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ABSTRACT

In this paper compact, novel, low profile, low cost, high speed and miniaturized slotted circular
Microstrip patch antenna is proposed and designed with defected ground. The antenna’s dimensions
are 30 mm*30 mm as length*width. The patch is using microstrip feed line as it is simple and it provides
better results. Microstrip feed is always taken in the middle of the aerial but in this design its effect on
shifting is analyzed. FR-4 (&, = 4.4.) has been chosen to design proposed antenna and substrate thickness
as 1.59 mm. Proposed aerial has extra two band in lower frequency which are at 3.34 GHz to 3.63 GHz
and 5.48 GHz to 18.91 GHz. The antenna’s characteristics have been calculated using CST Studio Suite.
Partial C band is covered i.e. 548 GHz onwards. As maximum value of return loss of more than
—60 dB is achieved in this band. Aerial has multiple bands which are located on partial C, X and Ku bands.

Detailed parametric studies of the antenna have been carried out.

© 2022 Elsevier Ltd. All rights reserved.
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1. Introduction

Communication electronics have anew refined a variety of fre-
quencies for lucrative applications. This implies that modernized
combination should be considered to contribute for multiple fre-
quency ranges. Consequently demanding the layout of multiband
aerial. A prerequisite for present day aerial is to have acceptable
multi-directional function so that obligation for circular polariza-
tion is there. Besides advancement in light weighted, convenient,
and compact accessories have made Microstrip patch antennas as
distinguished and requirement for exceptional performance. These
aerials are displayed as fundamental type that can be used to
address great number of needs.

The framework of the patch antenna incorporates a substrate
sandwiched between ground and patch. Patch can have shapes like
circular, square, elliptical, rectangular etc. Circular patch are given
more preference due to its compact shape [1].However to increase
its performance certain amendments are required in the patch
structure. This has initiated antenna research in various directions.

* Corresponding author.
E-mail address: vinitamathur12@gmail.com (V. Mathur).

https://doi.org/10.1016/j.matpr.2022.09.327
2214-7853/© 2022 Elsevier Ltd. All rights reserved.

Ultra wideband (UWB) range from 3.1 GHz to 10.6 GHz and had
been allotted in 2004 by the Federal Communications Commission
(FCC) for unlicensed [2-4]. In [5] similar patch was designed but
was applicable for 4.96 - 14.55 GHz band. Here in this manuscript
amendments were done and performance was improved. Proposed
antenna can be used in satellite communication, radar, amateur
radio applications, wireless computer networks and Wi-Fi
applications.

2. Mathematical modeling

Circular microstrip antennas can be modelled with cavity model
approach [6-11]. Wave equation for electric field can be written as
in eq.1.

(v2+k2)f’:0 1)

Here k is equal to m\/pe, and V is equal tog, 5. 2.
Fields do not vary with z direction because h<}y So we can

write E field like in equation (2).

E=Z7E (2)
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Equation (3) satisfies differential equation which is shown in
equation (1).

E. = EdJ, (kp)cos (ng) 3)

Here J,(kp) are Bessel functions of order n and &g is maximum
electric field.
Magnetic field components are.

_Jj 19E _  jn ;
Hp _(,U_,LL 5 (9(/) = opp EQ]n (kp)SIrl (n(p) (4)
_j OE  jk o,
*=op op -~ wp U (ke)cos(ng) >

The other field components are zero inside the cavity.
E,=E,=H,=0 (6)

Also, the resonance frequency can be calculated using the cavity
model in circular patch. Relevant equation are.

1.8412

(frc)llo = 27.Cae\/m /_Sr (7)
2h na 172
Q= a{l + e [In {ﬁ} +1.7726] } (8)

p = surface current density.

n = mode of magnetic current distribution.
¢ = azimuthal angle.

a = radius of circular patch.

h = height of substrate.

o = angular frequency.

g, = relative permittivity.

€p = space permittivity.

a. = effective radius.

o = space permeability.

(fic)110 = resonance frequency for TM10 dominant.

3. Antenna design

Antenna was designed [3] with slotted annular ring shape and
defected ground with applications in X and Ku bands as shown
in Fig. 1. To make it applicable for lower frequency range and make
its size compact feed point is shifted and two triangles are
engrossed. After parametric analysis, we have gained a band from
3.34 GHz to 3.63 GHz and 5.48 GHz to 18.91 GHz which depicts
antenna has extra two band in lower frequency.CST Microwave

(b)

Fig. 1. Proposed antenna (a) Front View (b) Back View.
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Table 1
Optimum Dimensions (mm) of pro-
posed antenna.

Parameter Value

Ry 10

R, 44

T 3

BW 2.5

® 140°

L 8

W, 6

S 52

L, 3

W, 23

Ls 15

W; 24

h 1.59
Coordinate of T1A (-9.3,9.3)
Coordinate of T1B (-4,9)
Coordinate of T1C (-9, 4)
Coordinate of T2A (9.3,9.3)
Coordinate of T2B (4,9)
Coordinate of T2C 9, 4)

studio is used to check simulation results. Table 1 shows the
dimensions used for aerial designing.

Initially ring with two slots and notch in defected ground struc-
ture is taken as shown in Fig. 2. Gradually microstrip feed is shifted
and triangles are added as radiators and notch is also shifted in
ground and results are analyzed.

