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Abstract
This paper presents the study on bandwidth enhancement 
of simple rectangular microstrip patch antenna based on 
meandering and embedded slots proposed for wireless 
broad band and internet-2300-2390 MHz (WiBro). The 
antenna has been designed and simulated using Commercial 
Electromagnetic Simulator IE3D based on Method of Moments 
(MoM). The enhanced bandwidth, high efficiency, return 
loss, broadside radiation and good gain are achieved for the 
proposed antenna.
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I. Introduction
First generation, second generation and recently, a third 
generation of mobile communication systems has already 
appeared. The rapid increase of mobile and wireless 
communication systems has opened a wide range of 
opportunities to a new kind of antennas such as narrow 
single band, dual band, wide band, ultra wide band (UWB) 
and multi-band antennas. These requirements oblige antenna 
designers to investigate low profile antennas with a moderate 
bandwidth at each band [1]. Microstrip patch antenna consists 
of a radiating patch on one side of a dielectric substrate which 
has a ground plane on the other side. They are very popular due 
to their low profile, low-cost, ease of fabrication, bandwidth, and 
radiation properties. The patch is generally square, rectangular, 
circular, triangular, and elliptical [2,3]. This paper concentrates 
on designing of a simple microstrip patch antenna (MPA) with 
embedded slots and meandering slits to cover WiBro band 
frequency range (2.3 to 2.39GHz).
The report is structured as follows: Section I gives brief 
introduction of the current work, Section II presents the antenna 
geometry and details the design process; Section III shows the 
simulated results of the RMPA and finally, Section IV presents 
the conclusion.

Fig. 1: The Top and Side View of RMPA

II. Antenna Design
The proposed antenna is printed on an FR4 substrate with a 
dielectric constant of εr=4.4 and a thickness of h=1.6 mm. 
The dimensions of the patch such as length and width are 
calculated by using the formulas given in [1, 8] for the resonant 
frequency of 2.3GHz. IE3D Electromagnetic Simulator based on 
Method of Moment (MOM) was used to simulate and optimize 
the antenna.
The antenna has been designed by placing the two embedded 
slots [4,5] towards the radiating edges of the patch. The fig. 
1, shows the final bandwidth enhanced RMPA for the desired 
band. The design processes is explained in various steps along 
with s11 parameter in section III.

III. SIMULATED RESULTS
The Antenna is simulated using the IE3D a MOM based 
electromagnetic simulator. Antenna is probe fed at suitable 
(x, y) coordinates. The antenna is simulated with the frequency 
range of 2.20 to 2.60GHz. The final enhanced bandwidth is 
achieved by various steps. 

Step 1
The dimensions of the patch such as length L=30mm and width 
W=40mm are calculated for the resonant frequency of 2.3GHz. 
From the simulation the return loss (S11) is as shown in fig. 2.  
From the S11 parameter it is observed that the antenna has 
the resonate frequency at 2.32GHz and it has s11 of -27.dB 
with very narrow bandwidth as shown in fig. 2.

Fig. 2: RMPA and s11 of step 1

Step 2
To shift the resonate frequency from 2.3GHz to 2.35GHz the 
length L is reduced by 0.8mm along the right side of the patch 
that is a slot (L6/W=0.8/40) is etched and slot1 (L1/W1=6/2) 
is cut at the centre. From the simulation it is observed that 
there is slight improvement in bandwidth and also shifting of 
the resonant frequency took place as shown in fig. below.
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Fig. 3: RMPA and s11 of step 2

Step 3
The narrow bandwidth is increased by etching the two slots 
(L3/W3=8/1) symmetric with y-axis and placed on the x-axis 
as shown in figure bellow. From the simulation the slight 
enhancement of bandwidth is observed but this bandwidth is 
not sufficient to cover WiBro band. 

Fig. 4: RMPA and s11 of step 3 

Step 4
The meandering slots are also called embedded slots (L2/
W2=28/02) are cut towards and close to the radiating edges. 
These slots supports bandwidth enhancement by introducing 
their own resonances adjacent to the existed resonance and 
also improves the impedance match compared to earlier cases.  
The effect of these slots is as shown in fig. bellow.

Fig. 5: RMPA and s11 of step 4

Step 5
Now two more slots 4a and 4b (L4/W4=16/1) are cut 
symmetrically along parallel to radiating edges just above and 
below the slot 1 as shown in figure bellow, these slots will help 
in the enhancement of bandwidth by introducing their own 
resonances. These resonances are combined with other slot 
resonances so that wide bandwidth is achieved to cover the 
desired band of 2.3 to 2.39GHz frequency. The various other 
parameters are verified.

Fig. 6: RMPA and s11 of step 5

For -10dB reference then there are two frequency points f1 and 
f2 can be considered, from the simulation i.e. S11 parameter 
f1=2.2975GHz and f2=2.41636GHz. The center frequency 
with respect to f1 and f2 i.e. fc = 2.35693GHz. The Bandwidth 
=0.119GHz (119MHz). The percentage of bandwidth with 
respect to center frequency is 5.043%.

Fig.7: s11of Optimized RMPA

This WiBro band covers the narrow range of frequencies such 
as 2300MHz to 2390MHz; the antenna will cover this band 
effectively. The starting frequency point of the WiBro band 
2300MHz is at -12.5dB and end frequency point 2390MHz is 
at -20dB. The 50Ω impedance matching achieved and it can be 
verified by plotting the smith chart which is as shown in fig 3. 

 
Fig. 8: Impedance match 

Fig. 9: Voltage Standing Wave Ratio (VSWR)

A. Antenna Efficiency
The total antenna efficiency is used to take into account 
losses at the input and within the structure of the antenna. 
The antenna efficiency is maximum at resonate frequency and 



IJECT Vol. 2, IssuE 4, oCT. - DEC. 2011ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

w w w . i j e c t . o r g  InternatIonal Journal of electronIcs & communIcatIon technology 173

it is of 45% at 2.345GHz frequency and it is plotted as shown 
bellow in fig 5.

Fig. 10: Antenna Efficiency

B. Radiation Pattern
The radiation pattern is defined as a mathematical function or 
a graphical representation of the radiation properties of the 
antenna as a function of space coordinates.  In most cases, 
the radiation pattern is determined in the far-field region and 
is represented as function of the directional coordinates. The 
radiation pattern obtained here is broadside radiation in polar 
and Cartesian form as shown in fig. 11 and fig. 12.

Fig. 11: Radiation Pattern in polar form

Fig. 12: Radiation Pattern in Cartesian form

IV. Conclusion
Thus we can design the simple microstrip patch antenna (MPA) 
with embedded slots and meandering slits. The designed 
antenna meets the requirements for Wireless Broad Band 
and Internet (WiBro-2300 to 2390MHz) band as of todays 
slandered. The good return loss (S11 parameters) of -40dB is 
achieved along with broadside radiation pattern. The antenna 
has been matched nearly to 50Ω impedance in the frequency 
range covering WiBro band. The experimental results are yet 
to be validated the antenna design, this is only the simulated 
results. The Table1 shows different parameters obtained from 
simulation.

Table 1: Dimensions and parameters of RMPA

Length in mm Width in mm
L 30 W 40
L1 06 W1 02
L2 28 W2 02
L3 08 W3 01
L4 16 W4 01
L6 0.8 W6=W 40
Center Frequency fc 2.335693GHz

Bandwidth (f2-f1) 0.11886GHz 
(118MHz)

Impedance matching 50.72Ohms
Antenna Efficiency 48%
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