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ABSTRACT

In this article, the modelling and simulation performance of a printed gap coupled dipole elliptical patch antenna (EPA) for the
sub-6GHz band of 5G spectrum is presented and verified by fabricated design and measurement results. In prototype design a
conventional EPA is transformed into a gap coupled dipole EPA by introducing two horizontal parallel slits along the minor axis.
The width and position of the slits are optimized after multiple computations. The fabricated antenna gives rise to a wide
impedance bandwidth 2.26-5.50GHz corresponding to -10dB points, which is almost 123.5% for first resonance
frequency f1 =2.62GHz and 66.10% for second resonance frequency f2 =4.90GHz with flat gain. The shape and nature of
measured radiation patterns of the proposed antenna design within the impedance bandwidth region are similar and stable. Also,
the measured and simulated results are in remarkable agreement, which marks the prototype antenna proficient of 5G spectrum

coverage in the sub-6GHz band.

Keywords: Sub-6GHz band, 5G spectrum, gap coupled patch antenna, wideband impedance bandwidth, stable radiation pattern

1. INTRODUCTION

5G (fifth generation) is rising as an innovation that will
utilize both low (< 1GHz) and high frequencies (1-6GHz and
the frequency < 6GHz. The frequency (< 6GHz)in consumer
networks referred to as ‘millimeter wave’ frequencies. This
assorted  spectrum  will undoubtedly guarantee the
comprehensive coverage at low frequencies, ultra-high speeds
(huge diverts in exceptionally high-frequency bands), and low
power utilization which is conceived in 5G [1]. Table 1,
summarizes the spectrum converge (the key frequency ranges)
required for 5G technology.

Table 1. Spectrum Converge with 5G Technology [2]

Above
Sub-1 GHz 1-6 GHz 6GH2z
Coverage Coverage & Super Data
Layer Capacity Layer Layer
Wide area & Supports
deep indoor mMMMTC (no hi
igh data rates
coverage deep coverage), MMMTC
mMMTC, eMBB, uRLLC cMBB uRLLé
eMBB, uRLLC ’

Here “eMBB stands for Enhanced Mobile Broadband,
URLLC stands for Ultra-Reliable Low Latency
Communications and mMTC stands for Massive Machine Type
Communications”.

According to [3], the “5G mobile communication system
has requested a rapid wireless information service to satisfy the
high data transfer rate for different applications. The bands
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between 3GHz and 5GHz have been advanced for 5G services
in numerous nations due to radio wave proliferation and
accessible transmission capacity. In USA 3.1-3.55GHz & 3.7-
4.2GHz, in Europe 3.4-3.8GHz and in China 3.3-3.6GHz & 4.8-
4.99GHz bands have been considered for 5G applications. The
consistent inclusion for 5G wireless network has helped the
interest of 5G base station antenna with ideal properties, such
as wide impedance bandwidth (IBW) with stable radiation
pattern and sustained gain”.

Since the inception of microstrip patch antenna (MPA) till
the time, it becomes a promising candidate for almost all types
of communication devices owing to its appearance assets of
lightweight, low-cost easy manufacturing and installation.
However, as the IBW of MPA is very small just 2-3%, which
makes it unsuitable for modern-day communication devices, as
these devices required wide IBW, so that a single antenna may
work for various applications simultaneously [4]. Looking
these flaws various investigators are trying to enhance the IBW
with different techniques and methods that can be found in the
open literature, such as the use of thick low permittivity
substrate material [5-6], impedance matching network [7],
stacked microstrip patches [8], aperture-coupled patches with
large slot [9], a capacitive probe feed configuration [10] and
arrangement of parasitic radiator nearby the main radiating
patch in the same plane [11] etc. The thinking of these practices
is to add one or more additional resonances to the MPA
configuration.

This technique of parasitically or gap-coupled patches is
one of the most successful techniques for bandwidth
enhancement. This can be achieved by using coplanar, closely
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spaced multiple resonator elements. The logic is that, if the
resonant mode of the coupled elements is marginally different
to that of the main patch; they may superimpose and at that
point, the IBW of the antenna might be enhanced. The control
parameters of resonant frequency and IBW are the element of
each patch and gap among them. The gap controls the coupling
among the patches and along these lines the snugness of the full
loop in the impedance locus of the antenna.

