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ABSTRACT In this paper, a novel design of compact quad-element MIMO (Multiple Input Multiple Output)
antenna for 5G communication networks and satellites is proposed. The four similar elements of this antenna
are placed perpendicularly to each other on a 40x40 mm? FR4 substrate. Each element is fed by a CPW
(coplanar waveguide) line. Two slits and an I-shaped slot are etched into the patch, and by varying their
parameters; a good matching is achieved in the lower (4.9 GHz) and upper (17 GHz) frequency bands.
However, 25 and 30 dB isolations are attained in the lower and upper bands, using the polarization diversity
technique and adding stubs on the ground plane. A prototype of the proposed antenna is fabricated and
measured. Moreover, the performance of the MIMO antenna is studied in terms of ECC (envelope correlation
coefficient), DG (diversity gain), TARC (total active reflection coefficient), realized gain, efficiency, and
radiation pattern, validated with the measured results, and showed a good agreement.

INDEX TERMS CPW dual-band antenna, 4x4 MIMO antenna, inserting stub, polarization diversity, fifth

generation.

I. INTRODUCTION
Arapid development of wireless communication
technologies has been observed. The data rate is the
main characteristic that differentiates the different
generations (from 1G to 5G) of wireless technology, which
is increasing progressively. Indeed, the fifth-generation 5G
mobile communications network will deliver a high data rate
of 10 Gbps or more [1].
To meet the demand for high-throughput, MIMO (multi-input
multi-output) technology is considered one of the fifth-
generation core networks. It uses multiple antennas for
transmitting and  receiving  signals in  wireless
communications. This technology improves multipath
propagation and channel capacity without increasing
transmission power. In addition, it is used to increase SNR,
and data rate, improve the Quality of Service (QoS), enhance
coverage, and provide better spectral efficiency [2]. It is worth
noting that increasing the number of antenna elements at the
transmitter and the receiver ends results in a significant
upgrade in data rate and channel capacity [3].
One of the critical factors that must be considered in the design
process is the compactness of the antenna. On the other hand,
there is strong mutual coupling when the distance between
MIMO antennas is very close. Above all, we know that mobile
terminals have limited space. To overcome this drawback, the
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isolation between the radiating elements must be very high.
This necessitates the application of the decoupling technique.
Therefore, the major challenge for designers and researchers
is to strike a balance between miniaturization and high
isolation.

In this context, in the literature, there are different techniques
such as spatial diversity [4], polarization diversity [5-7],
neutralizing line [8-11], T-shaped parasitic structure [12], slots
[1], Metamaterial [13], Defected Ground Structure (DGS)
[14], split-ring resonators (SRR) [15, 16] are used to enhance
isolation. [17] presents a detailed study of the various isolation
enhancement techniques.

The allocation of spectrum is one of the main concerns of 5G
mobile communications. The fifth generation 5G technology
utilizes a different frequency spectrum and can operate in two
frequency categories. The first category (lower spectrum)
called “sub 6 GHz” covers frequencies such as: 5G NR bands
N77 (3.3 GHz-4.2 GHz), N78 (3.3 GHz-3.8 GHz) and N79
(44 GHz-5 GHz) [18, 19]. The second category (higher
frequency) is called millimeter waves, like 28 GHz (27.5 -
28.35),37 GHz (37 - 38.6), 39 GHz (38.6 - 40), and frequency
band 64 - 71 GHz allocated by FCC [20].

Furthermore, multiband antennas are a fascinating topic as
their advantage is reducing the number of antennas on board
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by combining several applications on the same antenna and
allowing simultaneous coverage of different bands.

This work proposes a novel compact dual-band quad-element
MIMO antenna for the 5G communication networks and
satellites. The suggested CPW MIMO antenna consists of
four radiating elements placed orthogonal to each other using
the polarization diversity technique. A detailed study, from the
single-element CPW antenna to four-element MIMO antenna
is presented. Performance metrics of the MIMO antenna in
terms of envelope correlation coefficient (ECC), diversity gain
(DG), total active reflection coefficient (TARC), realized gain,
radiation efficiency, and radiation pattern are evaluated. A
prototype of the proposed single and MIMO antenna has been
fabricated and measured, and a good agreement between
simulations and measurement results has been obtained. The
benefits and the novelties of the proposed antenna can be
described as follows:

Simplicity: A simple structure is designed and fabricated using
alow-cost FR4 substrate. Therefore, the structure can be easily
included in practical applications.

