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Abstract: In this study the techniques for enhancement of impedance bandwidth of the microstrip patch antenna
were analyzed. The techniques of defected patch, defected ground structure and parasitic patches were implemented to
improve bandwidth of the antenna. Size of the substrate/ground plane of the proposed antenna was 17x6.4 mm?. The
impedance bandwidth of the proposed antenna was 5.51 GHz and a return loss of 26.01dB was obtained at the center
frequency of 15.9 GHz. This antenna can be implemented for satellite communications in Ku- Band.
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1. INTRODUCTION

Scientists have been working to develop a wireless
communication system that would have high speed
data rate like satellites communication system [1,
2, 3]. The satellite wireless communication system
uses C, X, Ku and K bands. So the microstrip patch
antennas can be designed to operate in theses high
frequencies bands for its application in satellite
communication. Microstrip patch antenna is
popular due to its light weight, small size, planar
configuration and low profile. They have low
cost and can be easily printed on the microwave
printed circuits [4, 5]. The patch antenna has more
advantages but its bandwidth is very narrow. In
order to enhance the bandwidth of patch antenna
for satellite applications in the above mentioned
high frequency bands, different techniques such
as aperture coupling, the introduction of defect
in the ground plane and the patch structure and
optimization of the feed line have been reported
in the literature of [6-8]. Different shapes of the
patches such as circular disc, triangle, ring, elliptical,
pentagon and hexagonal have been presented in [9-
14].
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The E shape antenna has been designed on
FR-4 substrate with dielectric constant of 4.2. The
height of the substrate is reported to be 1.5 mm.
The size of the substrate and ground of the above
mentioned E shape antenna is 16.5 mm x22.75mm
and it has been concluded that the proposed antenna
provides a good bandwidth in Ku-band satellite
communication [15]. The patch antenna in [16]
has been simulated on Teflon substrate and has a
dielectric constant of 2.1. The antenna has achieved
areturn loss 0f 26.55 dB, gain of 6.9 dBi, efficiency
of 98.99% and a bandwidth of 4.1GHz at the
resonant frequency of 12.54 GHz.

The patch antenna has size of 15 mm x 15 mm
[17]. The antenna can be operated in the bandwidth
of 0.95 GHz with a maximum gain of 7.6 dBi for
Ku-band application. A microstrip patch antenna
has been reported in [18] which have obtained a
bandwidth of 2.1 GHz with a maximum gain of
12.1 dBi. A patch antenna for Ku band has been
simulated using FEKO software and this antenna
has achieved a fractional bandwidth of 13.3% at
resonant frequency of 12.57 GHz [19]
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Table 1. The parameters of the proposed antenna.

Name Description of Parameter Value
A Size of the antenna substrate 17x6.4 mm?
Al Size of the driven patch P2 without rectangular cuts 4.2x3.2 mm?
A2 Size of the left parasitic patches P1 3.5x3.2 mm?
A3 Size of the upper and lower parasitic patches P3 & P4 2x0.8 mm?2
A4 Area of each rectangular cut from the corners of Patch P2 1.6x0.4 mm?
A5 Area of the rectangular slot from the ground plane 1x5.4 mm?
C Location of coaxial feed line on the x axis 1.36 mm
Gl The gap between the parasitic patch P1 and the driven patch P2 0.3 mm
G2 The gap between the parasitic patch P3 and the driven patch P2 0.45 mm
G3 The gap between the parasitic patch P4 and the driven patch P2 0.5 mm
T Thickness of the ground plane and all the three patches 0.035mm
H Height of the substrate 1.64 mm

Table 2. Gain of the proposed antenna.

Table 4. The gain of the modified antenna.

Frequency (GHz) Gain (dBi) Frequency (GHz) Gain (dBi)
12.88 5.23 13.6 5.57
13.77 5.46 14.66 6.22
14.66 6.16 15.55 6.95
15.15 7.13 16.4 6.8
16.44 7.05 17.6 6.15
16.88 6.71 18.4 5.57
17.60 5.58
Table 3. Diemensions of the ground slots.
Slots Slots Values
(mm)
The minimum and maximum value of x (5,8.2)
Ist Ground Slot
The minimum and maximum value of y (-3,3)
21d Ground The minimum and maximum value of x (-4.5,4.9)
Slot The minimum and maximum value of y 2,3.1)
3rd Ground The minimum and maximum value of x (-5,-5.9)
Slot The minimum and maximum value of x (0.5,2.6)

2. DESIGN OF ANTENNA

A rectangular patch antenna with three parasitic
patches has been designed using the technique of

defected ground structure (DGS) as shown in Fig.