Several articles are available that contain the design,
analysis, and detailed discussion on gap-coupled or
parasitically coupled patches in the open literature. Some of the
most cited studies are included here that makes this article easy
to understand for the readers. In [12], Kumar and Gupta
described this technique where two extra resonators (which are
gap-coupled) are integrated into the radiating edges of a
rectangular patch microstrip antenna (RPMA) and realized an
IBW fivefold of a single RPMA. Further in [13], the authors
extended their work, and this time the two added resonators
(which are gap-coupled) are integrated to the non-radiating
edges, in place of the radiating edges of RPMA. However, in
this case, the realized IBW is just doubled of a single RPMA.
The study is further extended by placing four additional
resonators along the four edges of the patch. The radiation
pattern so obtained are also discussed. In [14], Aanandan et
al presented a compact size monopulse antenna with large
bandwidth and less contorted radiation pattern. An improved
IBW almost eightfold, contrasted with ordinary single patch
antenna is attained by this novel gap coupled microstrip antenna
with parasitic elements. Kumar et al [15], utilizing the cavity
model concept determine the resonant frequency and mode
number of gap coupled circular patch microstrip antenna
(CPMA) numerically and compared it with the published
results in [16]. The results are authenticated by finding the
current distribution for full-wave solutions. In [17] Ray et
al divided RPMA bit by bit into littler components along the
width and lengths and by varying the separation, the dual and
triple frequency operation can be achieved. The maximum
frequency ratio is 1.07 for two strips whereas if the number of
elements increases, it increases and becomes 1.19 for five
strips.

In [18], Sharma et al communicated an assembly of gap
coupled elements in elliptical shape that consist of five patches,
out of which two pairs of patches have different dimension and
placed closed to a truncated ellipse (main patch) backed by a
ground plane. By suitably selecting the patch area and gap
spacing between gap coupled elements an IBW of 18.5% with
presence of circular polarization is attained. Later, Sharma and
Sharma [19] extended this concept to a gap coupled assembly
(six patches) of RPMA and attained dual-band wide impedance
bandwidth antenna for Wi-max application in lower band (2.4—
2.69GHz with IBW 11.2%) and upper band (5.25-5.85GHz
with IBW 9.7%). In [20], Khanna et al presented a modified
square fractal MPA with gap coupling and attained an IBW
85.42% concerning the resonant frequency of 1.844GHz. In this
structure, the gap coupling and fractal formation are applied
simultaneously. In [21], Singh et al investigated a L-strip fed
compact semi-circular disk MPA with and without shorting pin
using the concept of circuit theory. A dual-band behavior is
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observed at two different modes i.e. 1.3GHz with IBW 6.61%
and 6.13GHz with IBW 10.64%. In [22], Singh et al proposed
an anchor shape antenna employing the concept of parasitic
patches and gap coupling. The antenna in anchor shape is
converted to its rectangular equivalent (lumped element
equivalent) by maintaining the patch area for Wi-max and
WLAN applications. Ahmed et al [23] discussed a dual-band
frequency reconfigurable patch antennas comprises of a left /
right-handed transmission line unit cell which is gap coupled to
the edge of a radiating RPMA. To achieved a high gain (nearly
12.7dBi), a 2 x 2 array is also discussed.

On reviewing the literature critically, it is easy to grasp
that, use of coplanar parasitic patches can result in large IBW,
however, there are a few lacks of utilizing this method. Such as:

¢ Primarily, to accomplish these sensible bandwidths, wide
parasitic components are prerequisites that create the
overall size of the antenna arrangement electrically large
and due to this, it is hard to build up an array.

e Second, the radiation patterns will in general be mutilated
over the range of IBW, due to the absence of symmetry of
the created currents about the focus of the antenna.

Perhaps, it is observed that the planar gap-coupling
technique is the most effective way to reach broadband
operation.

To rectify these issues, the design and simulation study of
a wideband gap coupled dual printed EPA is offered in this
article for sub-6 GHz, 5G applications. In this structure, the
elliptical shape ground plane is not just below the patch,
perhaps it is placed aside on the positive x-axis, whereas the
patch is along the negative x-axis having two slits at symmetric
positions. In the present case, the symmetry of the produced
currents about the center of the antenna is maintained as the
feed is symmetric to both the coupled patches. At the point,
when an extra radiator or radiator has been picked, the point of
the antenna architect is to guarantee there is the correct level of
connection among these components to improve the
performance of the antenna. A significant number of these
procedures include modification of feed position and structure
of feed element used to energize the antenna.