Feeding Technique: A CPW line feeds the proposed antenna.
This line presents a flexibility of design and realization; it also
shows a facility of integration with other circuits thanks to its
uniplanar character.

Compact size: The proposed MIMO antenna is fabricated in a
small size of (40x40 mm?), which realizes the miniaturization.
Stable radiation patterns: The antenna has bidirectional
radiation in the E-plane and omnidirectional radiation in the
H-plane. This kind of stable radiation pattern is preferred in
modern wireless applications.

Radiation efficiency: The radiation efficiency of the proposed
antenna is 70% and 65% at lower and upper-frequency bands,
respectively.

Good impedance matching: The values of [S11| are 29.99 and
30.26 for the desired bands, which means a better impedance
matching at the two bands.

Diversity performance: The proposed antenna has high
isolation and low correlation in the two operating bands,
which make the proposed antenna a good candidate for MIMO
applications.

Novelty: The proposed antenna can support dual-band
operation corresponding to 5G and satellite applications with
excellent MIMO characteristics, thanks to the polarization
diversity and the use of slots and stubs.

Il. Antenna design and analysis

A. SINGLE CPW DUAL-BAND ANTENNA

Coplanar waveguide (CPW) consists of a center strip
conductor with a pair of ground planes on either side separated
by a small gap g, as demonstrate in Fig. 1(b). Fig. 1 illustrates
the geometry of the proposed CPW dual-band antenna with
detailed dimensions. The suggested antenna is fed by a 50
Ohm characteristic impedance CPW line. The proposed
antenna is fabricated on an FR4 substrate with a relative
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permittivity of 4.4, a thickness of 1.6 mm and a loss tangent of
0.02. The overall size of the CPW dual-band antenna is 20x20
mm?. The antenna is composed of two slits etched on the left
and right side of the radiating element, an I-shaped slot, and a
rectangular stub inserted in one pair of the ground plane. The
antenna is designed and simulated using Computer Simulation
Technology (CST) Microwave Studio Software.

ht}

(b)

FIGURE 1. Geometry of the proposed CPW dual band antenna (a) top view
(b) side view.

B. FOUR-PORT CPW DUAL-BAND MIMO ANTENNA
Based on a single CPW dual-band antenna, a 4x4 MIMO
antenna array has been designed with substrate dimensions of
40x40x1.6 mm?>. The optimized dimensions of the proposed
CPW dual-band MIMO antenna are shown in Table 1. The
proposed CPW dual-band MIMO antenna consists of four
symmetrical element antennas arranged perpendicularly to
each other, as shown in Fig. 2.

TABLE |. OPTIMIZED DIMENSIONS OF THE PROPOSED MIMO ANTENNA

Parameter WS LS h ht WF LF g
Value(mm) 20 20 1.6 0.035 3 65 0.28 6 40
Parameter X y W1 D L2 w2 L1 W5 L
Value(mm) 6 4 3 1.1 44 46 3.5 4 40
Parameter LS L4 W4 W3 L3 W7 L6 Woé S
Value(mm) 1 25 04 2 0.5 1.2 6 2 5.5

W

FIGURE 2. The geometry of the proposed 4x4 MIMO antenna.

C. DESIGN EVOLUTION
The CPW dual-band antenna design steps and the
corresponding reflection coefficients are shown in Figs. 3 and
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4, respectively. A step-by-step description of each of these
stages is described below:

Firstly, we start with a conventional CPW antenna (Antenna
1). The reflection coefficient corresponding to this antenna is
represented in Fig. 4. From this figure, the operating frequency
is 17 GHz for the upper-frequency band and about 6 GHz for
the lower-frequency band.

Secondly, to shift the resonant frequency from 6 GHz to 4.9
GHz, two slits are etched at the left and the right of the
radiating element (Antenna 2). As can be seen from Fig. 4, the
lower-frequency band is 4.9 GHz with S11=-15 dB, while the
upper-frequency band is 17 GHz with S11=-25 dB.

Thirdly, an I-shaped slot is etched into the patch (Antenna
3), to adapt the upper-frequency band. As shown in figure 4,
the reflection coefficient is adapted from -25 dB to -42 dB.

Finally, to adapt the lower-frequency band, a stub is inserted
on the left ground plane (Antenna 4). From figure 4, the
reflection coefficient curve corresponding to (Antenna 4)
shows that the two desired frequency bands (4.9 GHz and 17
GHz) are well matching.

