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Abstract

This research reports a four-port multiple-input-multiple-output (MIMO) antenna designed
for 5G-NR band applications including n77: 3.30–4.20 GHz, n78: 3.30–3.80 GHz, and n79:
4.40–5.00 GHz. The proposed design is analyzed in two parts, one single-element asymmet-
rical fed Calendula flower-shaped antenna and the other four-port modified MIMO antenna
with the connected ground. The evolution of the MIMO antenna is studied based on the char-
acteristics and optimized single-element antenna. The measured 5G-NR bandwidth offers a
very high matching of impedance for MIMO configuration and higher isolation in the
same band. The MIMO antenna offers an average peak gain of 3.51 dBi with a radiation effi-
ciency of more than 90%. The radiation patterns plotted at 3.51, 4.00, 4.50, and 5.00 GHz
match with almost omni-directional and dipole patterns in H- and E-radiating planes respect-
ively. The MIMO antenna also records good diversity performance (ECC, DG, CCL, MEG,
and TARC) in n77, n78, and n79 5G bands.

Introduction

The channel capacity of the multiple-input-multiple-output (MIMO) antenna is increased due
to the transmitter radiating the identical power and the receiver receiving it, and hence, there is
no necessity for additional bandwidth [1]. This type of multiple radiating antennae suffers one
major drawback which is maintaining isolation between the neighboring radiators which are
closely packed. There can be different configurations of the MIMO antenna (2 × 2, 4 × 4)
[1–35] which are designed for specific applications and ensure good isolation between them.
The MIMO antennas [1–20] discuss the design methodology and isolation techniques used so
that the interference between the neighboring radiators’ field radiation is mitigated and hence, all
the required results are preserved. A square patch with rectangular ground placed orthogonally
maintains isolation of more than 30 dB [1] while a T-type stub attached to the ground between
two adjacent radiators [2, 3, 12] and a tapered feed patch MIMO antenna [4, 8] observes better
isolation by using rotated L-type strips. A funnel-shaped stub placed between shared ground
[5], a rectangular-rotated L-type strip in the ground between two orthogonal radiating patches
[6], and an etching pair of symmetrically-cut rectangular slots are the other reported techni-
ques to achieve better isolation [7]. In an F-shape inverted antenna, a Swastik-shaped repetitive
etched structure is applied to improve the isolation [9], and a short stub-loaded resonator with
added T-shaped junction in between dual radiating patch [10] and novel elliptical type stub
in-ground helps in achieving higher [11]. A unique pair of fractal stub [13, 15, 16] multiband
MIMO antenna with a T-shaped stub on the ground [14] and the dual half-cut quasi self-
complementary MIMO antenna utilizes no complex decoupling structure for isolation [17];
feather-type circular-shaped loaded radiator achieves isolation by placing the two identical
radiators orthogonally or adjacent to each other [18, 19] and a T-type stub etched with semi-
circular slot also helps in maintaining higher isolation between two radiating elements placed
adjacent to each other [20]. The above-discussed MIMO antenna is of 2 × 2 configuration and
also different techniques are applied to achieve better isolation in a four-port MIMO config-
uration. A four-semielliptical MIMO antenna with an asymmetric coplanar strip placed in an
orthogonal fashion occupying a size of 48 × 52 mm2 on an FR4 substrate requires no add-
itional isolation element [21]. A MIMO antenna for automative application which is inter-
locked with a four-radiating patch achieves higher isolation in a bandwidth of 2.80–9.50
GHz [22]. Radiation pattern and polarization diversity are achieved in four pairs of microstrip
fed antenna which also consists of dual-concentric annular slots [23, 24] and five concentric
stubs placed between four radiators [25]; a defected ground structure monopole of 4 × 4

, 683 697.15

https://doi.org/10.1017/S1759078722000800 Published online by Cambridge University Press

https://www.cambridge.org/mrf
https://doi.org/10.1017/S1759078722000800
mailto:manishengineer1978@gmail.com
https://orcid.org/0000-0001-8175-4637
https://orcid.org/0000-0002-1539-2938
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1759078722000800&domain=pdf
https://doi.org/10.1017/S1759078722000800


configuration uses no isolation element as the inter-spacing
between them achieves higher isolation [26] and by maintaining
the spacing of <0.05λ between radiators isolation of more than
16 dB is achieved [27]. Three MIMO antenna configurations
[28–30, 32, 33] with four radiating patches utilize no decoupling
structures and a fan-shaped parasitic structure between the four-
radiating patch achieves better isolation [31]. A three-layered
MIMO antenna offers high diversity performance with isolation
<−20 dB [34] and four square-patch placed exactly at the center of
the edges with defected ground records isolation of <−37.50 dB in
the operating band of interest [35].

