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Abstract—This study proposes a new design of wide
bandwidth microstrip antennas using dual feed line
techniques. To obtain the optimal impedance bandwidth
(IBW) and Axial Ratio Bandwidth (ARBW), several
iterations were performed by controlling the dimensions
and length of the dual feed line. From the simulation results,
the proposed antenna obtained IBW of 0.4GHz or 17% and
ARBW of 0.38GHz or 15% at an operating frequency of 2.5
GHz. The gain of the proposed antenna was 5.73dB with a
directional radiation pattern. The dual feedline technique
successfully improved IBW up to 254.16% compared with
the single feed technique. This study would be useful
especially for bandwidth optimization of microstrip
antennas.

Index Terms—Square patch, dual-feed line, circular

polarization, bandwidth

I. INTRODUCTION

Microstrip antennas have been widely developed and
used for wireless communication purposes [1] because of
its compact design and it is also capable of performing at
different resonant frequencies [2]. However, microstrip
antennas have several limitations including narrow
bandwidth and low gain [3]. Antenna with wide
bandwidth is needed to be used in different wireless
communication system applications such as DCS
(1710MHz-1885MHz), PCS (1907MHz-1,912.5MHz),
UMTS (1920MHz-2170MHz), Wireless LAN (WLAN)
2.4GHz and Long Term Evolution (LTE) 2.3GHz [4].

To overcome the limitations of the microstrip antennas,
several bandwidth optimization techniques have been
implemented including coplanar waveguide (CPW) [5],
[6], proximity coupling [7], [8], and the addition of
parasitic elements [9], [10]. In general, microstrip
antennas have linear polarization with directional
radiation patterns. Circular polarization of the microstrip
antenna can be obtained using several techniques
including truncated corner [11] and Defected Ground
Structure (DGS) [12]. Generally, the width of the
impedance bandwidth and axial ratio bandwidth is not
linear. Impedance Bandwidth (IBW) is usually wider than
Axial Ratio Bandwidth (ARBW). To cover most wireless
communication systems, microstrip antennas with a linear
impedance bandwidth are preferred.
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Previous studies, including [13], obtained a microstrip
antenna with a circular polarization using truncated
corners fed by a single feed technique at the operating
frequency of 2.3GHz with ARBW and IBW of 4% and
13%, respectively. Microstrip antenna with circular
polarization [14] has also been proposed by using the
deflected ground structure technique at the operating
frequency of 1.575 GHz with ARBW and IBW of 6% and
30% respectively. These previous studies show that a
significant difference between the IBW and ARBW was
found. Therefore, this study proposes an optimized
microstrip antenna design that implements dual-feed line
techniques.

As a novelty, the dual feed line technique is proposed
to control and optimize the ARBW and IBW of the
designed antenna. The three kinds of the proposed
antennas are investigated. Model 1 was a proposed dual-
feed line microstrip antenna design with a rectangular
shape. Moreover, Model 2 was the design with modified
circular slots at the corner. Model 3 is the design with
modified rectangular slots at the corner. Furthermore, this
paper aims to obtain a new design of a microstrip antenna
with a linear ARBW and IBW.

A. Design of Square Patch Microstrip Antenna

In this study, the design of the conventional microstrip
antenna is a square shape using FR-4 epoxy substrate
with a dielectric constant (&) of 4.3, loss tan (tana) of
0.0265, and thickness (h) of 1.6mm. The dimensions of
the length (L) and width (W) of the square patch
microstrip antenna [15] are obtained by:

¢
2f [(5, +1)/2

ANTENNA DESIGN

W = @)

L=W (2)

The dimensions wide of feed line (W, with an
impedance of 50 ohm [15] were determined by:
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After the calculation process of (1) and (2), the values
of W and L of 38mm and the dimension of W, of 3.1mm
were obtained. After a simulation process with AWR
Microwave Office 2009, the optimal dimensions of W
and L were found to be 30mm. The design of a square
patch microstrip antenna is shown in Fig. 1, which has
dimensions of the ground plane (W and Lg) of 50mm and
17mm respectively as shown in Table I.

Wg
w

Lg

W’

z

Fig. 1. Design of square patch microstrip antenna.

B. Development of Dual Feed Microstrip Antenna

The design of the dual feed line on the microstrip
antenna was conducted by adding a microstrip line feed
that was implemented to supply the current of the antenna.
The dimensions and position of the dual feed line were
obtained from the optimization and iteration results using
AWR Microwave Office 2009. The development of dual-
feed line microstrip antennas can be seen in Fig. 2 (a), (b),
and (c).

