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Abstract—This research article proposes a Defected Star-Shaped Microstrip Antenna (DSSMSA) for
wideband applications. A designed monopole antenna has a defected star-shaped tuning stub with a
defected ground structure energised with a microstrip feed line. An appropriate tuning of resonating
modes wideband frequency effect has been achieved by optimising the dimensions of the tuning stub
and the dimensions of the defected ground and its notch. Surface current distribution plays a vital
role in optimising the antenna geometry and developing mathematical resonating frequencies equations.
The simulated and experimental results show that the DSSMSA radiates under the frequency band
from 1.6638 GHz to 6.652 GHz with measured fractional bandwidth of 119.9692% for |S1;| < —10dB.
Optimised DSSMSA resonates at frequencies 2.05 GHz, 3.382 GHz, and 5.494 GHz. As the geometry of
DSSMSA is symmetrical, the symmetric far-field pattern has been found in the far-field.

1. INTRODUCTION

Current wireless communications have different commercial wireless standards used for their
organisation and allocated frequency band that radio equipment is used to transmit and receive the
data [1]. They are nonstop to evolve from 1G to 5G, which could support higher capability digital
systems with incorporated methods discussed in [2, 3].

In high data speed, wireless communications antennas must have a small size, good bandwidth, and
omnidirectional characteristics [4]. These all above requirements could be easily reached by Monopole
Antennas. That the arms of dipole or monopole have the nature of current distribution does not change
the radiation patterns of the antenna; only it affects the input impedance [8].

Wideband frequency response for wireless data speeds and bandwidths to the internet for laptops,
PDAs, and other wireless devices that operate close to one another and have evolved several times
responding to the sustained user demands for higher bit-rates. GSM900, GSM1400, GSM1900, ISM,
WLAN, Bluetooth, LTE, Wi-Fi, WiMAX come under the wideband applications [9-14].

Shukla et al. proposed a wideband antenna composed of an elliptical shape tuning stub and partial
ground plane. The presented antenna was printed on an FR-4 substrate and achieved the impedance
bandwidth of 116.32% over a frequency band from 1.23 GHz to 3.72 GHz [5].

Ellis presented a monopole antenna with a reduced ground plane by cutting a slot in a tuning stub
and adding a strip in a slot for reducing the current distribution on the ground plane. This antenna
was designed on an FR-4 substrate and provided the impedance bandwidth over the frequency range
3.6 GHz to 11 GHz [6].

Ghaderi and Mohajeri investigated a wide-slot antenna with a microstrip fed monopole antenna
for UWB applications. The antenna was composed of an elliptic patch connected to a trapezoid, and a
hexagonal slot was etched from a finite ground plane. The antenna substrate was FR-4 and achieved
an impedance bandwidth of 145% over a frequency band from 2.9 to 18 GHz [7].
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In this research investigation, a Defected Star-Shaped Microstrip Antenna (DSSMSA) has been
reported, and its performance for improvement in impedance bandwidth and return loss (—|Sii|) is
analysed. The reported antenna achieves the fractional bandwidth of 119.9692% for |S11| < —10dB over
the frequency band from 1.6638 GHz to 6.652 GHz by a defected star-shaped tuning radiator with the
defected ground structure (DGS) incorporated along with the notch in the centre. The reported antenna
exhibits omnidirectional radiation properties. The reported DSSMSA finds itself a good candidate for
broadband wireless services such as personal communication services (185-1.99 GHz), WiMAX (2.5 GHz,
3.5 GHz, and 5.5 GHz), and WLAN (2.4 GHz, 5.2 GHz, and 5.8 GHz). The performance characteristics
such as antenna design, parametric analysis, input impedance, simulated surface current distribution,
simulated and measured return losses, radiation pattern, and gain of reported antenna have been
analysed.

2. ANTENNA GEOMETRY AND DESIGN

Figure 1 shows the structure of the designed antenna. The proposed DSSMSA is fabricated on an FR-4
substrate having thickness 1.6 mm, Loss Tangent (tan()0.02, and dielectric constant (e,,) = 4.3). The
overall antenna geometry consists of a defected star-shaped radiator fed by a 50 €2 microstrip feed line.
In the ground plane, a defected ground structure (DGS) is incorporated along with a notch in the centre
in order to match proper impedance. By tuning the side cut and notch defection in the ground plane,
the higher fractional bandwidth of 119.9692% is achieved over a frequency band from 1.6638 GHz to
6.652 GHz. The physical size of the proposed DSSMSA is 44 mm x 62 mm. The details of all dimensions
are given in Table 1. The leaves of a defected star shape, notch, and both side cuts in ground have
been incorporated in the antenna design to minimise the coupling between the edges of the patch and
ground plane to improve the impedance matching (|.S1;| < —10dB). The proposed DSSMSA has been
designed, simulated, and optimised on CST Microwave Studio.
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Figure 1. Configuration of proposed DSSMSA with 50 2 microstrip feed line.

