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Abstract:

This paper introduces a new design of cat-shaped antenna in super wideband
(SWB) and high data-rate multiple input multiple output (MIMO) systems. The
single-element SWB antenna has a wide frequency range of 2.23 GHz up to more
than 100 GHz with outstanding bandwidth ratio (BW Ratio = 44.84:1), fractional
bandwidth (FBW = 191%), bandwidth dimensional ratio (BDR = 5567) and a peak
gain of 9.52 dB.

The single antenna was also expanded to 22x MIMO array to further improve
performance on multipath environments. Measurements and simulation show very
good results using radiation patterns, isolation, channel capacity loss (CCL), envelope
correlation coefficient (ECC), and total active reflection coefficient (TARC). The
findings affirm the fact that the proposed antenna is quite applicable in portable
UWB devices, 5G communication, and multi-band systems in S, C, X, Ku, K, Ka, V,
and W bands.

Keywords: Super wideband antenna, MIMO, radiation efficiency, antenna

isolation, 5G, compact antenna design.
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1. Introduction
The enhancement of antenna of transportable devices possessing greater

radiation characteristics assumes a vital role in enhancing wireless verbal
communication technologies. The major design criteria that should be followed
when designing the modern propagation antennas include high records prices,
short length, efficiency, and capability. The frequency spectrum between three.1
and 10.6 GHz had been granted to ultra-wideband (UWB) programs by the Federal
Communications Commission (FCC) in 2002 [1, 2, 3]. As UWB communications
continue to expand at a fast rate, there have been large growths in the antenna
layout to meet the increasing demands of these structures [4].

Nevertheless, electromagnetic interference (EMI) presents the good sized
demanding cases in transmission of statistics in UWB antennas. In order to overcome
these limitations, scientists suggested great wideband (SWB) antenna technology
that enables the support of ridiculously high record fees and greater bandwidths
that can efficiently transmit audio, video, and facts files [5].

When creating planar SWB antennas, it is necessary to solve several critical
issues and these include achieving a high bandwidth dimension ratio (BDR),
maintaining solid radiation pattern, and obtaining a large impedance bandwidth with
a minimum distortion at the high frequencies. Different techniques were used to
optimize the bandwidth as well as coplanar waveguide (CPW) feeding [5], patch and
ground plane modifications [6, 7], tapered micro-strip feeding [8], and fractal designs
to minimize the antenna length with no impact on the impedance bandwidth [9].

As an example, Okan (2020) [7] employed a stub in an antenna in the form of
an octagonal ring to expand growth bandwidth between 2.59 and 31.14 GHz. The
shape was physically large in size, but there was the loss of overall performance

despite being powerful. Alluri & Rangaswamy (2020) [8] developed a monopole
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SWB antenna that appeared like a steerage with a tapered micro-strip feed,
achieving 2.3 -34. Eight GHz and a modified partial square ground plane. Singhal
and Singh (2020) [9] employed a 3rd -generation fractal design that provides large
bandwidths of impedance but with low BDR (1605) because of enormous electric
sizes. Flexible CPW-fed SWB antennas enhanced the frequency coverage between
1.66 GHz and fifty six GHz, but the gain was less than 7 dBi [10]. Additional studies
aimed at achieving greater gains, such as a windmill-kind decoupling shape,
achieving an exact advantage between 2.9 and 40 GHz of frequency [11].

Applications which need low-bandwidth services (GSM, GPS, Bluetooth)
which are unique to a particular device cannot be compatible with SWB structures
due to the wider spectrum. Radiating elements were redesigned to high information
prices and tapered feeds were performed to improve bandwidth [12]. Recent
designs have elliptical ring patch antennas with a height advantage of 5.81 dBi, a
bandwidth of 2.31-forty GHz, BDR of 1732 and percent bandwidth of 178% [13].
Also the patch SWB antenna in a clown fashion realized a mean gain of 6 dBi and
BDR 2768 [14].