Fig. 2. Development of dual-feed line microstrip antenna: (a) Model 1,
(b) Model 2, and (c) Model 3.
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TABLE |: DIMENSIONS OF PROPOSED ANTENNA

Parameter | Dimension Parameter | Dimension
Wg 50 mm Ly 10.4 mm
Lg 50 mm L, 23 mm
W 30 mm Ls 24 mm

L 30 mm Ly 8.1 mm
R 4 mm Ls 10.3 mm
Sy 4.4 mm W, 1 mm

S; 3.5 mm W, 3.1 mm

Model 1 is a dual-feed line microstrip antenna design
with a rectangular shape. On the other hand, Model 2 is
the design with modified circular slots with radius r on
the edge of the patch antenna. Meanwhile, Model 3 is the
design with a modified rectangular slot with a length of
S; and width of S, on the edge of the patch antenna. The
overall dimensions of the dual feed line microstrip
antenna development can be seen in Table I.

Table | presents the dimensions of the three proposed
antenna models. The simulation results of the reflection
coefficient, axial ratio, and gain of the dual-feed line
microstrip antennas were compared and it can be seen in
Fig. 3, Fig. 4, and Fig. 5, respectively. The simulation
was conducted from frequency of 2GHz to 3GHz.
Furthermore, the IBW data was taken from <-10dB of
reflection coefficient. Moreover, the ARBW data was
taken form <3dB of axial ratio.

Fig. 3 shows that Model 1 antenna could perform at
2.4GHz with IBW of 0.3GHz from 2.2GHz to 2.5GHz.
On the other hand, Model 2 antenna could operate at 2.51
GHz with IBW of 0.31GHz form 2.3GHz to 2.61GHz.
Meanwhile, Model 3 antenna could function at 2.5GHz
with IBW of 0.4GHz from 2.4GHz to 2.8GHz.

Reflection Coefficient (dB)

2 21 22 23 2.4 25 26 2.7 2.8 29 3
Frequency (GHz)
Fig. 3. Comparison of the reflection coefficient of the development
model.

Axial Ratio (dB)

2 21 22 24 25 26

Frequency (GHz)
Fig. 4. Comparison of the axial ratio of the development model.
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Fig. 5. Comparison of gain of the development model.

Fig. 4 shows that Model 1 has the ARBW of 0.2GHz
from 2.21GHz to 2.41GHz, Model 2 has ARBW of 0.23
from 2.32GHz to 2.55GHz, and Model 3 has ARBW of
0.38GHz from 2.42GHz to 2.8GHz. Furthermore, Fig. 5
shows that Model 1 has a maximum gain of 5.3dB at
2.42GHz, Model 2 has 5.5dB at 2.52GHz, and Model 3
has 5.8dB at 2.4GHz.

Based on the simulation, it is found that Model 3 has
the best results with IBW of 0.4GHz, ARBW of 0.35GHz,
and a gain of 5.8dB.

22 23 27 28

C. Parametric Study

To observe and understand the influence of various
parameters on the antenna found in the simulation results
of IBW, ARBW, and gain, several iterations were
performed. A couple of parameters, the lengths of the
dual feed line L4 and the dimensions of the rectangular
slot (S;), were observed.

1) Effectof Ly

The modifications and iterations of the parameters L,
are shown in Table I1.

Fig. 6, Fig. 7, and Fig. 8 illustrate the relationships
between the length of the dual feed line L, with the
reflection coefficient, axial ratio, and gain parameters.
IBW and ARBW can be controlled by adjusting the
length of L,.

TABLE II: ITERATION DIMENSION OF DUAL FEED LINE

Iteration Dimensions of L, (mm)
Iteration 1
Iteration 2 9.1
Iteration 3 6.1
Iteration 4 8.1

A
=)

Reflection Coefficient (dB)

— — Iteration 1

Iteration 2
Iteration 3
I, = = = Iteration 4

40

2 21 22 23 24 25 26

Frequency (GHz)
Fig. 6. Simulation of reflection coefficient from Iteration of L4
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Fig. 7. Simulation of axial ratio from Iteration of L,.
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Fig. 8. Simulation of gain from Iteration of L,.

