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Abstract. In this new article, a different model of dual-band MIMO compact antenna array
is proposed for the upcoming fifth generation smartphone mobile terminal. The antenna
conatins eight antenna elements covering dual frequency rang including 3.18-3.96 GHz
and 4.95-5.52 GHz of sub 6 GHz 5G spectrums. The elements are fed by modified Fshaped
microstrip feeding lines. Essential characteristics of the suggested model are examined. It
proposes adequate S-parameters, suitable isolation, sufficient radiation analysis, and
efficiency. At 3.6 GHz the Ant 5 has maximum return loss of -25dB while Ant 7 has
maximum return loss of -26dB at 5.2 GHz of the proposed dual band frequency of 5G
smartphones.
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1 Introduction

In recent days, as the mobile and communication technology is developed more rapidly
so the use of wireless technology and their applications has been increasing very fast as well.
This considerable growth in wireless communication is essentially due to the applications of
the internet of things (l1oT), artificial intelligence and mobile video streaming [1-4]. Because
of the astonishing request, the existing wireless communication range is dropping its vacant
free space. Fifth-generation cellular phone networking is the recent key answer for the
bandwidth and advance progression of wireless communication technologies and the growing
demand for cell phone communication structures over the following period until 6G arrives [5-
8]. To achieve the high data rate and low latency 5G is the ultimate solution for the wireless
communication technology [9-10].

The multiple-input multiple-output (MIMO) Compact antenna array which involves a
bunch of antennas in the receiver and transmitter is a key for this 5G technology [11-14]. To
provide the high channel capacity and high data rate for 5G wireless and mobile
communication MIMO technology is essential and to be applied. Different states and countries
have assigned dissimilar bands from 3.3 GHz to 6 GHz sub-6 GHz range for the 5G mobile
communication, and all these multiple licensed/unlicensed bands will be used for this new
generation [12-15]. For that reason, a multi-port MIMO antenna that can uninterruptedly work
from 3300 MHz to 6000 MHz is essential [16-18]. Nowadays, 8 x 8 MIMO or even 10 x 10
MIMO antenna array structure is presently essential as previous 2 x 2 MIMO array antennas
for 4G (LTE) wireless mobile communications cannot fulfill the need of today high data rate
[19-20].
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In the proposed design, a dual-band 8 elements MIMO antenna array is offered which
covers 3.18-3.96 GHz & 4.95-5.52 GHz. The reconstruction of the decoupling design projected
in this article does not simply increase the separations efficiently, but moreover creates a new
booming theme in an alternative frequency band which covers 4.95 to 5.52 GHz to attain a
dual-band working performance, consequently it can efficiently develop space use in cell
phone devices [21-23]. The particulars of the presented MIMO compact antenna array are
designated, and the outcomes of S-parameter, maximum gain, user effects, radiation and total
efficiency of MIMO antenna array is also shown.

2 Design and Configuration

The design of this compact mobile MIMO 8-terminal antenna array is established via CST
Microwave Studio electromagnetic simulation software [24]. The proposed design was
developed on an FR4 substrate with relative permittivity €=4.3 and dielectric loss tangent
8=0.019. The size of the main substrate is 150x75 mm? while the height of the substrate is
0.8mm. Every element of the antenna are located sideways the two wide sides of a 130x75 mm?
ground plane, which is almost the identical measurement of today’s smart mobile phones. Eight
antenna components are designed on two minor substrates which are placed perpendicular on
the central system substrate [25-28].

The detail size of the small substrate is 130x6 mm? and the height of the substrate is 0.8
mm and as the main substrate, the 8-elements are designed on the FR4 substrate with relative
permittivity & = 4.3 and dielectric loss tangent 6=0.019 which is shown in Fig 1. There are two
clarence ways that are situated at the upper and lower sides of the main substrate which is kept
for 4G LTE and other antennas used in today’s smartphone mobile handsets. Fig. 2 display the
transparent view and design details of the single element antennas.

Ant. 8

Fig. 2. The design details of (a) Ants.1, 4, 5, 8, (b) (a) Ants.2, 3, 6, 7, and (c) F-shaped feeding line.



Table 1. Final dimensions of the antenna parameters.

