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Abstract

A design of MIMO antenna with four elements each one consists of two polarized ports is proposed in this research. The design of each

elements based on ZORA which is applied to get the advantage of band frequency flexibility. The proposed MIMO antenna is operated

as a single and dual band by adjusting a ground structure. The resonance frequency is 3.9 GHz for single band with bandwidth 1 GHz
(3.4-4.4) GHz at -10 dB with -27 dB isolation. The resonance frequencies for dual band are 4.95 and 7 GHz with bandwidth 1.23 GHz
(4.03-5.26) GHz and 410 MHz (6.88-7.29) GHz at =10 dB and less than =12 dB isolation for both bands. The obtained size of FR-4 PCB

for single band is 77 x 150 mm? while 82 x 150 mm? for dual band which are suitable for future smartphone.
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1 Introduction

In 2002, the conception of composite right/left-handed
(CRLH) transmission line (TL) metamaterials (MTMs) or
planar negative-refractive index TL had been generalized to
offer the implementations the practical applications for engi-
neering in MTMs [1]. Such a paradigm has been exhibit-
ing a rich potential possessing in electromagnetics engineer-
ing of the microwave devices with unusual properties [2].
The properties of CRLH are infinite-wavelength regime,
leaky-wave radiation, bandpass behavior and nonlinear dis-
persion [2]. The last one makes CRLH exploiting the imple-
mentation of dual band antenna design [3]. The band allows
the available space to be shared by a greater number of
devices that back with benefit for wireless networks, at the
same time increase the match of demand for high capacity in
the cellular network [4]. With the future wireless communi-
cation, multiple input multiple output (MIMO) can achieve
a high channel capacity [5]. However, the tradeoff between
reducing the mutual coupling between antennas and low pro-
file is the main challenge of MIMO antenna designing [6].
The polarization diversity considered as the best in antenna
diversity as well as it can achieve a compact design [7].
In contrast, non-linear progressive phase, anti-parallel phase

and group velocities which are the characteristics of left-
handed MTM-TL make it investigate the compact antenna
design [8—10]. Novel zeroth-order resonator antenna (ZOR A)
is an example of CRLH -TL since its electrical length is
zero, so antenna size can be more reduced than conventional
antennas [11]. However, enormous research has been studied
to reduce the mutual coupling between antenna elements of
MIMO systems with reducing space between them such as
metamaterial polarization-rotator (MPR) wall [12] and par-
tial ground [13]. On the other hand, the researcher of [14, 15]
are used and discussed the defected ground structure (DGS)
and tree structure respectively. In this paper, a compact of
dual polarized ports each with only one cell of left-handed
transmission line with a tree structure for decoupling. The
decoupling structure innovation proposed in this research is
not only to improve the good isolation but also can general-
ize a dual band's frequency which will improve the usage of
space in mobile devices.

2 Microstrip ZORA theory
Due to the dual ideal model of LH/RH TLs, the equiva-
lent circuit of a one-unit cell of CRLH TL which shown in
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Fig. 1 (a) and (b). It consists of series resonators L zand CL,
shunt resonators C » and ic right and left-handed, respec-
tively. It is worth to mention that the operating wave-
length should be greater than the dimension of which unit
cell P. The compilation of such a circuit is LH-TL domi-
nation with low frequency while RH-TL is dominated at
high frequency [16—-19].

As shown in Fig. 1(a), the gab is zero between LH and
RH regions, so that, it would satisfy the condition of bal-
ance which means WL and WR are the resonance frequen-
cies of LH and RH, respectively will be equal, which can
be given by [16]:

- 1 - 1

W =——--— and W, = ——. a
JLG, o JLC, )

Besides, LH and RH resonance frequency will be equal to
the resonance frequency of the TL where the CRLH-TL
frequency can be written as [16]:

VVOZ =W Wepg =W, Wy = e, 2

while the WCL and WCR represent the CRLH cut off a fre-
quency that can be shown as [17]:

W, IJ

R

A

W, =W,

A ©)
Wy = W | 142

R

From another view, at the resonance frequency, the pro-
gressive phase of the electrical length which is the summa-
tion of RH and LH sections will be zero which is the result
of usage microstrip ZORA. As a lot, the impedance of the
CRLH-TL ZE will be equal to both ZL and ZR which are
the impedance of the left and right-handed respectively. Z .
and Z can be given by [16]:

N

Accordingly, when the balance condition investigates the
Wcu WCR, and ZE will be fixed, thus making the unique

configuration of the CRLH is illustrated as follow [17]:
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Fig. 1 (a) 2D layout of CRLH-TL; (b) Equivalent circuit model of
CRLH-TL.

