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Abstract— In this research study, a new of 2x2 interior
multi-band MIMO antenna is introduced for smartphone
usages. The alignment of the antenna element contains a multi-
mode monopole radiator with three L-shaped slits positioned at
the border of the printed circuit board (PCB) of the cellular
platform. The low-cost FR4 substrate is used for this new
design with a total dimension of 60x135x0.5 mm?. For S;1<—6
dB, the antenna is covering the operational ranges of 0.79-0.92,
1.5-2.7,3.5-3.85, and 5-9.5 GHz supporting IMT, PCS, UMTS,
DCS, WLAN, LTE, and X bands. The premeditated MIMO
antenna delivers appropriate gains different at frequency
bands and worthy efficiencies, particularly at the upper bands.
In addition, the considered ECC, DG, and TARC outcomes of
the antenna are appropriate over the operational bands.

Keywords — Internal antenna, MIMO, monopole antenna,
multi-band antenna, smartphone applications.

I. INTRODUCTION

In today's era, for cellular communication’s MIMO
expertise is the supreme encouraging skill to impact the
essential transfer data rates [1-2]. Several antenna Element
is required MIMO smartphone structure, which functions
synchronously to attain structure diversity gain [3-4]. For
new mobile technologies, multiband antenna schemes cover
numerous ranges of cellular phone applications such as GPS,
WIFI, GSM/LTE, etc. are extremely essential [5-7].
Nevertheless, planning multi-working operational band
antennas in the narrow size of the smartphone central sheet
is a substantial test for antenna designers. Between several
MIMO antennas, microstrip antennas such as loop, slot,
monopole radiators, and planar reversed-F antenna (PIFA)
are other appropriate to be used in mobile handset systems
due to their compressed shape, cheap price,
manufacturability, and relaxed combination [8-10].

Although PIFA antennas are identical prevalent due to
their structures such as multi-band and squeezed size
features. Nevertheless, subsequently, PIFAs have
extraordinary, pulverized level surface current characteristic,
this kind of antenna is vastly delicate to user collaboration
[11-12]. The anticipated antenna in this article is appropriate
for the multi-mode application and it can cover numerous
mobile terminals. The outline of the strategy is poised of dual
multi-band antenna radiators positioned at upper plus lower
edges of smartphone PCB. The antenna component is
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comprising a monopole radiator with three L-shaped slits. A
detached feeding practice is active for the antenna elements
[13-14]. The projected antenna conquers minor zone and
illustrates respectable radiation features which make it
appropriate for handheld devices functioning at long-term
evolution (LTE), personal communication system (PCS), X-
band frequency spectrums, universal mobile
telecommunications service (UMTS), digital
communication system (DCS), wireless local area network
(WLAN) and international mobile telecommunications
(IMT). The CST software is utilized to examine the
proposed project things [15].

II. MULTI-BAND MONOPOLE ANTENNA DESIGN

The outline along with projected parameters of the
individual component smartphone antenna is characterized
in Fig. 1. It comprises a monopole radiator with three L-
shaped slits. The antenna is accomplished on a low-priced
FR-4  with  particulars of loss tangent=0.025,
permittivity=4.4, and thickness of 0.5 mm. The constraint
principles of the antenna are registered in Table 1.
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Fig. 1. Design details of the antenna.

TABLE. I PARAMETER VALUES OF THE DESIGN

Parameter w L \A L, W, L=L4 W3
Value (mm) 20 10 2 8 30 4 2

Parameter L; W, W; Ls Ws L¢ W,
Value (mm) 8 6 16 5 30 1 48

Parameter Ws Wo Wi | Wn Wx Lx Wxi
Value (mm) 2 26 1 17 105 60 15

The return loss of the antenna is managed in Figs. 2 and
3. As seen, for S;1<—6 dB, the planned antenna covers the
operational bands of 0.79-0.92, 1.5-2.7, 3.5-3.85, and 5-9.5
GHz. However, for S;;<—10 dB, the antenna operates at
0.84-0.9 GHz, 1.7-2.4, 3.55-3.7, and 5.2-9 GHz.
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Fig. 2. Sy characteristic of the planned antenna.

In order to analyse the working principle of the proposed
multi-band antenna design, the design evolution and
simulated return loss result of each antenna are presented in
Fig. 3 and discussed in Fig. 4. As illustrated in Fig. 4, by
adding three modified L-shaped slits in the configuration of
the monopole antenna (from Ant. 1 to Ant. 4), not only new
resonances are generated, by also the impedance bandwidth
of the design has been improved [16].
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Fig. 3. Design evolution; (a) Ant. 1, (b) Ant. 2, (¢) Ant. 3, and (d) Ant. 4.
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Fig. 4. Return loss characteristics for various evolutions shown in Fig. 3.

