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Abstract: A novel compact planar 2 x 2 antenna system with super-wide bandwidth is presented
in this paper. The MIMO antenna has four square-shaped patches with two slots in each that are
interconnected with each other using four strip lines printed on a substrate of Rogers Duroid RT
5880 with relative permittivity of er = 2.2 and tangent loss of 5 = 0.0009. The proposed antenna
system has a partial ground plane with two enhancement fractured slots. The design is characterized
by a super-wide impedance starting from 15.2 to 62 GHz (a bandwidth of 46.8 GHz) and compact
total system size of 11.2 x 15.25 mm? with a thickness of 0.12 mm. The proposed MIMO design
has omnidirectional radiation pattern for far field and the achieved peak gain reaches 13.5 dBi. The
presented planar antenna which relies on computer aided design, has been designed and simulated
using an industrial standard simulation code. Its performance results showed that the MIMO design
is characterized by super wide bandwidth, omnidirectional radiation pattern, and high-power gain
with miniaturized physical size; thus, it is suitable for radio-frequency identification (RFID) systems,
fifth-generation applications, ultra-wideband systems, and others.

Keywords: multiple input multiple output; patch antenna; radar; radio frequency identification
(RFID) systems; 5G

1. Introduction

Lately, a dramatic growth in data rates has found a high demand with rapid develop-
ment of the current wireless systems [1]. Microstrip antennas have played a crucial role in
microwave and radio frequency transceiver due to their characteristics such as low-profile
high gain, light weight, low fabrication cost, and simplicity [2-9]. Furthermore, a wide
range of wireless applications containing radio-frequency identification (RFID) have been
found [10]. Currently, wireless applications are shifting globally from long-term evolution
(LTE) to the fifth-generation systems in order to overcome data rates, frequency band
shortages, and future needs. Recently, many scientific studies have been accomplished to
shift from Ultra High Frequency (UHF) spectrum bands (300 MHz to 3 GHz) to the mil-
limeter wave bands such as 27.5-28.35 GHz, 37-37.6 GHz, 37.6-40 GHz, and others [11-14].
Figure 1 illustrates the fifth generation of wireless communications frequency spectrum
bands. Figure 2 shows a brief information about the fifth generation (5G) main features.
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Figure 1. The fifth-generation wireless communications frequency spectrum [15].
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Figure 2. Overview of fifth generation (5G) communication technology [15].

For microstrip patch antennas (MPA), the mechanism of radiation occurs due to the
discontinuities at the truncated edges of the microstrip lines. Thus, the antenna radiation
appears slightly higher than its actual structure dimensions and the microstrip transmission
line length has to be less than half of the wavelength at which the frequency is used.
Several techniques have been studied and developed previously in order to enhance the
bandwidth spectrums and to minimize the physical footprint, which makes the microstrip
patch antennas widely popular in several wireless communication systems [16].

Presently, the multiple input multiple output (MIMO) antenna systems are massively
applied in wireless devices [14,17]. Thus, a new (MIMO) antenna system is proposed
in this article by targeting the current challenge of extremely increasing data rates and
to maximize the channel capacity at the environment of multipath propagation [18-21].
In order to overcome many drawbacks in many previous designs, this paper proposes a
new design of the MIMO antenna system that is characterized by operating frequency,
power gain, and radiation pattern with reduced structure size. In the following section, the
proposed antenna system configuration is introduced with details.

2. Antenna Configurations

The geometry of the proposed antenna system, which is designed and simulated using
an industrial standard simulation code, is revealed in Figure 3. The figure illustrates the top
and bottom views of the MIMO antenna structure. It is composed of four patches (2 x 2
MIMO system) with two slots on each patch that are loaded to enhance the performance
printed on the same side and interconnected using high impedance strip lines. The patches
are fed by a single 50 Q) mictrostrip line connected to one antenna. The MIMO antennas are
printed on a Rogers Duroid RT 5880 substrate with relative permittivity of er =2.2 and a loss
tangent of 4 = 0.0008, under which is a partial ground plane with two fractured I-shape slots.
The overall obtained dimension of the suggested compact design is 15.25 x 11.20 mm? with
a thickness of 0.13 mm, where each square shape patch has a size of 4.3 x 5.3 mm?. Table 1
presents the 2 x 2 MIMO antenna structure configuration parameters in millimeters after
optimization. The suggested MIMO system has a similar design and low profile, and it is
easy to fabricate. The four patch dimensions were calculated using the following ordinary
standard antenna design equations, which are shown below [22]. The next section shows
the parametric study and the optimum results of the proposed antenna.
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where Wp and Lp are the patch width and length, respectively; C is the light speed; f
is frequency; o is the conductivity; er is the relative permittivity; eeff is the effective
permittivity; and i and W are the height and substrate width, respectively.
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Figure 3. Geometry of the presented 2 x 2 MIMO antenna: (a) top view, (b) bottom view.

Table 1. Parameters of the proposed 2 x 2 antenna, as shown in Figure 3.

