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Abstract

This paper proposes very thin broadband microstrip patch
antenna for dual frequency operation. The designed antenna is
highly compact with overall dimension of only 40%24x1.6 mm3.
Inexpensive and well characterized FR4 substrate with 1.6 mm
thickness, dielectric constant of4.4 is used for the antenna design.
Two resonance frequencies at 2.8 GHz and 5.2 GHz respectively
with a -10 dB impedance bandwidth of 3.5 GHz, ranging from
2.6 GHz to 6.1 GHz is observed in the designed antenna. The
VSWR of the proposed antenna is less than 2 throughout the
bandwidth which exhibits good matching characteristics. Above
75% radiation efficiency with very low cross polarization is found
at all resonance frequencies. Also 88% bandwidth is obtained in
the proposed antenna.
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I. Introduction

Planar Microstrip patch antenna is very popular in many wireless
application due to its various advantages like affordable cost,
reduced size, and easy compatibility with other components
[1]. But modern wireless communication needs antenna which
are both compact and broadband to meet the needs of various
application at the same time. Narrow bandwidth is one of the
major disadvantage which limited its application in many areas
earlier. But now researchers have identified various methods to
increase bandwidth of microstrip patch antenna. Gain, radiation
pattern, co-polarization, cross polarization are often compromised
in the process of increasing bandwidth of patch antenna. Keeping
the proper balance of the properties of the antenna has been one
of the many challenges for the researchers. Staggering effect,
slots loading in radiating patch and in ground plane, change of
ground dimension, introducing defects in the ground plane have
been the major activity to increase the bandwidth [2-10]. Along
with broadband compactness is also a requirement in modern
days. Pin loading, slot loading, defective ground structure are the
major thrust areas to achieve compactness [11].

This proposed work utilizes the defected ground structure in
combination with the radiating plane made of two elliptical
structure and one rectangular structure to achieve wideband
characteristics. A large -10 dB impedance bandwidth of 3.5 GHz
with a percentage bandwidth of 88% along with simulated peak
gain of 4.2 dBi are obtained for the proposed antenna. The CST
Microwave studio is used to design, simulate and analyse the
proposed antenna.

Il. Antenna Design

The traditional equations [ 12] have been utilized to determine the
proposed antenna initial Length and Width. The proposed antenna
radiating patch consists of two ellipses and a small rectangle
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connecting them. These two ellipses are different in dimensions.
The size of the upper ellipse is greater than the size of the lower
ellipse. The major axis of the lower ellipse 14 mm long and length
of minor axis is 12.4 mm. The length of major axis of upper
ellipse has a dimension of 24 mm and the length of minor axis
20 mm. The rectangle connecting these two ellipses has a length
of 6 mm and width of 5 mm. The radiating plane of the proposed
antenna is printed on the one side of FR4 substrate having 1.6
mm thickness. The dimension of the substrate is L, x W_. The
patch of the proposed antenna is fed through a micro-strip line of
length L. mm and width W, mm. The width Wf and the length
Lf of micro-strip feed line is varied until a 50Q characteristics
impedance is obtained. The final length and width of the feed line
are 5 mm and 2.92 mm respectively. One side of the substrate we
have the radiating plane and on the other side of the substrate, a
rectangular conducting ground plane having a dimension of L
x W, is printed. From the rectangular ground plane four small
rectangular slots are cut and they are having different dimensions.
Two of them have a area of 11x2 mm? and other two have the
area of 12x1 mm? The area and location of the slots have been
modified and they are optimized to achieve the broadband nature
of'the proposed antenna. The geometrical structure of the radiating
plane and ground plane of the proposed antenna are given in
Fig. 1 and Fig. 2. The detail of antenna design parameters and
characteristics parameters of the proposed antenna are illustrated
in Table no. 1.

Fig. 1: Radiating Plane Structure
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Fig. 2: Ground Plane Structure
Table 1: Antenna Parameter With Dimension
Antenna Parameters Values

Operating bandwidth 2.6 GHz-6.1 GHz
Substrate FR4 epoxy
Substrate Thickness (h) 1.6 mm
Relative permittivity 43

Loss Tangent 0.02
Characteristic Imp. 50Q

W 24 mm

L, L . 40 mm

W, 2.92 mm
L, 5 mm

W, 18 mm

A 24 mm

B 6 mm

C 14 mm

D 28 mm
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E 12 mm
F 11 mm
G 5.5 mm
H 3.5 mm
I 3 mm
J 5 mm
X 2 mm
y 1 mm

