is also observed by using a variety of parameters like envelop correlation coefficient
(ECC), Diversity Gain (DG), Total Active Reflection Coefficient (TARC), etc. The value
of ECC is 0.02, which shows good diversity performance of the antenna. In order to
validate the simulated and measured results, the proposed antenna has been fabricated
and shows good agreement with the each other.
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1. 1.INTRODUCTION

In worldwide terms, wireless communication is considered to be the fastest growing
technology. In 2020, it is expected that 70 percent of the world’s population will have at
least a smart phone. The improvement in the generation of wireless communication in terms
of data rate, antenna size and higher gain are required. A technology that fulfills the higher
demands of such future wireless communication is the use of multiple input multiple output
(MIMO) antennas.

In MIMO antenna design technology, multiple antennas are used on both transmitting
and receiving side in order to increase the radio link capacity. In this technique, more than
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one data signal is simultaneously transmitted or received over the same radio channel. By
using the MIMO technology, the signal capturing capacity of receiver is increased by
allowing antennas to combine their data streams that are arriving from different paths at
different times. MIMO is the most important technique in most of the research and will
play a key role in the next generation wireless systems, including 5G networks. For the
MIMO antenna system, isolation between the two radiating elements is very important.
Therefore, two radiators should be designed in such a way that the isolation between them
is less than —15 dB. To ensure the isolation between the antenna elements with a
miniaturized size is a big challenge for the antenna designers. In the past few years many
researches have proposed different MIMO antennas with different techniques [1]-[10]. In
[11], antenna with two-element semi-ring along with UWB amplifier is presented to design
MIMO antenna. An annular slot antenna and two shorts in the opposite direction placed at
45 degrees between the microstrip lines are used to achieve an isolation [12]. In 2018 [13],
A. Dkiouak et al. presented a compact MIMO antenna for wireless application based on
two symmetrical monopoles with a T-shape junction. The T-shape junction is used to
enhance the isolation between two antennas. To abandon the reactive coupling connection
between the different antenna elements of MIMO antenna, the technique of parasitic
elements is used [14]. In [15], a high isolated compact 2 x 2 MIMO antenna is designed
using PIFA and DGS has been used to improve the inter port isolation.

In this proposed design, a simple F—shaped radiator is used to get the dual band function
of the MIMO antenna for the wireless communication. The F—shaped radiator is chosen to
get the desired band of application. The antenna has been designed to work at two different
frequency bands ranging from 1.5 - 2.3 GHz and 3.7 - 4.2 GHz, and having the resonating
frequency of 1.8 GHz and 3.9 GHz respectively. The numerical analysis has been carried
out using High Frequency Simulation Software (HFSS). The organization of the
manuscript is as follows. In section 2, antenna design and configuration are presented with
its design steps. In section 3, simulated and measured return loss, isolation between ports
and radiation pattern are presented. In section 4, diversity performance is evaluated in terms
of ECC, TARC, and DG. Finally, conclusion is provided in section 5.

2. ANTENNA DESIGN AND CONFIGURATION

2.1. Methodology

The flowchart of the proposed antenna from design specification to fabrication and
measurement is shown in Fig. 1. The design methodology of the proposed MIMO antenna
starts from the antenna design specification. After the design specification a single element
antenna is designed with the desired frequency response. The single element antenna is
modified to a double element square patch MIMO antenna. In order to achieve the desired
MIMO characteristics and frequency ranges, F-shaped MIMO antenna is designed with a
circular slot. In the next step, the optimization of all the parameters of the designed antennas
is done to check its performance. Once the desired performance is achieved, the proposed
antenna is fabricated and measured.
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Fig. 1 Flow diagram represents antenna specification to fabrication