3. EVOLUTION OF ANTENNA

The evolution of the designed antenna is illustrated in Figure 2. The ground plane is modified in further
succeeding steps to enhance the impedance bandwidth and accurate tuning of resonating modes. The
return loss characteristics (—|S11]) of all succeeding steps are depicted in Figure 3. Antenna 1 comprises
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Table 1. Antenna dimensions.

Dimension | Value (mm) | Dimension | Value (mm)
w 44 L 62
i3 92.65 Lot 13.76
Sp1 10.8 Lg2 14.16
Spo 8.06 Cu 85
P, 10 Wt 21

Put 8.3 Wy 7.24
G 2 C 16.65
Fy 2 Wy 12
h 1.6 Whi 4
Sh 7.81

Figure 2. Evolution of antenna.
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a full ground structure, and at lower side two leaves (tuning element) have been removed from the star-
shaped patch.

This antenna does not exhibit any band below —10dB return loss which slightly touches the
—10dB line. The behaviour of first stage Antenna 1 is similar to a rectangular patch antenna which
shows narrow bandwidth. In other stages, Antenna 2, the defected star-shaped tuning element with
half defected ground structure (DGS), is integrated with this antenna which exhibits a single band of
—12.24 dB reflection coefficient at 2 GHz.

Antenna 3 has the defected star-shaped tuning element with a half defected ground structure (DGS)
integrated with this antenna which exhibits dual impedance bandwidth of 80.553% for |S11| < —10dB
over the frequency band from 1.7257 to 4.0533 GHz and only 4.7% from 5.3726 to 5.6346 GHz.

In Antenna 4, the defected star-shaped tuning element has a half defected ground structure (DGS)
and a notch in the centre of the ground plane. This antenna exhibits a single impedance bandwidth of
119.9692% for |S11] < —10dB over the frequency band from 1.6638 GHz to 6.652 GHz.

4. PARAMETRIC ANALYSIS

For the sake of optimising the antenna’s performance for bandwidth performance and proper impedance
matching, parametric analysis through parametric sweep has been performed on different structural
parameters of the antenna. In this section, these additional parameters are varied within a specified
range. The variation is also performed on one parameter at a time to get the exact impact on antenna
performance.

4.1. Impact of Parameter Width (W,,) of Ground Notch

To see the impact on antenna’s performance, one of the antenna parameters, notch width (W), has
been varied. Notch width (W) is the top width of the notch made on the ground plane, opposite the
joint of patch and feedline referring to Figure 4(a). The return loss characteristics have been recorded
and illustrated in Figure 4(b) during variation. Notch width (W),,) is varied from 4mm to 14 mm.
During the variation of notch width, the bandwidth of antenna increases up to 12mm. When Notch
Width (W) is increased from 12mm to 14 mm, the single band is divided into two bands, and effective
bandwidth is decreased. So it can be concluded that 12 mm width is the optimum width for the notch
to get the wider bandwidth.
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Figure 4. Parametric analysis with notch width (W,). (a) Antenna. (b) Impact on return loss
characteristics.
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Figure 5. Parametric analysis with feedline width (F,). (a) Antenna. (b) Impact on return loss
characteristics.

4.2. Impact of Parameter Feedline Width (F,,)

To see the impact on antenna’s performance, another antenna parameter, feedline width (F,), has
been varied. F, is the feedline width made on the patch plane referring to Figure 5(a). The return
loss characteristics during the variation in F,, have been recorded and illustrated in Figure 5(b). F,
is varied from 1.5mm to 3.5 mm. When F,, increases to 2mm, the antenna’s bandwidth reaches its
maximum value. Further increment in F,,, will create two bands, and effective bandwidth decreases. So
it can be concluded that 2 mm feedline width is the optimum width for the feed to match the proper
impedance of the antenna.
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Figure 6. Parametric analysis with feed length (F}). (a) Antenna. (b) Impact on return loss
characteristics.
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4.3. Impact of Parameter Feedline Width (F;)

To see the impact on antenna’s performance, parameter feedline length (F;) has been varied. Fj is the
feedline length made on the patch plane refer to Figure 6(a). The return loss characteristics during
variation have been recorded and illustrated in Figure 6(b). Fj is varied from 20.61 mm to 24.61 mm
with a step size of 1 mm. The return loss characteristics show that the antenna’s bandwidth decreases
with a slight change when Fj increases. So it can be concluded that the variation in feedline length will
not make any significant change in the antenna performance.