SWB generation can also be more appropriate by combining with MIMO
systems to enhance the speed of data transmission and network diversification
despite the declining deep fading even as the data transmission speed increases.
Key concerns of MIMO antenna design include reduction of mutual only elements
among the array elements. Some of the strategies include electromagnetic bandgap
(EBG) systems, stubs, spacing, decoupling structures, slits or defected ground
systems [15, 16].

The aim of this look at is two-fold: 1st, to give a recommendation to a single
SWB monopole antenna geometry; 2nd, to extend this design to a MIMO setup on

SWB programs. The unit cellular is a combination of a patch of elliptical shape and
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two triangular ones and a novel notch at the radiating portion. A partial ground

aircraft is adapted the exploitation of a three-sided defected ground structure and

semi-round holes, which provides an extensive range of 2.23-one hundred GHz. The

presented antenna is superior to other SWB antennas in terms of BDR and gain as it

has been demonstrated in Table 1.

Table 1. Comparison of Proposed SWB Antenna with Existing Designs

et Sig ] | rOMEICYRSE | gy pygy | BW Raton | can
(Althuwaynee ¢/ o/, 2022) | 0.34 x 0.34 2.59-31.14 169 12.02 1461.9
(Sediq et al., 2022) 0.27 x 0.27 2.3-34.8 175.2 15.13 2403.3
(Chaudhari ef o/, 2021) 0.368x0.325 0.65-35.61 192 54.7 1605
(Kumar ez a/, 2020) 0.188 x 0.138 | 1.66-56.1 195 33.7 7516
(Lee ef o/, 2019) 0.56 x 0.56 2.9-40 172 13.7 2897
(Patel ez o/, 2018) 0.3x0.3 3-20 147 6.6 1633
(Wang ez a/, 2017) 0.5x0.5 2.9-30 165 10.3 2894
(Zhang et o/, 2016) 0.33x0.33 2.31-40 178 34.63 1732
(Singh ez o/, 2015) 0.256 x 0.266 | 2.96—>100 >188 >33.78 >2768
Pro. 0.193 x0.178 | 2.23->100 >191 >44.84 >5567.6
Table 2. Dimensions of Proposed Antenna Layout
Parameters Ls Ws b S w1 L1
Dimensions (mm) 26 24 9 7.02 5.2 4.3 5.2
Parameters w3 L3 X nl ml bs br
Dimensions (mm) 4 0.2 3.6 8.67 3.11 7.47 2.95
Parameters Lf wif Lg R P w2 L2
Dimensions (mm) 8.5 3.5 7.9 1.5 0.5 0.2 0.2
Parameters L4 sr y n2 m2 as ar
Dimensions (mm) 0.3 2.54 2.81 7.49 7.87 8.62 3.52
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2. Antenna Design Configuration

The proposed antenna structure is made of elliptical cat-shaped radiator, a
half semi-elliptical ground plane but yet another notch on the ground is introduced.
The broadband UWB antenna has a geometric patch that consists of two triangles
and an ellipse that symbolize the cat ears at the top of the radiator. The patch is
excited with the help of micro-strip strip-line, as shown in Figure 1.

The wideband performance is established by changing the locations of the
ear cat-shaped radiator, providing new slits on the patch, and etching a semi-
elliptical slit on the partial ground plane. Figure 2 gives the dimensional layout of
the antenna configuration on a detailed basis. The substrate material is Rogers RT/
Duroid 5880, with a thickness 4 =1.57mm, relative permittivity &. =2.2, and loss
tangent §=0.0009. The antenna is analyzed using ANSYS HFSS (v17.2), with
excitation through a 50 Q micro-strip line. The overall dimensions of the planar
antenna are 24x26x1.57mm’. The optimized dimensions for the proposed

antenna are summarized in Table 2.

2.1 Theoretical Analysis
The lower cutoff frequency  of the antenna is calculated using Equation (1).
The effective area of the novel geometrical radiation patch is determined to estimate

the performance of the monopole antenna. The effective dielectric constant &, is

computed using standard formulas. Using these equations, a lower cutoff frequency

of 2.246 GHz is obtained, which closely matches the simulated value from HFSS.

