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Abstract:
This study presents a four-element compact Multi-Input Multi-Output antenna with enhanced
isolation for applications with three bands. The four-port antenna elements have hook-shape
multiband monopole elements with 50 Ω microstrip feed lines and are placed such that they are
perpendicular to one another to enhance the act of the MIMO system. Simulation and measurement
consequences demonstrate that the antenna operates at a consistent gain and radiation patterns
at the major frequency bands of 2.11−2.47 GHz, 3.14−3.54 GHz, and 5.15−5.85 GHz with
S11 <−10 dB. To verify the claimed MIMO antenna performance, data in the format of radiation
patterns, peak gain (4.9, 5.2, 5.8 dB), diversity gain (DG) (9.95, 9.92, 9.92 dB), envelope correlation
coefficient (ECC) (0.005, 0.003, 0.002), TRAC, channel capacity and MEG ratio are retrieved.
These specifications of the suggested antenna make it a suitable candidate for WiMAX, Bluetooth,
and WLAN uses. Additionally, the suggested antenna outperformed current work by providing a
superior balance of size, bandwidth, and several performance characteristics.
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1. Introduction

MIMO1 antennas are used in wireless networks, on their fea-
tures and benefits, for instance as reduced multiple fading,
increased capacity, maximum DTR2, minimum bit error
rate, and ease of implementation [1–5]. A crucial com-
ponent of 3G, 4G, 5G, and upcoming 6G wireless data
communications is MIMO technology [6]. In order to reach
a high capacity of the channel, the antenna elements must
have a maximum gain and a large lobe [7]. Increasing the
isolation among components affects diversity gain, capacity,
and reliability. To improve the isolation among the compo-
nents in the MIMO antenna, some methods are researched.
Different forms of stubs are utilized to refine the isolation
among ports as described in [8–14]. In [15–20], the isola-
tion can be improved by arranging the antenna elements
crosswise formation.
In References [21–23], a number of triple-band MIMO
antennas are listed. It is demonstrated in [21] that vari-

1Multiple-Input Multiple-Output
2data transfer rate

ous MIMO arrays offer good envelope correlation, high
peak gain, and fine scattering features across triple-band.
however, it is incapable of accommodating the 3.5 GHz
frequency band of WiMAX. To provide appropriate S-
parameters in [22], the MIMO antenna must be utilized
in a perpendicular structure.
Additionally, a planar tri-band array antenna on the 2.4, 5.2,
and 5.8 GHz bands is presented in [23]. Ref. [24] presents
a 2.4 GHz MIMO antenna in wireless LANs that has two
series of radiation patches and slots in the ground plane. A
double-band antenna for WLAN (2.4 GHz) and UMTS (2.0
GHz) with a diversity feature is shown in [25].
Designing a new wireless telecommunication network
requires a multi-band antenna that can cover WLAN,
WiMAX, and Bluetooth applications. Various investigations
have centered on the design of array antennas that work on
wireless LAN and WiMAX systems. Ref. [26] provides a
four hook-shaped rings monopole antenna that covers three
bands (GSM 1800/1900 MHz, Bluetooth 2400 MHz, wire-
less LAN 2400/5200 MHz, and WiMAX 2500/3500/5500
MHz). Ref. [27] illustrates a UWB CPW Planner antenna
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Figure 1. Configuration and dimension of the proposed
antenna (mm) [26].

for any portable wireless communication device. In [28],
a tiny hand-shaped monopole antenna for five important
bands (2400, 3300, 3700, 5200, 5800 MHz) is presented.
Hence, this work aims to design a compact tri-band array
for 2.11− 2.47 GHz, 3.14− 3.54 GHz, and 5.15− 5.85
GHz. Section 2 reviews the single antenna configuration
[26]. A reformatted plane in the ground of the antenna
also causes matching in impedance. A thin microstrip line
is applied to feed the radiating element. The operation of
the MIMO antenna system’s unit element and the mutual
coupling reduction technique are described in section 3 of
the manual. Furthermore, the performance of the proposed
geometry is compared with measures like gain, reflection
coefficient (S-parameter), radiation pattern, bandwidth, di-
versity gain envelops correlation coefficient, and some other
MIMO features such as channel capacity, MEG ratio, and
TARC. The experimental demonstration proved that the
designed antenna is miniaturized and useful for wireless
applications. Simulations are done with Ansys Electronics
Desktop 2020(r2). In section 4, the manuscript is concluded.

