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Abstract - This paper presents a new simple feeding technique suitable for suspended MSAs (microstrip antenna) with
ultrawideband (UWB) performance. Antennas with the feed network presented here offer an impedance bandwidth (S1; < -10
dB) in excess of 50%. The antenna geometries demonstrated here are fed through a sub-miniature (SMA) connector, which is
located aside the rectangular radiating element. The coaxial probe located off the radiating element supplies the energy to the
main antenna element through a capacitive means. Of the two configurations demonstrated here to offer the return loss
bandwidth of 52.83% (antenna 1) and 56.14% (antenna 2), respectively. The corresponding values of the measured results are
52.30% and 56.12%, respectively. Further, both cases presented here offer a gain of more than 5 dB and good radiation
characteristics over the whole frequency band of interest. The antenna geometries presented here have been optimized with

detailed parametric studies. Further, the experimental results presented here exhibit a good match with the simulated data.

Keywords - Gap coupled antenna, Suspended microstrip antenna, UWB antenna, 5" Generation (5G), LTE.

1. Introduction

Low profile and single layer MSAs with wide and/or
multi-band/frequency characteristics, good gain, and stable
radiation parameters [1-7] are the most desirable antenna
parameters in the 4" generation long term evolution (4G-
LTE) and 5" generation (5G) wireless applications.
However, microstrip antennas in their traditional form
exhibit low bandwidth and low gain values. After the patch
antennas' commencement, a lot of research has been reported
to improve these parameters. Some of the well-known
methods to enhance the characteristics of the antenna are the
use of thick dielectric substrates [8], substrates suspended in
air dielectric [7-19], modifying the shape of the radiating
geometries [20-24], multilayer configurations [8], and
modified or hybrid feed techniques [25-33] etc.

There are numerous bandwidth improvement methods
available that include the alteration of the feeding structure,
and changing the profile of the probe, such as L [25-27],
meander [28], T [29], etc. Among the bandwidth
enhancement methods, coupling the radiator patch through
capacitive means is the most popular and has been
demonstrated by several researchers [9-16] for enhancing the
S11<-10dB bandwidth. Since the coaxial probe-pin exhibits
inductive reactance typically at the upper-frequency band of
working is nullified by the capacitive coupling. The antenna
presented in [10] offers a return loss bandwidth of 50%.
Here, a small feed strip with a rectangular or circular shape is

located 0.5 mm from the radiator patch along the length side.
The feed strip acts as an active element since the coaxial pin
is directly soldered to the feed patch, and the main antenna
element is coupled capacitively to the feed patch. The main
problem associated with this geometry is spurious radiation,
especially at higher frequencies as the physical dimensions
approach the wavelength of the frequency of operation.
Besides this, the feed strip has to be redesigned as and when
the frequency of operation is altered. Moreover, due to the
small physical size, the feed strip causes soldering
restrictions at the time of fabrication of the prototype.
Therefore, this investigation focuses on eliminating the need
for feed strips and keeping the antenna characteristics more
or less similar. Additionally, an effort has been made to
include the probe pin near the radiating patch, which greatly
decreases the large space necessities for the presented
antenna. Though, it must be noticed that the coaxial pin is yet
placed away from the patch antenna. Comprehensive studies
on parametric variations have been conducted to enhance the
proposed antenna structures presented in the following
paragraphs of this work.

Basic antenna structures and their optimized
characteristics are presented in Section 2. A detailed
parametric investigation is done to optimize the proposed
antennas with gap-coupled feed is explained in Section 3.
Measured & analysis of the results are explained in Section
4. The conclusion part of the work is given in Section 5.
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2. Proposed Antenna Configuration
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a) Capacitively coupled antenna with concentric ring [14]
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b) Capacitively coupled antenna with an L-shaped probe [24]
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Fig 1. Typical capacitive coupled microstrip antennas

As stated earlier, several researchers have investigated
the improvement of the conventional antenna with a
capacitive feed. A few prominent capacitive coupled
techniques reported in the literature are presented in Figure
1(A)-1(C).

The basic antenna design presented here and the initial
airgap selection are similar to the geometry presented in [10].
The initial air gap value can be calculated from (1)

g =0.161, — hvg, (1)

Further, the length of the patch (L) and width of the
patch (W) is calculated from the well-known equations
available for the design of a rectangular patch by taking the
air gap into account, i.e., total height is equal to the sum of
air gap & height of the substrate and, the effective dielectric
constant of air-dielectric combination is calculated from [10]

. sr(1+§) .
= e @
For simulation, the infinite ground is assumed and while
fabrication, a finite ground of 10cmx10cm was used for
prototype design. As explained in [10], the finite ground
and/or substrate affect radiation patterns due to surface
waves which affect the antenna's gain vs frequency
characteristics. However, ground dimensions have a mere
effect on return-loss characteristics. Although the ground size
of A x A offers an optimum gain, the larger ground of about
20 x 2\ was used to facilitate the radiation patterns
measurements in an anechoic chamber.

