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Abstract

In this paper, a new design of multiple-input/multiple-output (MIMO) antenna is proposed for 3.6 GHz fifth generation (5G)
mobile communications. The proposed design contains four pairs of compact microstrip-fed dual-polarized antennas that are
symmetrically placed at the four corners of the smartphone printed circuit board (PCB). Each antenna pair consists of a square
loop radiation patch and a square defected ground structure (DGS). The loop radiators are fed by two independently coupled T-
shaped microstrip feeding lines, which can exhibit radiation pattern and polarization diversity. Therefore, the proposed 5G
smartphone antenna design contains four horizontally polarized and four vertically-polarized antennas in total. A low-cost FR-
4 dielectric (= 4.4, 5= 0.02) with a dimension of 75x150 mm? is used as the PCB substrate. The characteristics of the smartphone
antenna are examined using both simulations and measurements. It offers good isolation, dual-polarized full radiation coverage,
and sufficient efficiency. In addition, the calculated envelope correlation coefficient (ECC) and total active reflection coefficient
(TARC) of the design are very low over the entire operation band.

1 Introduction

MIMO systems, which have multiple-antenna units at both
transmitter and receiver sides, can take advantage of the
multipath components sufficiently to enhance the performance
of wireless systems [1]. As MIMO technology can
significantly enhance the capacity of the system and resist
multipath fading, it has become a hot spot in the field of
wireless communication [2-4]. MIMO system has been
employed in fourth-generation (4G) handheld devices and it is
a promising technology to be used in the future 5G user
equipment [5,6]. To realize the MIMO operation for 5G
smartphones, the multi-antenna design can be used for having
polarization and pattern diversity for reliable communication
with minimum mutual coupling [7,8].

According to the requirement of cellular communications,
wideband, compact, and high isolation antennas is an urgent
demand in the future mobile terminal and the portable
applications [9-11]. Among various MIMO antennas, printed
antennas are more appropriate due to their low profile, low
cost, easy integration, and manufacturability [12]. Recently,
several MIMO antenna designs are reported for smartphones
at sub-6-GHz operation band [13-17]. However, these
smartphone antennas either exhibit narrow impedance-
bandwidth, use single-fed/single-polarized radiators, or
employ uniplanar structures occupying large spaces of the
PCB lead to increase the system complexity.

We propose here a new design of four-element/eight-port 5G
smartphone  MIMO antenna providing wide impedance
bandwidth and polarization/pattern diversity function. The
designed 5G antenna is operating at 3.6 GHz, a candidate

frequency band for sub-6-GHz 5G cellular networks [18]. The
configuration of the designed antenna array comprises four
pairs of dual-polarized loop antenna radiators placed at
different corners of the smartphone PCB. In order to improve
the port isolation and reduce the mutual coupling, the loop
radiation patch is fed by coupled T-shaped microstrip feed-
lines. By exciting the radiator from the coupled feed lines, two
orthogonally polarized waves are generated. The design not
only generates dual-polarizations but also provides the
required full radiation coverage. The proposed 5G smartphone
antenna array was properly fabricated on an FR-4 substrate and
tested in the Antenna Laboratory of Bradford University, UK.
Good impedance and isolation over the operation band are
achieved. In addition, sufficient MIMO performance in terms
of ECC and TARC characteristics has been obtained.
Furthermore, the antenna S,, results in the presence of
smartphone components is investigated. The fundamental
properties of the single-element antenna and its MIMO design
are elaborated below.

2. Single-Element Antenna

In this section, the fundamental characteristics of the single-
element antenna have been discussed. Figure 1 depicts the
schematic of the designed dual-polarized antenna. As
illustrated, it is composed of a square loop radiator with a pair
of coupled T-shaped microstrip feeding lines. In addition, a
square slot is inserted in the back layer of the substrate to
improve the antenna radiation performance. The parameter
values of the designs (single-element and the MIMO
smartphone antennas) are listed in Table 1.
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Fig. 1. Schematic of the single-element/dual-polarized antenna
design.

Table 1 Parameter values of the proposed antenna design.

Parameter Ws W Lsub hgup W
Value (mm) 24 75 150 1.6 12.5
Parameter Wi W, W3 Wre L¢
Value (mm) 9.5 11.5 1.9 3 0.2

Different structures and S parameters of the dual-polarized
antenna with a square patch radiator (Ant. a), with a square
loop radiator (Ant. b), and the proposed design (Ant. c) are
shown and compared in Fig. 2. As seen, the main resonance of
the antenna with a square radiation patch occurs at 5.1 GHz,
while by converting it to a square loop, the length of resonator
increased and the antenna resonates around 4 GHz. Finally, by
cutting a square slot in the ground plane, the antenna can
exhibit good impedance-matching function with improved-
bandwidth and high isolation characteristics at the desired
operation band (3.4-3.8 GHz).
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Fig. 2. (a) Various structures and (b) S parameters of the
antenna.