4.4. Impact of Parameter Feedline Width (P,)

To see the impact on antenna’s performance, parameter patch width (P,) has been varied. P, is the
width of the patch from the left corner to the right corner on the patch plane referring to Figure 7(a).
The return loss characteristics during variation have been recorded and illustrated in Figure 7(b). P, is
varied from 40 mm to 34 mm with a step size of 1 mm. The return loss characteristics show that when
P,, decreases, the antenna’s bandwidth increases with losses near 4.5 GHz, and it resonates on 3 GHz
and 6.1 GHz. So it can be concluded that the variation in patch width will add 500 MHz bandwidth to
existing bandwidth for 35 mm patch width in antenna performance.

Reflection Coefficient (dB)

Antenna 4 Frequency (GHz)

(@) (b)

Figure 7. Parametric analysis with patch size (P,). (a) Antenna. (b) Impact on return loss
characteristics.

4.5. Impact of Parameter Ground Top Corner Cut Length (C})

To see the impact on antenna’s performance, parameter Ground Top Corner Cut Length C; has been
varied C] is Parameter Ground Top Corner Cut Length referring to Figure 8(a). The return loss
characteristics during variation have been recorded and illustrated in Figure 8(b). Cj is varied from
12.62mm to 15.96 mm. The return loss characteristics show that when Cj increases, the return loss of
antenna increases between 4 GHz and 6 GHz. So it can be concluded that the variation in cut length
will add a slight increase in bandwidth to existing bandwidth for 15.96 mm patch width in antenna
performance and a decrease in return loss around 5.5 GHz frequency.
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Figure 8. Parametric analysis with ground top corner cut length (Cj). (a) Antenna. (b) Impact on
return loss characteristics.

5. EXPERIMENTAL RESULTS AND DISCUSSION

The presented antennas’ return loss characteristics show that the optimised Antenna 4 provides a
good return loss curve at a lower cut-off frequency of 1.6638 GHz and a higher cut-off frequency of
6.652 GHz. The fabricated proposed antenna became a Broadband Antenna suitable candidate for
wideband applications shown in Figure 9. It can be observed that the optimised antenna resonates at
2.05 GHz, 3.382 GHz, and 5.494 GHz in Figure 10.

Antenna Fractional Bandwidth = 2 x (fh — fl) x 100% (1)
fo+Ji

_ 6.652 — 1.6638
- 6.652 + 1.6638
4.9882
=2x
8.3158

Antenna Fractional Bandwidth = 119.9692%

) x 100%

) x 100%

Figure 9. Fabricated antenna hardware front view (patch) and back view (ground).
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Figure 10. Reflection coefficient of simulation vs measured.

The designed antenna has provided the fractional bandwidth of 119.9692% from 1.6638 to 6.652 GHz
frequency band calculated using Equation (1).

5.1. Reflection Coefficient Characteristics

Simulated and measured Reflection Coefficients —|S1;1| have been analysed. The measured results are
obtained from Network Analyzer, and the frequency band from 1.6638 GHz to 6.652 GHz with measured
fractional bandwidth of 119.9692% for |S11| < —10dB is found. They resonate (measured) at frequencies
2.35 GHz, 3.1 GHz, and 5.7 GHz. Optimised DSSMSA resonates (simulated) at frequencies 2.05 GHz,
3.382 GHz, and 5.494 GHz. A small error has been found between simulated and measured results. The
dielectric constants of connector and conductor are different because the materials are different. The
power transferring from one material to another material creates mismatches and losses. That is the

Reflection Coefficient (dB)
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1 2 3 4 5 6 7
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Figure 11. Reflection coefficient of CST vs ADS vs HFSS.



Progress In Electromagnetics Research C, Vol. 118, 2022 19

reason of error.
In Figure 11, proposed antenna’s results have been simulated, and obtained results are verified in
CST, ADS, and HFSS, with slight difference between them. The ADS equivalent circuit is shown in

Figure 12.

