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Abstract

This article, proposes directly coupled rectangular
patch element rectangular Microstrip antenna for Ultra-
wideband applications. The antenna consists of
rectangular patch element coupled directly which
provide a useful fractional bandwidth of more than 75
%( 2.76-5.97 GHz). By direct coupling [1] the
rectangular patch element additional resonances are
excited and hence wider bandwidth is achieved at
higher band. The proposed directly coupled Microstrip
antenna is fed by 50Q Microstrip feed line. Gain has
been improved up to 4.21dBi, directivity 4.24dBi and
efficiency 99.29%. The proposed antenna design and
its performance are analyzed using IE3D software
package of Zeeland. The measured results show that
antenna offers a wide bandwidth covering all the
5.2/5.8 GHz WLAN, 3.5/5.5 Ghz WiMAX and 4 GHz
C band.

Keywords: Direct coupling, Enhance bandwidth, Compact
Microstrip(MS) Patch, Calculated ground plane, Gain, 50Q
Feed line.

I. INTRODUCTION

Microstrip patch antennas have drawn the attention of
researchers due to its light weight, low profile, low cost
and ease of integration with microwave circuit. But the
major drawback of rectangular Microstrip antenna is its
narrow bandwidth and lower gain. The bandwidth of
Microstrip antenna may be increased using several
techniques such as use of a thick or foam substrate,
cutting slots or notches like U slot, E shaped H shaped
patch antenna, introducing the parasitic elements either
in coplanar or stack configuration, and modifying the
shape of the radiator patch by introducing the slots [2,
3, 4, 5]. In the present work the bandwidth of
Microstrip antenna is increased by direct coupling [1]
and it is obtained that the bandwidth of direct coupled
rectangular patch element rectangular Microstrip

antenna is greater than simple rectangular Microstrip
antenna. Directly coupled rectangular patch element
rectangular Microstrip antenna with Microstrip line
feed is shown in Figurel. The width of the Microstrip
line was taken as 3 mm and the feed length as 3 mm.
The patch is energized electromagnetically using 50Q
Microstrip feed line [6]. The proposed antenna has
been designed on glass epoxy substrate (€, = 4.4) [7].
The substrate material has large influence in
determining the size and bandwidth of an antenna.
Increasing the dielectric constant decreases the size but
lowers the bandwidth and efficiency of the antenna
while decreasing the dielectric constant increases the
bandwidth but with an increase in size. The design
frequency of proposed antenna is 2.2 GHz. Different
structures are simulated by using IE3D simulation
software and it is obtained that rectangular patch
element directly coupled gives highest bandwidth
among all the structures that are simulated.

The frequency band (2.76-5.97 GHz) of proposed
antenna is suitable for Ultra-wideband and broadband
applications [8] such as military, wireless
communication, satellite communication, global
positioning system (GPS), RF devices, WLAN/WI -
MAX application [9,5]. Broadband devices are
mainly used in our daily lives such as mobile phone,
radio, laptops and Microstrip patch antennas plays
important role in these devices [10]. Ultra wide band
(UWB) is an emerging technology that offers a new
paradigm for the allocation and use of the radio
spectrum [11,12]. UWB is a wireless technology for
transmitting digital data at very high rates, using very
low transmission power. UWB is well suited for short-
range and high-speed data transmissions for wireless
personal area network (WPAN) applications.

The paper is organized as follows, at first the antenna
design is reported in section II. In section III, antenna
specification, in section IV antenna design procedure,
in section V Comparative Analysis followed by
simulation  results and discussion in section VI.
Finally, a brief conclusion is presented in section VII.
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II. ANTENNA DESIGN Height of the dielectric substrate is 1.6 mm and loss
tangent fand is 0.0013. Antenna is fed through a line
The mathematical expression for computing the feed of length 1 mm and width 2.5 mm which is
length and width dimension of the radiating rectangular energized by 50Q Microstrip feed line. All the
Microstrip patch antenna are calculated as below [5, 13 specifications are given in the table1 (all lengths are in
and 14] mm and frequency in GHz).
2
et 5
fr\Er Table 1: Antenna design specifications.
Where c is the velocity of light, €, is the dielectric
constant of substrate, f, is the antenna design S.No. Parameters value
frequency, W is the patch width, and the effective
dielectric constant €, sy 1s given as [15, 16] L Design frequency f, -
1 2. Dielectric constant €, 44
&1 er—l[ E]_E
€rerr= = + . 1+12W
) 3. Substrate height h 1.6
Ath=1.6mm 4. Patch width W 31
The extension length AL is calculates as [13, 14, 15]
5. Patch length L 41
A _ 0412 (Ereps+03)(r+264) .
h ) ( ereff_,zsg) (%4- 0.8) 6. Ground plane width W, 51
7. Ground plane length L, 41
By using the above mentioned equation we can find the
value of actual length of the patch as [5, 12 and 14] o s
. a .
c 9, b 5
L =——-2AL (4)
sz ereff
10. ¢ 2.3
The length and the width of the ground plane can be
calculated as [9, 13 and 14] 11. d 10
Lg=6h+L (5) 12. e 4
Wg4=6h+W (6) 13. | f 6
14. g 5
III. ANTENNA DESIGN
SPECIFICATIONS s | 8
The design of proposed antenna is shown in
figure1. The proposed antenna is designed by using 16. i 2.3
glass epoxy substrate which has a dielectric constant