Radiation patterns (Phi) of the antenna for different
polarizations are illustrated in Figs. 3 (a) and (b). It can be
observed that the antenna provides good dual-polarization

characteristics with 90° difference and similar radiation
pattern performances with 3.15 dB IEEE gain. Figure 3 (c)
shows the fundamental radiation characteristics of the antenna
including radiation efficiency (R.E.), total efficiency (T.E.)
and maximum gain (M.G.). As shown, the antenna provides
more than 70% efficiencies over the frequency range of 3.4 to
3.8 GHz. In addition, more than 3 dBi maximum gain has been
achieved for the proposed antenna.
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Fig. 3. Radiation patterns (Phi) of the antenna for different
polarizations, (a) first port (b), second port, and (c) the
fundamental radiation characteristic of the antenna versus its
operation band.

3. The proposed MIMO antenna system for 5G
smartphones

Figure 4 illustrates the configuration of the designed MIMO
smartphone antenna. As shown, it comprises of four pairs of
dual-polarized loop radiators placed at different corners of the
mainboard.

# Ant. 4

# Ant. 3

#Ant.8 #Ant7
Fig. 4. The proposed MIMO smartphone antenna.
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Fig. 5. Simulated (a) Synand (b) Sin of the MIMO design.

Figure 5 depicts the S parameters (including S, and Sy,) of
the designed smartphone antenna. As shown, the antenna
exhibits good S parameters with more than 300 MHz
bandwidth and acceptable isolations of better than 16 dB.
Employing the square slots not only improves the impedance-
matching and bandwidth of the radiators but also improve the
radiation coverage of the main design to cover the top/bottom
regions of the main board. Figure 6 depicts the current
distributions of Ant. 1 & Ant. 2 at the resonance frequency of
3.6 GHz in the top and bottom layers of the antenna for
different feeding ports. It can be observed that the currents are
mainly distributed around the loop radiator. In addition, the
inserted square slot in the ground plane appears very active
with high current densities. Furthermore, as seen, the currents
flow contrary to each other for different feeding ports.

< <>

(b)
Fig. 6. The current distributions at 3.6 GHz for (a) Ant. 1 and
(b) Ant. 2.

(@)

Figure 7 shows the side views of the radiation patterns for a
single-element radiator (Ant. 1) with and without the interest

square slot. As shown in Fig. 7 (a), the radiation pattern of the
antenna without the slot mainly covers the top region of the
PCB. Clearly, by inserting the square-slot (Fig. 7 (b)), the
antenna elements can provide quasi-symmetrical radiation
patterns and improve the radiation coverage of the system [19].

(a) (b)
Fig. 7. The radiation pattern of Ant. 1, (a) without and (b) with
the inserted DGS.

a8 4.2~55

Fig. 8. Radiation patterns of the antenna elements at 3.6 GHz.

The design radiation patterns are displayed in Fig. 8. The 8-
element MIMO antenna provides differently polarized
radiation patterns for each region of pattern coverage. In other
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words, the proposed antenna not only can cover the required
radiation pattern coverage but also it provides different
polarizations (horizontal/vertical) for each region of the PCB
[20]. Furthermore, the antenna provides sufficient radiation
and total efficiencies over the operation band, as illustrated in
Fig. 9: more than 65% radiation and total efficiencies have
been obtained for the radiation elements at 3.6 GHz.
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Fig. 9. Radiation and total efficiencies of the design.
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Fig. 11. Measured (a) Spnand (b) Sy of the MIMO design.

Figure 10 shows a photograph of the fabricated prototype. The
smartphone antenna is constructed on a cheap FR4 substrate
with an overall dimension of 75x150x1.6 mm?® Its
fundamental characteristics in terms of S-parameters, radiation
patterns, and gain levels are measured. Figures 11 (a) and (b)
illustrates the measured Sn, and S, results of the fabricated
MIMO design: similar Sy, results with wide bandwidth and
less than -16 dB Sy, have been achieved for the prototype.
Compared with the simulations (shown in Fig. 5), a good
agreement is achieved.
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Fig. 12. Calculated (a) ECC and (b) TARC results from
measurements.

2.5 3

In order to ensure that the MIMO antenna can work properly,
ECC and TARC characteristics are two important parameters
to be investigated [21,22]. The ECC and TARC characteristics
of MIMO antenna can be calculated from the S-parameters
using the formula described as:

SHmSmn+SnmSnnl?
A=1Smm|?=1Smn|?) (1= Spm |2 =1Snnl®)*

ECC = (1)

2 2
TARC = _\/(Smm+5mn) ;(Snm+5nn) (2)

The calculated ECC and TARC characteristics of the 5G
smartphone antenna from measurements are represented in
Fig. 12. The calculated ECC results are very low entire the
operation bands (less than 0.003). It can be also observed that
the TARC value of the design is less than -30 dB at 3.6 GHz.
The Snn (S11~Sgs) characteristic of the proposed smartphone
antenna in the presence of battery, speaker, camera, USB
connector, and LCD screen are investigated and illustrated in
Fig. 13. It can be observed that the antenna provides sufficient
Sun covering 3.6 GHz band with a slight variation.
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Fig. 13. (a) Schematic and (b) S, characteristic of the MIMO
antenna in the presence of the smartphone components.

4 Conclusion

A design of eight-port smartphone antenna array is proposed
for 3.6 5G cellular communications. Its configuration is
composed of four dual-polarized loop antenna elements placed
at different corners of the smartphone mainboard with an FR-
4 dielectric. In addition, a square DGS has been inserted under
each antenna pairs. Acceptable fundamental properties in
terms of input-impedance, antenna gain, efficiency, and
radiation patterns are achieved.
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