Ay | L L L L
Kal L8 L19 L20 L21
C L=1.0 nH o} L=1.0 nH {o} L=1.0 nH {o} L=1.0 nH {o}
Cig Rx R R R
| C=1.0 pF o} Ay MY | M Y | Y |
- A 1 A A
P3 c c C C
Num=3 19 20 c21 2
_"'_R'VV\'—_ C=1.0 pF p} C=1.0 pF P} C=1.0 pF p} C=1.0 pF po}
R17 ——— \N—] ——aN— L——Aa— A ——
R=50 Ohm {o} R R R R
RIS R19 R20 R21
R=50 Ohm {0} R=50 Ohm {0} R=50 Ohm {o} R=50 Ohm {0}
L L L L
L2 L2 L24 L25
L=1.0 nH ) L=1.0 nH b} L=1.0 nH p} L=1.0 nH )
RS R3 Ry R31 ————
71 71 MEA 71 I
C C C c .
c23 c24 25 C26 L26
C=1.0 pF P} C=1.0 pF p} C=1.0 pF P} C=1.0 pF p} L=1.0 nH b}
Lt AAN—— et AAN——] Lt AAN—— et AAN——]
R R R R
R2 R23 R24 R25
R=50 Ohm {o} R=50 Ohm {o} R=50 Ohm {o} R=50 Ohm {o}

Figure 12. ADS equivalent circuit of proposed antenna.

5.2. Surface Current Distribution

To analyse the current distribution on antenna surface, in CST, the resonant frequencies 2.05 GHz,
3.382 GHz, and 5.494 GHz were used for surface current distribution analysis, respectively. This analysis
helps identify which part of the antenna is responsible for generating a specific frequency range. The
simulation has been performed in CST-MWS and is shown in Figure 13.

5.2.1. First Resonance

At the first resonance frequency of 2.05 GHz, the current vectors originate from the feedline’s bottom
and travel towards the patch triangle’s top. The maximum intensities of current vectors are found near
the joint of the patch triangle and feedline. The 2.05 GHz frequency signal is a result of the side edges
of the patch. This path starts from the lower end of the feedline to the top side of the patch triangle.
The current path can be determined by Equation (2).

P = ﬂ+sp2+Pw1+3XSp1
= 22.6548.06 + 8.3+ 3 x 10.8
= 71.41 mm (2)

The computed length of the current path P; is 71.41 mm, and the calculated value of f,; is 2.09 GHz
(using Equation (3)). The difference between actual and calculated frequencies is 1.95%. This can be
caused by environmental factors and other losses.

c

fr1= 1317\/5 (3)
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Figure 13. Surface current distribution on resonant frequencies. (a) 2.05 GHz, (b) 3.382 GHz, and (c)
5.494 GHz.

5.2.2. Second Resonance

At the second resonance frequency of 3.382 GHz, the current vectors in the ground plane sink at the
bottom corners originating from notch travelling through the edges. The maximum intensities of current
vectors are found around Cj (side cuts on ground plane). So, from the current analysis, it is clear that
3.382 GHz frequency signals are produced by the side edges of the ground plane from the notch to
bottom corner of the ground. The following path can be determined by Equation (4).

P, =S, +Wgp+C + Lu
= 7.81+7.24+16.65 + 13.76
= 45.46 mm (4)
The computed length of the current path P; is 45.46 mm, and the respective calculated value of resonance

frequency f,o is 3.29 GHz (using Equation (5)). The difference between actual and calculated frequencies
is 2.72%. Environmental factors and other losses can cause this.

f— C
7”2—P2\/a

(5)

5.2.8. Third Resonance

At the third resonance frequency 5.494 GHz, the current vectors sink from the lower middle point of
the feedline and side corners of the patch triangle towards the joint of the patch triangle and feedline.
The maximum intensities of current vectors are found around the patch triangles and side edges of the
feedline. So, from the current analysis, it is clear that 5.494 GHz frequency signals are produced by the
side edges of the patch only. Equation (6) will be used to determine the path.

Py = Sp2+Pw1+Sp1
= 8.06 + 8.3+ 10.8
= 27.16 mm (6)
The computed length of the current path, Ps, is 27.16 mm, and the calculated value of f,3 is

5.52 GHz (using Equation (7)). The difference between actual and calculated frequencies is 0.47%.
Environmental factors and other losses may be the reason for this.

C
fr3

= Bve (7)
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The summary of theoretical and practical resonance frequencies and the current path computed from
antenna dimensions are given in Table 2.