€, = 4.4 and the design frequency is 2.4 GHz.
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V: COMPARATIVE ANALYSIS.
17. | j 5
18. |k 6
19. |1 10.2

IV. ANTENNA DESIGN PROCEDURE.

a b
Dimensions of the proposed antenna are calculated ) )
very carefully using the equations 1, 2, 3, 4, 5 and 6. Figure 2: Two types structures: (a) direct
Design frequency is 2.2 GHz. For making a proposed coupled, (b) indirect or gas coupled.
direct coupled antenna four rectangular patch element
each of same size is grown and these are directly Two different structures direct coupled antenna and
coupled on other part of the rectangular patch element. indirect or gas coupled antenna as shown in Figure 2,
are simulated and compared through Zeeland IE3D
+ !:5 * simulation software and their bandwidth are compared.

By this computation work as shown in Figure 3, it is
found that the bandwidth of rectangular Microstrip
antenna with direct coupled is increased to a great
extent.

Here it should be clear that all the dimensions of
simulated antennas are same as in the proposed
structure and line feed should also be at the same
position with same dimensions.

PP e ) —e— uithoc SEIS(LN]

dB

Figure 1: Geometry of proposed Microstrip .
antenna. ] 05 1 15 ? 25 3 35 4 45 5 55 f

Frequency (GHz)

Figure 3: Comparison of return loss v/s
frequency graph of with direct coupled and
with out direct coupled structures.
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VI. SIMULATION RESULT AND
DISCUSSION

The narrow bandwidth of Microstrip antenna is one
of the disadvantage that restrict its wide usage. In this
article we tried to increase the bandwidth of
rectangular Microstrip antenna by direct coupling [1]
rectangular patch element. In this section simulations
results for the return loss, VSWR, gain of the designed
antennas are measured and presented. The frequency
range of 0—6 GHz is used for simulation as WiMAX,
WLAN and Broadband frequency bands lies in this
range.

—— B[
25 {E)]

dB

dB, -4 dB,-3dB respectively and for WIMAX operating
bands 3.5 GHz/4.5 GHz/5.5 GHz are -14 dB, -18.77
dB, -12 dB respectively and for WLAN operating
frequencies 5.2 GHz/5.8 GHz are -12.9 dB, -10 dB
respectively. The return loss below -10 dB is sufficient
for radiation. Therefore, from the simulation results we
conclude that the proposed antenna exhibits wideband
impedance bandwidth, the design is simulated using
Zeeland 1IE3D version9 software. Figure 5, shows the
VSWR of designed antenna. The VSWR of the antenna
is in between 1 to 2 over the entire frequency band
which shows that there is a proper impedance
matching. It is observed that VSWR for WLAN
operating frequencies 2.4 GHz/5.2 GHz/5.8 GHz are 2,
2, 2 respectively and for WiIMAX operating bands 2.5
GHz/3.5 GHz/5.5 GHz are 3, 1.4, 1.6 respectively. The
designed antenna exhibits wideband frequencies with
VSWR <2.2.

Gain Vs. Frequency graph of the microstrip square
patch antenna is shown in Figure 6. The maximum gain
of _the antenna has been improved up to 5 dBi.
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Figure 5: VSWR of proposed antenna

Figure 4, shows the simulated return loss of designed
antenna. We observe that return loss for WLAN
operating frequencies 2.4 GHz/5.2 GHz/5.8 GHz are -9

0 05 115 2 25 3 35 4 45 5 55 6
Frequency (GHz)

Figure 6: Gain vs. frequency plot.

This Gain designed antenna is more than that of
rectangular microstrip patch antenna. Efficiency vs.
frequency graph for designed rectangular element
direct coupled microstip patch antenna is shown in
Figure 7.
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Efficiency Vs. Frequency

—=— Antenna Efficiency

And the radiation pattern of the microstrip square patch
antenna is shown in Figure 9.
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2 5 s0 & In this paper, a rectangular patch element microstrip
;’E jg antenna with single band characteristics and wide
20 20 bandwidth capability for UWB applications is
10 10 proposed. The antenna can operate from 2.79 to 6 GHz.
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Figure 7: Efficiency graph of proposed
antenna

Directivity Vs. Frequency
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By direct coupling the rectangular patch element with
variable dimensions additional resonances are excited
and hence much wider impedance bandwidth can be
produced, especially at the higher band. The proposed
Microstrip patch antenna provides band with 75.52%.
The proposed antenna has been designed on glass
epoxy substrate to give a maximum radiating efficiency
of about 99.29% and high gain of about 4.24 dBi. It

i ._ shows the designed antenna gives acceptable
2 Pt 2 performance and thus can be used for UMTS-I,
- 2 .“2 - Wi-max, WLAN, and UMTS-IL
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Directivity Vs frequency graph is shown in Figure 8.
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Figure 9: 2D radiation pattern of antenna
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