1. The patches have been made on Preperm L-450

and this dielectric substrate has a dielectric constant
of 4.4. The height of the aforementioned dilectric
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substrate is 1.64 mm. The antenna substrate has
a size of 17x6.4 mm?. The radiating patch P2 has
a size of 4.2x3.3 mm? The parasitic patch P1 is
located on the left side of the driven patch. The
parasitic patch P3 is located on the top of the driven
patch and the parasitic patch P4 is located at the
bottom of the driven patch. The gap G1 between
the parasitic patch P1 and the driven patch P2 has
been adjusted to 0.3 mm. The gap G2 between
the parasitic patch P3 and the driven patch P2 has
been adjusted to 0.45 mm. The gap G3 between
the parasitic patch P4 and the driven patch P2 has
been adjusted to 0.5 mm. Four equal rectangular
slots have been removed from the driven patch P2
and the area of each slot is equal to 1.6x0.4 mm?.
The ground plane has been converted to Defected
Ground Structure by etching a rectangular slot in
it. Th rectangular slot on the ground is located at
a distance of 7 mm from the center of the antenna.
The material used in all the patches and the ground
plane is pure copper that has a thickness of 0.035
mm. The coaxial feed line is located on the x-axis
at a distance of 1.36 mm.

The driven patch is excited by a 50 Q coaxial
cable. The parameters of the proposed antenna are
given in Table 1.

3. RESULTS AND DISCUSSION
3.1 Bandwidth and Return Loss

Thereflection coefficient of the antenna as a function
of the frequency is shown in Fig. 2. An impedance
bandwidth of 5.1 GHz has been acheived by the
antenna. The maximum Return loss of 19.79 dB has
been obtained at the centre frequency of 14 GHz.
The bandwidth of the antenna is in the Ku-band and
it ranges from 12.88GHz to 17.99 GHz.

3.2 Voltage Standing Wave Ratio

The Voltage Standing Wave Ratio of the proposed
antenna is sketched in Fig. 3.with respect to the
frequency. The VSWR of the proposed antenna is
less than 2 in the above mentioned operating band.

3.3 Efficiency

Sketch of the efficiency as a function of frequency

is shown in Fig. 4. The total efficiency of the
antenna is greater than 90% in the entire operating
bandwidth. The total efficiency of 97.4% has been
achieved at the frequency of 13.77 GHz. Maximum
value of the radiation efficiency is 99% and it has
occurred at the frequency of 15.96 GHz.

3.4 Gain

The gain of the antenna is given in Table 2. The
sketch of the gain is shown in Fig. 5. The maximum
value of the gain is 7.13 dB with respect to the
isotropic radiator and it has taken place at the
frequency of 15.15 GHz.

4. MODIFICATION IN DEFECTED
GROUND STRUCTURE

The Defected Ground Structure (DGS) has been
modified as shown in Fig. 6. The dimensions of
the Ist ground slot have been changed and two
additional ground slots have been etched on the
ground plane. The dimensions of all the three
ground slots are given in Table 3.

An improvement in the bandwidth of the
antenna has been observed that has been explained
in the forthcoming sections of the paper.

4.1 Bandwidth of the Modified Antenna

The Bandwidth of the antenna has been enhanced
due to the above mentioned changes in the DGS of
the proposed antenna. The bandwidth was enhanced
from 5.1 GHz to 5.51 GHz (Fig. 7). The lower
frequency of the given BW is 13.38 GHz while its
upper frequency is 18.89 GHz.The return loss has
been improved from 19.79 dB to 26.01 dB. This
return loss has occurred at the center frequency of
15.90 GHz.