2. Single antenna configuration
The designed single-element antenna with its actual dimen-
sions is reviewed in Fig. 1. Figure 2 shows the effect of

Figure 2. The effect of increasing the number of resonators
in hook-shaped antenna [26].

b

Figure 3. Simulated S11 for antennas introduced in Fig. 2
[26].

adding hook shape elements to the radiating patch. Fig. 3 de-
picts the S11 characteristics for the four antennas mentioned
in Fig. 2. The contrast of S11 specifications is demonstrated
as the number of frequency resonances increases. The num-
ber of resonances increases through adding hooks to the
radiating patch. Final proposed multiband configuration
is built on an FR4 epoxy material and has a relative per-
mittivity of 4.4 and a loss tangent of 0.022. Furthermore,
Fig. 4 depicts the simulation and measured S11 plot. The
antenna’s simulated S11 is tremendously similar to the mea-
sured outcome [26].

3. Proposed 4 ports antenna
Without adding additional radiation power or spectrum
bandwidth, increasing the number of transceiver elements
can refine the wireless communication level and improve
the channel capacity. This section displays a 52 mm × 52
mm × 1.6 mm substrate with four hook-shaped symmet-
ric components on the upper and 4 symmetric truncated
ground planes engraved on the down. Each element of the
proposed 4-ports MIMO antenna is loaded with 50 Ohm
as shown in Fig. 5. Fig. 6 shows the isolation level be-
tween two elements of the proposed antenna with different
distances d using the parametric analysis method. As
can be seen from the figure, the best distance is 10.65 mm.
When the distance between two elements decreases, the
mutual promotion increases, and increasing the distance
leads to the enlargement of the dimensions of the antenna
structure. To approve the simulation results, the suggested
MIMO antenna has been built and analyzed with the help
of the KEYSIGHT-PNA-XN5242A Network Analyzer, the
constructed antenna is measured (Fig. 7). Because of the

Figure 4. S-parameter of the proposed configuration in Ref.
[26].
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Figure 5. Configuration of the suggested 4 ports UWB antenna (a) 2-D configuration (b) fabricated prototype photo.

Figure 6. Isolation levels of 2-element MIMO antenna with parametric analysis.

Figure 7. Photograph of the manufactured MIMO antenna.
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symmetry property, port 1 is where the measured results
are extracted, and the results from the other three ports are
identical.
Fig. 8 displays the simulation and measurement results for
the suggested MIMO antenna in port one. The experimen-
tal findings reveal that this project operates in three bands
between 2.11 and 2.47 GHz, 3.14 and 3.54 GHz, and 5.15
and 5.85 GHz. With a slight shift brought on by the fabrica-
tion process, the two results follow the same general trend.
Fig. 9 displays the results of the simulation and measure-
ment of the insertion loss at port 1 (S21, S31, and S41). The
antenna offers a least isolation of 21, 32, and 21 dB while a
peak isolation of 32, 45, and 34 dB in 2.11 and 2.47 GHz,

3.14 and 3.54 GHz, and 5.15 and 5.85 GHz, respectively.
Additionally, as shown in Fig. 8, the results match with one
another despite the slight shift.
Fig. 10 displays the simulated current distributions for port
one of the suggested MIMO antenna at 2200 MHz, 3300
MHz, and 5400 MHz. The antenna radiates at these three
frequency bands because the current is concentrated around
the patch. Additionally, the current is centralized near the
antenna, and just a tiny some of the current can flow through
to other ports, confirming the maximum level of port isola-
tion.
In an anechoic chamber, the suggested MIMO antenna radi-
ation patterns and peak gain are measured. Port 1 is used

Figure 8. Simulated and measured S11 results of the suggested 4-ports MIMO antenna at port 1.

Figure 9. Simulated and measured S21 results of the suggested 4 ports UWB antenna at port 1.

Figure 10. Simulated results of current distributions of the suggested antenna for port 1 (a) @ 2200 MHz (b) @ 3300 MHz
(c) @ 5400 MHz.
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to measure the antenna, and 50 loads are connected to the
other three ports. Fig. 11 displays the normalized radiation
patterns at the x-z and y-z planes at 2.2 GHz, 3.3 GHz, and
5.4 GHz. The antenna’s omnidirectional pattern in the x-z
plane and semi-bidirectional pattern in the y-z plane can be
seen. The antenna, however, has omnidirectional patterns
in both planes at the maximum frequency band and low
cross-polarization level are achieved (−25 dB). The results,
both simulated and measured, also follow the same pattern.
The gain and efficiency of the proposed antenna for 1 to 7
GHz is shown in Fig. 12. It demonstrates that the gain is
nearly 5.5 dB and is flat across frequency bands. Addition-
ally, Fig. 12 illustrates antenna efficiency that over the three
operating bands is about 90%, confirming the antenna’s
strong performance.
Several parameters should be provided that verify the ef-
ficacy of the suggested antenna for MIMO applications.
The ECC3, DG4, TARC5, channel capacity, and MEG6 are
some factors that are used to evaluate MIMO performance.
ECC should be zero, and DG must be smaller than 10 dB.
The following relationship is used to compute the ECC and
DG values for any MIMO system in terms of scattering

3Envelop Correlation Coefficient
4Diversity Gain
5Total Active Reflection Coefficient
6Mean Effective Gain

parameters [8].

