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In this paper, a planar multiple input, multiple output (MIMO) dipole
antenna for a future sub-6 GHz 5G application is proposed. The planar
MIMO structure consists of 4 antenna elements with an overall size of
150x82x1 mm3. The single antenna element is characterized by a size of
32.5x33.7x1 mm?3 printed on an FR-4 dielectric substrate with er=4.4 and
tand=0.02. The suggested antenna structure exhibits good impedance
bandwidth equal to 3.24 GHz starting from 3.3 to 6.6 GHz with an S1: value
of less than -10 dB (S1:<-10 dB) with antenna gain varying from 5.2 up to
7.05 dB in the entire band, which covers all the sub-6 GHz frequency band
of the 5G application. Good isolation is achieved between the MIMO
elements due to low surface waves inside the MIMO antenna substrate. The

Printed dipole antenna radiation of the MIMO antenna structure can be manipulated and many

Sub-6 GHz beam-types can be achieved as desired. The high-frequency structure
simulator (HFSS) software package is used to design and simulate the
proposed structure, while the CST MWS is used to validate the results.

This is an open access article under the CC BY-SA license.

[@Xole

Corresponding Author:

Haider Saad Najim

Computer Techniques Engineering, Middle Technique University
Baghdad, Iraq

E-mail: haidersaadct@mtu.edu.iq

1. INTRODUCTION

With a wide development in the wireless communications system and a large amount of devices that
require a wideband of operating frequencies, the fifth-generation (5G) system has been occurred to increase
the capacity, speed, energy efficiency, and reliability of the network [1]-[7]. Due to that development in the
network, the needs for wide-bandwidth, light weight, low-profile, and small size antennas with stable
radiation and good characteristics are in increasing [8]-[11]. Conventional printed antennas, on the other
hand, may not meet such criteria as wideband, high-speed data transmission; steady unidirectional emission
over a broad frequency range; and high gain [10], [12]-[14].

Due to its high gain and unidirectional radiation patterns, the traditional Yagi antenna is frequently
employed in wireless communication networks [15]-[22]. The traditional Yagi antenna has a narrow
impedance bandwidth with a big size and can’t be integrated with a circuit board, which limits its use in some
applications [23]. A Yagi antenna is composed of three primary components: the reflector, the driving
elements, and the director [24]. In 1991, Huang and Densmore invented the planar microstrip Yagi antenna
as a hybrid of Yagi and microstrip antennas, which has many of the properties of a Yagi antenna, including
high gain, steady radiation, cheap cost, and simplicity of production and circuit board integration [25]. Many
techniques are used to develop and enhance the planar Yagi antenna structure performance. To obtain a broad
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impedance bandwidth, a Microstrip to Slotline feeding approach is presented, and the measured result is
found to be approximately 46% [26].

In this work, a multiple input, multiple output (MIMO) planar printed dipole antenna is proposed for
Sub-6GHz 5G mobile applications. The MIMO structure size is 150x82 mm?2. A microstrip to slotline
transition technique is used as an antenna feedline to avoid high cross-polarization. A tapered slot technique
is suggested as the dipole driver of a printed dipole antenna. Such drivers allow the proposed antenna to work
at a considerable bandwidth with good performance, this makes it an excellent choice for 5G applications..
Four antenna elements are used in the MIMO structure. Each antenna element is placed in a corner to achieve
omni-directional radiation. In order to design and simulate the suggested structure, the high-frequency
structure simulator (HFSS) software package is employed, and the CST MWS is used to verify the results.

2. ANTENNA DESIGN METHOD
2.1. Single antenna element

The suggested antenna structure based on the printed dipole antenna is presented in Figure 1.
The antenna structure is printed on an FR-4 dielectric substrate with g=4.4, and tan5=0.02. The antenna
dimensions are 32.5x33.7 mm? with a substrate thickness of 1mm. On the bottom face of the FR-4 substrate
is printed the antenna feedline. The feedline technique that is used in the proposed antenna is the microstrip
to slotline transition type with impedance of 50 Q. A square-shaped stub with dimensions of 4x4 mm? is
located at the end of the microstrip transmission line. Such a stub is used for more impedance matching.