-—°  GHz (1)

F=5
ﬂ' 2C gcff

The effective patch area is calculated as:
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Area = Area — Area

patch solid shapes slot shapes

Where:

Area g g (4, )= A4+ 4, — 4y Areay,  (4,)=rab

ellipse (

The design layout and antenna configuration are shown in the following

Figures 1 and 2.

Figure 1. Proposed structural antenna design

——
'-ri

nar Ws

Figure 2. Top and bottom views of the proposed cat-shaped antenna
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2.2 Theoretical Equations and Area Calculations
A) Solid Shapes Area
1. Triangle Area (4, ):

ATriangle (AZ ) =

2. Segment Area ( 4;):
A, = Elliptical Sector (S, ) — Area of triangle (7, )

Where the triangle area 4 is:

T,=\H(H-a)—(H-b)(H-s)-(5)

With:
g% +b +s CH - a, +b +s,
2 2
The elliptical sector is computed as:
S, =F(6,)-F(6,)— (6)

Where:
F(6)="| 0—tan™ (b—a)sin(26)
2 b+a+(b—a)cos(29)
0 =cos™ M 0. = cos”! M __________ -
1 2an, > 2 an,

Using the values from Table 2:

A, =20.28-19.3=0.98 mm”*
The total solid area:

A, = A4+ A4,— 4, =219.95mm’
Where 4, is the elliptical patch area:

4 A)=rmab

ellipse (
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B) Slot Shapes Area

The slot area is computed as:
A, = elliptical slot + triangular slots —slot segments + 4, + A;

Where:
T =\H,(H —a)—(H,—b)(H,—s,) —(8)

I

2 2 2 2 2 2
X +n,—m X +n,—m
-1 -1
91 = COoS ( sl s1 j’ 92 = CoS [ s2 52 J (9)
2xn, 2xn,

With the numerical values:
n,=3.52mm,m, =093mm,n, =2.95mm,m_, =3.34mm

Calculations:

A = xy =31.76mm’

V3

A4, =~—s>=2.79mm’

4,=8,-T =4.15-3.68 =0.47mm’
A,=pxq=0.5x0.4=0.2mm’
A =L, xw, =0.2x4=08mm’
A=A +2x A, —2x A, + A, + A, =37.4mm’

Net Area of Patch:
A,=A4,—A =219.95-37.4=182.55mm’

Effective semi-minor axis:
A _ 182.55

n

b= _
T ra 3.14x9

Elliptical circumference:

2 2
C=2x, /%bff — 49.22mm

=6.46 mm
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Effective dielectric constant:

Nt W71 FSTSELS (10)
2 2 w,

Where &, =1.84.

Lower cutoff frequency:
_ c _ 3x10"
2C\ey 2x49.22x+1.84

; =2.246 GHz ----------- (11)
2.3 Antenna Evolution Procedure

A series of systematically applied structural optimization and design cycle
were made in the radiating patch and the ground plane of the proposed cat-
shaped antenna, as shown in Figure 3, and the main aim of the process was to
realize the high-level super-wideband (SWB) performance. In the first design, the
antenna was a patch shape of solid material that was directly attached to a
transmission feed line without any slots or perturbations (known as **Antenna l).
The purpose of this basement construction was to test the natural SWB of the cat
shaped radiator. The findings showed that the antenna had several resonant
modes in a very broad band spectrum without a noticeable notch at around 49.4
GHz. Although it exhibited SWB behavior, the performance of the impedance
matching performance over the whole operating band was not ideal. It was also
found that the impedance fluctuations were very large and especially in the areas
around the junction point where the feed line crosses the radiating elements,
causing mismatches in certain frequency ranges. This tendency is usually caused
by sudden variations in the current distribution at the feed-radiator interface
which negatively influences the performance of return loss and VSWR (Sediq, et

al., 2022; Sharma, et al., 2022).
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In the second design step (Antenna Il), a slot was etched into the upper
section of the radiating patch, having created a planned modification. This was a
geometric change of current distribution with the objective of bettering current
distribution and increasing impedance bandwidth. The addition of the slot
essentially changed the length of the electrical path of the patch leading to a better
match of the impedance across the band. This resulted in a decrease of the Voltage
Standing Wave Ratio (VSWR) at the notched frequency of 49.4 GHz which dropped
to 1.97 compared to 2.06 which was a clear indication of an improvement in
matching conditions. Additionally, the operating bandwidth of the antenna was
increased with the resultant frequency range of around 2.24-49.9 GHz compared
with a narrower 2.29-49.4 GHz frequency range in the first setup. The effectiveness
of slot loading, as supported by this improvement, proves the importance of slot
loading when it comes to expanding impedance bandwidth and stabilizing the
antenna performance across ultra-wide frequency range [8].