4.2 VSWR of the Modified Antenna

VSWR of the modified antenna is shown in Fig.
8. The ratio of 1.1 has been obtained at the center
frequency of 15.9 GHz. The ratio has been confined
to the slot between 1 and 2. When this ratio
becomes equal to 1 then there is no reflection from
the antenna and the reflection coefficient becomes
equal to zero. The antenna is said to be perfectly
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Fig. 1. The Antenna: (a) Perspective view; (b) Front view; (c) Back view.
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Fig. 2. Bandwidth of the antenna. Fig. 3. VSWR of the antenna.
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Fig. 4. Efficiency of the antenna. Fig. 5. Gain of the antenna.
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Fig. 6. View of the Modified DGS.

0
5
-10 N
15 \/\\ -

N\ | T

N \/

&
-30
12 13 14 15 16 17 18 19 20
f(GHz)
Fig. 7. Band Width of the Modified antenna.

4
3 \\
2 N
1
0

12 13 14 15 16 17 18 19 20

Frequency (GHz)
Fig. 8. VSWR of the Modified antenna.

1.2

1 ; —
0.8 _/ \
0.6
0.4

e Rad Efficiency

0.2 e T ot | Efficiency

0

12 13 14 15 16 17 18 19 20

f (GHz)
Fig. 9. Efficiency of the modified antenna.

113



114

Gulzar Ahmad et al

Phi=270

180

Theta [/ Degree vs. dBi

Fig. 10a. Radiation pattern at 13.6 GHz.
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Fig. 11. Gain of the Modified antenna.

Gain (dBi)
O B N W b 1 O N 0

[any
N

13 14 15

L G 2
'S
S
16 17 18 19 20
f(GHZ)
\ SR
®
S
16 17 18 19 20
f (GHZ)

Fig. 12. Comparison Between the Gains of the two antennas.

matched and maximum power is transferred to the
antenna under this condition.

4.3 Efficiency of the Antenna

The above mentioned modification in the ground
plane has improved the total efficiency of the
antenna as well. The maximum value of the total
efficiency of this modified antenna is 98.85% and
it corresponds to the frequency of 15.96 GHz. The
maximum value of the radiation efficiency at the
same frequency is 99.13%. The efficiencies of this
antenna are shown in Fig. 9.

4.4 Radiation Patterns

The 2-D radiation pattern at the frequency of 13.6
GHz is shown in Fig. 10a. The angular width of the
pattern is 128.9 deg and there is no side lobe.

The radiation pattern shown in Fig.10b has an
angular width of 117.3deg and it has no side lob
at all. The 2-D radiation pattern shown in Fig. 10c
has been sketched at the frequency of 15.55 GHz
with a 3-dbB angular width of 129.7 deg and there
is side lob.

The radiation pattern at the frequency of 16.6
GHz has been shown in figure 10d.The angular
width of the pattern is 133.8 deg and no side lob is
associated with it. Fig.10e shows the 2-D radiation
pattern of the propsed antenna at the frequency of
17.6 GHz and it has a 3-dB angular width of 135.7
deg. Finally, radiation pattern at the frequency of
18.4 GHz has been shown in Fig.10f. This radiation
pattern has an angular width of 135.3 deg.

4.5 Gain of the Modified Antenna

The gain of the Modified antenna is given in Table 4
and it has been sketched in Fig. 11.The comparison
of the gains before and after the modification in
the DGS has been shown in Fig.12. Obviously the
modification in the DGS has slightly degraded the
gain of the antenna.

5. CONCLUSIONS

A Ku band antenna that can be implemented for
satellite applications in Ku band has been proposed.
The bandwidth of the antenna with one ground slot
in the ground plane is 5.1 GHz. The maximum
efficiency of 97.1% has been obtained before
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the modification. This single band antenna has a
maximum gain of 7.13 dBi and it has occurred at the
frequency of 15.15 GHz. After the modification in
the ground structure of the antenna, the bandwidth
of the proposed antenna has been enhanced from
5.1 GHz to 5.51 GHz.The maximum value of the
efficiency is 98.85% and it corresponds to the
frequency of 15.96 GHz .The efficiency has been
improved due to the modification. The maximum
gain of the proposed antenna after the modification
is 6.95 dBi and it has occurred at the frequency of
15.55 GHz.The return loss has been enhanced to
26.01 dB and this return loss has been achieved at
the center frequency of 15.9 GHz. The VSWR of
the antenna before and after the modification in the
ground plane is less than 2 in the entire bandwidth.
The overall size of this patch antenna is 17x6.4

mm?.

