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Abstract

A simple, compact, wide band microstrip antenna for Ku
band application is proposed. The defected ground and
CPW feeding is used to achieve wideband antenna. The
presented antenna is designed on FR-4 substrate with
dielectric constant of 4.4. The overall size of antenna is
75 » 23 » 1.6 mm. This Ku band antenna has been
simulated using an Ansoft HFSS, electromagnetic
<imulation tool. The designed antenna resonates at
three frequencies 11.2, 12.5, and 14.3 GHz with the
ceturn loss of —27.2191, -34.2027, and -35.896,
respectively. It covers a bandwidth of 5.9 GHz extending
from 10.5 to 16.4 GHz. It has maximum gain of 1.6 dB.
Antenna has stable radiation pattern and group delay.
S@gﬂ ety

e istrar
hitps:/fiink springer.com/chapter/10.1007/978-981-10-4765-7_24 IFTM University - i

Moradabad.



A Compact CPW-Fed Defected Ground
Microstrip Antenna for Ku Band
Application

Rashmi Singh, Vinod Kumar Singh and Punect Khanna

Abstract A simple, compact, wide band microstrip antenna for Ku band appli-
cation is proposed. The defected ground and CPW feeding is used 1o 4c ‘n'f: Ve
wideband antenna. The presented antenna is designed on FR-4 substrate with
dielectric constant of 4.4. The overall size of antennz is 25 » 2% » 1.6 mm. This
Ku band antenna has been simulated using an Ansoft HFSS, ’lw'mma',’rr-'%"
simulation tool. The designed antenna resonates at three frequencies 11.2. 12.5, znd
14.3 GHz with the return loss of —27.2191, —34.2027, and —35.896. respectively. It
covers a bandwidth of 5.9 GHz extending from 10.5 to 16.4 GHz. It has .:.J./.:..;w.;
gain of 1.6 dB. Antenna has stable radiation pattern and group delay.
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1 Introduction

The frequency range of 12-18 Hz has been chosen as Ku band. Ku band s gen-
erally utilized for satellite communication as Ku band provides broadcasting as well
as two-way communication [1-3]. Other advantages of Ku band are less signal
interference from other communication systems, more reliable, secured connec-
tivity, small antennas, and versatile spectrum.
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Microstrip antenna plays very significant role in wireless communication system.
Microstrip antennas are used in high performance aircrafts, radar, missiles, and
other spacecraft. It has many advantages such as its light weight, simple structure,
ease of integration. and less cost. Microstrip antenna requires very less space for
installation as these are simple and small in size. The only space these require is the
space for the feed line which is placed behind the ground plane. Microstrip antennas
are low profile, simple, conformable to planar, and non-planar surfaces, inexpensive
to manufacture using modern printed circuit technology [4-9]. Microstrip antenna
has gained much importance due to its low profile, simple design, ease of inte-
gration, and ease of fabrication.

The designed antenna is fed using CPW feeding mechanism. CPW feeding
technique has many advantages over other microstrip feeing techniques. Some of
the advantages are low dispersion, low radiation leakage, and the ability to control
the characteristic impedance. CPW feeding mechanism can also be integrated with
active devices. Microstrip antennas can be designed in various shapes and sizes.
However, size of the antenna cannot exceed certain values as these need to be
compact in size so that they can be easily installed on the surfaces of aircrafts,
radars, or satellites. Smaller size reduces the weight of antenna which is a desirable
characteristic for microstrip antenna [10-13]. Microstrip antennas with difterent
shapes such as double U shaped, E shaped, hexagonal shaped have been reported.
For Ku band application, triangular slots on patch and elliptical slot cut in the
ground plane have been reported [14-16].

In this paper. CPW-fed patch and defected ground plane has been used to
increase bandwidth. The designed antenna covers a bandwidth of around 5.9 GHz
from 10.5 to 16.4 GHz. which covers most of the Ku band.