Parameter W L h W1 L1 W2 L2 W3 Ls W4 La W5
Value (mm) 75 150 6 08 9 15 1.75 1 62 28 37

Parameter Ls We Le W7 L7 Ws Ls Wo Lo W1o Lo Wu
Value (mm) 6 14.7 2.5 3.7 3 3.2 0.8 9 2 1 3.8 8

Parameter L1 W12 L12 W13 L3 W14 L14 Lis Lis Li7 Lis hsub
Value (mm) 2 7 2 4 6 i1 08 1 22 5 2 08

3 Results and Discussions

In this paper, the parameters and performance of the suggested 8-terminal MIMO antenna
arrays are investigated using CST software. Every element is attached to a 50-ohm SMA
connector to attain adequate S-parameters and the antenna was focused on to attain the detailed
polarization return loss, radiation pattern, resonant frequency, and gain are the constraints which
will be discussed in this paper.

The proposed 8-elements MIMO array operates at the dual-band from 3.18-3.96 GHz and
4.95 to 5.52 GHz covering the sub 6 GHz frequencies for the 5G mobile communications. Fig.3
shows the return loss (Snn) of the projected antenna while Fig. 4 demonstrates the mutual
coupling (Smn) of the projected antenna. As presented, the simulated Sj2, Ss3, Ses and Sv7 are
smaller than 15dB & -25dB at 3.6 & 5.2 GHz, respectively. However, for antenna elements
including 1, 4, 5, and 8, the Sy, results are less than -25 dB at both resonance frequencies. This
is principally due to the arrangement of the antenna elements [29-33]. As illustrated in Fig. 4,
the antenna elements exhibit good mutual coupling results better than -12 dB and -20 dB at two
operation bands.

[=2]
[=2]

-~
-~

0 i
_S11
5 |uaesS,,
S
" 33
m .10
Lok ==S,
= T
S
S

=]
w©

. ‘ |
2 3 36 4 D2 6
Frequency [GHZ]

Fig. 3. Simulated return loss (Sm) of the MIMO antenna array.
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Fig. 4. Simulated mutual coupling results (Smn) of the MIMO antenna array.

5.3-6.4 dB
Fig. 5. 3D radiation shapes at 3.6 GHz.

The 3D radiation shapes for the eight elements of the core design at both operation
frequencies including 3.6 GHz and 5.2 GHz are displayed in Figs. 5 and 6, respectively. It can
be observed that the 8-element MIMO antenna can recommend adequate radiation coverage for
each radiator [34-37]. As demonstrated, 3.6 GHz, the IEEE gain intensity of the design differs
from 5.3 to more than 6.4 dB. However, at the second operation band (5.2 GHz), the elements
exhibit constant gains of 4.9 dB.
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Fig. 6. 3D radiation shapes at 5.2 GHz.
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Fig. 7. Radiation efficiencies of the MIMO antenna over its operation band.
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The efficiencies (radiation and total) of the antenna resonators are also presented in Figs. 7
and 8. It is evident that superior efficiencies with minor alterations are attained within the
operation bands [38-40]. More than 85% and 80% radiation efficiencies were noticed for the
elements of the projected MIMO design at the first and second operation bands. Moreover, as
shown in Fig. 8, the antenna elements provide more than 60% and 70% total efficiencies.
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Fig. 8. Total efficiencies of the MIMO antenna over its operation band.
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Fig. 9. Maximum gains of the MIMO antenna over its operation band.
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The maximum gain results of the antenna elements are shown in Fig. 9. It is seen that all
antenna elements exhibit more than 4.5 dBi up to 7 dBi maximum gains at different frequencies.
As shown, unlike the first operation band with a centre frequency of 3.6 GHz, the maximum
gains of the antenna at the second resonance are almost constant with the value of 5 dBi.



Conclusion

In this proposed article, a dual-band 8-port MIMO antenna array for 5G applications is
presented. Utilizing a part of the copper edge as a radiation branch, the antenna array can work
appropriately in a metal-frame smartphone. The consequences demonstrate that the working
frequency band of the presented mobile antenna array can cover 3.18-3.96 GHz & 4.95-5.52
GHz. The antenna radiation and total efficiencies within the operating bandwidth are higher than
80% and 60% respectively. All results specify that the suggested MIMO antenna array is a
worthy candidate for the future 5G massive MIMO mobile communication systems.

References

[1] Jensen, M. A. and Wallace, J. W.: A review of antennas and propagation for MIMO wireless
communication. IEEE Trans. Antennas Propag. Vol. 52, pp. 2810-2824 (2004)

[2] Parchin, N. O. et al.: Microwave/RF components for 5G front-end systems, Avid Science (2019)

[3] Qualcomm. What Can We Do With 5G NR Spectrum That Isn’t Possible Today?. Accessed: Dec.
13, 2017. [Online]. Available: https://www.qualcomm.com/media/documents/files/new-
3gppefforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf

[4] Agiwal, M. Roy, A. and Saxena, N.: Next generation 5G wireless networks: A comprehensive
survey. IEEE Commun. Surveys Tuts. Vol. 18, pp. 1617-1655 (2016)