Also, because of the non - linearity of the LH which rep-
resents the negative part and the linearity of RH section,
the propagation will be constant which can be determined
respectively for both sections as follow [19]:
. 1 . R (©)
K, = and K, = (W,{JL,C, ).
(LG,
3 Single antenna design and results
In this research, the first step of the design procedure
is the single antenna element simulation and the results
obtained are an evaluation before going to design MIMO
prototype. By considering the aim of this research, it must
keep in mind the frequency band of the single element
which must much the corresponding band of MIMO sys-
tem. Fig. 2 shows the proposed paradigm which consists
of three layers. The patch layer consists of a dual polar-
ized ZORA feeding with 50 Q connected by SMA. Such a
patch is printed on a dielectric substrate layer with thick-
ness 1.6 mm made of FR-4 with relative permittivity 4.4
and loss tangent 0.025.
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Fig. 2 (a) Single antenna element front view; (b) Single

antenna element back view.

3.1 Single band
Fig. 2 shows the geometrical layout of the single antenna
element proposal and all the dimensions detailed in Table 1.
The result of S-parameter for the above model is illus-
trated in Fig. 3(a) which having a reflection coefficient
about —24 dB at 3.9 GHz with coverage bandwidth about
1GHz (3.4-4.4) GHz at —10 dB and a good mutual cou-
pling approach to -27 dB. On the other hand, VSWR which
determines the antenna performance if have a value <2 as
mentioned in [20] shown in Fig. 3(b) for both ports 1 and 2.

Table 1 Parameter values of the single element dimension.

Parameter Value (mm) Parameter Value (mm)
z, 9 G, 12
Z, 1 G, 11.01
T, 3 G, 17.38
T, 10 b, 7
M, 4.80 b, 6
M, 5 b, 2
S, 0.6 b, 4
S, 0.2 n 2.30
S, 0.4 n, 3
W, 30
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Fig. 3 (a) S-parameter of single band model;
(b) VSWR of single band model.

Also, 2-D polar plot for E-field and H-field which is men-
tioned as radiation pattern shown in Fig. 4(a) and (b), respec-
tively, which determines that such a single element model has
a bidirectional radiation pattern with angular lobe 96.3 deg.
Fig. 4(c) shows the 3D view which exhibits the radiation pat-
tern has been covering the top and bottom of the single ele-
ment prototype. It is worth to mention that the aim of the
proposal of [21, 22] are to employ spatial diversity. In con-
trast, the current model has applied the polarization diversity
to match the MIMO system for the smartphone application.

3.2 Dual band

To obtain a dual band frequency. Some modification has
been applied on the single antenna element which pro-
posed in Subsection 3.1. Such modification included some
variation in the dimensions of the ground layer which
converts the etching of the tree shape to stub shape which
has clear out in Fig. 5. As a note, all the proposed dimen-
sions in mm.

As aresult, a dual band frequencies are obtained, which
are 4.7 and 7.08 GHz with return losses of —23db and —21 dB
respectively. Furthermore, the bandwidths for both points
are 1.23 GHz (4.03-5.26) GHz and 410 MHz (6.88-7.29)
GHz at —10 dB. The mutual coupling for the proposed para-
digm is less than —12 dB. From another view, the VSWR not
approach 2 with both resonance frequency points, all results
are shown in Fig. 6. Also, because of the 4.7 GHz which is
the first point has a larger bandwidth than the second point
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Fig. 4 (a) Radiation pattern of single band

model E-field; (b) Radiation pattern of single
band model H-field; (c) 3D-view.

which has 7.08 GHz frequency. As a result, the 2-D polar
pattern of the first one has more size of radiation pattern
as shown in Fig. 7(a) and (b) with red color line, however,
both points have bidirectional patterns. Also, the 3D view
in Fig. 7(b) and (c) is shown the radiation pattern is covered
allover directions of the single element.

4 MIMO array and results
To obtain a MIMO prototype, four of the proposed single
antenna elements are installed on the corners of printed

Fig. 5 Another ground geometry of the

single element antenna.
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Fig. 6 (a) S-Parameter results of the dual band of
the single element; (b) VSWR results of the dual
band ofthe single element.

circuit board (PCB). Such PCB is fabricated from FR-4
with a characteristic mentioned in Section 3 which has a
dimension (length and width) that has been obtained with
many trying methods.

4.1 Single band
The proposed single element model in Section 3 has
installed with 77 x 150 mm? of PCB as shown in Fig. 8.
The results of which MIMO system proposed is shown
in Fig. 9, which determines that all ports can operate at the
same resonance frequency which matches the bandwidth of
a single antenna element. However, such MIMO model has
return losses S, —50 dB of some group of ports while others



Farfield H-Feld(r=1m) Abs (Theta=90)

©

Al-Ani et al. | 239
Period. Polytech. Elec. Eng. Comp. Sci., 65(3), pp. 235-243, 2021

Farfield H-Field(r=1m) Abs (Theta=90)

@

Fig. 7 (a) 2D polar radiation pattern of the single element at 4.55 GHz; (b) 2D polar radiation pattern
of the single element at 7 GHz; (c) 3D view radiation pattern of the single element at 4.55 GHz; (d)
3D view radiation pattern of the single element at 7 GHz.