BERE

Antenna 1 Antenna 2 Antenna 4

Antenna 3

FIGURE 3. The evolution of the proposed CPW dual-band antenna.

-40 - = == Antenna 1 ‘
Antenna 2
== Antenna3

Reflection Coefficient (dB)

-50 1 = = Antenna 4

-60

5 10 15 20
Frequency (GHz)

FIGURE 4. Reflection coefficient of all antennas.

D. PARAMETRIC STUDY

The purpose of this section is to study the effect of antenna
parameters on frequencies and adaptation. The parametric
study was carried out using Computer Simulation Technology
(CST) Microwave Studio software. This parametric study
aims to achieve optimal values and good performance by
adjusting only one parameter and keeping the other parameters
constant.

1) EFFECT OF “W1, D, L2, AND W2” PARAMETERS OF
SLITS
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Two slits are etched on the radiating element; the slit etched
on the left has the length L1 and width W1, while the slit
etched on the right at a distance D from the feed line has the
length L2 and the width W2. Fig. 5 represents the effects of
W1, D, L2 and W2 parameters on the reflection coefficient of
the proposed CPW dual-band antenna.

Fig. 5 (a) shows the simulated reflection coefficient when W1
changed from 2.5 mm to 3 mm. We can observe that when W1
increases, the first frequency band shift towards the lower
frequencies, it is clear that this slit is the responsible for that
band. The optimal value is chosen to be W1=3 mm.

Fig. 5 (b) presents the simulation of the reflection coefficient
for various values of D. When the value of D decreases from
4.1 mm to 1.1 mm with a step of Imm, the second frequency
shifts to the high frequency with a good impedance matching,
D=1.1 mm is the optimal value.

The effect of the length L2 on the reflection coefficient is
indicated in Fig. 5 (c); according to this figure, we notice that
there is not a significant effect on the two bands, but for the
upper band, we can see that for L2=4.4 mm a good adaptation
is obtained in comparing to the other values of L2, this is why
the optimal value of L2 is 4.4 mm.

Fig. 5 (d) illustrates the simulated reflection coefficient versus
frequency with different values of W2. From this figure, we
remark that the variation of the width W2 from 4 mm to 4.6
mm shifts the first band to the lower frequencies and adapts
the second band. Since our objective is to obtain a resonant
frequency of 4.9 GHz, the optimal value is, therefore, W2=4.6
mm.
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FIGURE 5. Simulated S11 parameter for different values of: (a) W1, (b) D, (c)
L2 and (d) W2.

2) EFFECT OF “L4, L3” PARAMETERS OF I-SHAPED
SLOT

An I-shaped slot is introduced into the patch to improve
impedance matching at the upper-frequency band (17 GHz).
This slot has the dimensions of W3=2 mm, L3= 0.5 mm,
W4=0.4 mm, L4= 2.5 mm, W5=4 mm and L5=1 mm.

Fig. 6 (a) illustrates the simulated Si1 parameter for different
values of L4. It is clear from this figure that the variation of
the L4 parameter affects the upper band, but the lower
frequency band remains unchanged. The results show that the
reflection coefficient corresponding to the desired frequency
band is good for L4=2.5 mm.

The curve of the simulated reflection coefficient for different
values of the L3 parameter is shown in Fig. 6 (b). It is evident
from this figure that changing the value of the length L3 affects
the adaptation of the upper-frequency band. The optimal value
is L3=0.5 mm.
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FIGURE 6. Simulated S11 parameter for different values of: (a) L4 and (b) L3.

3) EFFECT OF “L6, W6” PARAMETERS OF STUB

To adapt the frequency bands, a stub is inserted at the left
ground plane with a distance of W7=1.2 mm from the left edge
of the substrate. The width stub is W6, and its length is L6.
The L6 parameter plays a crucial role in adapting the lower
frequency band. Fig. 7 (a) shows the reflection coefficient for
different values of L6. From this figure, it is clear that for L6=6
mm, good impedance matching is achieved, which is why the
optimal value is L6=6 mm.

Fig. 7 (b) illustrates the reflection coefficient for various
values of W6. By changing the W6 parameter from 1 mm to 2
mm with a step of 0.5 mm, a good adaptation is noticeable in
the upper-frequency band. To make the antenna achieve the
best performance, the optimal value is W6=2 mm.
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FIGURE 7. Simulated S11 parameter for different values of: (a) L6 and (b) W6.
This parametric study illustrates the simulated reflection
coefficient of the proposed CPW dual-band antenna with
optimal dimensions in Fig. 8.