This article systematically presents the evolution of the
presented geometry in the following sections. In the first part,
the introduction and literature review is included. In the second
section, the design and analysis of an elliptical patch antenna
(EPA) are discussed, followed by further modification by
placing two horizontal slits in conventional EPA to enrich the
IBW. In the third section, to achieve further wider IBW this
antenna design is further modified by shifting the ground
elliptical patch, such that now it is not just below the patch (as
in conventional case) and it gives rise broad IBW of more than
100%. In further sections, the parametric study of the various
key factor is discussed along with the discussion on outcomes
and concluded at last.
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2. ANTENNA DESIGN AND ANALYSIS
2.1 Antenna Configuration

The layout of the printed dipole gap-coupled elliptical
patch antenna with horizontal slits is presented in Fig. 1. In this
design, a conventional EPA geometry is separated into three
patches by the insertion of two parallel narrow slits to the minor
axis (x-axis) of EPA as shown in Fig. 1. In this way, the two
exterior patches are now gap coupled to the main patch. The
dimension size and character of these two exterior patches are
identical. Fig. 1 displays the layout of the projected antenna
designed on material FR4 with values €,= 4.4 and loss tangent
tand = 0.025. The overall dimension of the presented antenna
is 0.242,%0.43%,, here A, refers to lower edge frequency
corresponds to -10dB in Si; variation (Fig. 3). The left side
elliptical patch (modified) acts as a patch and printed on the top
of the substrate surface whereas the right side elliptical patch
(conventional) acts as the ground is printed on the bottom side.
The dimensions of both the elliptical patches are the same. The
feeding point is (Fq, 0). The typical dimensional parameters of
the proposed antenna are given in Table 2.
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mm GND
B Substrate

=g

R
Fig.1: Layout of the proposed antenna

Table 2. Typical Dimension Parameters for the Proposed

Antenna
Parameter Dimension
(mm)
Dimension of semi minor axis ‘a’ of the 10.0
radiator patch
Dimension of semi major axis ‘b’ of the 15.0
radiator patch
Eccentricity value ‘e’ 0.745
Distance of horizontal slit form origin of 11.0
ellipse ‘d’
Gap between main patch and coupled 0.7
patch ‘w’
Gap ‘g’ 0.5
Length of the feed strip ‘Fd’ 5.0
Width of the feed strip ‘t’ 1.0
Length of the substrate material ‘Ls’ 55
Width of the substrate material ‘Ws’ 30
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Table 3. Theoretical, simulated and measured value of
resonance for ‘antenna 1’

Theoretical simulated measured
2.78 2.74 2.78
3.82 3.82 3.81
4.96 4.98 4,98
5.62 5.56 5.60

2.2 Evolution of Antenna Design

In the first step, a conventional EPA named ‘antenna 1’
is designed, fabricated, and analysed as depicts in Fig. 2(a). The
simulation investigation of this ‘antenna 1’is carried out by
applying the 'Method of Moment' based Zeland IE3D software
[24]. A coaxial probe (with probe radius 0.62mm) having 50-
ohm impedance is used to energized this fabricated antenna.
The S11 and gain variation of this ‘antenna 1’ within frequency
range form 2-6GHz is presented in Fig. 3(a). The first four
resonances of this ‘antenna 1’ are observed at 2.78GHz,
3.82GHz, 4.98GHz, and 5.56GHz respectively.

The theoretical analysis of conventional EPA can be
perused by solving the wave equation in the elliptical
coordinate system. The resonant frequency of elliptical
waveguide can be improved and streamlined for the EPA by
Rengarajan [25]:

©°(in GHz) = — |4 1)

ma\ &

Here £5° is the dual resonant frequency of TMg; and
TM?, mode depends on Mathieu Function g7y and ‘a’ is the
physical dimension of semi major axis (in cm). However,
generally the measured result of the £,%5° (in GHz) are lesser
than calculated values owing to effective (electrical) semi major
axis apr (arr > 0). The a,r is in use to account the energy
stored in the fringing field of elliptical edge. Hence, to
determine the closed form formula for the f£,5° accurately the
physical value of ‘a’ can be is replaced with the effective value
aef.