2.2. Design Parameter

The front view and back view of the proposed antenna with its dimensions are shown
in Fig. 2. The antenna has been designed on FR-4 dielectric substrate having thickness =
1.6 mm, copper thickness = 0.035 mm, dielectric constant = 4.4, and loss tangent = 0.02.
The overall dimensions of the proposed antenna are 48 x 48 mm?. The antenna consists of
two radiating elements of F-shape, which are placed horizontally to each other on top side
of substrate along with the rectangular ground plane, which is designed on the bottom side
of the dielectric substrate. The design steps of the proposed antenna are shown in Fig. 3. In
order to achieve the desired characteristics, there are three design steps. At first, a square
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Fig. 2 (a) Top view and (b) bottom view of proposed antenna where L = 48, Lpl= 23,
Lp2= 41, Lp3= 4, Lp4= 6, Lp5=5, W= 48, Wp1=3, Wp2 = 13, Wp3 = 4, Wp4 =5,
Wp5 =8 and Lgl =20 (all in mm)
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shape radiator is designed along with the microstrip feed line as shown in Fig. 3(a). The
square shape antenna shows the dual band performance with 1.4 — 2.3 GHz and 3.9 - 4.4
GHz bands, which is not the desired operating frequency bands. Also, for the square shaped
antenna, the second operating band shows low impedance matching.

(@) (b) (©
Fig. 3 Evolution of the Proposed Antenna (a) Antenna 1 (b) Antenna 2 (c) Antenna 3

As aresult, two F-shape slots are etched from the radiator in the next stage as shown in
Fig. 2(b). The two F-slots etched from rectangular patch with different dimensions. This
F—shaped antenna operates in the 1.5-2.3 GHz and 3.8-4.3 GHz frequency ranges, which
is not the required LTE and Sub-6 5G band. In order to achieve the desired frequency band,
the second operating band has been shifted to the lower frequency. In order to shift at lower
frequency bands, a circular slot is etched from the upper part of the rectangular patch along
with F-slot. Using this circular slot the proposed antenna achieved the desired dual band
performance with two operating bands from 1.8-2.3 GHz and 3.7-4.2 GHz. The width of
the microstrip feed is kept same for all the three design and is equal to 3 mm. The gap
between the two radiators is 8 mm. The simulated S-parameters for the Fig. 3 is shown in
Fig. 4. The Fig. 4(a) reveals that antenna 3 which is the F—shaped structure with circular
slot shows good performance. It is also clear from the Fig. 4(b), the designed F—shaped
antenna shows the good impedance matching over the two frequency bands with the center
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Fig. 4 (a) Simulated S12/S21 parameter versus frequency for antenna 1, 2 and 3 and (b)
simulated S11/S;, parameters versus frequency for antenna 1, 2 and 3
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frequency of 1.8 GHz and 3.9 GHz, and the isolation between the two antennas is less than
-5, and —-15 dB for the two bands. To analyze the behavior of antenna current densities for
the two different frequencies are determined. For calculating the current densities at two
resonating frequencies Port 1 is excited.

The current distribution of the proposed antenna at 1.8 and 3.9 is shown in Fig. 5.

E Field(V_per_n

1.0653¢ 004
9.8923¢4003
9.1313¢+003
8. 3704e+003
7.609ve 203
6. BY85e+003
5.0875¢+003
5. 32664003
4.5657+003
3.8047¢+003
3.0430e+003
2.2028¢+203
1,5219¢+803
7. 603ve 4002
0. 000024000

(@ (b)
Fig. 5 Surface current densities at (a) 1.8 GHz and (b) 3.9 GHz

The figure reveals that, at 1.8 GHz resonant frequency the surface current is uniformly
distributed at the feed line and the lower part of the F-shaped radiator. For the frequency
of 3.9 GHz the current is uniformly distributed at the lower strip of the F-shaped structure.

3. RESULT AND DISCUSSION

In order to validate the numerical analysis, the proposed dual band MIMO antenna has been
fabricated using PCB prototype machine. The fabricated top view and bottom view are shown
in Fig. 6. The fabricated antenna is measured using Agilent N5230A vector network analyzer.
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Fig. 6 Fabricated photograph of the proposed dual band MIMO antenna, (a) top view, and (b)
bottom view
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The simulated and measured S-parameters (S11/S22 and S12/S21) are compared and
shown in Fig. 7. The figure shows that they are in good agreement with each other. The
measurement of radiation patterns is performed inside an anechoic chamber for each element,
by keeping the other element terminated with matched load. The radiation pattern at two
different frequencies is calculated for the two principal planes (E-plane and H- plane) as shown
in Fig. 8.
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Fig. 7 The comparison of simulated and measured results (a) S11/S2; dB and (b) S12/S,1 dB