The antenna shown in Fig. 2 is obtained at the beginning of the
design process. A wide bandwidth is obtained with it. This antenna
became a step for next one. Simulation results of [3] return loss
and gain vs frequency are depicted in Fig. 3.

The changes are made to increase the band width and to be
effective at low frequencies yielded results. We obtained a contin-
uous band covering the entirety of the X and Ku bands and some of
the C band. The width of this band is 13.43 GHz and extends from
5.48 to 18.91 as shown in the Fig. 4. And it has a second dip from
3.34 to 3.63 GHz. Antenna’s return loss graph’s deepest pit at
12.25 GHz and —42.5 dB in Fig. 4.

Antenna parameters are optimized to give best results. Changes
are about feed point, added triangles, reduced number of bridges,
reduced plate size, and optimizations in physical parameters were
done.

4. Parametric analysis of proposed antenna

According to the design, some parameters have been varied and
their effect is analyzed on the patch. It is figured that changes in
substrate material, substrate thickness, feed point and feed width
bring changes in the performance of the antenna.

4.1. Effect of substrate thickness

Distant extent of substrate material is varied to simulate the
performance of aerial. Substrate thickness is varied from
1.25 mm to 1.75 mm. It is observed that with thickness 1.5 mm
gives better results. Band at 2.83 GHz, 3.6 GHz and from 5.5 GHz
to 18 GHz. As compared to previous design it is observed that
bandwidth is increased and multiband characteristics are observed
in Fig. 5.

4.2. Effect of substrate material

Substrate material is varied and its effect is observed on return
loss characteristics in Fig. 6. Materials like Epoxy Resin, FR-4, G-10
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Fig. 3. (a) Return loss of previous patch [3] (b) Gain versus Frequency [3].
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Fig. 4. Return loss of proposed antenna.

S-Parameters [Magnitude in dB]
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Fig. 5. Return loss variation with different substrate thickness (h).

and Rogers 5880 are taken into consideration. FR-4 material is con-
sidered because of low cost, cheap and easily available.

4.3. Effect of variation of slot thickness in annular ring

Annular slot thickness is varied and its effect is observed in
Fig. 7 on return loss. Thickness is varied from 2 mm to 3 mm. It
is observed that at 2.5 mm better results are observed as value of
S11 is towards more negative.

4.4. Effect of position of Microstrip feed line

Microstrip feed line position is varied from —5.2 mm to 5.2 mm
as seen in Fig. 8. It is observed that width of feed is taken as 3 mm.
Right side shows better results as compared to left and middle
positions. As can be seen from the Fig. 9.

5. Result analysis

Return Loss of proposed antenna is shown in Fig. 10. Broad band
width is obtained from 5.5 GHz to 18 GHz. This band is suitable for
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effective FR-4 material is used. Rogers 8550 material gives better

results but is costly. Fig. 13 shows the results now.

(©)5.2 mm

(é) -52 fnm

() 0 mm
Fig. 8. Shifting of feed point.
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Fig. 9. Return loss of different feed point.

S-Parameters [Magnitude in dB]
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Fig. 10. Return loss of proposed antenna.
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Voltage Standing Wave Ratio (VSWR)
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Fig. 11. Voltage Standing Wave Ratio of proposed antenna.
Table 2
Proposed antenna’s results.
Frequency 3 GHz 7 GHz 8 GHz 12 GHz 13 GHz
Gain 8.48 4.802 3.972 2.077 2.122
(dB)
Directivity 4.14 4.695 5.071 3.877 4.407
(dBi)
Angular width(3 dB) 178.5 106.2 90.6 128.7 125.6
Main lobe mag. (dB) 7.98 0.431 -1.56 —0.040 —0.344
E-field (dBv/m) 20.36 19.22 18.59 16.79 15.69
H-field (dBA/m) -31.16 -32.30 -32.93 -34.73 —35.83

Table 3
Comparative Results.

Reference Antenna Size (L*W) mm? Circular Patch (Radius mm) Applicable Band

[11] 40*40 8 X and Ku Band

[12] 36*32 10.1 Bluetooth (2.4 to 2.485), Wi- Fi (2.4 to 5.8 GHz),
Ultra wideband (UWB) (3.1 to 10.6 GHz) and X-band

[13] 50*50 23 UWB Band

[14] 70*70 24 2.4 GHz

Proposed 30*30 10 Partial C, X and Ku Band

6. Conclusions

The objective of the manuscript is to come up with a novel
microstrip patch antenna design that covers part of ultra wideband
range, partial C, X and Ku bands. That provides versatile applica-
tions to aerial. Bridges’ number, angle and width have given us

flexibility to design wide bandwidth and compact antenna. The
antenna is useful for military, radar, and satellite applications since
higher frequencies are used to detect the long distance object so as
the frequency increases it is easy to detect the object. Partial C
band is covered i.e. 548 GHz onwards. As maximum value of
return loss of more than —60 dB is achieved in this band.
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Fig. 12. Surface current distributions proposed antenna (a) 3.4 GHz (b) 6.5 GHz (c) 10.2 GHz (d) 14 GHz.
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Fig. 13. Radiation Pattern of the proposed patch at resonant frequencies (a) 3.4 GHz (b) 6.5 GHz (c) 10.2 GHz (d) 14 GHz.
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