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Abstract — This paper presents an 8-port MIMO antenna
array for use with 5G handsets. The proposed MIMO
antenna array comprises eight U-shaped, coupled-fed
slot antenna components placed symmetrically on a
0.8 mm thick FR4 substrate. Each antenna has 200 MHz
bandwidth and covers 3.4-3.6 GHz. The operational fre-
quency range includes LTE band 48 for 5G cellular appli-
cations. Using spatial and polarisation diversity, antenna
components are isolated by over 15 dB. The prototype
antenna is fabricated and measured, and the experimen-
tal results agree with the simulated results. The esti-
mated Envelope Correlation Coefficient (ECC), less than
0.035 based on radiation characteristics, shows that the
suggested MIMO antenna array performs well in diver-
sity. These characteristics indicate that the proposed
MIMO antenna is a viable solution for SG smartphone
applications.

Index Terms - 5G, 8-port, ECC, MIMO, sub-6 GHz.

L. INTRODUCTION

5G wireless communication will make it feasible to
move large amounts of data at a high pace and engage
in intelligent wireless communication. However, com-
munication through 5G has unique challenges, such as
high data rates and stringent requirements for channel
capacity. The MIMO technology that supports wide-
band operation may be the best choice for accomplishing
these goals [[1,2]. Compared to 3G and 4G smartphones,
5G devices must have MIMO that is 8x8, and must
also have broadband capabilities [3l 4]. Adding more
antenna components may enhance transmission rates
and channel capacity. As a result, the MIMO system’s
overall performance would deteriorate [SHS]]. Because
of their restricted design, mobile phones make it hard
for users to experience a greater sensation of separa-
tion from others. These technologies (MIMO), which are
now accessible for commercial use, have been shown
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to increase system performance in terms of high data
rate and channel capacity [8-H14], and they are now in
widespread use. Several publications have presented nar-
rowband MIMO antenna designs for 5G smartphones.
The impedance bandwidth was increased to encompass
more sub-6 GHz operating bands [[15H19]]. The increas-
ing distance between antenna components requires var-
ious decoupling solutions. Several different decoupling
strategies have been used in the fight against isolation.
MIMO isolation was enhanced by the use of spatial
and polarization diversity techniques and an increase in
the distance between the various antenna components
[20L21]]. Improved isolation has also been achieved using
hybrid resonators, EBG structures, neutralising lines,
FSC, and inverted-I ground slot technologies [22] 23].
According to research, additional decoupling techniques
have the potential to improve isolation, yet they also
increase the complexity of production and take up valu-
able real estate on the system board. The significance of
this work may be summed up as follows. This article pro-
poses an eight-input MIMO antenna for 3.4-3.6 GHz.

We have raised the isolation between antenna com-
ponents by more than 15 dB, improving radiation effi-
ciency by 68-76% in our target band of operation. This
was accomplished without the assistance of decoupling
structures. The MIMO antenna with an ECC of 0.035
and a channel capacity of 38.789 bps/Hz is the one that is
suggested. All design particulars of the proposed antenna
have been validated using HFSS electromagnetic simu-
lator.

The originality of the work may be summed up as
follows:

(1) Better than 15 dB of mutual coupling may be
achieved between the antenna elements without
specialised processes or methods.

(2) A reduction in the mutual coupling leads to
higher MIMO performance in terms of overall
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radiation efficiency (68-76%) and Envelope Corre-
lation Coefficient (ECC). This is because a decrease
in the mutual coupling leads to fewer interactions
between the antennas (ECC<0.035).

(3) The total diameter of the individual antenna is very

small which leads to the system PCB board being 2

15

able to accommodate up to eight antennas.

(4) Despite its small size, the suggested antenna can
cover a reasonable range of the electromagnetic
spectrum, from 3.4 to 3.6 GHz.

