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Abstract

A compact fractal multiple-input multiple-output (MIMO) antenna within the band range of 4.7-5 GHz was designed, and
the fabrication and measurement outcomes derived from the use of the MIMO prototype revealed that the proposed MIMO
antenna gave a better performance in terms of efficiency, isolation and the envelope correlation coefficient (ECC). Two
radiating elements with high isolation have been proposed for 5G mobile smartphones. Here, a novel antenna, with a fractal
V-shape design and copper lining to enhance the isolation between two adjacent input ports, was configured via a six-stage
process. The proposed dimensions of the antenna were 21 x 24 x (0.8 mm3, and it had an inexpensive FR4 substrate with a
thickness of 0.8 mm, a dielectric constant of 4.4, and 0.035-mm thick copper lining. The small and simple MIMO antenna
demonstrated not only a high level of isolation but also a lower envelope correlation coefficient. These attributes are suitable
for 5G smartphone applications, which are being introduced into Chinese markets. Both the simulated and measured results
proved that the proposed method gives an excellent decoupling performance. A good impedance matching return loss of
less than 10 dB, high isolation of less then -18.5 dB at the centre frequency, and low envelope correlation coefficient (ECC)
that was above 0.05 were measured across the coveted operation bandwidth. The proposed MIMO array was simulated,
and a prototype was fabricated and tested. The results showed that all the elements were able to cover the desired band

range of 4.7-5 GHz.
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1. Introduction

The importance and recognition of ultra-wide bands, and the
high level of demand for data and bandwidths for channels are
being continuously considered in the interest of contemporary
wireless systems. Single-input and single-output wireless
applications[1]-[5], in addition to single-input multiple-
output applications, are being developed significantly into
multiple-input multiple-output designs in all contemporary
communication systems, thereby increasing the need for the
integration of multiple antennae into user equipment. Several
researchers have developed some research points in terms of
polarization diversity, gain value, bandwidth level, and
coupling reduction among inter-elements, and the required
channel capacity as a result of considerable improvements in
the design of multi-input multi-output (MIMO) antennae, and
their obvious performance [6], [7].

Moreover, such designs additionally require reductions to
multiple element antennae (MEA) to enable them to fit into
and match robust user applications, and support multi-band
runs for the reusability of the equipment in several different
areas around the world. Improvements to the multi-band
resonance and bandwidth of impedance have significantly
allowed designers to develop modern antenna system
networks. Besides, the development of radiation diversity has
contributed to the reduction of the correlation factor, and
improved the performance level of the MIMO system. MIMO
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wireless systems can provide a considerable surge in capacity
without the need to increase the spectrum or transmission
power [8]-[13].

A MIMO monopole antenna with a ground branch
decoupling structure of less than 0.01 ECC, a low mutual
coupling, and more than 20 dB of high isolation was also
proposed by [14]. Covering a band range of 2.2-2.48 GHz,
this dual polarized MIMO antenna system, which was
comprised of four orthogonal thin copper dipoles [15], was
also discovered to have been popularly used in high-order
decoupling modes [16].

MIMO antenna elements that had been placed in the
constant null-amplitude field points were also found to have
given rise to an enhanced isolation as a result of their
respective applications from the decoupling network-based
method [17] on a pair of narrow and wide slots as well as the
two decoupling devices with an inverted T-shaped etched slot
and a meandering resonant branch for the lower and higher
bands.

Besides the use of a compact split-ring resonator (SRR)
structure and a planar spiral line (PSL) in the resonance
structure method [18]-[20], a high level of isolation was also
observed by changing the electrical length of the radiators
through the pattern diversity technique [6], [21], and
decreasing the mutual coupling of the ordered pairs with the
introduction of the orthogonal mode [22], although the latter
condition can also be achieved by implementing the
decoupling network [17], pattern diversity technique [6], [21],
ground slot structure [23], hybrid techniques between
defected ground structure and neutralization lines [24], a
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structures [25], [26].

The focus on smart device miniaturization would require
less space for antenna design, and consequently, this will
affect the close association between isolation and bandwidth
in the MIMO antenna system. As such, this paper attempted
to solve the above-mentioned issues with a high isolation
printed on two-element arrays operating in the centre

Table 1. Comparison of previously published literature

frequency of 4.85 GHz in the band range of 4.7-5 GHz. With

this in mind, the MIMO antenna, which consisted of two

elements, was placed symmetrically on the frame with the
grounded neutralization lines of the hybrid decoupling
structures generating a high isolation level. As shown in Table
1, the proposed decoupling design of the small antenna, when
compared to the other two-element MIMO designs, exhibited
a higher level of isolation and ECC.