0 Band I Band II

2 104
) 10
=
g
E =20
]
5]
<
O -30 4
=
2
g -40 4
=
S
4

=50

-60 T T T

5 10 15 20

Frequency (GHz)

FIGURE 8. Simulated S11 parameter of the proposed single CPW dual-band
antenna.

From Fig. 8, the reflection coefficient Si1 is adapted with -42
dB at the lower-frequency band (4.9 GHz) and -52 dB at the
upper-frequency band (17 GHz). The impedance bandwidths
are [4.28-5.7 GHz] and [15-18.6 GHz], covering 5G and
satellite bands, respectively.

E. MUTUAL COUPLING
Once the CPW dual-band antenna has been completed, the
arrangement of the four elements of this antenna will be made
using the polarization diversity technique to obtain the desired
4x4 MIMO antenna array.

As shown in detail above, the stub inserted in the left ground
plane, which adapts the lower frequency band, also effects the
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isolation, which will be demonstrated in the following
paragraph.

Fig. 9 shows the S-parameters of the CPW dual-band
MIMO antenna without and with stub. Due to the symmetry
S11=820=S33=S44, S21=S30=S43=S14, S31=S42=S13=S24, and
S41=S12=S23=S34, we will only be interested in the analysis of
Si1, S21, S31, and S41 parameters. Table 2 summarizes the
values of the reflection and transmission coefficients of the
MIMO antenna for the two frequency bands.

TABLE Il. S-parameters of 4x4 MIMO antenna without and with stub

ISt [S21] 1S31] [Sa1]
(dB) (dB) (dB) (dB)
Without
Band I o 14.39 18.95 15.83 18.77
With stub 3026 2147 19.42 21.04
Band Wﬁgm 30.31 32.42 32.95 31.75
11 With stub 30.82 38.98 30.16 38.69

From this table, we remark that using a stub improves the
isolation. Therefore, it is clear that the isolation is better for the
antenna with stub. Consequently, there is a lower mutual
coupling between the four ports.

From all these results, we can conclude that high isolation
was achieved using polarization diversity and inserting a stub
in the ground plane.
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FIGURE 9. Simulated S-parameters of the proposed MIMO antenna without
and with stub.

Finally, the simulated reflection and transmission
coefficients of the proposed CPW dual-band MIMO antenna
with optimal dimensions (Table 1) are illustrated in Fig. 10.

S-Parameters (dB)

Frequency (GHz)

FIGURE 10. Simulated S-parameters of the proposed four-element CPW
MIMO antenna.

The distribution of surface currents at 4.9 GHz and 16.9
GHz for the proposed CPW dual-band antenna will be
described to confirm the decoupling between the antenna
elements. Fig. 11 represents the simulated surface current
distributions when port 1 is excited and the other ports are
terminated at 50 Q.

From Fig. 11 (a), it is clear that the current is mainly
concentrated around the two slits etched on the radiating
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element; while it is focused around the I-shaped slot, as can be
seen in Fig. 11 (b). Furthermore, the coupling current
concentration between the MIMO antennas is negligible.
Therefore, we can conclude that excellent isolation between
the four antenna elements is ensured.

(a) fr=4.9 GHz

(b) fr=16.9 GHz

FIGURE 11. Surface current distributions of the proposed MIMO antenna at:
(a) 4.9 GHz and (b) 16.9 GHz.

lll. FABRICATED ANTENNA AND MEASUREMENTS
RESULTS

A. FABRICATED ANTENNAS

The proposed single and 4x4 CPW dual-band MIMO antennas
are fabricated using a printed circuit board (PCB) milling
machine: the LPKF Proto Mat E33. Then, the S parameters are
measured using a Rohde and Schwarz ZVB 20 vector network
analyzer (10 MHz - 20 GHz). The photographs of the
fabricated prototype of single and MIMO antennas are
illustrated in Fig. 12.

FIGURE 12. Photograph of fabricated prototypes single and MIMO antennas
(a), measurement setup for the fabricated MIMO antenna (b).

B. S-PARAMETERS

The measured and simulated reflection coefficient of the
proposed CPW single dual-band antenna are compared in Fig.
13. One can see an acceptable agreement between
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measurement and simulation results. The impedance
bandwidths (S1:<-10 dB) of the proposed MIMO antenna are
[4.28-5.7 GHz] and [15-18.6 GHz] resonated at 4.89 GHz
(lower-frequency band) with 41.31 dB and 16.8 GHz (upper-
frequency band) with 52.1 dB, respectively.