The third version (Antenna Ill) had a more sophisticated geometric detail in
the shape of a T-shaped slot on the lower part of the cat notch. This structural
improvement further improved the current flow of the surface and the coupling
of the various resonant modes. The VSWR value was lower again as shown in
Figure 4 and was brought down to about 1.74 which showed a significant
improvement in matching of the impedance compared to the earlier designs.
Furthermore, there was also a slight negative change in the lower cutoff frequency
reaching about 2.23 GHz.

In the fourth and last design stage (Antenna IV), further refinement was made
on the ground plane through the incorporation of two half-circular printed strips.
These ground plane changes were important in managing the return current paths

as well as reducing the unwanted reflections. At the same time, VSWR was lowered
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to in the range of 1.62 dB, which was indicative of an outstanding match in
impedance over a very broad range. Moreover, the Bandwidth Dimensional Ratio
(BDR) displayed a significant growth, which can be regarded as the quantitative data
that demonstrate the gradual improvement of performance as a result of every
design step. Increasing the BDR steadily highlights the success of the hybrid patch
and ground-plane changes in achieving a small, but highly productive SWB antenna
concept [7, 11].

Conclusively, the proposed super-wideband cat-shaped antenna is shown to
have good and stable operation in wide band of frequencies which includes S, C, X,
Ku, K, Ka, Vand W bands. The antenna is highly desirable in its range of applications
in the current wireless communication systems due to its very large impedance
bandwidth, constant radiation behavior and low-VSWR. Furthermore, its broadband
status and the ability to work with high data rates and large coverage are especially
suitable to the commercial implementation of 5G radio and communication
technologies in the high frequency of the future. All these characteristics underscore
the possibility of using the antenna in higher-order broadband wireless networks

and the future of communication systems [13, 14].

U U0UU
ar L5 456 A0

Anten.I Anten.II Anten. IIl Anten. IV

Figure 3. Derivation stages of the super wideband cat-shaped antenna
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Figure 4. Simulated S11 response for all antenna iterations

3. Outcomes and Discussion

The results of the experiment and simulation are given in this section to
assess the performance of the suggested cat-shaped super wideband (SWB) planar
antenna. The antenna was developed based on the parametric values as shown in
Table 2. Figure 5 demonstrates photographs of the designed prototype related to
the top and bottom of a SMA connector [17].

A ZVA67 vector network analyzer (VNA) was used to measure the parameters
of the antenna used. Even though the designed antenna has a frequency range of
2.23 100 GHz, the equipment is limited to 67 GHz. Figure 6 does a comparison of
the measured and simulated VSWR. It is found that measured VSWR is in close
agreement with the simulated data in the high frequency of 20-67 GHz, but
deviations are observed at lower frequencies (where frequencies are less than 20
GHz). Such differences are probably due to VNA cables, tolerances of fabrication,
and the long grounding effect of SMA connector that are not taken into account in
the simulation [8]. The simulated VSWR is in the range of 2.23-100 GHz whereas the
measured VSWR is in the range of 2.16-67 GHz.
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The proposed antenna has a very good impedance bandwidth within the
frequency range of 2.23100 GHz and has a fractional bandwidth of 191.27,
bandwidth ratio of 44.84:1 and very high Bandwidth Dimensional ratio (BDR) of
5567.62. The in the case of the fabricated prototype, the operating range measured
2.1667 GHz, fractional bandwidth 187.51percent and BDR 5458.17. The BDR can be
calculated using Equation (12):

BW %

BDR = (12)

Awidth>Alength

where Alength and Awidth are the wavelengths corresponding to the lowest
frequency of operation.