This paper reports a 4 × 4 MIMO antenna configuration
designed for 5G-NR bands applications which include n77, n78,
and n79. The reported design consists of a Calendula-shaped
radiating patch which is fed asymmetric using a microstrip. The
four-radiating patch which also consists of respective rectangular
etched ground and an attached rectangular provides good imped-
ance matching and interconnected ground with strip results in
higher isolation between them, thereby providing a better plat-
form for diversity performance. The MIMO design is carried
out by first designing a single radiating antenna and then modi-
fying the same to the MIMO configuration which is discussed
below.

Proposed antenna configuration and antenna evolution
(single radiating patch)

This research discusses the evolution of the proposed single-
element antenna which is modified to work with a four-port con-
figuration and mitigates all the demerits possessed by a single
radiating patch. Figure 1 shows the complete configuration of
the proposed unit element antenna with a radiating patch resem-
bling Calendula flower and rectangular ground etched with the
rectangular slot. Figure 1(a) shows the perspective view of
the antenna is fabricated on an FR4 substrate for the design of the
proposed antenna. Figure 1(b) shows the detailed dimensions
which are optimized by using an EM simulator. Also, it can be
observed that the radiating patch is fed by an asymmetric 50Ω
microstrip line. The partial rectangular ground which is printed
on the opposite plane of the substrate is etched with a rectangular
slot behind the microstrip line. Figure 1(c) represents the detailing
of the Calendula flower leaves and these leaves are aligned at dif-
ferent angles concerning origin (E1 = 165°, E2 = 015°, E3 = 90°,
E4 = 105°, and E5 = 70° (anticlockwise direction)). All the opti-
mized dimensions shown in Fig. 1 are recorded in Table 1
given below.

The next step is to study the evolution of the proposed antenna
which is shown in Fig. 2. Figure 2(a) depicts a circular patch
antenna with the ground on the opposite plane containing the
patch. This antenna #1 exhibits very poor matching of the imped-
ance as observed in Fig. 2(e). The improvement of the impedance
is noted by modifying antenna #1 to antenna #2 where the circu-
lar patch is etched by a circular slot and the partial ground is
etched with a rectangular slot which is shown in Fig. 2(b). This
modification improves the matching of impedance and the partial
5G NR bands are achieved. Further antenna #3 shows the addition
of three fractal leaves with the patch connected to asymmetric
feed. The lower bandwidth is improved when compared with
the previous version. The final version of the antenna shown in
Fig. 2(d) which is antenna #4 achieves all the 5G NR bands
including n77, n78, and n79 which is the objective of the design.
The modification includes the addition of two more cornered

leaves and a rectangular stub attached to the ground providing
an impedance bandwidth of 3.18–5.53 GHz.

Study of key parameters affecting the bandwidth and
surface current distribution

The proposed single-element antenna discussed in section
“Proposed antenna configuration and antenna evolution (single
radiating patch)” was the optimized version shown in Fig. 1.
However, the key parameters which are optimized including
Wf, axial ratio, L2, and Lg offer a vital role in the matching of
the impedance and designing of the antenna, thus, change in
their respective physical length does affect the operating band-
width to a larger extent. These effects are seen by studying the
parametric study shown in Fig. 3. The width of the microstrip,
Wf is calculated by following equations

Wf = 7.48× h

eZo
�����
1r+1.41

√
87

( )
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��������������������������������������������
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Here Zo is the impedance (Ω), Wf is the width of microstrip
(mm), t is the trace width (mm), h is the height of the dielectric
material used in this design, εr is the permittivity of the micro-
wave substrate used.