For a given mode, it is very rigours to calculate the exact
values of Mathieu Function g5, that is why in general the
approximate Mathieu function g¢;7’ of the dominant TM;’
mode are used for calculation-

qf, = —0.0049¢ + 3.788e? — 0.727¢3 + 2.314e*
)
q%; = —0.0063e + 0.3831e? — 1.1351e3 + 5.2229¢*
@)
Further, the £5° with (e=
\/1 — (minor axis value/major axis Value)z) is analogous to
aspect ratios (b/a), subsequently, for the f£,%° formula the
effective semi-major axis must be deliberated. The
methodology proposed by Kretzschmar [26] is valid to the
‘antenna 1’ also. The £, of the improved configuration for the
TM,;, mode is premeditated by altering the equation for a

circular microstrip antenna [27] as follows:

eccentricities

aer = [a? + 0_3:§n£r {log () + (1416, + 1.77) +
2 (0.268¢, + 1.65)}]0'5 ()
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The calculated, simulated and measured value for the
first four resonances are tabulated in Table 3 and found in a
fairly close match.

In the second step, to increase the IBW of the ‘antenna
1’ (step 1) a couple of narrow parallel slits is inserted in the
elliptical patch (parallel to the x-axis) as shown in Fig. 2(b) and
named as ‘antenna 2’. These slits separate the main patch and
coplanar parasitic patches. After, various optimization the
width of slits is fixed at w=0.7mm and the position of these
horizontal slits form the origin of the elliptical patch is kept at
d=11.0mm for simulation and fabrication purpose [28].

Fig. 2(b): Antenna 2 [26]

Fig. 2(c): Front view of fabricated antenna structure
‘Antenna 3’

Fig. 2(d):Back view of fabricated antenna structure

Fig. 3(b), presents the Si; and gain variation of this
‘antenna 2’ (modified EPA) against frequency. It is perceived
that the first two resonance appears at 3.42GHz and 3.68GHz
and covers the mid-band of the Wi-Max system with an IBW
more than 10%, whereas the third resonance appears in the
upper band of Wi-Max at 5.52GHz. It is established that in this
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case IBW is increased by almost three times when compared to
conventional EPA ‘antenna 1” (step 1). Still, this achieved IBW
is not optimum for many applications used now a day, such as
satellite TV requires 12.5% IBW in C-band and 19% IBW for
L-band radar, etc [29]. Thus further modification is necessary
for this design. To improve the IBW of this ‘antenna 2’ (Step 2),
further, the efforts are made in the ground to generate extra
higher-order mode that may overlap with the fundamental mode
of modified EPA.

In the third and final step named as ‘antenna 3’, the ground
is shifted right side towards the positive x-axis and is not just
below the patch as in step 2. Now in this situation, on one side
there is no metal (ground) below the patch and also on the other
side, there is no metal (patch) above the ground as shown in Fig.
2(c) and 2(d). However, a dielectric substrate layer is existing
with finite dimension 55x30mm?. To energize the patch a feed
line of optimum length is connected to patch, which is fed by
SMA connector via ground. To grasp the increment in IBW, the
comparison of Si1 (reflection coefficient) variation for different
antenna configurations viz ‘antennal’, ‘antenna2’, and
‘antenna3’ against frequency are plotted in Fig. 3(c). It is easy
to understand that for ‘antenna3’ the IBW is extremely large (<
100%) in sub-6 GHz range of 5G spectrum.

3. IMPACTS OF VARIOUS KEY DESIGN
FACTORS ON PERFORMANCE OF
ANTENNA

With this structure ‘antenna 3°, an enhanced IBW is
achieved. For this structure, the key design parameters are the
gap among the ground and radiating patch, the position of the
slits, and the width of the slits. These parameters are optimized
to attain the maximum IBW. The impacts of these parameters
on the antenna performance are discussed in this section.

3.1 Effect of Gap (g)

The variation of Si; and gain with frequency for various
gap values ‘g’ among the ground plane and patch is presented
in Fig. 4(a). It is perceived that on increasing the gap value, the
extreme end of -10dB on the Si; graph shifts towards the lower
frequency side and thus reduces IBW. It is perhaps due to the
reduction in coupling among the ground and patch. It is also
observed that when there is no gap (g=0), an optimum IBW is
observed with two resonant frequencies 2.72GHz and 4.5GHz.
The gain variation shown
in the same figure reflects that constant gain is observed for zero
gap value, whereas on increasing the gap value the gain for
higher frequency reduces.