= Gain Phi === @Gain Theta

(b)
Fig. 8 Simulated Radiation Pattern for Proposed Antenna at (a) at 1.8 GHz and (b) 3.9 GHz
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The Fig. 8(a) shows the simulated radiation pattern of the proposed antenna at 1.8 GHZ
for E and H plane, and the radiation pattern at the 3.9 GHz for E and H plane frequency is
shown in the Fig. 8(b). The figure evidences that the antenna possesses the consistent radiation
pattern for both frequency bands. Fig. 9 shows the gain of the presented antenna for the two
different frequency bands. From the figure, it is clear the designed antenna possesses the gain
of around 4 dB and 2 dB for the 1.8 GHz and 3.9 GHz frequency respectively.
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Fig. 9 Simulated gain verses frequency graph for the proposed dual band MIMO antenna

A comparison of the characteristics of proposed MIMO antenna with few other reported
MIMO antenna [11, 12, 13, 14 and 15] is tabulated in Table 1.

Table 1 Comparison of presented antenna with previous literature

Ref. Impedance BW (GHz)  Isolation Size Electrical Size in guided ECC
(dB) (in mm) wavelength

[11] 1.8-55 -12 50x90x0.76 1.13x 2.0486 x 0.0173  0.33

[12] 3-12 -15  80x80x0.6 4.19 x 4.19 x 0.031 -

[13] 2.35-3.05 and 5.12-5.51 -12 43x37x1.6  0.811x 0.69 x0.0302  0.001
[14] 3.2-3.7,5.1-5.6,6.775 -30  70x50x0.6 1.6886 x 1.2061 x 0.0145 -

[15] 52-6 -25  100x50x0.8  3.95 x 1.97 x 0.0316 <0.5
Proposed 15-23and 3.3-4.2 -15 48x48x1.6 0.6377 x 0.6377 x 0.0213 <0.002
Antenna

4, DIVERSITY PERFORMANCE

For MIMO antenna, the diversity performance shows how efficiently two antennas
work individually. The diversity performance can be calculated using different parameters
such as Envelop Correlation Coefficient (ECC), Diversity Gain (DG), Total Active
Reflection Coefficient (TARC), etc. The capacity to receive information individually by
each antenna is shown through ECC. To achieve better performance, the value of ECC
should be less than 0.2, and it can be calculated using the method proposed in [16]:

ECC = |S11512 + 52*1522|2/(1 - |511|2 - |521|2)(1 - |521|2 - |512|2) (1)
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The diversity gain (DG), can be calculated using the envelop correlation coefficient.
For the proposed Dual band MIMO antenna, the diversity gain can be calculated using [16]:

DG = /1 - |ECC|? 2

The simulated ECC and DG of the
proposed antenna is shown in Fig. 10. The
figure shows that ECC of the proposed
antenna is below 0.002 at both frequency
bands which ensure the good diversity
performance of the presented MIMO
antenna. In the same figure, the diversity
gain of the proposed antenna is above 9.9
dB at the resonating frequencies. In the
transmission and reception process of MIMO
antenna systems, working of multiple
antennas together will affect the overall
operating bandwidth and efficiency. The
effect of multiple antenna elements on each
other is shown through total active
reflection coefficient (TARC). TARC can
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Fig. 10 Simulated ECC and DG of the proposed
antenna

be defined as square root of the ratio of total reflected power to the total incident power and
is apparent return loss of the overall MIMO antenna system. For Dual-band MIMO system,
the value of TARC can be calculated using the equation given in [17]:

TARC = \/(511 + 512)2 + (521 + 522)2/\/5 3)

The value of TARC should be <0 dB for the MIMO communication. The simulated
TARC of the proposed MIMO is shown in Fig. 11. The figure reveals at both resonant

frequencies the TARC is below -25 dB.
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Fig. 11 Simulated TARC of the Proposed Dual Band MIMO Antenna
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5. CONCLUSION

This manuscript introduces a small MIMO antenna for LTE 4G and the Sub-6 GHz 5G
channel. The suggested antenna operates effectively in two frequency bands having
bandwidths of 500 MHz and 600 MHz respectively and ranging from 1.8-2.3 GHz and 3.7—
4.3 GHz. The measured and simulated results of the proposed antenna are compared, which
shows the good agreement with each other. The antenna also shows good diversity performance
with low envelop correlation coefficient, good diversity gain and low value of TARC. The
radiation pattern at E-plane and H—plane for the antenna at both the resonating frequency shows
the omnidirectional pattern.

Acknowledgement: The author would like to acknowledge the 11T Kanpur for doing the antenna
fabrication at their institute.
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