The otherimportant parameter is the antenna gain. Figure 7 is the comparison
of the simulated and measured realized gain of the monopole structure. The gain is
still relatively constant with a slight decrease around the middle of the frequency
range and this is attributed to the higher current density on the sharp edges of the
proposed structure. The largest gain simulated is 9.52 at 49.4 GHz and the largest
gain measured is between 0.032 and 10.07 with high gain of 10.07 at 65.4 GHz.

The frequency-dependent radiation efficiency is between 88 and above 93
with the highest frequency of 2.2367 GHz at a frequency of 2.23 up to 67 GHz, with
a median frequency of 88 excessive [13, 11]. This validates the high efficiency of the
proposed antenna and its application in broadband wireless communications and

5G applications.
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Figure 5. Fabricated antenna: (a) top view and (b) bottom view
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Figure 6. Comparison of simulated and measured VSWR for the SWB cat-shaped antenna
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Figure 7. Simulated and measured realized gain and radiation efficiency
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4. MIMO Antenna Design

As a strategy of achieving strong signal reception by a unit-cell radiator with
harsh multipath propagation scenarios, a two-port diversity Multiple-Input Multiple-
Output (MIMO) antenna design was elaborated on the foundation of the proposed
cat-shaped unit-cell radiator. The main objective of this set up is to improve the
performance of diversity as well as the super-wideband (SWB) nature of the single-
element design. Multipath fading may severely deteriorate the quality of the link in
realistic wireless conditions, in particular in the instance of a high-data-rate system,
thus it is necessary to switch to a MIMO architecture to enhance signal resilience,
decrease correlation, and increase the overall stability of the system.

The MIMO structure itself is designed to make use of an orthogonal spacing
between two identical monopole unit cells to allow polarization diversity and
virtually eliminate mutual coupling between the antenna elements. The orthogonal
orientation of the radiators is beneficial in reducing the surface current contact
between the two elements and consequently enhances isolation and decreases
electromagnetic interfaces within the array. The separation between the two
radiating elements is also optimized and kept at an electrically short distance of
about 0.0511 0, which is small enough to be compact and at the same time, offer
reasonable isolation levels to enable the MIMO to work effectively.

The proposed diversity MIMO antenna is to be fabricated on a Rogers RT/Duroid
5880 dielectric substrate, upon which the single-element antenna is made, so that
there is uniformity in the material characteristics and electromagnetic performance.
The substrate is also characterized by low dielectric loss and constant permittivity thus
it is especially applicable in high-frequency and super-wideband fields. Figure 8a and
Figure 8b show that the electrical dimension of the developed super-wideband MIMO

antenna is about 0.193A 0 x 0.371A 0, which is a small physical size of 26 x 50 mm 2.
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The synthetic 2 x 2 MIMO antenna layout proves to be supported both on small-range
as well as under extensive range wireless communications, wherein small size and
wide frequency performance are design specifications.

A thorough comparison of the proposed design with some of the reported
super wideband planar MIMO antennas that are present in the literature will be used
to justify the success of the proposed design as captured in Table 3. The comparison
makes it quite clear that the proposed antenna has a much smaller physical size in
comparison with the designs that have been published previously (Refs. [1624]).
Besides having a small form factor, the dual-port MIMO antenna has high bandwidth
ratio, good isolation properties and has such a low Envelope Correlation Coefficient
(ECC) which is one of the key parameters to consider when diversity performance is
being discussed in MIMO systems. The values of ECC are low which validates the
antenna elements working with low correlation thus effective diversity gain.

Moreover, the proposed MIMO antenna has better gain performance and
high radiation efficiency throughout the super-wideband frequency range. It is
interesting to note that the radiation efficiency measured is much higher than that
measured in numerous previous studies, which points to the efficiency of the
antenna geometry and ground-plane configuration in reducing losses. Together
with other positive diversity parameters, e.g., the enhanced isolation, the reduced
ECC, and the relative size, the suggested MIMO-SWB antenna can be considered a
good candidate to be incorporated into the latest wireless devices.