3.2 Effect of Position of Slits (d)

To optimize the best performance, the position of both the slits
is varied with a fixed width value w=0.5mm. The variation of
Si11 and gain in this case with frequency is illustrated in Fig.
4(b). It is found that the maximum IBW is observed for d =
8.0mm. The simulated IBW is 2.92GHz (2.32GHz-5.24GHz),
107.2% concerning first resonance frequency 2.72GHz since in
this case one of the resonance mode generated by (dimension
of the parasitic patch) is near to one of the resonance mode of
the main patch. However, this whole bandwidth cannot be used
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Fig. 3(a): S11 and gain variation of ‘antennal’ with frequency
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Fig. 3(b): S11 and gain variation of ‘antenna2’ with frequency
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Fig. 3(c): The S11 variation against frequency for ‘antennal’, ‘antenna2’ and ‘antenna3’
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Fig. 4(a): The Si1 and gain variation with frequency for different gap value ‘g’ for constant width (w=0.5mm)
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Fig. 5: Comparison of simulated Si1 (using IE3D and CST) with measured Si1 for fabricated antenna

practically, as the gain value dropdown to zero at 4.7GHz as
shown in Fig. 4(b), it reflects that the useful IBW is just only
67.2%, 2.36GHz (2.32GHz-4.70GHz). However, it can be
observed that for d=11.0mm the gain value is almost steady for
frequency ranges from 2.38 to 5.14GHz, which is almost 96.8%
about first resonance frequency 2.85GHz and 60.0% pertaining
to second resonance frequency 4.60GHz. So, for the purpose of
the fabrication of antenna d=11.0mm is taken.

3.3 Effect of Substrate Permittivity (&,.)

The gain value for the FR-4 substrate used here is quite
low due to its lossy nature, however, it can be increased by
using some other high-quality substrate materials. To explain
this the variation of gain with frequency for several values of
dielectric constants is presented in Fig. 4(c). It is observed that
for low loss substrate (&,=2.1) the gain is almost double when
compared with FR-4 substrate (e,=4.4). The variation of Si1
with frequency for different values of dielectric constant is also
presented in Fig. 4(c). It is observed that for the low value of
dielectric constant, the increased IBW is observed. This
increment in IBW is attributed to the low ‘Q’ value as the
energy stored falls with a low value of &,.

4. RESULTS AND DISCUSSIONS

To validate the results, firstly the final geometry ‘antenna3’
is designed and simulated on another electromagnetic
simulation tool CST Microwave Studio [30] that uses finite
integration technique for simulation. The variation of Si1 with
frequency as attained from IE3D and CST tool is compared
with measured result. The Si; is measured with available
Rohde-Schwarz ZNB VNA as shown in Fig. 5. A slight
variation is observed from the results from two tools, this is
because of the reason that in CST one has to set the environment
before the simulation, whereas, it is not so in IE3D. The
measurement result for Si; is close to IE3D. The little variation
in measured and simulated results is due to the fact that, while
designing the geometry in IE3D, the substrate size is considered
as infinite (due to the limitation of software edition available),
whereas in CST the dimension of the substrate is taken finite.

ITEE, 10 (1), pp. 1-11, FEB 2021

The simulated IBW is 2.81GHz (2.37GHz-5.18GHz),
103.3% about first resonance frequency 2.72GHz, and 62.4%
relating to second resonance frequency 4.50GHz, whereas the
measured IBW is 2.40-5.51GHz, which is almost 111.8%
relating to first resonance frequency 2.78GHz and 63.4% about
second resonance frequency 4.90GHz.

As per the definition of bandwidth, the radiation pattern
and other characteristic parameters of antenna such as
directivity and gain should be stable within this IBW range
(corresponds to -10dB). To validate the radiation characteristics
of the proposed antenna, the radiation patterns are measured in
the anechoic chamber as shown in Fig. 6.

pattern measurement

The simulated and measured radiation pattern of fabricated
antenna for both the resonances 2.62GHz and 4.90GHz for ¢ =
0 deg (xz-plane) and ¢ = 90 deg (yz-plane) is displayed in Fig.
7 (a, b) and Fig. 8(a, b). It is observed that for in ¢ = 0 deg (xz-
plane) the patterns have a shape of eight i.e. ‘dumble like’ and
the direction of maximum radiation is towards 6 = 0° that is
normal to patch, and 6 = 180° that is in opposite direction,
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Fig. 7(a, b): Radiation pattern (simulated + measured) at resonant frequency 2.62GHz in (a) xz-plane (phi = 0 degree) and (b)
yz-plane (phi = 90 degree)
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Fig. 8(a, b): Radiation pattern (simulated + measured) at resonant frequency 4.90GHz in (a) xz-plane (phi = 0 degree)
and (b) yz-plane (phi = 90 degree)

which is the required parameters for an antenna for practical
application. For ¢ = 90 deg (yz-plane) the shape of patterns is
nearly omnidirectional. For two resonances the direction of 3dB 1
beamwidth is (0, 0) degree and (47.43, 129.68) degree. In all, it