As per the observations from Fig. 3(a), the width of the micro-
strip line changes the impedance of the feed which is governed by
three equations, equations (1)–(3). The impedance of the feed line
is designed for 50Ω and the variation of width Wf also changes
the impedance which in turn affects the overall impedance of the
antenna. The values for Wf are changed from 2.10 to 2.50 mm,
achieving the required bandwidth, but more matched impedance
is observed for Wf = 2.30 mm with S11 =−44.86 dB at 4.00 GHz.
Similarly, the partial ellipse used in the design with axial ratio =
2.0 shown in Fig. 3(b) also provides the required impedance
bandwidth of 3.18–5.51 GHz with corresponding S11 =−44.86 dB
at 4.00 GHz. The variation of L2 which is the height of the etched
rectangular slot on the ground observes a larger deviation of the
S11 parameter recorded in Fig. 3(c). For L2 = 3.00 mm which is an
optimized value that achieves the 5G NR bands. Another import-
ant parameter Lg, which is the length of the ground, observes very
poor matching of impedance for Lg = 11.50 mm and deviation of
center resonance frequency to 4.48 GHz for Lg = 13.50 mm. After
optimization, for Lg = 12.50 mm, the impedance bandwidth cov-
ers n77, n78, and n79 bands with S11 =−44.86 dB at 4.00 GHz.

The illustration of the surface current density at 3.30, 3.50,
4.00, 4.50, 4.80, and 5.00 GHz is shown in Fig. 4. Figures 4(a)
and 4(b) show the distribution of surface current for 3.30, 3.50,
and 4.00 GHz which covers the n77 and n78 bands. From the
observations, the electric current is strongly distributed on the
portion of microstrip and rectangular stub attached to the ground
and confirms that these three-antenna areas form part of the
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radiating structure. It can also be depicted from Fig. 3(d) that the
length of the ground does affect the matching of the impedance.
Figures 4(d)–4(f) show the simulated current density distribution
for 4.50, 4.80, and 5.00 GHz respectively for the n79 band. The
same observations are noted that the surface current density is
maximum within the feedline. For the remaining area of the
antenna structure, the distribution of surface current is max-
imum, thereby ensuring all the input signals are radiated.

Modified 4 × 4 MIMO antenna (without and with stub)

The high throughput in the limited bandwidth environment is
solved in multiple antenna configurations or MIMO systems. The
demand for the faster transmission of higher data concerning time
lead to the evolution of the MIMO antenna maintaining enhanced
bandwidth/throughput of the data under different conditions
including interference, fading of the signal, and multipath followed
by signal at the receiver side. It is known from the Shannon–
Hartley theorem [36] that the capacity of the channel is given by

C = BW log2(1+ SNR), (4)

where C is the channel capacity, BW is the bandwidth, and SNR is
a signal-to-noise ratio.

From above equation (4), it can be concluded that the channel
capacity can be increased by increasing more number of radiating
antennas rather than a single one. A MIMO channel capacity is
calculated by

CMIMO = N × BW log2(1+ SNR). (5)

Equation (5) suggests that increasing the number of radiating ele-
ments rather than increasing channel SNR which ends up in mar-
ginal gains increases the channel bandwidth and hence higher
throughput is achieved.

Based on the above concept, a 4 × 4 MIMO antenna configur-
ation is developed which is the modified version of the single radi-
ating antenna discussed in previous sections. All the key results
corresponding to MIMO configuration including bandwidth,
diversity performance, and far-field results are discussed below.

Figures 5(a)–5(d) show the design of the 4 × 4 MIMO antenna
which is the modified version of the antenna shown in Fig. 1.

Figure 5(a) shows the reflection coefficient (S11 in dB) curves
with a 4 × 4 MIMO antenna configuration. The unit cell or single

Fig. 1. Proposed 5G-NR antenna design with single radiation patch; (a) perspective view, (b) front view with a magnified patch.
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Table 1. Proposed single and four-element 5G radiators parameter with values