[5] Li, S.Q.:5G: Intelligent mobile communication 1.0.ZTE Technol. Vol.5, pp. 47-48 (2016)

[6] Ojaroudiparchin, N. et al.: Design of Vivaldi antenna array with end-fire beam steering function for
5G mobile terminals. TELFOR 2015, Belgrade, Serbia, pp. 587-590 (2015)

[7] Parchin, N. O. et al.: Eight-element dual-polarized MIMO slot antenna system for 5G smartphone
applications. IEEE Access. Vol. 9, pp. 15612-15622 (2019)

[8] Andrews J. G. et al.: What will 5G be?,” IEEE J. Sel. Areas Commun. Vol. 32, 1065-1082 (2014)
[9] Jensen, M., Wallace, J.: A review of antennas and propagation for MIMO wireless
communications.

IEEE Trans. Antennas Propag. Vol. 52, pp. 2810-2824 (2004)

[10] Zhang, Z.: Antenna Design for Mobile Devices. Hoboken, NJ, USA: Wiley-IEEE Press (2011)

[11] Li, Y. et al.: High-isolation 3.5-GHz 8-antenna MIMO array using balanced open slot antenna
element for 5G smartphones. IEEE Trans. Ant. Propag.(2019) doi:10.1109/TAP.2019.2902751.

[12] Parchin, N. O. et al.: Mobile-phone antenna array with diamond-ring slot elements for 5G massive
MIMO systems. Electronics. Vol. 8, 521 (2019)

[13] Wang, L. et al.: Compact UWB MIMO antenna With high isolation using fence-type decoupling
structure. IEEE Antennas and Wireless Propagation Letters. VVol. 8, pp. 1641-1645 (2019)

[14] Parchin, N. O. et al.: Dual-polarized MIMO antenna array design using miniaturized
selfcomplementary structures for 5G smartphone applications. EUCAP Conference (2019)

[15] Mazloum, J. et al.: Compact triple-band S-shaped monopole diversity antenna for MIMO
applications. ACES Journal, Vol. 28, pp. 975-980 (2015)

[16] Oijaroudi, N. and Ghadimi, N.: Design of CPW-fed slot antenna for MIMO system applications.
Microw. Opt. Technol. Lett. Vol. 56, pp. 1278-1281 (2014)

[17] Al-Yasir, Y. et al.: New radiation pattern-reconfigurable 60-GHz antenna for 5G communications.
Modern Printed Circuit Antennas, IntechOpen (2019)

[18] Y.Al-Yasir, et al.: A new polarization-reconfigurable antenna for 5G wireless communications.
BroadNets'2018, Faro, Portugal (2018)

[19] Parchin, N. O. et al.: Frequency reconfigurable sntenna array with compact end-fire radiators for
4G/5G mobile handsets. IEEE 2nd 5G World Forum (5GWF), Dresden, German (2019)

[20] Ojaroudi, N.: Design of microstrip antenna for 2.4/5.8 GHz RFID applications. German Microwave
Conference. GeMic 2014, RWTH Aachen University, Germany, March 10-12 (2014)

[21] Valizade, A. et al.: Band-notch slot antenna with enhanced bandwidth by using Q-shaped strips
protruded inside rectangular slots for UWB applications. ACES Journal, VVol. 27, pp. 816-822 (2012)


https://www.qualcomm.com/media/documents/files/new-3gpp-efforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf
https://www.qualcomm.com/media/documents/files/new-3gpp-efforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf
https://www.qualcomm.com/media/documents/files/new-3gpp-efforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf
https://www.qualcomm.com/media/documents/files/new-3gpp-efforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf
https://www.qualcomm.com/media/documents/files/new-3gpp-efforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf
https://www.qualcomm.com/media/documents/files/new-3gpp-efforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf
https://www.qualcomm.com/media/documents/files/new-3gpp-efforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf
https://www.qualcomm.com/media/documents/files/new-3gpp-efforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf
https://www.qualcomm.com/media/documents/files/new-3gpp-efforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf
https://www.qualcomm.com/media/documents/files/new-3gpp-efforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf
https://www.qualcomm.com/media/documents/files/new-3gpp-efforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf
https://www.qualcomm.com/media/documents/files/new-3gpp-efforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf
https://www.qualcomm.com/media/documents/files/new-3gpp-efforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf
https://www.qualcomm.com/media/documents/files/new-3gpp-efforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf
https://www.qualcomm.com/media/documents/files/new-3gpp-efforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf
https://www.qualcomm.com/media/documents/files/new-3gpp-efforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf
https://www.qualcomm.com/media/documents/files/new-3gpp-efforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf
https://www.qualcomm.com/media/documents/files/new-3gpp-efforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf
https://www.qualcomm.com/media/documents/files/new-3gpp-efforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf
https://www.qualcomm.com/media/documents/files/new-3gpp-efforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf
https://www.qualcomm.com/media/documents/files/new-3gpp-efforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf
https://www.qualcomm.com/media/documents/files/new-3gpp-efforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf
https://www.qualcomm.com/media/documents/files/new-3gpp-efforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf
https://www.qualcomm.com/media/documents/files/new-3gpp-efforton-nr-in-unlicensed-spectrum-expands-5g-to-new-areas.pdf