Table 1. Physical dimensions of proposed antennas

Work Pro Pro
Parameter reported in P. . 9
[10] antenna 1 antenna
Length of the
patch (L) 15.50 mm 15.50 mm 15.50 mm
Width of the
patch (W) 16.40 mm 16.40 mm 16.40 mm
Feed(strip) Not Not
length(s) 3.70 mm Applicable | Applicable
Feeding patch 1.20 mm Not Not
width(t) ' Applicable | Applicable
Pr(_)t_)e pin 0.50 mm 0.40 mm 0.20 mm
position (d)
Airgap (9) 6.00 mm 6.50 mm 5.50 mm
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The proposed antenna geometries are shown in Figures 2
and 3 [15]. As mentioned earlier, the presented antenna’s
geometry is implemented from [10] but without a feed strip.
The main purpose of removing the feed strip is that it makes
the entire geometry asymmetrical, and also unwanted
radiations may appear at high-frequency values.
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Further, it poses physical limitations during
implementation. Besides this, the feed patch has to be
reoptimized when a different operation frequency is chosen.
Hence, in this work, an effort has been made to eliminate it
by retaining the antenna's performance the same as that of
the antenna with a feed strip. The optimized characteristics of
the proposed antenna are depicted in Table 1. The data
values presented here are compared with the results of [10] to
demonstrate the significance of the present work.
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Fig. 2 Suspended MSA with probe-pin located away from the patch
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Fig. 3 Suspended MSA with probe-pin located inside the area of the
patch

3. Design Optimization

This section covers the optimization of the antenna
geometries with a novel feed. A detailed parametric study
was conducted to arrive at the final design. It may be noted
that after eliminating the feed strip reported in [10], the only
parameters to be optimized are the separation between the
radiating patch element & the probe pin (d), and the air gap
(9), and. These are presented in the following subsections.
Further, the variations of resistive and reactive components
of the input impedance vs geometry parameters were found
to comply with the results published in [10] and are
presented at the end of this section.

3.1. Distance between Probe and the Patch Edge (d)

As explained earlier, in the first case, the probe pin is
located at a distance of “d” mm from the patch's radiating
edge (along the length side). It may be noted that the top
view of the probe pin grazes the top surface of the substrate
(patch side). In the second case, the patch’s outer edge is
modified so that the probe pin is located just inside the area
of the rectangular patch with no physical contact. These two
cases have been presented in the following subsections.

3.1.1 Geometry with Probe Feed Away from the Radiating
Patch

In the first case investigated, the probe pin is located
outside the patch, separated by ‘d” mm from the radiating
edge of the rectangular patch. The parametric study was
conducted on this parameter keeping the initial value of the
air gap as 6.0 mm as suggested in [10]. The distance d was
varied between 0.4 mm and 1.0 mm. The optimal value of
the distance was found to be 0.4mm. For this value of d, the
percentage of impedance bandwidth obtained is 52.83%.
These values are presented in Table 2. From Table 2, it may
be noticed that for an air gap of 6.5mm, an optimum distance
of d=0.4 mm offers an impedance bandwidth of 52.83%.
Return-loss parameters of the same are depicted in Figure 4.

Table 2. Percentage of bandwidth vs frequency for various values of ‘d’

for an airgap (g) of 6.5 mm
d (mm) | Bandwidth (GHz) Percentage Bandwidth
0.4 2.85 52.83
0.5 2.86 52.63
0.6 2.88 52.62
0.7 2.87 52.32
0.8 2.88 52.02
0.9 2.87 51.84
1.0 2.87 51.61
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Table 3. Percentage of bandwidth vs frequency for different values of
‘d’ for an air gap (g) of 5.5Smm

d (mm) (from the Bandwidth Percentage
inner edge) (GH2) Bandwidth

0.1 3.05 55.76

0.2 3.13 56.14

0.3 3.14 55.48

0.4 3.12 54.42

05 3.09 53.25

0.6 2.71 44.50

0.7 2.51 40.39

0.8 2.43 38.66

0.9 2.39 37.80

-10
g
‘:-’-20
w
-30
= = =(d=0.5mm
40 = « = d=0.6mm
3 4 5 6 7 8

Frequency in GHz
Fig. 5 Return-loss characteristics versus frequency for an air gap of
6.0mm for an antenna geometry 2