To conclude, the compact super-wideband MIMO the antenna proposed is
incredibly convenient in portable ultra-wideband (UWB) systems, in the emerging 5G
wireless and in multi-band communication platforms, which cover the frequency range
of S, C, X, Ku, K, Ka, V, and W. It has excellent diversity performance, large bandwidth,
high efficiency, and a smaller physical footprint, thus being an attractive solution to

next-generation high-speed and high-capacity wireless communication systems.
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5. MIMO Characteristic Measurement
5.1 Radiation Pattern and Current Distribution

Radiation patterns of E-plane ( 0 ) and H-plane ( 0 ) are studied at resonance
frequencies of 3.5, 5, 20, 35, 50 and 65 GHz. The tests are performed on an automatic
anechoic chamber, as in Figure 8c, with 50 rotation and a reference horn antenna at
a distance of 2 meters of the test [17].

Figure 9 indicates that the proposed antenna has a bidirectional pattern in H-plane
and omnidirectional pattern in E-plane. There is a good agreement between both simulated
and measured results with slight variations caused by environmental effects, other devices,

electromagnetic interference, and antenna array element mutual coupling [8].

Table 3. Comparison of the Proposed MIMO Antenna with Recent Literature

Size Size No. of Frequency BW Isolation X Efficiency
Ref. ECC Gain
[mm?] [20%] | Elements | Range [GHz] | Ratio:1 (dB) (%)
(Althuwaynee | 40x80 | 0.59x |2 4.5-8 1.78 >25 <0.002 4dB 70
et al, 2022) 1.19
(Sediq ez a/, 35x50 [035x |2 3-11 3.67 >25 0.004 <7dB >80
2022) 0.50
(Chaudharier | 44x37 | 0.82x |2 5.61-5.93 1.06 >24.5 <0.1 4dB -
al, 2021) 0.69
(Kumar et o/, 33x48 | 0.22x |2 2-13.7 6.85 >20 <0.15 4.3dBi |-
2020) 0.32
(Lee ez al, 50x30 |0.49x |2 2.5-14.5 5.8 >20 <0.04 43dB | -
2019) 0.29
(Patel ez a/, 93x47 [096x |2 3.1-10.6 3.42 >31 - 3.5dBi | >70
2018) 0.48
(Wang et o/, 44x22 | 0.38x |2 2.53-2.66 1.05 38 <0.121 3.8dBi |84
2017) 0.19
(Zhang ez al, 47.5 x 1.15%x |2 3.35-3.78 1.13 >20 <0.05 <4 dBi | <90
2016) 40 0.97
(Singh et a/, 55x28 |0.37x |2 2.01-3.92 1.95 >15 0.01 <2dB <80
2015) 0.19
Proposed 26x50 | 0.193x | 2 2.23->100 >44.84 | >32 <0.0012 | 9.52dB | 93
0.371
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Figure 8. (a) Layout, (b) Fabricated prototype of the proposed MIMO antenna, (c)
Measurement in anechoic chamber
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Figure 9. Simulated and measured far-field radiation patterns at frequencies 3.5, 5, 20,
35, 50, and 65 GHz for E-plane and H-plane

\. E96 /



Evaluation of MIMO Antenna Configurations for High Data-Rate Systems '

5.2 Isolation

The parameter of isolation is the most important in MIMO antenna design
because it is a metric that implies how much two antenna elements mutually
depend on each other. The mutual coupling of the elements proposed in the
antennas, as in Figure 10a, is less than -32 dB at the whole frequency range of
operation of the simulated results and the measured results are about -28 dB. This
proves that the suggested planar MIMO structure offers high port isolation.

The isolation of the 2-port MIMO antenna is calculated using Eq. (13):
Isolation = —10log,, [sz J dB -—-(13)

5.3 Channel Capacity Loss (CCL)

Channel Capacity Loss (CCL) is another important parameter of MIMO arrays
and measures the throughput efficiency of the system. Figure 10b shows the
measured and simulated CCL results of the proposed MIMO antenna. It is usually
advisable that the CCL value should not exceed 0.4 bps/Hz. Based on the findings,
the CCL is less than 0.26 bps/Hz in simulated and less than 0.28 bps/Hz in measured
cases at the entire frequency range of the operation, which implies that the
proposed antenna provides high data throughput to MIMO-SWB systems.

