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ABSTRACT: This paper details the development of an innovative Ultra-Wideband (UWB) Circularly Polarized (CP) Multi-Input Multi-
Output (MIMO) antenna. Drawing inspiration from an Electromagnetic Band-Gap Structure, the antenna incorporates Two Via Compact
Electromagnetic Band Gap (TVCEBG) cells strategically positioned close to the feedline. The result is a sophisticated triple-band notched
planar antenna configuration. To enhance its performance, a slot and a stub are strategically added to the bottom plane, effectively
broadening the Axial Ratio Bandwidth (ARBW). This carefully designed setup achieves a wide ARBW while simultaneously rejecting
interference at 3.5, 5.5, and 8.2 GHz. Notably, the MIMO antenna demonstrates an axial ratio spanning from 3 to 10.4 GHz, coupled
with an impedance bandwidth ranging from 3.1 to 10.6 GHz. Diversity features of the proposed structure are quantified through three
key parameters: ECC (Envelope Correlation Coefficient) greater than 0, TARC (Total Active Reflection Coefficient) surpassing 10, and
DG (Diversity Gain) exceeding 9.7. These parameters collectively indicate robust diversity characteristics, underscoring the antenna’s
efficacy in challenging communication scenarios. Practical implementation involves the use of FR4 dielectric substrates, with precise
measurements of 42.7 X 55 x 1.6mm?>. This meticulous construction ensures the realization of the proposed structure’s theoretical
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framework, highlighting the antenna’s potential applicability in advanced UWB communication systems.

1. INTRODUCTION

igh data rates are always sought by modern wireless com-

munication systems to enhance consumer experiences.
Among the benefits for data rate transfer are compact size,
inclusive spectrum, and small spectral density provided by
Ultra-Wideband (UWB) technology [1]. An antenna that
transmits and receives polarization mismatch losses is a major
challenge in such a technology. Circularly polarized (CP)
antennas minimize the polarization mismatch problem by
eliminating the need to align the receiving and transmitting
antennas. A CP antenna can also minimize the Faraday
rotation effect and multipath interference. In order to generate
CP waves, two orthogonally oriented electric fields with a
90-degree phase difference can be engendered [2]. The wave
can be generated by using dividers, an improved antenna
structure [3], and current rotations on patch antennas. Several
narrowband wireless communication systems such as WiIMAX
whose frequency range is between 3.3 and 3.6 GHz, WLAN
whose frequency ranges from 5.1 to 6 GHz, and part of the X
band whose frequency range is between 7.9 and 8.4 GHz which
will cause intrusion with UWB [4]. The notch mechanism in
UWRB antennas is therefore essential to suppressing undesired
interferences. A number of CP antennas have been discussed
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in the literature [5—8], but none have been designed with band-
rejection capabilities. To achieve band-notch characteristics
traditionally, slots are typically introduced into the antenna
patch, feedline, or ground plane to disrupt and reject specific
signals [9-11]. Reference [6] discusses a linearly polarized
UWB antenna that employs band rejection features. UWB
systems are most concerned with signal fading when operating
in multipath environments. Using MIMO technology can
resolve this issue by enhancing channel capacity. UWB
MIMO antennas should have reduced port and field isolation.
There are various types of Defected Ground Surfaces [12, 13]
that can improve port isolation, including dumbbell [11, 14]
and T-shaped [6] ones. It is also possible to increase mutual
coupling by extending the bottom plane [15]. A dual-band
notch is also proposed, with neutralization strips [15] and de-
coupling lines [16] for reducing isolation among the structures.
To produce dual band notches, two slots are etched in the patch.
There have been other approaches to achieve band-notched
characteristics formed on two-dimensional resonators, such
as a ring-formed resonator [10] and a wander line resonator
[11]. But by removing slots from the patches, the radiation
properties are further deformed. The use of Electromagnetic
Band Gaps [17] (EBGs) has been proposed as a method for
isolating wireless systems from unwanted interference. Wave
transmission in a specific frequency range can be aided or
prevented by EBG structures. In order to achieve band notch
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FIGURE 1. EBG structure. (a) TVC EBG Unit cell. (b) Equivalent circuit. (¢) TVC EBG Structure aspect.

characteristics, an EBG structure with a compact footprint
needs to be incorporated onto a UWB antenna. The linearly
polarized UWB MIMO antenna has been designed by nu-
merous researchers to reject dual and triple bands [11-13].
After exploring various approaches, it becomes evident that
achieving a compact band-notch UWB MIMO antenna is still
a challenging task.