-40 = Simulation
= = Measurement

Reflection Coefficient (dB)

-50 4

-60 T T T T T T T T

Frequency (GHz)
FIGURE 13. Measured and simulated S11 of the proposed single CPW dual-
band antenna.

A comparison between measured and simulated S-
parameters of the proposed CPW MIMO antenna is illustrated
in Fig. 14. The detailed values of measured and simulated
reflection and transmission coefficients at the lower and
upper-frequency bands are summarized in Table 3. A close
agreement between experimental and measurement results is
observed. Additionally, the measured isolations are higher
than 24 and 28 dB in both operating bands, indicating good
MIMO performance.
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FIGURE 14. Measured and simulated S-parameters of the proposed CPW
dual-band MIMO antenna.

TABLE lll. Measured and simulated S-parameters of the proposed MIMO
antenna

Lower frequency band Upper frequency band
(Band I) (Band II)
Measured Simulated Measured Simulated
fr (GHz) 4.86 4.87 16.7 16.9
[S11] (dB) 26.97 29.99 34.52 30.26
|S21] (dB) 24.23 21.46 28.29 39.06
|S1] (dB) 26.04 19.61 45.55 29.63
|Sa1] (dB) 27.19 21.05 57.76 38.92

C. PERFORMANCES OF MIMO ANTENNA
The objective of this section is to calculate and analyze several
important parameters to evaluate a multiple-input, multiple-
output antenna. They include envelope correlation coefficient
"ECC", diversity gain "DG" and total active reflection
coefficient "TARC" as well as efficiency and gain.
The Envelope Correlation Coefficient (ECC) is an important
parameter that indicates the correlation between radiating
elements. To calculate it, there are two approaches: the far-
field radiation pattern [21] and the S parameters [17]. For good
MIMO operation, this coefficient must be less than 0.5 [22].
The envelope correlation coefficient between antenna i and
antenna j is calculated using complex radiation far-field and S-
parameters by equations (1) and (2), respectively:

|¢5 46, ¢) sin6 d6 dp|’
§f A;:(0, ) sin6 do do . €fA;;(6,)sinb do de

pe(i,)) = ey

Where:
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Aii (9' (P) = EG,L’ (9' (P) E;,] (9' (P) + E(p,i (9' (P) E;,] (9' (P)

Eg; (6, @) is the electric field radiated by the antenna element
1.

2
|Z;1'7.:151:*n5nj|
2
(1- ThoalSnil?) (1- Thoalsnjl®)

pe(i,j,N = 4) = )

The diversity gain (DG) is related to the ECC, and they are
connected by the following equation (3):

DG =10,/1 —|p|? 3)

Where: |p|2 = Pe

Fig. 15 represents the measured and simulated ECC and DG
of the proposed CPW dual-band MIMO antenna. Note that the
simulated ECC from the complex radiation far-field and S-
parameters were obtained from CST, whereas the measured
ECC is calculated from the S-parameters of the proposed
MIMO antenna. From Fig. 15, it can be seen that the measured
value of ECC (1,2) and ECC (1,3) are close to zero, while DG
is about 10 at the lower and upper bands, respectively. It
should be noted that all ECC values are below 0.5, which
indicates good diversity performance of the proposed CPW
dual-band MIMO antenna.

50
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FIGURE 15. Measured and simulated ECC and DG of the proposed MIMO
antenna.

The Total Active Reflection Coefficient is the square root
of the sum of all reflected powers at the ports, divided by the
sum of all incident powers at the ports of a 4-port antenna.
TARC can be obtained directly from the scattering matrix by
equation (4) [23]:

- i, 1B:12 A
“ s (4)

Where B; and A; are the reflected and incident signal,
respectively.

The scattering matrix for the 4x4 antenna array can be written
as follows:

Bl Sll SIZ Sl3 Sl4 Al
BZ — SZI SZZ 523 SZ4 AZ (5)
B3 531 S32 S33 534 A3
B4 S41 S42 S43 S44 A4

From equations (4) and (5), the formula of TARC can be
shown as follows [2]:
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FARC = \/|<su+sl,e ) +1(5514557) ©

4

Fig. 16 represents the measured and simulated TARC of the
proposed MIMO antenna. As can be seen from this figure,
TARC is better than -10 dB at the operating bands.