CCL is computed using Eq. (14):

CCL =—log,det (g ) - (14)

where ¢R is the reception correlation matrix (Ghosh et a/., 2019).

5.4 Envelope Correlation Coefficient (ECC)
The Envelope Correlation Coefficient (ECC) quantifies the correlation between
MIMO antenna channels. It can be expressed in terms of S-parameters (S11, S12,

S21, S22) using Eq. (15):
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* * 2
S11S12 + S21S22‘

(= 152 )1 (152 +15.F)

To be applied in practice, ECC ought to be lower than 0.5. The simulated and

ECC=

(15)

measured values of ECC in the proposed 2 x 2 MIMO structure are under 0.0025
across the frequency band, which proves a good channel diversity and low

correlation as shown in Figure 10c [17].

5.5 Total Active Reflection Coefficient (TARC)

Changes in mutual and self-impedances of MIMO arrays are evaluated using
Total Active Reflection Coefficient (TARC). Acceptable TARC is a value of usually 0 dB.
In this research, the measured and simulated values of TARC are less than -10 dB
throughout the operating range that illustrates the outstanding performance of the
proposed MIMO system (Figure 10d).

TARC is calculated from the S-parameters using Eq. (16):

S +8 e[ +|s, +5, ¢
11 T O2€ 21 2€

2

TARC = (16)

The low TARC values also prove the fact that the constructed antenna has high

isolation and reflection characteristics throughout the SWB frequency band [17].
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Figure 10. Measured and simulated results of: (a) $S21, (b) Channel Capacity Loss (CCL),
(c) ECC, and (d) Total Active Reflection Coefficient (TARC)

6. Discussion

The suggested cat-shaped super wideband (SWB) antenna and its 2x 2 MIMO
extension is a major breakthrough in designing radiating antenna which is compact
and high performance to support next generation wireless systems. The obtained
band of operation (2.23 GHz - higher than 100 GHz) exceeds the conventional FCC
UWB band (3.1 10.6 GHz) and covers 5G sub-6 GHz, mmWave, WiGig (60 GHz), and
even emergent THz band gaps. The ultimate broadband nature of its behaviour, with
afractional bandwidth (FBW) of 191, bandwidth ratio of 44.84:1and an unprecedented
bandwidth dimensional ratio (BDR) of 5567, places the antenna in a favourable
position with respect to the current SWB designs already reported in the literature.

The proposed monopole, shown to be better than similar designs in
bandwidth coverage, small size, and gain as illustrated in Table 1, is smaller, has a

larger bandwidth, and higher gain than similar designs, by Sharma et a/. (2022) [ 13]
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designs. It is worth noting that, even at the lowest operating frequency, the antenna
has a peak realized gain of 9.52 dB at a size 0f 0.193 0.178 that is significantly higher
than 4 7 dB of most SWB antennas [8, 10, 14]. This improvement in gain is credited
to the combining strategy of a semi-elliptical defected ground structure (DGS) and a
new cat-ear topology radiating, which, in conjunction, stabilizes the current
distribution over the ultra-wide band (>88% for 2.2367 GHz).

The antenna design development based on four sequential changes (Figure
3) shows how geometric tailoring is essential in the impendence matching of
broadband antennas. A stepwise decrease in VSWR and increase in bandwidth was
achieved by the addition of each modification, starting with the initial solid patch to
the final variant with ground-plane slots and a T-shaped notch (Antenna V),
resembling methods used by Okan (2020) and Yu, et a/., (2020) [7, 11], but with a
better BDR and spectral continuity free of any notches or sharp changes in
impedance. This sustained bandwidth is necessary in high-data-rate communication
in which the spectral fragmentation may impair performance [12].