Ref. Size (mm?), Bandwidth Isolation ECC Decoupling method Weak points
material, (GHz), (dB)
number of ports (dB)
[27] 40 x 80, (3.1-12), -11 Not Neutralization lines Medium structure, ECC value
FR4 substrate, (-6 dB) mentioned not mentioned, low isolation
(2-element) value, large size, and impedance
bandwidth of -6 dB
[28] 40 x 40, (6-9), —-15 - Decoupling Network Complex structure, no ECC
- (-10 dB) value, low isolation value, large
(2 - elements) size.
[29] 26 x 46 x 0.8, FR4 (3.4-3.8), -19 0.007 Hyper Very complex structure and
substrate, (-10 dB) (neutralization lines and large size
(2- elements) Defected ground)
[30] 31 x 31, (3.1-3.55) -10, 0.01, Hyper Very complex structure and
FR4 substrate, (2 - and (4.4- -19 0.005 (neutralization lines and large size
elements) 4.99) Defected ground)
(3.1-3.55)
[31] 115%60 (1.66 — 2.84), -15 0.3 Neutralization Medium structure, high ECC
FR4 substrate, (-10 dB) value, low isolation value, large
(2 - elements) size
[32] 140 x 70, (3.4-3.6), -10 0.2 Neutralization lines Simple structure, high ECC
FR4 substrate (-10 dB) value, low isolation value
( 8 - elements)
[33] 136 x 68, (2.55-2.65), -12 0.15 - Simple structure, high ECC
FR4 substrate, (-6 dB) value, low isolation value, and
(8 - elements) impedance bandwidth is -6 dB
[34] 124x74, (3.3-3.6), -15 0.15 Hyper decoupling Simple structure ,high ECC
FR4 substrate, (-6 dB) (neutralization and value and impedance bandwidth
(8 - element) Defected ground) is -6 dB
[35] 120 x 60, (3.4-3.6), - - - Medium structure, no ECC
Rogers R04003c, (-6 dB) value, no isolation value, large
(8 - elements) size, expansive material, and
impedance bandwidth is -6 dB
[36] 136x68 (2.55-2.65), -12.5 0.15 Polarization orthogonal Simple structure, high ECC
FR4 substrate, (-6 dB) value and impedance bandwidth
(8 - elements) is -6 dB
[37] 150 x 75, (3.4-3.6), -10 0.15 Neutralization lines Medium structure, high ECC
FR4 substrate, (-6 dB) value, low isolation value and
(8 - elements) impedance bandwidth is -6 dB
[21] 160%68.8 (3.45-3.59), -15 0.08 Pattern diversity Simple structure, low isolation
FR4 substrate, (-6 dB) value and impedance bandwidth
(8 - elements) is -6 dB
[38] 140 x 70 x 0.8, (3.4-3.8) -10 0.1 Neutralization lines Simple structure, high ECC
FR4 substrate, (10- (-6 dB) value, low isolation value and
elements) impedance bandwidth is -6 dB
[9] 140x70, (3.4-3.8), -10 0.1 - Simple structure, high ECC
FR4 substrate, (-6 dB) value, low isolation value, large
(10- elements) size, and impedance bandwidth
is -6 dB
[12] 150x75 (3.4-3.6), - 125 0.2 Polarization orthogonal Medium structure, high ECC
FR4 substrate, (-6 dB) value and impedance bandwidth
(12 - elements) is -6 dB
[11] 150*75 (3.4 -3.6), -10 0.32 Neutralization Simple structure, high ECC
FR4 substrate, (-6 dB) value, low isolation value and
(8 and 16 elements) impedance bandwidth is -6 dB
[39] 150 x 57 x 0.8, 3.4-3.6) -10 0.3 Neutralization lines Medium structure, high ECC
FR4 substrate,(16- (-6 dB) value and impedance bandwidth
elements) is -6 dB
[40] 74 x 74, (3.45 - 3.595), -15 0.1198 - Very complex structure, high
Rogers, RO43500b, (-6 dB) ECC value, low isolation value,
Three layers, expansive material, size and
(24- elements) impedance bandwidth is -6 dB
This 24 x 21 x 0.8, FR4 (4.7-5), -18.5 0.002 Hyper -
study substrate, (-10 dB) (neutralization lines and
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Ref. Size (mm?), Bandwidth Isolation ECC Decoupling method Weak points
material, (GHz), (dB)
number of ports (dB)
(2- elements) Defected ground)