Parameter Ls Ws Lg Lf Wf L1 L2 L3

Value (mm) 26 24 12.5 14.8 2.3 9.5 3 13.5

Parameter L4 L5 W1 W2 W3 W4 W5 W6

Value (mm) 1.75 1 5.5 9.5 1 3 8 6

Parameter Ws1 Ls1 R1 R2 S A.R M.A h

Value (mm) 58 58 5.8 4.2 2.2 2 10 1.6

Fig. 2. Evolution of the antenna (a) Antenna #1 (b) Antenna #2 (c) Antenna #3 (d) Antenna #4 (e) S11 result of Antenna#1–Antenna#4.
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radiating antenna is placed in orthogonal sequence with their
respective ground to achieve spatial diversity. Figure 5(a) shows
the simulated S11 curves for different sizes of the antenna
(54 × 54, 56 × 56, 58 × 58, and 60 × 60 mm2). The optimized size
of the antenna with 60 × 60 mm2 achieves the required 5G
bands and also the center frequency. It is worth noting that
there is no decoupling structure used, but Fig. 5(b) which
shows the transmission coefficient curve between port 1-port 2
and port 1-port 4 observes poor isolation between them due to
the reason that they are placed adjacently. Figure 5(c) which
shows the isolation graph (S31 in dB) between port 1-port 3
records better values of isolation in the operating band suggesting
that these two radiating patches are not adjacent but are diag-
onally placed in an orthogonal fashion. Also, the proposed
antenna as observed in Fig. 5(c) shows better S13 results.
Figure 5(d) compares the reflection and transmission coefficients
of port 1 concerning port 2, port3, and port 4. The required band-
width for 5G bands is achieved but the matching of impedance is
poor and can be further improved when a decoupling structure is
used. Also, the S31 shows good isolation, but S21 and S41 offer
poor isolation between them and need to be improved.

Figure 6 shows the distribution of surface current density for a
four-element 5G radiator with the isolated ground for frequencies
3.30, 3.50, 4.00, 4.50, 4.80, and 5.00 GHz. This simulation is

obtained by exciting port 1 and matching all the remaining
ports (port 2, port 3, and port 4) with the matched impedance
of 50Ω. As per the observations from all the six figures shown
in Fig. 6 for different frequencies, it can be observed that the
interference between the adjacent radiating antennas is more
while the antenna placed diagonally has less interference which
is already shown in Figs 5(c) and 5(d). The above-discussed
results for MIMO antenna will not result in very good diversity
performance, and hence further modification or addition of
decoupling structure becomes necessary.

The 4 × 4 MIMO antenna discussed in Fig. 5 inherits demerits
such as poor isolation and hence poor diversity performance. This
problem is overcome in the proposed 4 × 4 MIMO antenna con-
figuration shown in Fig. 7. Figure 7(a) shows the prototype of the
proposed 4 × 4 MIMO antenna configuration with a decoupling
structure connected to all the grounds. The modification of the
MIMO antenna ensures better isolation between all the ports
which was not available in the earlier proposed MIMO design.
The rectangular strip which is interconnected with the ground
as shown in Fig. 7(b) ensures good impedance matching for the
desired n77, n78, and n79 bands as shown in Fig. 7(d). It can
be observed that the simulated S11 parameter offers the max-
imum value of −44.68 dB at 4.18 GHz, while the measured values
are −50.28 dB at 4.52 GHz. In both the simulated and measured

Fig. 3. Parametric analysis on; (a) feed width (Wf), (b) axial ratio (A.R), (c) truncated ground slot length (L2), (d) truncated ground length (Lg).
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results comparison, the MIMO antenna covers all the 5G bands.
Similarly, the proposed MIMO antenna also offers better isolation
of more than −15 dB for both simulated and measured results.

Figures 7(d)–7(i) show the distribution of surface current for
3.30, 3.50, 4.00, 4.50, 4.80, and 5.00 GHz. Port 1 corresponding
to antenna #1 is excited while all the remaining ports (port 2,
port 3, and port 4) are terminated with a matched impedance
of 50Ω. The transmission coefficients shown in Fig. 7(c) offer iso-
lation of more than −15 dB and this is due to the reason that the
additional decoupling structure used in the ground provides an
additional path for the flow of current and hence prevents the

interaction between all the remaining radiating antennas, thereby
reducing the interference which was observed for MIMO antenna
without decoupling structure.

Diversity performance

There are different diversity schemes such as space diversity, fre-
quency diversity, angle diversity, time and multiple path diversity,
and polarization diversity. The fading of the two signals will differ
when two or more radiating antennas are separated by a min-
imum distance of 0.5λo (where λo is the operating wavelength

Fig. 4. Surface current distribution of 5G single radiator at various frequencies; (a) at 3.30 GHz, (b) at 3.50 GHz, (c) at 4.00 GHz, (d) at 4.50 GHz, (e) at 4.80 GHz, (f) at
5.00 GHz.
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corresponding to the frequency of 4.00 GHz in the proposed 4 × 4
MIMO antenna configuration (Table 2).