The patch layer of the suggested antenna is printed on the top face of the FR-4 substrate. As seen in
Figure 1, the patch structure is comprised of a reflector, drivers with a flare shape, and a director. The
antenna drivers are characterized by a flare-shape with a tapered slot curve. The taper slot technique is used
in the proposed antenna due to the advantages presented by wide impedance bandwidth, high gain, and
symmetrical radiation pattern. Finally, the other geometrical details are presented in Table 1.
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Figure 1. The geomatrical shape of the suggested printed dipole antenna (a) top view and (b) bottom view

Table 1. The geometrical details of the suggested printed dipole antenna (all measurements in mm).
Parameter  Value  Parameter  Value Parameter  Value Parameter  Value

L 325 Ls 3 Ls 8.4 Wi, 0.8
W 33.7 W 1 W3 12 L¢ 18.3
Lt 135 L, 3 Lg 12 S 0.8
r 1 W, 6.7 Wy 1.5 51 4
Ly 7 W, 6.7 Wy 1.9 S, 4

In Figure 2, the antenna development steps of the proposed antenna structure are presented as Ant.1,
Ant.2, Ant.3, and Ant.4. At the top of the dielectric substrate, the reflector and driver are mounted, while at
the bottom, there is a feedline. The antenna feedline is kept constant for all the antenna models. Initially,
Ant.1 was designed. It’s a conventional printed dipole antenna with two straight-line drivers. Each driver is
characterized by a size of 12x1 mm?2.

Indonesian J Elec Eng & Comp Sci, Vol. 27, No. 3, September 2022: 1649-1660



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 O 1651

In the second step of the proposed antenna development, the antenna driver elements are modified to
the linear tapered slot as seen in Figure 2. The linear tapered slot technique is used to enhance the antenna
performance due to the linear slot transition. The tapered slot gives linear variation in the opening of the slot
curved. This variation in the slot curve gives more antenna impedance variation. As there more impedance
variation there is more operating frequency. At the end of the slot, the impedance is closed to the free-space
impedance and as a result the radiation is happened. In Ant.3, the linear slot curve is improved to an
exponential slot curve to give a smooth slot transition and, as a result, more variation in the opening of the
slot curve. Finally, in Ant.4, a single director element is added to the antenna structure for more antenna

performance enhancement.
(b)

(©) (d)

(a)
Figure 2. The suggested planned dipole antenna's design steps: (a) Ant.1, (b) Ant.2, (c) Ant.3, and (d) Ant.4

2.2. MIMO antenna system

After completing the designing process of the suggested planar dipole antenna, optimum design is
achieved, and a MIMO antenna system is designed and presented in Figure 3. Four antenna element
structures are used and printed on the dielectric substrate of FR-4 material. The MIMO antenna's overall
dimensions are 150x82 mm? with a substrate thickness of 1 mm. Due to the proposed planar dipole antenna
characteristic of the endfire radiation pattern, each antenna element is placed in one corner of the substrate
toward one of the four directions. Such an arrangement is used to cover all four directions in order to achieve
an omnidirectional radiation pattern. The MIMO geometrical details are presented in Table 2.
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Figure 3. The geomatrical shape of the printed Dipole MIMO antenna (a) top view and (b) back view

Table 2. Geometrical details of MIMO antenna system (all measurements in mm)

Parameter Value Parameter Value
Lm 150 Lse 83.7
Wm 82 Wse 15.7
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3. RESULTS AND DISCUSSIONS
3.1. Single antenna element

After completing the designing process of the suggested antenna structure, the suggested antenna is
simulated and analyzed inside the HFSS environment. Firstly, the reflection coefficient of the proposed
antenna in terms of Sy; is calculated and presented in Figure 4. 1t’s found that the simulated result shows and
gives a wideband of impedance bandwidth. The bandwidth is found to be equal to 3.24 GHz starting from
3.3 to 6.6 GHz with an Si; value of less than -10dB (S11<-10 dB) in the entire band, which covers all the sub-
6 GHz frequency band of the 5G application. The best result with the lowest Si; value is found at a frequency
of 6 GHz, with an S;1 value equal to -40 dB.