In the suggested work, a CP MIMO antenna with triple re-
jected bands is presented for UWB application. The TVC-EBG
structure is used next to the UWB structure’s feedline to real-
ize the three band-notches. A broad ARBW is produced by
including slots beneath the feedline and extending stubs from
the ground. According to the experimental results, the antenna
demonstrates an impedance bandwidth that covers the range
from 3 to 11 GHz, with a 3-dB extending from 3 to 10.4 GHz.
The excluded frequency bands lie within the intervals of 3.3 to
3.6 GHz, 5 to 6 GHz, and 7.9 to 8.4 GHz. Meanwhile, the pro-
posed design stands out for its compact size, straightforward
design, and a more extensive ARBW than the previously dis-
cussed structures for UWB communications.

2. TVC-EBG STRUCTURE AND UWB ANTENNA CON-
FORMATION

The antenna presented in this work was constructed using a
commercial FR4 substrate, characterized by a permittivity of
4.4, a height of 1.6 mm, and a loss tangent of 0.02. The model-
ing and simulation of the antenna were performed using HFSS
(version 13).

88

An EBG structure functions as a filter that inhibits spe-
cific frequencies within a designated range. At the reso-
nant frequency, EBG structures behave as surfaces with high
impedance. The four structural components of the TVC-EBG
are via, ground surface, dielectric, and copper patch surface.
The design formulae in (1) and (2) are described in the sections
underlined in [8, 17-20].

L = uoh (D
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where ¢, = relative permittivity,

g = the gap among EBG unit cell,

w = patch width,

w = relative permeability,

€o = absolute permittivity.

To obtain a small size structure, the equivalent parameters
of the inductor (L) and capacitor (C') increase in the EBG unit
cell. A slotand via have been incorporated into the Electromag-
netic Band Gap (EBG) unit to augment the inductance (L) and
capacitance (C). In Figures 1(a)—(c), the suggested TVC EBG
unit cell, equivalent circuit, and side view are depicted. Table 1
illustrates the parameter of the proposed TVC EBG structure
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TABLE 1. Parameter of the proposed EBG structure.

FIGURE 2. CP antenna’s band-rejected antenna
geometry.

Dimensions | WP, | GPx P GP, | WP, | Ri =Rs
Units (mm) | 42.72 28 1.8 1.7 2.7 0.6
Dimensions GH WP, | WP; GP GPs W Py
Units (mm) 2.29 1.3 0.3 0.2 03 0.3
Wy
(a) Phase A (b) Phase B (c) Phase C

FIGURE 3. Developing steps of the proposed antenna. (a) Phase A, (b) Phase B, (c) Phase C.

TABLE 2. Dimensions of the proposed CP UWB structure.

Variables LS WS WF dl d2 d3 d5
Values (mm) | 42.72 | 28 1.8 1.7 | 2.7 6 3
Variables W1 L1 Lf R Rl R2 d4
Values (mm) 55 11 9 6 10 | 25| 1
fog = ; ) feedline (Phase-B). ARBW can be widened by etching stubs
2m \/erq and slots in the ground surface shown as Phase-C. Figure 4 and
1 Figure 5 depict the VSWR and axial ratio of different phases
fes = (6) in the formation of the present structure. In Phase-C, VSWR

271'\ / L3035q

2.1. Multi-Band Notched CP UWB Antenna

Figure 2 illustrates the prototype of the CP antenna incorporat-
ing an EBG unit cell. The CP antenna is fed by a microstrip
feedline arranged in a ring shape. By strategically placing the
TVC-EBG near the feedline of the UWB antenna, three rejected
frequency bands can be attained. The ground plane is mod-
ified with a slot and stub to broaden the ARBW. Table 2 il-
lustrates the dimensions of the proposed CP UWB structure.
Figure 3 shows stepwise evolution of resonating antenna ex-
hibiting triple-band rejection. Figure 3(a) illustrates an im-
proved ring monopole with a ground surface as illustrated in
Phase-A. ARBW is between 4 and 5 GHz with an axial ratio
and VSWR of 3-11 GHz for Phase A. Three notch bands are
achieved in Figure 3(b) by positioning the TVC-EBG near the
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curve is above the threshold value 2 for the rejected bands, and
axial ratio lies above 3 dB for the notched bands.