In Iteration 1, with a length of L; of 7.1mm, it is
found that the IBW is 0.32GHz from 2.45GHz to 2.77
GHz, the ARBW is 0.26GHz from 2.5GHz to 2.76 GHz,
and the maximum gain is 5.8dB at 2.4GHz. On the other
hand, in Iteration 2, with a length of L, of 9.1 mm, it is
found that IBW is 0.35GHz from 2.43GHz to 2.78GHz,
ARBW is 0.29GHz from 2.49GHz to 2.78 GHz, and the
maximum gain is 5.7dB at 2.3GHz. Meanwhile, in
Iteration 3, with a length of L, of 6.1mm, it is found that
IBW is 0.28GHz from 2.47GHz to 2.75GHz, ARBW s
0.22GHz from 2.52GHz to 2.74 GHz, and the maximum
gain is 5.81dB at 2.4GHz. Further, in Iteration 4, with a
length of L, of 8.1mm, IBW of 0.42GHz from 2.4 GHz to
2.82GHz, ARBW of 0.38 GHz from 2.42GHz to 2.8GHz,
and a maximum gain of 5.84dB at 2.4GHz were found.

Based on the overall results, Iteration 4 have the best
result with a length of L, of 8.1mm. The overall
simulation results of the iteration process of L, can be
observed in Table I1I.

TABLE Il1: SIMULATION RESULT FROM ITERATION OF L4

. Parameters
Iteration -
IBW ARBW Gain
Iteration 1 0.32 GHz 0.26 GHz 5.8dB
Iteration 2 0.35 GHz 0.29 GHz 5.7dB
Iteration 3 0.28 GHz 0.22 GHz 5.81dB
Iteration 4 0.42 GHz 0.35 GHz 5.84 dB
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TABLE IV: ITERATION DIMENSION OF RECTANGULAR S;

Iteration Dimensions of S;
Iteration 1 1.4 mm
Iteration 2 2.4 mm
Iteration 3 3.4 mm
Iteration 4 4.4 mm

1
I

1 Iteration 1

i — —Iteration 2

"

'I

Reflection Coefficient (dB)

— — —Iteration 3
|1 ----- Iteration 4

2 21 22 23 24 25 26 27 28 29 3
Frequency (GHz)

Fig. 9. Simulation of reflection coefficient from the iteration of S;
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Fig. 10. Simulation of axial ratio from the iteration of S;.
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Fig. 11. Simulation of gain from the iteration of S;.

2) Effectof S;

To obtain the best simulation results, several iterations
were conducted by adjusting and controlling the width
and length of S; on the proposed antenna. Modifications
and iterations of the parameters S, are shown in Table IV.

On the other hand, the relationships between the
dimension of S; with the reflection coefficient, axial ratio,
and gain can be seen in Fig. 9, Fig. 10, and Fig. 11.

In Iteration 1, with a length of S; of 1.4mm, it is found
that the IBW is 0.38GHz from 2.36GHz to 2.75 GHz, the
ARBW is 0.31GHz from 2.41GHz to 2.72 GHz, and the
maximum gain is 5.81dB at 2.4GHz. Meanwhile, in
Iteration 2, with a length of S; of 2.4mm, it is found that
IBW is 0.37GHz from 2.43GHz to 2.78 GHz, ARBW is
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0.29GHz from 2.4GHz to 2.77GHz, and maximum gain
is 5.83dB at 2.3GHz. On the other hand, in Iteration 3,
with a length of S; of 3.4 mm, IBW of 0.40 GHz from
2.46GHz to 2.76GHz, ARBW of 0.32 GHz from 2.4GHz
t02.72 GHz, and maximum gain of 5.81dB at 2.35GHz
are obtained. In Iteration 4, with a length of S; of 4.4mm,
IBW of 0.42GHz from2.4 GHz to 2.82GHz, ARBW of
0.35GHz from 2.45GHz to 2.8GHz, and a maximum gain
of 5.84dB at 2.4GHz are obtained. Based on the overall
results of the iteration process, Iteration 4 has the best
result with a length of S; of 44 mm. The overall
simulation results of the iteration process of S; are shown
in Table V.

TABLE V: SIMULATION RESULT FROM ITERATION OF Sy

. Parameters
Iteration IBW ARBW Gain
Iteration 1 0.38 GHz 0.31 GHz 5.81 dB
Iteration 2 0.37 GHz 0.29 GHz 5.83 dB
Iteration 3 0.4 GHz 0.32 GHz 5.81dB
Iteration 4 0.42 GHz 0.35 GHz 5.84 dB

I1l. RESULT AND DISCUSSION

Based on the iteration simulation results of the L, and
S; parameters, the optimal IBW and ARBW parameters
were obtained. The comparison results of IBW and
ARBW of the dual-feed line microstrip antenna can be
seen in Fig. 12. It can be observed that the IBW and
ARBW of the proposed antenna are almost linear. The
gap between IBW and ARBW of the proposed antenna is
about 0.07GHz. Also, the gain of the proposed antenna is
stable in the range of 5dB in the operating frequency
range of ARBW as shown in Fig. 13.