[22]
[23]

[24]
[25]

[26]
[27]

(28]

[29]
(30]
[31]
(32]
(33]
[34]

[35]

[36]
[37]
(38]
[39]

[40]

Ojaroudi, N.: Circular microstrip antenna with dual band-stop performance for ultra-wideband
systems. Microw. Opt. Technol. Lett. Vol. 56, pp. 2095-2098 (2014)

Kamalvand, A. et al.: Omni-directional/multi-resonance CPW-fed small slot antenna for UWB
applications. ACES Journal. Vol. 28, pp. 829-835 (2013)

CST Microwave Studio; ver. 2018; CST: Framingham, MA, USA (2018)

Al-Yasir, Y. etal.: A new polarization-reconfigurable antenna for 5G applications. Electronics, Vol.
7, pp. 1-11 (2018)

Ojaroudiparchin, N. et al.: 8x8 planar phased array antenna with high efficiency and insensitivity
properties for 5G mobile base stations. EUCAP 2016, Switzerland (2016)

Ojaroudiparchin, N. et al.: Low-cost planar mm-Wave phased array antenna for use in mobile
satellite (MSAT) platforms. Telecommunications Forum, Serbia, pp. 528-531 (2015)

Al-Yasir, Y. et al.: New pattern reconfigurable circular disk antenna using two PIN diodes for
WiMax/WiFi (IEEE 802.11a) applications. IEEE Proceeding of International Conference on
Synthesis, Modeling, Analysis and Simulation Methods and Applications to Circuit Design
(SMACD) 2019, Lausanne, Switzerland (2019)

Parchin, N. O. et al.: Multi-band MIMO antenna design with user-impact investigation for 4G and
5G mobile terminals. Sensors. Vol. 19, pp. 1-16 (2019)

Ojaroudi, N. et al.: Design of triple-band monopole antenna with meander line structure for MIMO
application. Microw. Opt. Technol. Lett. VVol. 54, pp. 2168-2172 (2012)

Basherlou, H. J. et al.: MIMO monopole antenna design with improved isolation for 5G WiFi
applications. International Journal of Electrical and Electronic Science. Vol. 7, pp. 1-5 (2019)
Parchin, N. O. et al.: Multi-mode smartphone antenna array for 5G massive MIMO applications.
EuCAP 2020, Copenhagen, Denmark (2020)

Abdollahi, M. M. et al.: Octave-band monopole antenna with a horseshoe ground plane. ACES
Journal, Vol. 30, pp. 773-778 (2015)

Zolghadr, J. et al.: UWB slot antenna with band-notched property with time domain modeling based
on genetic algorithm optimization. ACES Journal, VVol. 31, pp. 926-932 (2016)

Siahkal-Mahalle, B. H. et al.: A new design of small square monopole antenna with enhanced
bandwidth by using cross-shaped slot and conductor-backed plane. Microwave Opt Technol Lett.
Vol. 54, pp. 26562659 (2012)

Mazloum, J. et al.: Compact oscillator feedback active integrated antenna by using interdigital
coupling strip for WiMAX applications. ACES Journal. Vol. 28, pp. 844-850 (2013)

Ojaroudi, N.: Circular microstrip antenna with dual band-stop performance for ultra-wideband
systems. Microw. Opt. Technol. Lett. Vol. 56, pp. 2095-2098 (2014)

Ojaroudi, N.: A novel design of microstrip antenna with reconfigurable band rejection for cognitive
radio applications. Microw. Opt. Technol. Lett. Vol. 56, pp. 2998-3003 (2014)

Ullah, A. et al.: Coplanar waveguide antenna with defected ground structure for 5G millimeter wave
communications. IEEE MENACOMM'19, Bahrain (2019)

Parchin, N. O.: Low-profile air-filled antenna for next generation wireless systems. Wireless
Personal Communications. Vol. 97, pp. 3293-3300 (2017)