2.2. CP MIMO Antenna Rejecting Three Bands

In wireless communication devices and terminals, it is essential
to maintain compact antenna diameters due to limited available
space [21]. Designing a two-port MIMO antenna with a com-
pact size poses challenges, primarily stemming from issues re-
lated to radiating components, port placement, and field isola-
tion. A prototype of the structure has been made in order to val-
idate the simulated curves. As illustrated in Figure 6, the geom-
etry of the MIMO antenna consists of two antennas. In terms of
size, the presented antenna measures 42.7 x 55 x 1.6 mm?>. Ane-
choic chambers are used to measure radiation patterns, whereas
Vector Network Analyser (Agilent N5230C) is used to measure
curves like VSWR and mutual coupling.
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FIGURE 4. VSWR of different stages in the formation of the structure. FIGURE 5. Axial ratio of dissimilar stages in the formation of presented

structure.

Port 1 Y we Port 2

FIGURE 6. Antenna geometry with dimensions of 42.72 mm, 55 mm (W x L).

Port 1 (excited)

270°

FIGURE 7. Port 1 Surface current is acting as circular polarized mode.

2.3. Circular Polarization Generation

The suggested CP MIMO Antenna works with polarization di-
versity. Both right hand circular polarization (RHCP) and left
hand circular polarization (LHCP) modes are generated by this
type of structure. It is necessary to use surface currents in order
to understand the CP of the presented antennas. Figure 7 il-
lustrates the surface current circulation at dissimilar stages 0°,
90°, 180°, and 270°. When the angle is 0°, the major vector

90

direction is —Y, while when the angle is 90°, the predominant
vector direction is —X. 180° and 270° have vector directions
inversely related to 0° and 90°. Figure 7 illustrates that the sur-
face current moves from left to right when being observed from
+Z. RHCP is supported by the presented antenna with Port 1.
CP MIMO antennas produce LHCP when Port 2 works with the
phase moving from 0° to 270° as shown in Figure 8. As aresult,
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FIGURE 10. Tested and simulated VSWR.

the ECC values are automatically reduced due to polarization
diversity.

3. DISCUSSION AND RESULTS

3.1. Measured and Simulation Results

As depicted in Figure 9, the measurements of CP MIMO
antenna prototype are made in an anechoic chamber. Fig-
ure 10 displays the simulated and measured Voltage Standing
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FIGURE 11. Tested and simulated axial ratio.

Wave Ratios (VSWRs) across the frequency range from 3.1 to
11 GHz, excluding three interfering bands. The ARBW effec-
tively eliminates the restricted frequencies illustrated in Fig-
ure 11, covering a frequency range from 3 to 10.4 GHz. Fig-
ure 12 illustrates mutual coupling for various ground slot widths
(W) ranging from 1 mm to 3 mm. Figure 13 further illustrates
a corresponding increase in mutual coupling among antenna el-
ements as W, increases. The observed trend in Figure 13 indi-
cates that the axial ratio bandwidth decreases with an increase
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FIGURE 12. Deviation of isolation with dissimilar W g.
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FIGURE 14. Deviation of the tested and simulated mutual coupling.

in the ground slot width (). Various losses, including con-
duction loss, dielectric loss, mismatch loss, and fabrication and
measurement errors, contribute to discrepancies between mea-
sured and simulated parameters.

In Figure 14, the isolation between the two patches is less
than 15dB for the whole frequency range. ECC, DG, and
TARC have been used to calculate MIMO performance as spec-
ified in [7, 19,20]. Using [19], a method can be used to find
ECC in an isotropic environment using scattering parameters
as given below. Figure 15 illustrates the deviation of the tested
and simulated TARCs with frequency. Figure 16 illustrates the
results of radiation pattern measurements carried out in ane-
choic chambers. Only single-element antennas are considered
for reflection coefficient. As specified in [22-26], TARC can
be evaluated for multi-port antenna systems.