6. REFERENCES

1. Rao, S. M., D. R. Wilton & A.W. Glisson.,
Electromagnetic scattering by surfaces of arbitrary
shape., IEEE Transactions on Antennas Propagation
AP-30: 409-418 (1982).

2. Gupta, K. C. & A. B. Norwood, Microstrip Antenna
Design. Norwood, M.A., Artech House, London,
UK, (1988).

3. Zhang, X.X. & F.Yang. The study of slit cut on the
microstrip antenna and its applications., Microwave
and Optical Technology Letters 18(4): 297-300
(1998).

4. Rahmat-Samii, Y. & E.Michielssen. Electromagnetic
Optimization by Genetic Algorithms. Wiley, New
York, NY, USA, (1999).

5. Hodges, RE. & Y. Rahmat-Samii. An iterative
current-based hybrid method for complex structures.
IEEE Transactions on Antennas Propagation 45:
265-276, (1997).

6. Rawat, S. & K.K. Sharma. A compact broadband
microstrip patch antenna with defected ground
structure for C-band applications. Central European
Journal of Engineering 4(3): 287-292 (2014). DOI:
https://doi.org/10.2478/s13531-013-0162-1

7. Surati, I, KN. Yuli & Yuliastuti. Increasing
bandwidth dual frequency triangular micro-strip
antenna for wi-max application. International
Journal of Electrical & Computer Science 10(06):
16-20 (2010).

8. Papapolymerous, I., R.F. Drayton & L.P.B. Katehi.

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

Gulzar Ahmad et al

Microma chined patch antennas. /EEE Transations
on Antennas Propagation 46: 275-283(1998).

Liu, L., S.W. Cheung, R. Azim, & M.T. Islam. A
compact circular-ring antenna for ultra-wideband
applications. Microwave and Optical Technology
Letters 53(10): 22832288 (2011).

Kaufmann, T., A. Verma, V.-T. Truong, B. Weng, R.
Shepherd, & C. Fumeaux. Efficiency of a compact
elliptical planar ultra-wideband antenna based
on conductive polymers. International Journal
of Antennas and Propagation Article ID 972696
(2012) doi:10.1155/2012/972696.

Azim, R., M.T. Islam, N. Misran, S.W. Cheung, &
Y. Yamada. Planar UWB antenna with multi-slotted
ground plane. Microwave and Optical Technology
Letters 53(5): 966968 ( 2011).

Sze, J.-Y., T.-H. Hu, & T.-J. Chen. Compact dual-
band annular-ring slot antenna with meandered
grounded strip. Progress In Electromagnetics
Research 95: 299-308 (2009).

Song, Y., Y.-C. Jiao, G. Zhao, & F.-S. Zhang.
Multiband CPW-FED triangle-shaped monopole
antenna for wireless applications. Progress in
Electromagnetics Research 70: 329-336 (2007).
AbuTarboush, H.F., R. Nilavalan, T. Peter, &
S.W. Cheung. Multiband inverted-f antenna with
independent bands for small and slim cellular
mobile handsets. /EEE Transactions on Antennas
and Propagation 59(7): 2636 —2645 (2011).
Malisuwan, S., J. Sivaraks, N. Madan & N.
Suriyakrai. Design of microstrip patch antenna
for Ku-band satellite communication applications.
International  Journal  of  Computer  and
Communication Engineering-577,  3(6): (2014)
DOI: 10.7763/1JCCE.2014.V3.360.

Chodavadiya, V.V. & S.S. Aggarwal., Microstrip
Patch Antenna Design for Ku Band Application.
International Journal of Engineering Research &
Technology 3(4): 1707-1710 (2014).

Azim, R., M.T. Islam, & N. Misran. Dual polarized
microstrip patch antenna for Ku-band application.
Journal of  Microelectronics, Electronics
Components and Materials, Informacije MIDEM
41(2): 114-117 (2011).

Nor, N.M., M.H. Jamaluddin, M.R. Kamarudin
& M. Khalily. Rectangular dielectric resonator
antenna array for 28GHz applications. Progress in
Electromagnetics Research C 63: 53-61, (2016)
Elias, B.B.Q. A Wideband microstrip patch antenna
for KU-band applications. American Scientific
Research Journal for Engineering, Technology, and
Sciences 14(3): 177-186 (2015).