Table 2. Theoretical and actual current path calculations for resonance frequencies.

Actual Computed
Resonance P Current Actual Path
F Values Resonance Error (%) Path Length (mm)
requenc a en mim
d Y (GHz) Frequency (GHz) &
fr1 2.05 2.09 1.95 P 71.41
fro 3.382 3.29 2.72 b 45.46
frs 5.494 5.52 0.47 Py 27.16
E-Plane at 2.05 GHz Smulatec H-Plane at 2.05 GHz Simulated
easured Measured
15 0 15 0 345
30 330 30 70 330
45 315 45 315
60 300 60 300
75 285 75 285
90 270 90 270
105 255 105 255
120 240 120 240
135 225 135 225
150 210 150 210
165 150 165 4go 195
(@)
E-Plane at 3.382 GHz Simulated H-Plane at 3.382 GHz Simulated
Measured Measured
15 0 a5 15 0 a5
30 330 30 70 330
45 315
0)
60 300 60
75 285 75
A\
90 270 90
105 255 105
120 240 120
135 225
150 210
165 159 195

(b)
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E-Plane at 5.494 GHz Simulated H-Plane at 5.494 GHz Simulated
Measured Measured
15 0 a4 15 0 345
30 10 330 30 10 330
45 315 45 315
U
60 ' ‘ 300 300
75 285 285
90 270 270
105 255 255
135 225 135 225
150 210 150 210
165 159 195 165 1gp 195
©

Figure 14. 2D far-field radiation patterns of E and H planes at (a) 2.05 GHz, (b) 3.386 GHz, and (c)
5.494 GHz.

5.3. Far-Field Pattern

The analysis between simulated and measured far-field radiation patterns results has been performed,
and it is found that they slightly vary due to surrounding environment of measuring instruments or
fabrication error (refer Figure 14). At the resonating frequencies 2.05 and 3.382 GHz, a far-field pattern
has been found omnidirectional in E-plane and H-plane. The efficiency of the presented antenna is
declined due to dielectric loss (see Figure 17). The realised gain of the proposed antenna varies from
2.4 to 3.5dBi (see Figure 18).

+1 m—— Simulated
m— |\leasured

20 : .
+02
15
0.0
-0.2
Frequency (GHz)
-1

Figure 15. Impedance curve. Figure 16. VSWR (simulated) curve of the

proposed antenna.
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Figure 17. Simulated radiation efficiency and  Figure 18. Gain of antenna.
total efficiency of the proposed antenna.

5.4. Input Impedance

The input impedance of the designed antenna is presented in Figure 15. It is observed that multiple loops
are found inside the VSWR circle, indicating the mutual coupling and overlapping between resonating
modes, which are essential for wide impedance bandwidth (refer to Figure 16).

In Table 3, the proposed antenna has been compared with other antennas and found a good
candidate in terms of high bandwidth and compact structure in size of the antenna.

Table 3. Performance comparison of the proposed antenna with other surveyed antennas.

References | f| (GHz) | f, (GHz) | BW (%) | Gain (dB) | Size (W x H) mm?
[5] 1.23 4.65 116.32 0.53)g x 0.75),
[11] 1.347 1.533 12.91 4.3 0.71Xg x 0.7174
[12] 453 7.47 49 41 1.3), x 0.99),
[13] 3.4 5.6 49.4 48 1.55), x 1.55),
[14] 1.639 1.907 15.11 ) 1.08)\4 x 1.08)
[15] 1.80 6.09 108.74 ) 1.05A4 x 1.25),
Proposed 1.6638 6.652 119.96% 3.5 0.52)y x 0.74),

6. CONCLUSION

In this research work, a Defected Star-Shaped Microstrip Antenna (DSSMSA) has been designed and
studied for improvement in impedance bandwidth and return loss (—|S11|) characteristics. Optimised
DSSMSA achieves the fractional bandwidth of 119.9692% for |Sii;| < —10dB over the frequency
band from 1.6638 GHz to 6.652 GHz. Radiation patterns and current distributions at resonating
frequencies 2.05 GHz, 3.382GHz, and 5.494 GHz were investigated and found omnidirectional at
resonating frequencies with 3.45dBi gain at 3.4 GHz and —24dB maximum return loss at 5.5 GHz.
The simulated and measured results show that the presented antenna is an attractive candidate for
wideband applications such as WiMAX and WLAN.
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