Towards a directive to validate the multi-operational
working frequency to distinguish the model, the virtual
current densities of the loop antenna by diverse working
frequencies have been demonstrated within Fig. 5. It would
be distinguished that the supreme ascending for all shapes is
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identical. It can be detected that currents are vastly scattered
around the L-shaped slits. The inferior resonances are
accomplished by the superior L-shaped slit [17].
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Fig. 5. Current distributions at (a) 0.9, (b) 1.9, (¢c) 2.1, (d)4.5,(e) 5.5,
and (f) 7 GHz.
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Fig. 6. 3D Radiation patterns at (a) 0.9, (b) 1.9, (c) 2.1, (d) 3.6, (¢) 4, and (f)
4.5, (g) 5.5, and (h) 7 GHz.



The antenna provides sufficient maximum gains. Figure
6 presented the 3D radiations at dissimilar operational bands.
It is witnessed that sufficient gain value for each radiator of
the smartphone antenna design can offer. As demonstrated,
the gain of the presented antenna varies from 2 to more than
6 dBi. The upper and lowest verges of the mainboard of the
smartphones provide sufficient radiation coverage. The
efficiency along with extreme gain characteristics of the
model are demonstrated in Fig. 7. As it can be witnessed
appropriate efficiencies are delivered by every single
antenna. Better than 50% and 40% radiation efficiency, as
well as total efficiency, are accomplished respectively for the
antenna at diverse resonance frequencies [17].
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Fig. 7. Radiation and total efficiencies of the design.

II1. 2x2 MIMO SMARTPHONE ANTENNA

The outline of the presented MIMO smartphone antenna is
demonstrated in Fig. 8. As revealed, it is poised of two
monopole radiators that have been organized at the upper
and lower verges of the central board.
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Fig. 8. 2x2 MIMO smartphone design.
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Fig. 9. S-parameters of the 2x2 MIMO smartphone design.
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The S parameters (including Si; and S»1) of the projected
smartphone antenna are revealed in Fig. 9. As explained, the
antenna demonstrates decent S parameters at working bands
covering the identical spectrums of the single-element
antenna system. In addition, sufficient mutual coupling is
observed in the proposed MIMO system between the two
antenna elements, exclusively at the higher operational
frequency bands [18]. Figure 10 shows the radiation patterns
of the MIMO design for composed antenna elements at
different frequencies. As seen, the presented MIMO antenna
can deliver decent radiation patterns with necessary gain
vales for apiece radiator. It is understood that 2.6~6.2 dBi
IEEE gain distinctive is gotten for each antenna feature.
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Fig. 10. Radiation patterns of the MIMO design at (a) 1.9, (b) 2.1, (c) 3.6,
and (d) 7.5 GHz.

The total active reflection coefficient (TARC) and
envelope correlation coefficient (ECC), features of dual
elements can be considered from the S-parameters using the
below equation [19-20].

ECC =

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

ISimSnm +SimnSnn* ()
A=1Smm|?=1Smn|?) A=ISnm|?=ISpnl2)*

2)
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Fig. 11. ECC function of the MIMO design.
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Fig. 12. TARC characteristic of the MIMO design.
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Fig. 13. DG result of the MIMO design.

As marked from Figs. 11 and 12, the ECC results are very
low at the working operation bands (less than 0.025). It can
be also noticed that the TARC value of the projected design
is fewer than -10 dB. An additional significant parameter for
the MIMO performance of the antenna is diversity gain (DQG)
which can be considered using the subsequent relation:

DG = 10,/(1 — ECC)? 3)

Figure 13 shows the diversity gain utility of the presented
antenna over its working band. More than 9.75 dB over the
operating frequency bands is obtained.
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IV. CONCLUSION

A 2x2 multi-band MIMO antenna is planned for
smartphone applications. The formation of the antenna
element consists of a multi-mode monopole radiator with
three L-shaped slits placed at the edge of the smartphone
PCB. The low-cost FR4 working substrate is used for this
new design with a total dimension of 60x135x0.5 mm?. For
S11<—6 dB, the MIMO design function within the frequency
ranges of 0.79-0.92 GHz, 1.5-2.7 GHz, 3.5-3.85 GHz, and
5-9.5 GHz covering IMT, PCS, UMTS, DCS, WLAN, LTE,
and X bands. The MIMO antenna delivers appropriate gains
and efficiencies at different frequency bands.
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