II. ANTENNA DESIGN AND ANALYSIS

The geometry and general construction of the pro-
posed 8-port MIMO antenna array are depicted in detail
in Figs.[I](a) and (b), respectively. As shown in Fig.[I](a),
each antenna component is printed on an FR4 substrate
with the following dimensions: 150 millimetres long,
80 millimetres wide, and 0.8 millimetres thick. These
measurements make the substrate suitable for smart-
phones with screens measuring up to 5.7 inches in diag-
onal length.

Antenna elements 6 to 8 occupy the substrate’s left-
side edges, and antenna elements 2 to 4 occupy the right-
side edges of the substrate. Figure [T] provides a com-
prehensive illustration of the particulars of antenna 1’s ) (@)

= Fig. 1. (a,b) Front and back view of the simulated
T %.l antenna, dimensions of (c¢) slot in the ground plane, (d)
ground plane, (e) feeding stub, and (f,g) front and back
view of the prototype of the proposed antenna.

construction and its dimensions. The slot radiator, also
known as antenna 1, is made up of three different rect-
angular slots connected to one another to produce a U-
shaped open-ended slot. The initial step of the technique
involves cutting the ground plane along its top short edge
to create a rectangular slot with dimensions 9.5x6.5 mm.
Figure[T](b) illustrates the process of carving two rectan-
gular slots, each of which has the following dimensions:
15%7 mm and 5.5x0.2 mm, respectively. A minute slit
open on all four sides and shaped like a square is cut into
the surface of the ground plane that is closest to the top
of the structure. All of the carved slots mentioned earlier
are combined, and then the combined slot is tuned to res-
onate at 3.4-3.6 GHz, creating an open-ended T-shaped
slot.

III. RESULTS AND DISCUSSION
Figures [2| (a-e) depict the manufacturing process
as well as the testing of the 8-port MIMO antenna
array prototype that has been proposed. To carry out
the measurements, 50-ohm SMA female connectors are
attached to the feeding strips associated with the antenna
Fig. 1. Continued components. An antenna’s S-parameters, isolation, and
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radiation pattern can be evaluated by first exciting the
antenna to be tested and then connecting all of the
antenna’s elements to matched loads of 50 ohms. The
reflection and transmission coefficients, both simulated
and measured, for the 8-port antenna array under consid-
eration are illustrated in Figs.2](a) and (d) and Figs.[2|(b)
and (e), respectively.

Reflection Coefficient (dB)

-25

30 35 4IU 45 5.0
Frequency (GHz)

()

—a— 512
—e— 523
| —A—S34

¥v— 545
—#— 556
—a— S67 | |
—»—S78

a0 A/

Transmission Coefficient (dB)

T -}

=35

Fig. 2. Continued

ACES JOURNAL, Vol. 39, No. 04, April 2024

Reflection Coefficient (dB)

=25

T T T
3.0 35 40 45 5.0
Frequency (GHz)

(d)

Transmission Coefficient (dB)

—a— S67
—»— 578

-30 - w

I
30 35 40 45 50
Frequency (GHz)

(e)

Fig. 2. (a,b) Simulated scattering parameters, (c)
measurement setup, and (d,e) measured scattering
parameters.

As a result of the fact that all antenna components
are designed to be vertically symmetrical with respect to
the centre line of the PCB, the S-parameters of antenna
2 to antenna 4 will typically be the same as those of
antenna 6 to antenna 8. As can be seen in Figs. |Z| (a)
and (d), the simulated and measured reflection coeffi-
cients of antenna 1-8 in the 3.4-3.6 GHz operating bands,
which correspond to the frequencies used for 5G applica-
tions, are less than —10 dB (2:1 Voltage Standing Wave
Ratio). As shown in Figs. 2| (b) and (e), the transmission
coefficients of neighbouring pairs are more than —15 dB
if there is adequate distance between each antenna. In
the work that is being suggested, no decoupling tech-
nique has been used to increase the isolation between the
components.



This is because the open end has the lowest current,
and the closed end has the highest current. Figures 3] (a)
and (b) show surface currents at 3.5 GHz for antenna 1
and 2, respectively. This indicates that the T-shaped slot’s
fundamental mode is quarter wavelength mode. Open-
ended slots of varying lengths generate the resonances at
3.5 GHz.