Envelope correlation coefficient (ECC) which is a very import-
ant parameter of diversity performance is calculated by using
either a far-field radiation pattern or using scattering-parameter.
Calculation of ECC from S-parameter makes assumptions that

all the signals which are fed to the antenna are uniform spread,
as well as all the radiation elements are well matched and possess
no loss. The following equations show the calculation of ECC
using radiation patterns concerning fields radiated and
S-parameter (2 × 2 and 4 × 4 MIMO) [3, 27]

ECCm×n =
��
Fm
	�

(u, f).
��
Fn
�

(u, f) dV
∣∣∣

∣∣∣
2

��| Fm	�(u, f)|
2
dV

��|Fn�(u, f)|
2
dV

, (6)

ECCm×n = |S∗11 S12 + S∗21 S22|2
(1− |S11|2 − |S21|2) (1− |S22|2 − |S12|2)

. (7)

For the four-port MIMO antenna configuration, ECC is eval-
uated by

In equation (6), Fm and Fn have radiated fields of the mth
and nth antennas. For the ideal MIMO array, the ECC is
zero, but for practical cases, these values are expected to be
<0.50.

The effective diversity in the communication channel is given
by the diversity gain which shows the dissimilarity between the
time-average SNR signals. This compares the diversity of several
radiating antennae when compared with the single antenna sys-
tem. The DG which is evaluated by equation (9) is related to

Fig. 5. Parametric analysis on substrate of isolated ground; (a) S11 values, (b) S21 or S41 values, (c) S31 values, (d) S-parameters of 60 × 60 mm2 size 5G radiator
with isolated ground.

ECCm×n = |S∗11 S12 + S∗12 S22 + S∗13 S32 + S∗14 S42|2
(1− (|S11|2 + |S21|2 + |S31|2 + |S41|2))(1− (|S12|2 + |S22|2 + |S32|2 + |S42|2))

. (8)
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ECC as given by

DGm×n =
��������������
1− ECC2

m×n

√
. (9)

The values of directive gain (DG) should be ideally 10 dB, and
in the proposed antenna, these values are approximately 10 dB as
noted in Fig. 8(b).

The capacity of the channel signifies the efficient transmission
of the signal with no distortion or loss of data bits in the commu-
nication environment. However, the ideal condition is not
achieved, and hence channel capacity loss (CCL) has to be

evaluated which is given by the following equations

Channel capacity lossm×n = −log2(V
MIMO), (10)

where

VMIMO = V11 V12

V21 V22

[ ]
, (11)

V11 = 1− [|S11|2 + |S12|2], (12)

Fig. 6. Surface current distribution of four-element 5G radiator isolated ground at various frequencies when port 1 is excited; (a) at 3.30 GHz, (b) at 3.50 GHz, (c) at
4.00 GHz, (d) at 4.50 GHz, (e) at 4.80 GHz, (f) at 5.00 GHz.
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V22 = 1− [|S22|2 + |S21|2] (13)

V12 = −[S∗11S12 + S∗21S12], (14)

V21 = −[S∗22S21 + S∗12S21]. (15)

The maximum allowable CCL values or ideally CCL < 0.40 b/s/
Hz and in the proposed 4 × 4 MIMO antenna configuration, the
values of CCL are 0.04 b/s/Hz which are better than 10 times
the ideal values as observed in Fig. 8(c).

The antenna receiving averaged signal is computed by the
diversity parameter known as mean effective gain (MEG) and is
defined as the ratio of the power received by the receiving antenna
to the total power which is incident on it. The MEGs are calcu-
lated between any two antennas by generalized formula given

Fig. 7. (a) Prototype of 4 × 4 MIMO antenna with decoupling structure; (b) simulation snapshot; (c) simulated and measured S-parameters; (d)–(i) surface current
density distribution at 3.30, 3.50, 4.00, 4.50, 4.80, and 5.00 GHz.
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for the mth and nth antenna

MEGm = 1− |Smm|2 − |Smn|2, (16)

MEGn = 1− |Snn|2 − |Snm|2. (17)

The ratio calculates the MEG which is given by

MEGm

MEGn
= 1− |Smm|2 − |Smn|2

1− |Snn|2 − |Snm|2
. (18)

For the proposed antenna, MEGs calculated for antenna
#1-antenna #2, antenna #1-antenna #3, and antenna #1-antenna
#4 were simulated and measured values are plotted in Fig. 8(d).
As per the observations, the ratio of MEG values is approximately
−3.0 dB for both simulated and measured values.

In MIMO antenna configuration, the radiating elements are
closely placed to each other and are operated at the same time,
but this arrangement of radiating antennas also affects the per-
formance in terms of interference. This suggests that the
S-parameters obtained for the MIMO antenna only do not ensure
the merit of interference, and hence a new parameter called
total-active-reflection-coefficient (TARC) needs to be evaluated.
This parameter is defined as the “square root of the ratio of

Fig. 7. Continued.