* % 2
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FIGURE 13. Deviation of axial ratio with dissimilar W g.
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FIGURE 15. Deviation of the tested and simulated TARC with fre-
quency.
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The Scattering matrix has four S parameters: S11, Saz, S12, and
So1. Diversity gain can be assessed as recommended in [23].

DG = 10,/(1 — |ECC)) 9)

Figure 17 shows DG values in the entire resonant band with
very low ECC values. The correlation of the suggested an-
tenna remains below 0.005 across the entire frequency band,
except for the ranges from 3.3 to 3.6 GHz, 5 to 6 GHz, and 7.9
to 8.4 GHz, where the ECC increases to 0.03.

3.2. CP MIMO Antenna Comparison

Table 3 illustrates the comparability of a number of CP MIMO
antennas with the presented antenna, including dimensions, the
number of rejected bands, ARBW, and impedance bandwidth.
From the table, it is evident that [9] is able to achieve only two
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FIGURE 17. Measured and simulated ECC and DG of proposed system.
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TABLE 3. Comparison of proposed structure with existing literature.
. . . . Envelope
Impedance | Axial Ratio | Number Count . . Mutual Diversity i
. . Notches Dimensions . . Correlation
Reference | Bandwidth | Band Width of (GHz) of band (mm?) Coupling Gain Coefficient
(GHz) (GHz) elements notches (dB) DG)
(ECO)
Suggested | 5 3-10.4 2 [3555&82| 3 42.72 x 55|  -15 9.98 dB 0.005
Antenna
Not Not Not
9 3.2-9.6 3.2-8.8 1 5.2 and 5.8 2 65 X 65
1 an Available | Available | Available
[27] 5.10-5.85 5.10-5.85 2 Not Not 56 x 32 —20 9.92dB 0.01
’ ' ’ ’ Available | Available ’ ’
Not Not Not
28 5.772-5.864 5.49-6.024 2 97 X 26.72 —33 0.01
(28] Available | Available | ' Available
Not Not Not Not Not
29 5.8 5.6-6 2 110 x 58
[29] Available Available Available | Available Available
Not Not
30 5.71-8.2 7.72-8.04 2 —1 9.99dB 0.015
[30] Available | Available | o0 % & g
Not Not Not Not Not
31 4.56-8.5 4.75-8.45 1 40 x 40
[(31] Available Available Available | Available Available
Not Not Not Not Not
32 5.02-10.84 5.07-9.22 1 4 40
[32] Available Available 0 Available | Available Available
Not Not Not Not Not
33 4.56-8.5 4.75-8.45 1 46.6 x 70
[33] Available Available % Available | Available Available
Not Not Not Not Not
34 1.42-2.7 1.42-2.7 1 50 x 50
[34] Available Available % Available | Available Available
band notches, while the suggested antenna is able to achieve REFERENCES

multiple band rejection with a simple geometry. ARBW ranges
from 3 to 10.4 GHz in the suggested structure, as indicated
in [9,27-34].

4. CONCLUSIONS

The design and construction of a band-notched CP MIMO sys-
tem for UWB and 5G applications are presented in this pa-
per. Two of the CP antennas are placed apart from one another
in order to reduce port isolation in this MIMO antenna. Ad-
ditionally, TVC-EBG structures eliminate triple-narrow band
frequencies and suppress three bands at center frequencies of
3.5,5.5, and 8.2 GHz. ARWB ranges from 3 to 10.4 GHz, and
impedance bandwidth ranges from 3 to 11 GHz excluding three
interfering bands. With a 15 dB isolation, an ECC below 0.03,
and a TARC less than 4 dB, the proposed CP MIMO structure is
also capable of producing good performance when being used
for MIMO scenarios. As a result, it is possible that the struc-
ture being shown can serve as the front end for the upcom-
ing UWB-CP MIMO wireless communications devices and 5G
smartphone applications.
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