00 4.00 6.00 800 10.00 12.00
Freq [GHz|

Figure 4. Return loss (S11) in dB of the suggested antenna design

In Figure 5, the Sy spectra of all antenna models are presented as Ant.1, Ant.2, Ant.3, and Ant.4.
The first antenna model, Ant.1, showed an impedance bandwidth equal to 1.58 GHz starting from 3.6
to 5.19 GHz with the lowest Si; value equal to -34.7 dB at the resonant frequency of 4GHz. The Ant.2
showed an impedance bandwidth starting from 3.25 to 4.66 GHz with an Si; value <-10 dB, while the lowest
S11 value of the Ant.2 was found to be equal to -26.5 dB at the resonant frequency of 3.69 GHz. The third
antenna model that was presented by Ant.3 showed a better result compared with the other previous models,
where it showed an impedance bandwidth equal to 2.43 GHz starting from 3.36 to 5.79 GHz with an Si;
value <-10 dB, and the lowest Sq; value was found to be equal to -37.1 dB at the resonant frequency of
3.9 GHz. Finally, the last antenna model that was presented by Ant.4 showed the best results and wider
impedance bandwidth compared with all the previous models, which provided a bandwidth of equal to equal
to 3.24 GHz starting from 3.3 to 6.6 GHz with an S;; value of less than -10 dB (S11<-10 dB) in the entire
band, which covers all the sub-6 GHz frequency band of the 5G application. The best result with the lowest
Si1 value is found at 6 GHz, with an Sy; value equal to -40 dB.

2.00 400 6.0 .00 1000 1200
Freq [GH2]

Figure 5. Return loss (S11) in dB of the all antenna design models
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Next, the gain of the suggested planar dipole antenna structure is evaluated. The obtained result
indicates that the gain of the suggested antenna structure varies from 5.2 up to 7.05 dB in the entire band of
the operating frequency, as seen in Figure 6. The gain spectra of the other antenna models are evaluated and
presented in Figure 7. From the evaluated results, the gain of the first antenna model is found to vary from
4.5 up to 5 dB in the entire band, while the gain of the second antenna model is found to vary from 4.83 up to
5.13 dB. Next, the gain of the third antenna model is evaluated, where it’s found to vary from 5to 5.41 dB in
the entire band. Finally, the gain of the last antenna model is evaluated, and it’s found that the last model has
a higher gain compared with the other three models, where the gain of the last model is found to vary from
5.2 up to 7.05 dB in the entire band. In Figure 8, the axial ratio of all the antenna models is evaluated. It’s
found that all antenna models show linear polarization behavior in the entire band of operating frequency

with a value greater than 3 dB for all antenna models.
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Figure 6. Gain vs Frequency (in dB) of the suggested antenna design

8.00

6.00 —

4.00

200 ]

Gain, dB

0.00 —

2.00 —

400 , ‘ , ‘ ,
. 400 450 5.00 550 6.00 .50 7.00

Freq [GHz|

Figure 7. Gain comparison between the all antenna models
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Figure 8. Axial ratio comparison between all antenna models
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For more accurate results, the CST MWS is used to design and simulate the proposed planar dipole
antenna structure. As seen in Figure 9, an excellent agreement is found between both software in terms of
S11. Both software's results cover the entire sub-6GHz band for 5G applications. In Figure 10, the current
distribution of the suggested antenna is evaluated and the behavior is studied. It’s noticed that the current in
the radiating wings is flowing from the bottom, starting from the beginning of the flare curve to the front of
the upper wing, end of the flare curve. This behavior of the current will create an E-field parallel to the
antenna, and as a result, endfire radiation will be achieved. The 2D-radiation patterns of the optimum planar
dipole antenna design are evaluated in terms of X.Y-Plane and X.Z-Plane at different operating frequencies,
as seen in Figure 11. From both results, it’s found that the antenna is characterized by stable radiation pattern
based on end-fire type in the entire band of operating frequency due to the current behavior in the radiating
wings.

Frequency, GHz

Figure 9. Return loss comparison of the planar dipole antenna.
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Figure 10. Distributions of current in the planar dipole antenna (a) 3.4 GHz, (b) 5 GHz, and (c) 6.6 GHz
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Figure 11. E and H fields of the planar dipole antenna at different frequency band

3.2. MIMO antenna system

After completing the design and simulation process of the proposed antenna structure, the MIMO
antenna structure is designed and simulated inside the HFSS environment. Firstly, the reflection coefficients,
Sii, of the MIMO antenna design in terms of Si1, Sz, Ss3, and Sas, are evaluated and presented in Figure 12.
It’s found that the simulated results show excellent agreement and provide a wideband of impedance
bandwidth. The bandwidth is found to be equal to 3.24 GHz starting from 3.3 to 6.6 GHz with values less
than -10 dB (S;< -10 dB) in the entire band, which covers all the sub-6 GHz frequency band of the 5G
application.