Table 2. Comparison of S11, S21 (or) S41, and S31 of 5G radiators

5G radiator/parameter S11 (GHz) S21 (or) S41 (dB) S31 (dB)

Single radiator (26 × 24) 3.16–5.22 NA NA

Four-element radiator with
isolated ground (60 × 60)

3.05–5.01 At 3.5
GHz

At 4.0
GHz

At 4.5
GHz

At 5.0
GHz

At 3.5
GHz

At 4.0
GHz

At 4.5
GHz

At 5.0
GHz

17.2 18.1 20.1 22.5 29.6 30.7 25.1 38.1

Four-element radiator with
connected ground (58 × 58)

3.31–5.13 At 3.5
GHz

At 4.0
GHz

At 4.5
GHz

At 5.0
GHz

At 3.5
GHz

At 4.0
GHz

At 4.5
GHz

At 5.0
GHz

15.9 15.6 17.6 21.9 19.5 23.3 26.7 33.7
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Fig. 8. Diversity performance; (a) ECC4×4 (simulated and measured), (b) DG4×4 (simulated and measured), (c) CCL4×4 (simulated and measured), (d) MEG4×4 (simu-
lated and measured), (e) TARC4×4 (simulated and measured).
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Fig. 9. Far-field result discussion; (a) radiation efficiency and peak gain, (b)–(g) 3D radiation pattern, (h)–(k) 2D radiation pattern.
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total reflected power to the total incident power and overall appar-
ent loss”. The TARC between any two ports is calculated by

TARCm×n =
�������������������������������
(Smm + Smn)

2 + (Snm + Snn)
2

2

√

, (19)

TARC14 =
�����������������������������
(S11 + S14)

2 + (S41 + S44)
2

2

√

. (20)

Figure 8(e) shows the simulated and measured TARC values
which are below −10 dB in all the three bands of 5G and the
expected values are <0 dB indicating more power is incident
rather than reflected and this is due to the highly achieved
matched impedance in the proposed design.

Discussion of results and comparison with other
state-of-the-art designs

This section discusses the far-field result characterization of the pro-
posed antenna. Figure 9(a) shows the radiation efficiency and mea-
sured peak gain (dB) of the proposed antenna. The MIMO
antenna offers a radiation efficiency of 0.9 on the normalized scale
which is more than 90% in the operating 5G bands. Also, the vari-
ation of the peak gain is between 2.50 and 4.50 dBi. Figures 9(b)–9
(g) show the 3D radiation pattern which is simulated for 3.50, 4.00,
4.50, 4.80, 3.30, and 5.00 GHz. The 3D radiation pattern shows the
capability of the MIMO antenna to maintain desired donut pattern
in E- and omni-directional pattern in the H-plane. Figures 9(h)–9
(k) show the 2D radiation pattern of the proposed antenna at 3.50,
4.00, 4.50, and 5.00 GHz which shows that all the three 5G bands
(n77, n78, and n79) antenna offers dipole-type pattern and omni-
directional pattern in both principal planes.

This section also discusses the comparison of the proposed
antenna with the present state-of-the-art design which is com-
pared with previously published work and is tabulated in
Table 3. It can be observed that the proposed MIMO antenna
configuration designed for n77, n78, and n79 5G bands occupies
a substantial area of 3364 mm2 and also utilizes FR4 substrate
which makes it a more prominent candidate to be integrated
with microwave integrated circuits (MICs) circuits. The compari-
son table also suggests that the proposed antenna offers very good
diversity performance. This novel design of the MIMO antenna
makes it more suitable for different handheld devices intended
for 5G applications.

Conclusions

In this research article, a 4 × 4 MIMO antenna is proposed where
a rectangular stub is used in the ground to achieve isolation and
this technique does not only affect the working bandwidth. The
Calendula radiating patch which forms the asymmetric fed
MIMO antenna configuration offers good diversity performance
with ECC < 0.005, DG∼ 10 dB, CCL < 0.05 b/s/Hz, MEG≈−3.0
dB, and TARC <−10 dB. The proposed antenna maintains a radi-
ation efficiency of more than 90% and gain between 2.50 and 4.50
dBi. The MIMO antenna is compared with simulated and mea-
sured 2D radiation patterns offering excellent dipole-like and
omni-directional patterns and desired radiation planes. All the
above excellent characteristics offered by the proposed MIMOTa
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antenna make it a suitable candidate for the integration with
applications including n77, n78, and n79 bands.

Conflict of interest. None.
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