Ill. Antenna Simulation Results and Discussions

CST Microwave Studio is utilized to simulate the proposed
antenna and also to obtain the simulation results. To achieve the
final bandwidth of the proposed antenna the width of the ground
plane is varied and these are named as design 1, design 2 and
design 3. The reflection coefficients of design 1, design 2 and
design 3 are shown in Fig. 3. This figure giving us the variation
in the reflection coefficient of the proposed antenna w.r.t. the
width of the ground plane. When the ground plane width is 24
mm which is equal to the substrate width, the design 1 shows
dual band characteristics. The design 1 has first frequency band of
(2.60 GHz -4.20 GHz) and second frequency band of (5.10 GHz
— 5.36 GHz).When the ground plane width is shifted to 20 mm
then the reflection co-efficient of design 2 shows slightly modified
dual band nature. The Design 2 has first frequency band of (2.60
GHz-4.50 GHz) and second frequency band of (5.08 GHz-5.43
GHz). Finally the width of the ground plane is optimized to 18
mm (design 3, proposed) to achieve broadband characteristics. The
CST simulation result of design 3 shows the wideband (2.60 GHz
—6.10 GHz) impedance characteristics of the proposed antenna.
From the Fig. 3 it is obvious that the proposed antenna (design
3) resonates at two frequencies which are at 2.80 GHz and 5.20
GHz having reflection coefficients of -20.00 dB and -23.00 dB
respectively.
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Fig. 3: Reflection coefficient vs. Frequency
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Fig. 4: VSWR and FBR
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Fig. 5: Surface Current at (a) 2.8 GHz (b) 5.2 GHz and (c)
Corresponding Z Parameter

The VSWR and front-to-back ratio (FBR) of the proposed antenna
are illustrated in Fig. 4. It shows that the VSWR is less than 2
for the entire operating frequency band of the proposed antenna.
Fig. 5(a) and Fig. 5(b) explain the surface current distributions of
the proposed antenna for at the resonance frequencies of 2.8 GHz
and 5.2 GHz respectively and Fig. 5(c) shows the corresponding
Z parameter. It shows that the current is non zero all through the
microstrip feed line of the proposed antenna. It is also observed
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that at both the resonance frequencies the current intensity is

sufficiently large.

100 T

(1gp) ues yead

Radiation Efficiency (%)

Peak Gain
=========-= Radiation Efficiency

20 H

3 4 5 6
Frequency (GHz)

Fig. 6: Peak Gain and Radiation Efficiency

In Fig. 6 the simulated peak gain and radiation efficiency of the
proposed antenna is represented against the frequency. It is noticed
that a peak gain of 4.1 dBi is achieved at 5.20 GHz frequency.
This figure also shows that the radiation efficiency is above 80%
at 2.8 GHz and it is more than 70% at 5.2 GHz. The E plane co
polarization and cross polarization radiation patterns are shown
in Fig. 7(a) and Fig. 7(b). The H plane co polarization and cross
polarization radiation patterns are shown in Fig. 8(a) and Fig.
8(b). From the radiation patterns it is observed that there is a good
separation between co polarization and cross polarization in both
the E plane and H plane.
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Fig. 7: Normalized E plane radiation pattern (a) 2.8 GHz and (b)
5.2 GHz
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Fig. 8: Normalized H Plane Radiation Pattern (a) 2.8 GHz and
(b) 5.2 GHz

Table 2: Comparison of Proposed and Reference Antenna

Ref. No. | Max B.W. % of B.W. Dimensions
(mm?)

[2] (1.01-2.01)GHz | 66.2 120 x 120

[3] (2.23-5.35) GHz | 80 37 x 37

[4] (1.38-3.5) GHz 86.9 65x 30

[7] (1.61-3.45) GHz | 72.7 150 x 150

[8] (1.46-1.68) GHz [ 25.31 120 x 120

[9] (0.7-1.15) GHz 49 120 x115.2

[10] (2.99-5.16) GHz | 54.79 30x 20

proposed | (2.6-6.1) GHz 88 40 x 24
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V. Conclusion

The Table no 2 illustrates that the proposed antenna is a wideband
and compact in dimension. The proposed antenna is designed,
simulated and analyzed by using CST Microwave studio. From
the CST simulation result of proposed antenna it is found that
the antenna bandwidth has been increased to 88% which is
comparatively high when it is compared with the previously
designed antennas which are illustrated in Table no 2. From this
table it is also observed that the physical dimension of the proposed
antenna for the operating frequency range is comparatively compact
than the previously given antennas. A low cost and reliable FR4
substrate has been used to model the proposed antenna. So the
proposed model can easily be manufactured in large quantities
with low cost. This antenna model may be very useful for any
C band applications.
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