0
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Reflection Coefficient (dB)
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S

—— Axial Ratio

&
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1

-40 -3
2 2.2 24 26 2.8 3
Frequency (GHz)

Fig. 12. Comparisons of IBW and ARBW of the proposed antenna.

8 12

e N EE R

Gain (dB)
&
L=
Axial Ratio (dB)

¥ 3
Axial Ratio
= = =Gain

0 0
2 2.2 24 26 28 3

Frequency (GHz)
Fig. 13. Comparisons of axial ratio with a gain of the proposed antenna.
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Single Feed
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Fig. 14. Radiation pattern simulation of the proposed antenna at the
operating frequency of 2.5 GHz. (a) E Plane; (b) H Plane.
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-35
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40
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Fig. 15. IBW comparison of a single feed and dual-feed microstrip
antenna.
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Fig. 16. IBW comparison of a single feed and dual-feed microstrip
antenna.

Furthermore, the simulation results of the dual feed
line microstrip antenna were also compared with the
single feed line technique. Comparisons of radiation
patterns, IBW, and axial ratio are shown in Fig. 14, Fig.
15, Fig. 16, and Fig. 17.

Fig. 14 shows that the radiation pattern of the dual feed
line microstrip antenna has more broadside radiation
pattern compared with the single feed line technique.
Moreover, the dual feed line technique also affects the
resonant frequency and IBW, as shown in Fig. 15. It is
found that the resonant frequency of the dual feed line
antenna shifted from 2.35GHz to 2.5GHz while IBW
increased from 0.12GHz (2.3GHz~2.42GHz) to 0.42GHz
(2.4GHz~2.82GHz). The study also finds that the gain of
the dual feed line microstrip antenna is also more stable
at the operating frequency of 2GHz to 3 GHz compared
to the single feed technique as shown in Fig. 16.
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Fig. 17. Axial ratio comparison of a single feed and a dual-feed
microstrip antenna.

Fig. 17 shows that the axial ratio of a microstrip
antenna with a single feed was 120dB at the operating
frequency of 2.32GHz. In other words, it did not have a
circular polarization with an axial ratio of <3dB. After
optimization using the dual feed line technique, the axial
ratio <3dB was successfully obtained.

The current distribution of the dual feed line microstrip
antenna at 2.5GHz can be seen in Fig. 18. The dual feed
line and the patch antenna received a nearly
homogeneous  current  distribution. The  overall
comparisons of simulation results from the microstrip
antenna with a single feed line and a dual-feed line
technique can be seen shown in Table VI.

The results of this study were also compared with
previous studies as shown in Table VII.

From Table VII, it can be seen that the proposed
antennas had a better percentage of IBW and ARBW
compared to previous studies. It is found that IBW and
ARBW obtained from the proposed antenna are almost
linear. It can be summarized that the application of dual
feed lines has successfully controlled IBW and ARBW.

|:o

Fig. 18. Current distribution of dual-feed microstrip antenna at 2.5 GHz.

|#-rie2a|

TABLE VI: COMPARISON RESULT OF A SINGLE FEED AND DUAL FEED
MICROSTRIP ANTENNA

Condition Parameter -
IBW ARBW Gain
Single Feed| 0.12 GHz - 5.79 dB
Dual Feed | 042 GHz | 0.38 GHz 5.84 dB

TABLE VII: COMPARISON RESULTS WITH PREVIOUS STUDIES

Title Dimension | Frequency Parameter
(mmxmm) (GHz) ARBW | IBW | Gain
[13] 82 x 69 2.3 4% 13% [6.9dB
[14] 45 x 45 1.575 6 % 30% |2.2dB
Proposed 0 [)
Antenna 50 x 50 25 15 % 17% |5.8dB
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IV. CONCLUSION

This paper investigates the implementation of dual-
feed of microstrip antenna. It was found that IBW and
ARBW of the proposed antenna were improved after
using the dual-feed method. The simulation results of this
study also found that of the proposed antenna obtained
IBW of 0.4GHz or 17% and ARBW 0.38GHz or 15% at
the operating frequency of 2.5GHz. It can be summarized
that the dual feedline technique successfully improved
IBW from 0.12GHz to 0.42GHz or 254.16% compared
with the single feed technique. Furthermore, it is revealed
that IBW and ARBW of the proposed antenna were
almost linear. Therefore, it can be concluded that the
application of dual feed lines has successfully controlled
IBW and ARBW. This study could be useful especially
for bandwidth optimization of microstrip antennas.
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