3.1.2 Geometry with Probe Feed inside the Radiating Patch

In another effort to make the geometry compact, the
distance between the patch element and the feed probe was
removed, and the probe pin was placed in the vicinity of the
patch's inner edge. The modified geometry is shown in
Figure 2. This geometry is much simpler compared to the
original geometry reported in [10]. Similar to the geometry
presented in Section 3.1.1, this antenna geometry also does
not require the optimization of feed strip (s and t). Results
obtained for different values of air gap are presented in Table
3. From Table 3, it is found that for an air gap of 5.5 mm
with an optimum distance of d=0.2 mm, the proposed
antenna offers an impedance bandwidth of 56.14%. The Si1
parameters of the same are depicted in Figure 5.

3.2. Airgap Optimization

In this study, the amount of suspension above the ground
plane or air gap between the ground and dielectric substrate
was varied between 5.5 mm to 7.5 mm for antenna 1 and 5.0
mm to 7.0 mm for antenna 2 in steps of 0.5 mm and keeping
the d value optimum (0.4 mm for case 1 and 0.2 mm for case
2) as obtained in the previous section. Return-loss values
obtained for this study are shown in Figure 6(a).
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Fig 6. Antenna characteristics variations for different values of airgap

Similarly, for the second case investigated, the air gap
was varied from 4mm to 7mm in steps of 1mm, and the
characteristics obtained from the study are presented in
Figure 6(b). For the proposed antenna geometries 1 and 2,
the optimum air gap values were found to be 6.5 mm and 5.5
mm, and the corresponding bandwidth values obtained are
52.83% and 56.14%, respectively. The gain vs frequency
plots is presented in Figure 7 for both antennas. It may be
noted that the antenna's gain is almost the same for both
cases presented and is above 5 dB throughout the working
band.

Input impedance values vs frequency are presented in
Figures 8 & 9 for different values of ‘d’ (distance between
probe pin and the edge of the patch). From these
characteristics, it may be noted that for both cases (antennas
1 and 2), the reactive part is capacitive below the centre
frequency and becomes inductive above it. The reactive part
is negligible at the centre frequency, and the real part is close
to 50 Ohms. Further, input impedance values of proposed
antennas are compared with the antenna presented in [10]
and found to have similar performance. These characteristics
are presented in Figure 10.



Gain (dBi)

Pradeep Reddy & Veeresh G Kasabegoudar / IJETT, 71(2), 371-381, 2023

10 150
£
i ——\\- _ § 100
— 0
N
0 E. 50
0 ————
-5 2 3 4 5 6 7 8
Frequency in GHz
-10 Antenna 1
ntenna d=0.2mm d=0.3mm d=0.4mm
15 Antenna 2 d=0.5mm - - - - - d=0.6mm — — - d=0.7mm
3 4 5 6 7 8 a) Re(Z) vs frequency plot for antenna geometry 2 for

Frequency in GHz different values of d

Fig. 7 Gain vs frequency characteristics for the proposed antennas 150
» 100
150 E 5
(e} I
£ / '\
2 = _
100 =
6 E
£
N
g %0 2 3 4 5 6 7 8
Frequency in GHz
0 b=—
2 3 4 5 6 7 8 d=0.2mm d=0.3mm d=0.4mm
Frequency in GHz d=0.5mm - - - - - d=0.6mm — — = d=0.7mm

b) Im(Z) vs frequency plot for antenna geometry 2 for

d=0.4mm different values of d

d=0.2mm d=0.3mm
d=0.5mm - - - - - d=0.6mm — - — d=0.7mm

Fig. 9 Impedance vs frequency characteristics for antenna

a) Re(Z) vs frequency plot for antenna geometry 1 for geometry 2 for different values of d

different values of d

150 Table 4. Percentage of bandwidth vs frequency for different

values of ‘g’
., 100 Proposed antenna Proposed antenna
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ﬁ Airgap Percentage Airgap Percentage
= (9) mm Bandwidth (9) mm Bandwidth
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Frequency in GHz . 56.14
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different values of d ' (Single band) ' (Single band)
. - 52.03 47.95
Fig. 8 Impedance vs frequency characteristics for antenna 7.5 . 7.0 i
geometry 1 for different values of d (Single band) (Single band)

375




Pradeep Reddy & Veeresh G Kasabegoudar/ IJETT, 71(2), 371-381, 2023

160 40
0
120
g [%2]
£ =)
(@) (@)
£80 £
= =
5 E 80
40
-120
0 -160
2 3 4 5 6 7 8 2 3 4 5 6 7 8
Frequency in GHz Frequency in GHz
Antennal -ccccccc Antenna2 = = =[10] Antennal --ccccccc- Antenna2 = = =[10]
a) Re(Z) vs frequency plot for optimum geometries b) Im(Z) vs frequency plot for optimum geometries