2. Antenna Design

Initially, a mutated square patch, that was half the size of
the one used in the previous stage, was added to shape the
fractal antenna. The designing of the proposed fractal
printed monopole antenna started with a V-shaped
initiator, which consisted of a radiating patch with overall
dimensions of (7%x6) mm printed on a substrate with
dimensions of (Wp xLt) mm, fixed on the FR4 material
with a dielectric constant of 4.4 and a copper lining
thickness of h = 0.8 mm. The antenna was fed through a
microstrip line with a length of (Lf) mm and a width of
(Wf) mm designed characteristically for 50 Q. On the
other side of the substrate, a ground plane was printed with
dimensions of (6.8 x 8) mm. The gap between the
rectangular patch and the ground plane was gl = 1.2 mm.
The geometry of the reference antenna is shown in Fig. 3a.
The geometry of the V-shaped initiator antenna is shown
in Fig. 3b. Table 2 illustrates the parameters and
dimensions of the antenna. Ag and €eff were calculated
using Eq. 1 and Eq. 2, respectively, and then, the lower
resonant frequency, fL relative to the radiating patch was
determined using Eq. 3:

A
A, = —==— 1
9 [Eerf (D
€ - 2
eff = (€r2“)+<eg‘1)(1+%)71 @)
c
fi = 3)

1.7 \[€eff(Lt-Lg+s0)

where 1 is the free space wavelength, €, is the dielectric
constant, &, is the effective dielectric constant of the
substrate, wf'is the width of the e feed line, / is the height
of the FR-4 substrate, and S is the value of the overlap
between the scaled-down copies [3], [5], [41].

@)

()
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Fig. 1. Cell configuration process for V- shaped antenna (a) Stage 1, (b)
Stage 2, (c) Stage 3, and (d) Stage 4

Table 2 displays all the dimensions of the proposed
MIMO antenna. Each radiating element of the two-element
MIMO antenna held a symmetrical monopole antenna fed by
a 50 Q microstrip line. This microstrip line held two 7-mm
closed-space monopoles printed on a 24 x 21 mm (FR-4)
substrate, as exhibited in Fig. 2. To obtain high isolation,
neutralization lines were inserted between the two separated
antennae of the patch plane. This complemented the two
vertical lines of the patch plane, with a width of w8 = 0.3 and
length of L8=21, and a vertical line of width L24 = 0.2 and
length L16 = 13 on the ground plane, as shown in Fig. 2.
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Table 2. Parameters and dimensions of the MIMO antenna

Parameters Lt wt Lf | Wf | ml m?2
Dimensions | 5,1 54 | g 127|626 ]3.13
(mm)
Parameters m4 | m5 mé6 | m7 | m8 | m9
Dimensions | 5 oo 1 5 54 | 127 | 21 | 21 |3.48
(mm)
Parameters wl w2 w3 w4 | w5 w6
Dimensions | » s 11551063 2 | 1 | 05
(mm)
Parameters w8 w9 | wl0 | SI1 S2 S3
Dimensions | 53 1507 8 | 13 | 264|167
(mm)
Parameters m3 [ ml0 | w7
Dimensions 1571 35 1
(mm)
wt wi
1 |
wd o]

-
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Fig. 2. Proposed design geometry of the MIMO antenna (a) Front View
and (b) Back View

3. Simulation Results

The self-similarity property of the fractal shape was used to
construct the structure of the multi-frequency antenna to
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realize the required band. Therefore, fractal geometries were
applied to the first iteration of the V-shaped structure, and the
resonance elements, which were scaled-down copies of the
original element, were added to the top edges of the shape, as
illustrated in Fig. 2. Then, by observing the return loss
response, it was shown that the matching in the band from 4.7
GHz to 5 GHz was good. Fig. 3 shows the reflection
coefficients and transmission coefficients.

S-Parameters [Magnitude in dB]

0
4

-5 4

30 —
4 42 44 46 48 5 5.2 54 56 5.8
Frequency / GHz
Fig 3. Simulated reflection coefficients and transmission coefficients
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4. Measured Results

By fabricating a mobile antenna prototype for the band range
of 4.7-5 GHz with a centre frequency of 4.85 GHz from an
inexpensive FR4 dielectric with overall dimensions of 21 x
24 x 0.8 mm?, as shown in Fig. 4, the simulated and measured
reflection and transmission coefficients demonstrated by the
two representative antennae (antenna 1 and antenna 2) in Fig.
5, were therefore implied to have a similar level of
performance.

Fig. 4. Photograph of the two fabricated antennae

S-parameters [magnitude in dB]
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Fig. 5. Simulated and measured transmission coefficients and reflection
coefficients

5. Conclusion

A mobile phone with a two-element antenna design was
proposed for the use of 5G MIMO communications. This job
involved the simulation and fabrication of a novel fractal
MIMO antenna for the band range of 4.7-5 GHz. The
different bands were controlled by way of the application of
decoupling neutralization. Besides enhancing the isolation
between the antenna elements, the ECC between the signals
received by the MIMO antenna ports was sufficiently
reduced to meet the specifications for 5G applications.
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