77 mm

@

have about —40 dB. As well as, the mutual coupling S, fis less
than —20 dB for all ports over the operating frequency band-
width and the VSWR less than 2 for all ports. Also, Fig. 10
shows the radiation pattern of MIMO system which obvi-
ously in 2D polar the radiation can cover all directions of the
PCB with angular lobe of 32 deg. In addition, the 3D view
exhibits the radiation cover the top and bottom of the device
body with H-max. —22.2dB and gain 5.5 dBi.

(b)
Fig. 8 (a) Front view of MIMO antenna system; (b) Back view of MIMO antenna system.

4.2 Dual band
In contrast, to obtain a dual band of MIMO array, the pro-
posed single element antenna detailed in Subsection 3.2 is
arranged with 82 x 150 mm? of PCB as shown in Fig. 11.
The simulation results of the proposed MIMO system
shown in Fig. 12 which confirms that the MIMO ports can
be operated with two band frequencies of 4.95 and 7 GHz
with § ~—16 and —26.5 dB respectively. The coverage
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Fig. 9 (a) Snm results of MIMO array;
(b) S, results of MIMO array; (¢) VSWR
results of MIMO array.

bandwidths have been obtained matching the same as the
frequency bands in Subsection 3.2 with shifted resonance
frequency mentioned above. Sab and VSWR have been
obtained less than —12 and 2 dB respectively for both oper-
ating frequency bandwidths.

In the term of the radiation pattern, Fig. 13 shows the
2D patterns can be seen in omni-direction view for both
resonance frequency points. Due to large operating fre-
quency bandwidth of the first frequency point it seems to
have more radiation coverage area. As a lot, both radiations
having 15.8 and 9.4 deg. The angular width of the lobe.

Another viewing of the radiation pattern can be exhibit
as a 3D which illustrated in Fig. 14 for two resonance fre-
quency operating points. It clears out as a bubble covering
the top and bottom and all directions of the mobile device
with H-max —22.6, —20.6 dB and 5.62, 7.12 dBi of gain,
respectively.

To evaluate this model, Table 2 depicts the difference
between current model with other references [21-25].

Farfield Gain Abs (Phi=90)

@

(b)
Fig. 10 (a) 2D radiation pattern of MIMO with
single band; (b) 3D radiation pattern of MIMO
with single band.

It seems that this model has the desired characteristics with
a good size of PCB which represents the mother smart-
phone. The higher number of ports means higher data rate
which is desired for future wireless communication.

5 Conclusion

In this paper, a design of MIMO antenna based on ZORA
model. The MIMO prototype consists of four elements
installed on the corner of the rectangular FR-4 PCB.
The proposed model operated as a single band of 3.9 GHz
when the ground based on a tree structure. Also, the pro-
posed model operated as a dual band with operating fre-
quency 4.95 and 7 GHz when the ground geometry modi-
fied into stub structure. The bandwidth of the single band
model is 1 GHz (3.4-4.4) GHz at —10 dB with —27 dB of
mutual coupling. While the bandwidths of dual band model
are 1.23 GHz (4.03-5.26) GHz and 410 MHz (6.88-7.29)
GHz at —10 dB with a mutual coupling less than —12 dB
for both bands. The proposed single band MIMO antenna
has the advantage of a suitable size (77 x 150) mm? while
the dual band with a size of (82 x 150) mm? which matches
the size of smart phone operated for future wireless
communication.
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Fig. 11 (a) Front view of MIMO antenna system;
(b) Back view of MIMO antenna system.
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Fig. 13 (a) The 2D polar radiation pattern
at 4.55 GHz; (b) The 2D polar radiation ()
pattern at 7 GHz.
Fig. 14 (a) 3D view of of MIMO antenna system radiation
pattern at 4.55 GHz; (b) 3D view of of MIMO antenna
system radiation pattern at 7 GHz.
Table 2 Difference between currently model and previous references.
Applied Type of
3

Ref. D (mm?) Sn_ ; (dB) BW (GHz) Technique Diversity NO. ports

[21] 65 % 22.5 %5 —40 9.7-12.3 MTM-EBG Spatial 3

[22] 40 x 20x5 -13.5 1.7-3.66 Meta-surface Spatial 2

[23] 23 x23x 1.6 =37 Fractal Spatial 2

[24] 14.5x9 % 1.6 -13.5 139-141 MSWI Spatial 2

[25] 120 x 50 x 1.6 <-20 9.55-10.81 Slots Spatial 2

(Tll)“s work 50 %77 x 1.6 <-20 (3.4-4.4) MTM Polarization 8

i 4.03-5.26
This work 180 x 82 x 1.6 <20 ¢ ) MTM Polarization 8
()] (6.88-7.29)
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