Fig. 10 Impedance vs frequency characteristics for optimum geometries
The current distributions at three different frequencies  antenna shown in Figure 11 (g, h, i). From these diagrams, it

are plotted for proposed antenna 1 and antenna 2 and are  may be noted that except at the starting frequency, the

presented in Figure 11 (a, b, ¢) & (d, e, f), respectively. proposed antennas have better radiation characteristics than
Further, these distributions are compared with the reference  the reference antenna.
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4. Measured Results and Analysis

The antenna designs presented in Figure 2 & Figure 3
are fabricated, and a PNA network analyser (Agilent’s PNA
N5230A) was used to measure input characteristics. The
dielectric material used for the design and development of
the prototype is an FR4 with a permittivity of 4.4 and
thickness of 1.6mm. The test antennas and their measurement
setup are depicted in Figure 12. Simulated results are
compared with the measured Si: characteristics (Figure 13).
From these assessments, it must be noted that simulated data
agree with the experimental values. The measured
operational frequency band is from 4.08 GHz to 6.97 GHz
for Antenna 1 and 3.82 GHz - 6.8 GHz for Antenna 2, equal
to 52.30% and 56.12% return bandwidth values, respectively.
Radiation characteristics were measured and plotted for both

(a) Antenna 1

the proposed antennas at various frequencies across the band
of operation (Figure 14 and Figure 15). The radiation plots
depicted here exhibit that H-plane co-polarization radiation
patterns are uniform at all frequencies. However, radiation
plots are symmetrical at low-end frequencies for the E plane
and become slightly asymmetrical at the high-frequency end.
In all cases, the cross-polarization level at the bore-sight (0%
angles was found to be better than -20 dB. The results of the
proposed work are compared with similar works [10, 11, 31-
37] available in the literature (pl. ref. Table 5). From Table 5,
it may be noted that the present work is not only simple to
optimize (due to the elimination of the feed strip) but also
offers more bandwidth (above 50% in both cases) and good
radiation patterns compared to the works existing in the
literature.

(b) Antenna 2

©

Experimental setup for S;; characteristics

Fig. 12 Prototype antennas and their measurement setup
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Table 5. Comparisons of proposed work with related work available in the literature

Operating . .
Ref. No. Geometry shape Type o_f feed frequency Impedance Bandwidth Peak gain
strip (%) (%)
(fo) or freg. range
[10] Rectangular Rectangular 5.9GHz 50.7 7.15
Triangular (without Rectangular 3.57 GHz- 5.65 4047 75
[11] truncation) (Vertex Feed) GHz ' '
Triangular (with Rectangular 3.57 GHz- 5.65 39.52 75
truncation) (Vertex Feed) GHz ' '
[16] | Hexagon witha Rectangular | 3.74 GHz-6.22GHz 49.79 -
rectangular slot
Hexagon Rectangular 4.42 GHz- 8.8 GHz 66.61 (Switch off) 6.5
[17] -
Hexagon Rectangular 4.12 %HHZZ 8.91 68.42 (Switch on) 6.9
Square Ring Circular 6.4 GHz 31.30 --
[33]
Square Ring Circular 6.23 GHz 23.60 --
Rectangular Rectangular 1.8 GHz 26.40 8.2
[34] Circular Rectangular 1.8 GHz 27.90 8.6
Annular ring Rectangular 1.8 GHz 26.10 8.5
[35] E:E) a}[ped microstrip with Rectangular 5.1 GHz 46.00 5.4
I 4.08 GHz-6.97
[This Rectangular (Antenna 1) - - (Eliminated) GHz 52.3 6.92
WOrkl | Rectangular (Antenna2) | - - (Eliminated) | 3.82 GHz-6.8 GHz 56.12 6.91

5. Conclusion

Gap-coupled microstrip antennas with suspended
configurations required for 5G & UWB communication
systems were analyzed, fabricated, and measured. A new
feed technique proposed here does not require any physical
connection to the antenna element. Of the two antenna
geometries proposed here offer a return loss bandwidth value
of 52.3% and 56.12%, respectively. In both cases presented
here, a proper match between the measured & simulated data
was obtained. From the results presented here, it may be
noted that the present work is not only simple to optimize
(due to the elimination of the feed strip) but also offers more
bandwidth (above 50% in both cases) and a good gain of
6.9dBi. The feed presented here is simple and needs only two
parameters to be varied, i.e., d (separation parameter) and g
(airgap), for the best possible bandwidth. Radiation
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