A/m

(b)

Fig. 3. Surface current distribution at 3.5 GHz: (a)
antenna 1 and (b) antenna 2.

To provide a design insight of the proposed antenna,
a parametric study has been carried out (with a lim-
ited number of points during simulation) as shown in
Figs. 4] (a) and (b), respectively. As shown in Fig. ] (a),
when altering the slot length L1 from 17.5 mm to
20.5 mm, centre frequency has been shifted with a poor
reflection coefficient. It is observed that the higher the
value of slot length, the better the impedance matching of
the antenna. A similar response has been observed when
changing feed length L1 from 12 to 15 mm as illustrated
in Fig. ] (b). For brevity, other performance metrics con-
cerning other antenna design parameters have not been
shown here.

Figures [5| (a) and (b) depict the measured radiation
patterns of antennas 1 and 2, respectively. Each antenna
has an omnidirectional radiation pattern (no deep null
is visible throughout the pattern). The radiation patterns
exhibit mutual reinforcement and symmetry, indicating
that the proposed antenna possess diverse patterns.

Figure[6]illustrates the radiation efficiency of anten-
nas 1-8, which varies from 68 to 76% over the necessary
working band of the device. The large gain in overall
efficiency is primarily attributable to the greater isolation
between antenna components.

ECC — fPAi;(6,0)sin0d0d¢ 2
| ffAi(6,9)sin0d0de - (fA;;(6,¢)sin0d6de |
(1)
where:
Aij=Egi(6,9) Eg ;(0,0)+Epi(0,9) E, ;(6,0).
2

The observed ECCs of all array pairs are less than
0.5, as demonstrated in Fig. |Z| (a), well within accept-
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Fig. 4. Parametric analysis when altering: (a) L1 and
(b) L2.

(b)

Fig. 5. Two-dimensional measured radiation pattern of
the (a) antenna 1 and (b) antenna 2.

able ranges. An 8-port antenna array that can achieve a
high diversity gain with a low ECC value is a significant
achievement.

To confirm the efficiency of the antenna’s band-
width, the Total Active Reflection Coefficient (TARC)
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Fig. 7. (a) ECC and (b) TARC of the proposed antenna.

has been graphed by adjusting the phase angle of port 1
[20], as depicted in Fig.[7] (b). All antenna elements can
cover the desired frequency spectrum:

C=E (log2 <det <1M + WH (HT)>> NG))

Using equation (3), the channel capacity of the pro-
posed antenna has been calculated.

A. Effects of handgrip

The hand phantom’s impact on the antenna’s per-
formance will be discussed in this part. The Single-
Handed Mechanism (SHM) and the Two-Handed Mech-
anism (THM) are two common types of implementa-
tions shown in Figs. 0] and [T0] respectively. However,
the effects of the user’s head hits are not discussed, and
multi-port MIMO operating at frequencies sub-6 GHz
may be used for the data mode. Antennas 2, 3, and 4
are all attached to the fingers in SHM by a direct con-
nection. This arrangement considerably influences the
reflection coefficients of antennas 2, 3, and 4, as shown
in Fig. [ (a). In this scenario, antenna 8 also shows
unfavourable impedance matching. Other antennas show
very slight variations in their resonant modes due to the
significant distance separating them from the fingers.

ACES JOURNAL, Vol. 39, No. 04, April 2024

N
o
1

w
(3}
1

1

w
o
1

—#— jdeal 2 x 2 MIMO
~—e— Proposed 8 x 8 MIMO

N
o
1

Channel Capacity (bits/Sec/Hz)
- N
o (6]

N
o
1

32 34 3:6 3.8 4.0
Frequency (GHz)

Fig. 8. Channel capacity of the proposed antenna.

Nevertheless, as shown in Fig. |2| (b), a strong barrier to
outside interference (>10 dB) is achievable across the
whole usable frequency range.

