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Abstract— Today the world is moving towards minimization.
We interested in things that are small in size. Mobile technology
is a fast growing technology where thin shape of mobile phones
are in trend so by reducing the number of antenna the device
shape can be reduced. In this paper a microstrip antenna is
designed to operate at multiple mobile bands starting from 2G to
4G. The antenna result was simulated by EMPro software and
the results are analyzed and studied.
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I. INTRODUCTION

Today the world is connected with wireless devices, in
which mobile plays an important role for transfer the data. We
are in need of miniaturized antennas that are comfortable for
our handheld devices. Mobile phones are working in many
wireless communication systems, so designing the antenna for
multiple frequency can reduce the overall device size. A slot
antenna consists of a metal surface, usually a flat plate, with
one or more holes or slots cut out. When the plate is driven as
an antenna by a driving frequency, the slot radiates
electromagnetic waves in a way similar to a dipole antenna.

There are many antennas that can achieve multiband
frequency such as, a printed monopole slot antenna achieve a
compact size by bending its top ground portion to be
orthogonal to the system ground plane of the mobile phone
[1]. Slots in the ground plane are used to improve the
bandwidth at both low and high frequencies without
increasing the volume of the antenna [2]. A multiband
inverted-F antenna for mobile handsets has a independent
control on the resonant bands for UMTS, m- WiMAX and
5GHz WLAN. A current distribution on the radiator is the
controlling parameter of the antenna [3]. The antenna with
open end U- shaped slot covered the frequencies of 690 to 750
MHz and 1700 to 4200 MHz, enabling it for mobile phone
system application [4]. The antenna with rectangular slot with
T-shaped stub, and two E-shaped stubs covered the GPS,
WLAN, and WiMAX systems [5]. Single folded monopole
slot antenna achieves GSM&50/900, GSM1800/1900/UMTS
bands [9].
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II. ANTENNA DESIGN

First the basic microstrip rectangular antenna is calculated
by the below formula then slots of same shape and different
dimensions are introduced. By introducing slot we increase the
path of current flow. When current flow is increased we get
multiband and reasonable bandwidth that is suitable for
mobile application.

The width of the rectangular micro strip patch antenna is
approximated by equation (1),
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Where, C is free space velocity of light, I s
frequency of operation, &, is dielectric constant. Then the
formula to calculate the effective length is given by equation
(2), effective length is the extra length that comes into account
when an antenna is radiating. They are known as fringing field
that must be eliminated.
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Where, €, is the effective dielectric constant. Then the
formula to calculate the effective dielectric constant is given in

equation (3),

Where, #2is the height of dielectric substrate and W is
the width of the patch. Then the formula to calculate the patch
length extension is given in equation (4),
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The formula to calculate the actual length of the patch is given
in equation (5),

L=L, -2AL )

III. PROPOSED ANTENNA

The proposed antenna used FR-4 as a substrate with a
dielectric constant of 4.4, a loss tangent of 0.02 and a substrate
height of 1.57 mm. The substrate has good tensile strength
than the other available substrate. The total volume of the
radiator is 20.59*26.803mm2, while the overall volume of the
antenna including the ground plane is 30*35mm’.  Fig. 1
shows the microstrip patch antenna all the dimension is in
mm. The size of the antenna is calculated from the above
microstrip rectangular formula from equation (1) to equation
(5). The total size of the antenna is reduced so that it is
comfortable to be fit in the mobile phone. Since a single
antenna can operate at multiple mobile frequency the number
of antenna can be reduced that leads to device ministration.

Fig. 1. Proposed Antenna

TABLE I Detailed Dimensions of the Proposed Antenna (In Millimeter)

Parameter Dimension(mm)
L, 20.59
W, 26.803
L, 7
W, 1
SL, 14

SW, 23
SL, 12
SW, 19
SL, 10
SW; 15

The length and width of the three slots along with the patch
and substrate dimensions are given in the table 1.The
dimension of the ground plane is same as the substrate

dimension.
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IV. RESULTS AND DISCUSSIONS

This session discuss about the return loss and radiation
pattern of the antenna. The proposed antenna is simulated
using EMPro software.

Return loss is the parameter that describes the reflection
coefficient of the antenna and the operating frequency of the
antenna. Fig. 2 shows about the return loss. It has a multiband
with return loss of -36.9 dB at 1.8 GHz is 3G frequency and -
14 dB at 2.34 GHz which is 2G frequency and -13.15 at 4.5
GHz which is 4G frequency. It covers a three band of mobile
communication from 2G to 4G so that three antennas can be
replaced into a single antenna in a mobile that reduces the size
of the mobile.

Fig.2. Return loss

Radiation pattern describes gain of the antenna at a specific
direction. Also we can find the directivity of the given
antenna. For mobile application antenna must have a Omni
directional radiation pattern with equal gain at all frequency.
Fig. 3 shows the radiation pattern of the antenna. It is a Omni
directional radiation pattern that is suitable for mobile
communication. The gain of the antenna is 3 dBi.

Fig. 3. Radiation Pattern

IV. CONCLUSION AND FUTURE WORK

The proposed Microstrip slot antenna is designed by using
EMPro software. From the simulation result it is noted that the
designed antenna works at multiple mobile frequency as 1.8
GHz for 2G, 2.31 GHz for 3G and 4.5 GHz for 4G.These
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frequency have desirable return loss and gain in the three
mobile frequencies that is obtained in the simulation. By using
this proposed antenna three antennas can be replaced by a
single antenna. The total size of the antenna is very small so
that the device size can still be reduced. Further the antenna
can be modified to achieve more frequency for ISM Band
application. And since it an antenna designed for mobile
application we have to achieve a SAR rate as per the value
specified for mobile antenna. So next we have to calculate the
SAR for the proposed antenna. And introduce technique to
minimize the SAR rate.
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