2 Antenna Design

The presented antenna operates for three resonant frequencies which is shown in
Fig. 1. If there is more than one resonant part available with each operating at its
own resonant frequency then the overlapping of multiple resonance leads to
broadband applications. The basis of the proposed antenna was a rectangular patch
with length L,> and width W5, Then U shape was obtained by cutting a U-shaped
slot from the rectangular patch and finally the proposed design was obtained to
enhance the operating bandwidth. Ground plane is same for all the three designs
and is made by cutting three small rectangular slots from the main rectangular
ground plane.

The patch has been designed on FR-4 substrate with dielectric constant equal
to 4.4 and height of the substrate is equal to 1.6 mm. The overall size is 25 x 23 X
1.6 mm which is a very compact size and hence suitable for satellite applications.
50 Q characteristic impedance is achieved on fixing the feed length at 3 mm.
The design parameters of anticipated antenna is shown in Table 1.
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Fig. 1 Configuration of the proposed microstrip antenna

Parameters | Ly L[,ng3 Lp4 | Loy Lyy | Ly

-]

Unitmm) 85 (11 5 6 25 15 75
Parameters ‘Wpl ksz ng ‘ngg »"ng; Wg_/; W;

Unit (mm) 4 115 17 4 125 25 3

Table 1 Design parameters
of the proposed CPW-fed
shaped monopole antenna

3 QOptimization of Proposed Microstrip Antenna

The Ansoft HESS-2010 has been used to design and optimize the results produced
by the antenna. Initially rectangular patch was used to achieve the desired band-
width, then the rectangular patch was modified to U-shaped patch and finally the
proposed shaped patch was obtained to optimize the results. The return loss for
rectangular, U shape, and proposed shape has been denoted by black, red, and blue
colored curves respectively in Fig. 2. It can be clearly seen that there are three
resonant bands at 11.2, 12.5, and 14.3 GHz, respectively.

3.1 Variation of Patch Parameters

Figure 3 shows the results of the proposed antenna with variation of length Ly. It is
seen that the bandwidth for the return loss less than 10 dB of the antenna remains
almost constant. However, there is mismatch of impedance of radiating patch and
input impedance at frequencies for L, = 10 and 12 mm. Thus L, = 11 mm has
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been chosen as the optimum parameter. The simulated results of the proposed
antenna with -L,3 from 4 to 6 mm have been shown in Fig. 4. It is observed
bandwidth again remains constant, but better return loss has been obtained for the
same resonant frequencies. Feed width was also varied from 2 to 4 mm and it was
found that optimum bandwidth was obtained at Wy =3 mm with more number of
resonant modes which is shown in Fig. 5.

3.2 Variation of Ground Parameters

Figure 6 shows the simulated results of the proposed antenna with W, from 3 to
5 mm. It is observed that for Wy, = 4 mm the bandwidth for the return loss less
than 10 dB shifts slightly toward lower frequency band. Hence Wy = 4 mm is
chosen as the optimum length of Wy,.

gm\‘/@w ﬁ)ﬂtﬁ«)‘{

Qf\j“ x)l,. e.JLE’
”-TI\/ Unwuro. AV

£ Mo oradabaad



A Compact CPW-Ted Defected Ground Microstrip ... 23

Fig. 4 Simulated return loss
against frequency for
proposed microstrip antenna
with various Ly

Fig. 5§ Simulated return loss
against frequency for
proposed microstrip antenna
with various Wy

Fig. 6 Simulated return loss
against frequency for
proposed microstrip antenna
with various Wyo
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4 Conclusions

A CPW-fed microstrip antenna is proposed for Ku band application. The overall
size (25 x 23 x 1.6 mm) is compacting thus suitable for installation on heavy
satellites. The CPW feeding mechanism manages to minimize the dispersion loses
as well as reduces the radiation leakage. The results are obtained using clectro-
magnetic Ansoft HESS-2010 solver. The antenna has maximum gain of about
1.6 dB. The antenna has stable radiation pattern and almost constant group delay
over the entire 5.9 GHz bandwidth that extends from 10.5 to 16.4 GHz, thus
making the antenna suitable for Ku band application.
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