1.5

is found that the E-plane radiation patterns are more directional . 0.5
than the H-plane radiation patterns. _ng 0
To examine and validate this the variation of gain simulated é% 05 —B—Simulated
and measured with frequency is displayed in Fig. 9. Both the 1 —e— Measured
traces are fairly matched and variation of gain within -10dB
points are within 0.5dBi. It shows that gain value is low, -1.5
however, it is sustained in the required frequency range. 2
. . . 2 3 4 5 6
The various antenna parameter values like efficiency Frequency (GHz)
(radiation and antenna), gain and directivity of the prototype Fig. 9: Measured and simulated deviation of gain for
antenna is given in Table 4. The direct relation between fabricated antenna with frequency
directivity and antenna efficiency is expressed as per relation
ITEE, 10 (1), pp. 1-11, FEB 2021 Int. j. inf. technol. electr. eng.
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G= 1 D. Here n is the antenna efficiency factor which is
dimensionless. For a lossless antenna 1 = 1 and gain will be the
same as the directivity. However, in practice, gain is always a
smaller amount than the directivity D as replicates from Table
4,

The performance of the proposed work is compared with
articles published recently in the referred journal on
dual/wideband antennas and presented in Table 5. It can be

perceived that the projected antenna offers an extended IBW in
comparison to the published work with low volume size.
Perhaps, the volume of Ref. [34] is less in comparison to the
proposed work but at the cost of IBW as it is only 71%. The
gain value for Ref. [35 & 36] is nearly 8dBi which is
sufficiently high in comparison to offered antenna at the cost of
size.

Table 4. Typical Antenna Parameters for Printed Dipole Gap-Coupled EPA With Horizontal Slits

Parameter fi 5 fi fn
Frequency (GHz) 2.62 4.90 2.26 5.60
Impedance Bandwidth (%) 105.8 64 - -
Radiation Efficiency (%) 67.35 55.47 70.3 47.8
Antenna Efficiency(%) 67.08 50.77 65.7 41.2
Gain (dBi) 1.23 1.26 0.91 0.73
Directivity (dBi) 2.96 4.21 2.72 4.58
3dB Beam Width Degree (0, 0) (47.4321,129.678) (0,0) (41.3732,114.916)

Table 5. Performance Comparison of Previously Published Dual/Wide Band Antennas with Proposed Work

Reference Material BW Size Volume
% (range in GHz) (mmx mmxmm) (mmd)
31 FR-4  63.97% (1.93-3.745) 60.0x50.0x 1.58 4740
32 FR-4 10.3% (5.43-6.02) 30.0x30.0%3.2
and 2880
45.16% (8.4-13.3)
33 PTFE 27 % (4.5-5.6) 46.0%38.0 x 1.58 2762
34 FR-4 71% (1.9 -3.6) 35.0x35.0x158 1936
35 FR4 67.50%, (2.75-5.45) 130 x 130 x 10 169000
36 FR4 56.87% (2.97-5.33) 100 x 100 x 1.6 6000
Proposed Work ~ FR-4 123.5% (2.26-5.50) 55x30%1.6 2640

5. CONCLUSION

The design, analysis, and experimental results of a
wideband dual-frequency printed gap-coupled dipole elliptical
patch antenna having a couple of parallel narrow slits are
presented in this article. To understand the mechanism initially
the performance of conventional EPA is discussed and
thereafter to conceive the desired results the modification in this
antenna geometry is incorporated. The presented prototype
antenna gives rise to a wide measured IBW, which is 3.24GHz
(2.26GHz-5.50GHz), 123.5% relating to first resonance
frequency 2.62GHz and 66.10% corresponding to the second
resonance frequency. However, the useful IBW is lesser than
these values, because the gain is not stable for full IBW range.
The useable IBW is nearly 96.0%. The radiation pattern, gain
and directivity values are tabulated for well understanding of
results. All these values are found to be as per the desired
standard. Measured results are found in great agreement with
results attained from simulation software, which mark the
offered design promising in multimedia applications. Since the
offered prototype antenna covers the sub-band 2-6GHz for 5G
applications, it may be useful in mobile TV, satellite radio,
wireless LAN-802.11b, and 802.11g.
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