ECC =
|S∗11S21 +S∗12S22|2

(1−|S11|2 −|S21|2)(1−|S22|2 −|S12|2)
(1)

DG = 10×
√

1− (ECC)2 (2)

The ECC at the targeted band must be smaller than 0.02
which is sufficient for MIMO systems. The DG is depicted
in Fig. 13. Its value throughout the entire frequency range is
approximately 9.95 dB. Additionally, the suggested antenna
has well MIMO performance, which qualifies it for MIMO
diversity systems.
The total active reflection coefficient is mainly used to char-
acterize a system with multiple antennas, and it is defined
in terms of S-parameters as:

TARC =

√
(Smm +Smn)

2 +(Snm +Snn)
2

2
(3)

To use a MIMO system for an application, TARC should
be lower than 0 dB [29]. Here, the TARC plots for MIMO
antenna at the operating frequencies (Fig. 14). This implies
that all the antennas in MIMO have good return loss when
excited at the same time.
Mean effective gain (MEG) is an important metric that
validates the performance of individual antennas of the
MIMO system. It is defined as the ratio of power received by
MIMO array antennas and the power received by isotropic

Figure 11. Radiation pattern measurements of the introduced 4 ports MIMO antenna in port 1.

Figure 12. The gain and efficiency plots of the proposed MIMO antenna.
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Figure 13. DG results of the suggested antenna.

Figure 14. Simulated and measured TARC vs. frequency.

antenna. For optimal performance of a MIMO system,
the ratio of MEGi/MEG j for antenna i and j, should not
exceed 0.3 dB [30]. Mean effective gain for MIMO can be
calculated using Equations (4) and (5) [30]:

MEGi = 0.5[1−|Sii|2 −|Si j|2] (4)

MEGj = 0.5[1−|Si j|2 −|S j j|2] (5)

The mean effective gain ratio for antenna pair (i, j) given by
MEGi/MEG j (in dB) is estimated over the frequency range
from 1−7 GHz as shown in Fig. 15 where the environment
for outdoor propagation is considered as uniform [30].
An important metric to assess a MIMO system is the channel
capacity. It is mathematically expressed as [9]:

CC = E{log2[det(1+SNR/n)HscaleHscaleT ]} (6)

where E is the expectation function, SNR is the signal-to-
noise ratio and Hscale is the channel matrix determined from
the radiation pattern of the antenna array. The MIMO sys-
tem’s total efficiency should be considered for the channel
capacity calculation of the MIMO antenna. Fig. 16 shows
the channel capacity for the MIMO system, which was ob-
tained and plotted using MATLAB programming. Table 1
compares our suggested MIMO antenna with related re-
search for similar applications released in the written works.
The systems reported in [9–11] have low isolation between
the MIMO elements and are dual-band. The antennas de-
scribed in [8] on the other hand, offer a whole band of
C. The plans in [12–14] give contrast triple-band speci-
fications, along with accurate diversity and gain function.
These systems are large, though. With its small size, low
ECC, intermediate gain, and least isolation of > 20 dB, our

Figure 15. MEG ratio for 4 elements MIMO antenna.

Figure 16. Channel capacity for 4 elements MIMO antenna.

plan has better performance among antennas in Table 1. It
could therefore be used for compact-size electronics.

4. Conclusion
In this research, a four-port MIMO antenna has been
studied. The suggested antenna element is first constructed
and tested as an initial design. Following that, a four-port
MIMO antenna with a perpendicular configuration was
discussed, modeled, made, and tested using a VNA.
Additionally, research has been done on radiation patterns,
peak gain, and MIMO performance metrics. The suggested
antenna has been tested with more than 32, 45, 34 dB, port
isolation, and 4.9, 5.2, 5.8 dB peak gain in the tri-band
range of 2.11− 2.47, 3.14− 3.53, and 5.15− 5.85 GHz.
Additionally, the suggested antenna outperformed the
relevant design by providing a well equivalent of size,
bandwidth, and different performance parameters when
compared to state-of-the-art work.
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