Due to the absorption of radiation by the hand tissue,
the efficiency of antennas 2, 3, and 4 has decreased to
below 40%. Because antennas 2, 3, and 4 are positioned
close to the fingers, the palm’s ability to absorb power
has also reduced their efficiency to somewhere about
30%. Other antennas have achieved overall efficiencies
of higher than 45%. This is because they are placed
further away from the hand. As may be observed in
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Fig. 9. (a) Antenna with single hand phantom and (b-d)
performance of the antenna with single hand phantom.
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Table 1: SAR values of antenna 1 and antenna 2

SAR (W/kg) Antenna 1 Antenna 2
1 g tissue 0.985 0.97458
10 g tissue 0.654 0.6845

Table 2: Performance comparison of the proposed
antenna

% Ref S BW I E ECC | N | CC
fu No | (mm) |{(MHz)|(dB)| (%) (bps
é ] /Hz)
£ 1 %’ 3 [17.4x6| 200 |19.6 | 65-70 |<0.0125] 8 | 34
5 [75x6] 300 | 15 | 40 | <0.15 | 8 | 35
8 21x3 | 200 [17.5| 62 <0.05 | 8 | 40.8
N O RO 9 [30x30[ 600 [ 13 | 75 | <0.01 [ 8 | NA
© ) 15 [9.6x10| 200 |11.2|51-59 | <0.1 8 | 369
17 | 6.6x6| 300 |15.1|60-80 | <0.21 | 8 | NA
Fig. 10. (a) Antenna with two hand phantom and (b-d) This (13x5.2] 200 | 15 | 68-76 | <0.035 | 8 |38.78
performance of the antenna with two hand phantom. work

Fig.[|(a), the reflection coefficients of antennas 6, 7, and
8 suffer a small degradation when thumbs are used to
cover them. Because the other antenna elements are sit-
uated near the hand phantom, their resonance properties
are the same. As can be observed in Fig. |2| (c), the isola-
tion is more than 10 dB over the whole operational spec-
trum. As shown in Fig.[9](d), the overall efficiency of all
antenna elements is less than 50% due to the presence of
a hand phantom.

However, the overall efficiency of other antennas
(located above the little fingers) is greater than 48%. As
a consequence of this, it indicates that the 8-port antenna
that was recommended has significant performance in
contexts that operate in real-time. The effect of the head
phantom model has also been investigated to validate the
antenna’s performance, and corresponding SAR values
have been listed in Table[T} It proves the antenna exhibits
maximum SAR below 1 W/kg for both 1 g and 10 g of

tiSSlle.

Fig. 11. Antenna with head phantom.

Key: S=size of the antenna, BW=bandwidth,
I=isolation, E=efficiency, N=no. of elements,
CC=channel capacity.

Table [T] compares the performance of the recom-
mended MIMO antenna array and the performance of
other present MIMO antenna arrays for 5G mobile
devices. In addition to its many benefits, the recom-
mended method offers significant radiation and MIMO
performance, superb isolation (more than 15 dB), and a
low ECC of 0.035.

The proposed antenna, measuring 13x5.2 mm,
delivers a bandwidth of 200 MHz and 15 dB isolation.
With an efficiency ranging from 68 to 76%, it surpasses
most counterparts. Its error correction coding of <0.035
ensures robust performance. Offering 8 ports and a chan-
nel capacity of 38.78 bps/Hz, it excels in efficiency and
error correction. These attributes position it as a compet-
itive choice, balancing size, performance, and capability
effectively for the intended application.

IV. CONCLUSION

An 8-port MIMO antenna system for a 5G mobile
phone operating at 3.5 GHz has been tested and
successful. Neighbouring antenna components have high
isolation (>15 dB). Consequently, the radiation effi-
ciency might be increased to 68-76% throughout the
operational spectrum, bringing the ECC down to less
than 0.01. When the signal-to-noise ratio is 20 dB,
the expected peak channel capacity in an eight-element
MIMO configuration is 38.789 bps/Hz, over 11 times
more than the capacity of a Single Input Single Out-
put system. As a result, the 8-port antenna described in
this paper may be a great option for the hardware and
software of future generations of mobile phones.
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