=~
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20 A = Simulated TARC
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25 4 !
-30 : T T T T T T T
2 4 6 8 10 12 14 16 18 20

Frequency (GHz)

FIGURE 16. Measured and simulated TARC of the proposed MIMO antenna.

The proposed MIMO antenna’s simulated radiation
efficiency and realized gain are plotted in Fig. 17. The
radiation efficiencies are 70% and 65% at lower and upper-
frequency bands, respectively. The realized gain is 2.65 dB at
the lower-frequency band and 4.36 dB at the upper-frequency
band.
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0l T 0
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FIGURE 17. Radiation efficiency and realized gain of the proposed MIMO
antenna.

D. RADIATION PATTERN

Fig. 18 presents the measured and simulated radiation pattern
of the proposed CPW dual-band MIMO antenna in the E-plane
and H-plane at 4.9 GHz and 16.9 GHz when port 1 is excited
and other ports are terminated with a 50 Q load. As shown in
figure 18, there is a good agreement between the measurement
and simulation results. It can be noted that in H-plane, the
radiation pattern is purely omnidirectional (shape of “O”),
whereas, in E-plane, the radiation pattern is bidirectional
(shape of “8”), identical to the radiation pattern of a dipole
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antenna at the lower frequency and nearly omnidirectional at
the upper frequency.
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FIGURE 18. The proposed MIMO antenna’s measured and simulated
radiation pattern in: (a) H plan and (b) E plan.
E. PERFORMANCE COMPARISON
The comparison of performance regarding overall size,
number of elements, bandwidth, isolation, ECC, and diversity
gain between the proposed CPW dual-band 4x4 MIMO
antenna and recently published articles is shown in Table 4.
Based on this table, our antenna has a very compact size,
high isolation, and a low ECC compared to all listed
references. In addition, the proposed antenna has a simple
structure and wide bandwidth. Therefore, the suggested
antenna is suitable for MIMO system applications and is a
good candidate for 5G mobile and satellite communications.

TABLE IV. Performance comparisons of the proposed CPW dual-band 4x4
MIMO antenna with recently published works

Ref Ne Size/ Fr Bandwidth Isolation ECC DG
¢ elt Substrate (GHz) (GHz) (dB) (dB)
This 4 40x40 4.9 [4.05-5.97] 27 0.0001 9.999
Work FR4 17 [14.6-18.25] 30 2.34x107 10
54x27
[3] 2 FR4 4.9 [4.82-5] 23 0.002
120x65 3.5
[24] 4 FR4 43 [3.3-5] 18.8 0.018
50x50 3.4
[25] 4 FR4 49 [3.3-5.8] 20 0.01
21 4 150x73 3.5 [3.4-3.6] 17.5 0.14
(21] FR4 4.9 [4.8-5] 20 0.12 =
74x47.3 2.51 [2.46-2.7]
26] 2 FR4 5.21 [5.04-5.5] 30 0.01
130x74 3.5 [3.3-3.6] 15
(271 4 FR4 4.9 [4.8-5] 12 0.1
28] 4 100x60 3.46 _ 10 0.04
Rogers 17 [16.5-17.8] 15 0.02 =
2.4 [2.33-2.82]
[29] 2 7131)36 4 [3.68-4.31] 20 0.007
6.1 [5.73-6.48]
50x50
[30] 4 FR4 52 [4.3-6.65] 20 0.004 9.9

IV. CONCLUSION

A novel dual-band four-element multiple input multiple
output antenna is proposed in this work. The proposed antenna
is designed and fabricated on an FR4 substrate; its overall
dimension is 40x40x1.6 mm?’. The fundamental element
antenna has a dual resonance at 4.9 GHz and 17 GHz. The
impedance bandwidth ranges from 4.05 to 5.97 GHz and from
14.6 to 18.25 GHz for a reflection coefficient of less than -10
dB, covering 5G and satellite applications. The polarization
diversity technique and adding stub in the ground plane
achieved isolation between ports higher than 30 dB in both
bands. The envelope correlation coefficient ECC is less than
0.0001, and the diversity gain is greater than 9.99 at the lower
and upper bands. Furthermore, the radiation efficiency is 70%
and 65% at the lower and upper-frequency bands,
respectively. Realized gain of 2.61 dB is obtained at 4.9 GHz
and 4.32 dB at 17 GHz. The simulated results are validated by
the experimental ones and shown an acceptable agreement. In
addition to these features, the suggested antenna has a simple
structure and compact size. Therefore, the proposed MIMO
antenna is suitable for 5G mobile and satellite communication
networks.
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