Next, the transmission coefficients, S, of the each two successive elements in the MIMO antenna
structure are evaluated and presented in Figure 13 in term of Siz, Szs, Sa4, and Sa;. Its notice a good isolation
is found between the MIMO elements due to low surface waves inside the MIMO antenna substrate. The
isolation value between the first and second antenna elements (S12), and between the third and fourth antenna
elements (Ss4) is found less than -23 dB in the entire band which is varying from -24 to -43 dB. While the
isolation value between the second and third antenna elements (Szs), and between the fourth and first antenna
elements (Sa1) is found less than -42 dB in the entire band which varies from -42.5 to -51 dB. As illustrated in
Figure 3, the distance between the first and second antenna elements, and between the third and fourth
antenna elements, is less than the distance between the second and third antenna elements, and between the
fourth and first antenna elements, so that the isolation is lower between the elements that are closer to each
other and higher between the elements that are farther from each other.
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Figure 12. Return loss (Si1, S22, Sa3, and Sas) in dB for the designed MIMO elements
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Figure 13. The mutual coupling (Si2, Sz3, Sas, and S41) in dB between the designed MIMO elements

In Figure 14, the 3D-radiation patterns of the MIMO antenna structure are evaluated and presented
for each port. Moreover, the 3D-radiation patterns of the MIMO antenna structure for all ports are presented
in Figure 15. Additionally, as seen in Figure 16, the 2D-radiation pattern is analyzed in terms of the E-Plane
and H-Plane at various operating frequencies. Due to the stable radiation pattern based on end-fire type, the
MIMO antenna's radiation may be controlled and a variety of beam types can be created.

$

Figure 14. The MIMO antenna structure's 3D radiation patterns for each ports
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Figure 16. 2D-radiation pattern in terms of E-Plane and H-Plane of the proposed antenna
(@) XY-Plane and (b) XZ-Plane

Figure 17 depicts the envelope correlation coefficient (ECC), an essential statistic used to assess the
correlation between MIMO components. The ECC can be determined by using the following (1):

2
Isii* sij +sji*sjjl

p
(A= Isiil?= s A~ |sjil "= 5552

1)

Peij =

where p is the ECC and Sij are the MIMO system's S-parameters. The lower correlation means less overlap
between the two beam patterns [27]. As seen in Figure 17, the ECC is smallest than 0.005 across the entire
band, which is significantly less than the standard value (0.5) [28].
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Figure 17. The ECC of the suggested MIMO system
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Diversity Gain (DG), which may be determined using the following formula (2), is another important
performance measure for antennas [29]:
|2

DG =101 — |pe; )

as illustrated in Figure 18, the DG approaches 10 dB for all ports, which is an accepted value where this
parameter must be (>9 dB) according to [30]. As indicated in Table 3, the suggested MIMO antenna design is
compared to previous research on a variety of features.
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Figure 18. The DG of the suggested MIMO system

Table 3. Comparing the suggested design of the MIMO system to that of previous studies

No. of Antenna Operating Frequenc Bandwidth . Diversit
Refrences Ports size (mm?) P (CgaHz)q y (GH2) Isolation (dB) gain (dB); ECC
[31] 8 124x74 3.3-36 0.3 <-15 NA <0.15
[32] 8 139%x67 5.81-6.66 0.85 <-15 >9.995 <0.01
[33] 4 115%65 3.5-5.9 2.4 <-20 >9.985 <0.005
[34] 6 15075 2.38-2.72/3.19-3.84 0.34/0.65 <-15 >9 <0.17
[35] 4 15075 3.21-3.81 0.6 <-10 >9.6 <0.02
Proposed 4 150%x82 3.3-6.6 3.24 <-23 >9.999 <0.005

4. CONCLUSION

A planar MIMO dipole antenna for a future sub-6 GHz 5G application has been suggested in this
paper. The planar MIMO structure includes four antenna elements with an overall size of 150x82x1 mm3.
The impedance bandwidth of the suggested structure is found starting from 3.3 to 6.6GHz with gain varying
from 5.2 dB up to 7.05 dB in the entire band. Moreover, good isolation is found between the MIMO
elements. Due to the antennas arrangement in the MIMO structure, the radiation can be manipulated and
many beam-types can be achieved. The suggested structure is designed and simulated by using the HFSS
software, while the results are validated by using the CST MWS.
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