Parameter Value (mm) Parameter Value (mm)
W 11.2 Wp 43
L 15.25 Lp 5.3
W1 2.6 Lg 3.1
L1 3.75 Lgs 29
Wi 0.3 Wg 1
Lf 3.3 h 0.13

3. Parametric Study and Results

The optimization process is performed to obtain the smallest antenna dimensions
(compact structure with the appropriate substrate) that exhibits the omni-directional pattern
with minor distortions at millimeter waves, super-wide bandwidth, and higher gain. The
reflection coefficient versus the operating frequency of the proposed antenna system is
revealed in Figure 4 for several commonly used substrate materials (FR-4, Duroid Roger RT
5880, and RO3003 with relative permittivity of 4.3, 2.2, and 3.3, respectively). The design
using a substrate of RT 5880 had a super-wide bandwidth from 15.2 to 62 GHz (a bandwidth
of 46.8 GHz) in terms of S11 < —10 dB standard. However, using other substrate material
(FR-4 and RO3003) for this design led to a smaller bandwidth and less impedance matching
at several frequencies. The partial ground plane length was optimized as illustrated in
Figure 5. It can be noticed that at Lg = 3 mm, the design reflection coefficient had the
widest bandwidth compared to others. Moreover, the microstrip feeding line width was
highly sensitive parameter and it was observed that at wf = 0.3 mm, the proposed design
had the widest operating frequency, as shown in Figure 6. On the other hand, at wf = 0.2
and 0.4 mm, the S11 parameter had either shorter bandwidth or went beyond the —10 dB
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level. The normalized power radiation pattern at the resonant frequencies for the main
orthogonal planes (elevation and azimuth) is displayed in polar form in Figure 7 at two
resonant frequencies. In general, the design radiation pattern had an omni-directional
shape with minor distortion at higher frequencies due to the high-power radiation. Thus,
the proposed MIMO system can be inserted inside the wireless system at any situation due
to its wide radiation feature. The peak power gain response during the entire operating
frequency at two different standard simulation codes (Computer Simulation Technology
Microwave studio (CST) and High Frequency Structure Simulator (HFSS)) showed that
the MIMO antenna had extreme high-power gain, reaching 13.5 dB, as shown in Figure 8.
It can be remarked that the design was highly sensitive in terms of structure parameters;
thus, antenna prototyping has to be performed with accuracy to reduce the fabrication
tolerance and prevent any mismatching.

S-Parameters [Magnitude in dB]
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Figure 4. Reflection coefficient (S11) for the proposed design using different substrate material (FR-4, RO3003, and RT5880)
versus frequency in GHz as part of the optimization process.
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Figure 5. The effect of partial ground plane length (Lg) on the reflection coefficient (S511) versus frequency in GHz.

Table 2 presents a short comparison between the proposed MIMO antenna system with
several previously published antenna designs. It can be remarked that the suggested patch
antenna exhibited the highest bandwidth of 46.8 GHz from 15.2 up to 62 GHz (Figure 4);
furthermore, the design had a high compact physical structure size compared to analogue
designs. Therefore, the proposed antenna can be easily placed inside miniaturized wireless
gadgets and applications, and more space could be saved for other wireless components
within the system.
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Figure 6. Reflection coefficient (S11) versus frequency in GHz for several feeding line widths.
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Figure 7. Simulated radiation pattern at E-plane (elevation) and H-plane (azimuth).
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Figure 8. Simulated power gain of the proposed Ultra wide band Multiple input Multiple output
(UWB MIMO) antenna.

Table 2. Comparison between the proposed antenna system with previously published papers.

Operating

Reference Structure Size (mm?3) Frequency (GHz) BW (GHz)
[23] 24 x 30.5 x 1.5 3.1-10.6 7.5
[24] 50 x 30 x 1.6 2.5-14.5 12
[25] 28 x 15 x 1.6 2.7-14 11.3
[26] 38 x 30 x 1.6 2.4-2.5 and 3.1-10.6 0.1and 7.5
[27] 30 x 31 x 1.5 2.4-2.48 and 3.1-10.6 0.08 and 7.5
[28] 61 x 61 x 8 1.6-12 10.4

This work 11.2 x 15.25 x 0.12 15.2-62 46.8

4. Conclusions

A new 2 x 2 super-wide bandwidth MIMO antenna system is presented in this article.
The proposed antenna system was designed and simulated using two standard modeling
codes (CST Microwave studio and HFSS). Furthermore, patch antenna parameters such
as reflection coefficient, radiation patterns, and power gain for the designed system were
optimized. This MIMO antenna system consists of four square-shaped patches with
a slotted /fractured partial ground plane to obtain better performance. The presented
MIMO antenna system has a very compact structure size; the overall physical volume is
11.2 x 15.25 mm? with a thickness of 0.12 mm. The overall fractional bandwidth of antenna
system was measured as 121.24%, where the total operating frequency was 46.8 GHz.
Moreover, the peak power gain value of the proposed antennas system was measured as
more than 13.5 dB. On the basis of the presented antenna characteristics, we argue that
the designed patch is appropriate for the millimeter wavelength wireless communication
system, radio-frequency identification (RFID) systems, fifth-generation applications, ultra-
wideband systems, and others.
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