The antenna has been shown to exhibit impressive diversity measures that are
important in both spatial multiplexing and diversity gain when extended to a MIMO
configuration in highly-scattered environments. The mutual coupling between the two
cat-shaped elements is less than -32 dB in the whole band, which is a better result
than most recent MIMO-SWB systems, and this is made possible by the mutual
coupling of the elements being orthogonal (Wang, et al., 2017). This high isolation is
not implemented by traditional spacing (which would compromise compactness) but
by natural decoupling by the asymmetrical and non-resonant cat geometry and the
DGS, which is used in other works with stubs (Igbal, et a/., 2018), slotted fences [16],
or metamaterials [15, 18], but here with significantly simpler structures.

Envelope Correlation Coefficient (ECC) is well under the acceptable level of

0.5 (0.0012) which implies that there is very little channel correlation and therefore
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high diversity efficiency. The super-low ECC is similar or even higher than the data
presented in Sediq, et al., (2022), and Xu, et al., (2018) [17, 19]and proves the
effectiveness of the polarization diversity created by the orthogonal arrangement.
The Channel Capacity Loss (CCL), which is a direct measure of MIMO throughput
degradation, does not exceed 0.28 bps/Hz at the full band, which is a much smaller
number than the recommended 0.4 bps/Hz, which once again confirms the
appropriateness of the antenna in high-capacity MIMO links.

In addition, TARC is kept at less than -10 dB across the entire band, indicating
that the input match is stable even when the transceiver is operated at multi-port
excitation when port loading may dynamically change [20, 21]. This result is an
improvement over most decoupled MIMO systems that use external filters or
resonators [22, 23], which can add an insertion loss or narrowband behavior.

At different frequency points (3.5 65 GHz), the far-field radiation patterns
(Figure 9) remain consistently omnidirectional in the E-plane and bidirectional in
the H-plane, which is given by a constant phase center and the purity of polarization,
which is crucial in beamforming and tracking (5G and beyond) [11, 13]. The small
differences between simulated and measured patterns can be explained by the
connector effects of SMA and chamber reflections, which do not affect the overall
performance, but are expected in Alluri and Rangaswamy (2020) research [8].

Contextually, the proposed antenna fills a dire need in existing literature: with no
use of complex feeding networks, active components, or large substrates, the antenna
provides extreme bandwidth, high gain, and compact size. This design does not
compromise BDR, as the fractal-based designs do [9], nor gain, as the designs with
flexible antennas have[10]. This design balances all the major parameters. Moreover, it
can be easily compatible with conventional PCB manufacturing on Rogers RT/duroid

5880, and can be deployed easily in portable devices.
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In short, the findings support the view that the suggested cat-shaped SWB-MIMO
antenna does not only aid the state-of-the-art in broadband antenna design, but also
fulfills the requirements of the modern broadband systems with high data-rates, such as
sub-6 GHz 5G and V- and W-band mmWave links. Its performance measures, which have
been tested against 35 peer-reviewed references, prove its promise as a general front-
end to the multi-standard, multi-band wireless platforms. Further miniaturization to
substrate integrated or on-chip methods can be used in the future in compact handheld

or loT devices without compromising the electrical performance demonstrated.

7. Conclusion

In this paper, a new cat antenna is introduced and is intended to serve the
super wideband (SWB) applications. The single-element SWB antenna is an excellent
frequency of 2.23 GHz to 100 GHz and above with an outstanding frequency range
of the antenna, an excellent bandwidth ratio (BW Ratio) of 44.84:1, fractional
bandwidth (FBW) of 191 per cent, bandwidth dimensional ratio (BDR) of 5567 and
a maximum gain of 9.52 dB.

In addition, the small size single antenna has been increased to 2 x 2 MIMO
modeling so that it can be able to work in multipath circumstances. The measured
and simulation parameters of MIMO antenna are radiation patterns, isolation,
channel capacity loss (CCL), envelope correlation coefficient (ECC), total active
reflection coefficient (TARC) and mean effective gain (MEG). The results indicate
that the developed MIMO-SWB antenna has very high diversity values that make
the antenna very viable in portable UWB devices, 5G communications and multiple
systems at the S, C, X, Ku, K, Ka, V, and W bands.

The suggested work would further scale down the dimensions of the MIMO
antenna to a larger degree to enhance its degree of integration and use in the

microwave applications without affecting the operation of the proposed design.
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