IJEE

Volume 5 • Number 2 • July-December 2013 pp. 93-96

Serials Publications, ISSN : 0973-7383

A Novel Design of Slot Loaded Rectangular Microstrip
Antenna for Multiband Operation
P. Naveen Kumar1*, S.K. Naveen Kumar1 and S.N.Mulgi2
1

2

Department of Electronics, University of Mysore, P.G.Center, Hemagangothri,
Hassan, Karnataka, India

Department of PG Studies and Research in Applied Electronics, Gulbarga University,
Gulbarga-585106, Karnataka, India

Abstract: A novel design of � and three horizontal slot loaded rectangular microstrip antenna is proposed for quad band
operation which, is realized from conventional rectangular microstrip antenna (CRMA). By removing a slot in � and one
horizontal slot on the patch the antenna converts quad band to penta band operation without changing much the nature of
radiation characteristics. The details of antenna design are presented and experimental results are discussed. This antenna may
find application in Wimax, WLAN, and SAR.
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1. INTRODUCTION
Microstrip antenna leads an important role in wireless
communication system. For the last few decades microstrip
antennas have been widely used because of their significant
features such as light weight, small size, low profile and
easy to fabricate. As the microstrip antenna is planar in
configuration, it enjoys all the advantage of printed circuit
technology [1]. Multiband operations of microstrip antennas
have gained wide attention in radar communication mainly
in synthetic aperture radar (SAR). But the main limitation of
microstrip antenna is their narrow impendence bandwidth
and lower gain. To overcome these drawbacks various
techniques are disposed in the literature to enhance the
bandwidth and gain [2-5]. Multiband frequency microstrip
antennas are described by many methods such as monopole
technique [6], modifying the ground plane [7], dielectric
resonator [8] etc. In this paper, a simple concept has been
used by loading vertical and horizontal slots in the form?
and three horizontal slots on the conducting patch on the
CRMA to achieve multiband operations.
2. DESIGNING
The proposed antenna is designed using low cost glass
epoxy substrate materials of thickness h = 1.66 mm and relative
permittivity �r = 4.2. Figure 1 shows the geometry of CRMA
which is designed by using basic equations available in the
literature [1]. The antenna is designed for the resonant
frequency of 4 GHz. The CRMA consists of radiating patch
of length L and width W. The feed arrangement consists of
a quarter wave transformer of length Lt and width W which
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is used for better impedance matching between the
microstripline feed of length Lf , width Wf and center point
(Cp) along the width of the patch. At the tip of microstripline
feed a 50��coaxial SMA connector is used for feeding the
microwave power.
Fig. 1 shows the �-horizontal slots rectangular microstrip
antennas (�-HSRMA) which is derived from CRMA. The �
and three horizontal slots are suitably placed horizontally
along the non radiating edges of the patch. The length of
the slot Ls is 0.75 cm and width Ws is 0.1 cm. The dimensions
of slots are taken in terms of �o, where �o is the free space
wavelength in cm corresponding to the designed frequency
of 4 GHz. The locations of slots and their dimensions are
mentioned in Fig. 2.

Figure 1: Geometry of CRMA

Figure 3 shows the geometry of horizontal L type slot
rectangular microstrip antenna (HLSRMA). This antenna is
derived from ?-HSRMA. In this figure one arm of �-slot is

94
removed. The slot appears in the form of L. Further the three
horizontal slots shown in Figure 2 the middle slot is removed.
The other geometry of HLSRMA is remains same as that of
�-HSRMA.

CRMA is as shown in Fig. 4. It is clear from this figure that,
the antenna resonates for the design frequency of 4 GHz.
This validates the design concept of CRMA. Further from
Fig. 4 it is seen that, the antenna resonates for single band
of frequency BW1. The magnitude of BW1 is found to be
3.50%. This is calculated using the equation, bandwidth
=

( f2

f1 )
fc

100% .

Where f2 and f1 are the upper and lower cutoff frequencies
respectively, when its return loss reaches –10dB and fc is
the center frequency between f1 and f2.

Figure 2: Geometry of -HSRMA

Figure 4: Variation of Return Loss Versus
Frequency of CRMA

Figure 3: Geometry of HLSRMA

The locations of slots and their dimensions of HLSRMA
is mentioned in Fig. 3. The designing parameters of CRMA
are given in Table 1.
Table 1
Designed Parameters of CRMA, -HSRMA and HLSRMA
L = 1.68 cm

W = 2.32

Lt = 0.96cm

Wt = 0.05

Lf = 0.75cm

Wf =0.32

Ls = 0.75cm

Ws = 0.1cm

3. EXPERIMENTAL RESULTS
The impedance bandwidth over return loss less than –10dB
for the proposed antennas is measured on vector network
analyzer. The variation of return loss versus frequency of

Fig. 5 shows the variation of return loss versus frequency
of �-HSRMA. From this figure, it is seen that, the antenna
resonates for quad band of frequencies BW2, BW3, BW4
and BW5. The magnitude of each operating band is found to
be 6.89%, 5.22%, 3.8%, and 9.3% respectively. The quad
band operation is due to the independent resonance of patch
and slots inserted on the conducting patch of �-HSRMA.
By the construction of novel geometry of �-HSRMA, the
antenna start resonating higher than the designed frequency
of 4 GHz. Figure 6 shows the variation of return loss verses
frequency of HLSRMA. It is clear from this figure that by
modifying �-HSRMA to HLSRMA the antenna resonates
for penta or multiband of frequencies i.e. for BW6, BW7,
BW8, BW9 and BW10. The magnitude of each operating band
is found to be 4 %, 3.6 %, 17%, 9.3 % and 2 % respectively.
Hence the location of slots on HLSRMA is quite effective in
producing multiband operation. The location of slots on the
patch changes its conductivity. Hence by suitably placing
the slots on the patch, the antenna can made to operate for
the desired frequency band.
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The radiation patterns of antenna are measured in an
anechoic chamber. The co-polar and cross-polar patterns in
E-plane and H-plane of the antenna are presented in Fig.7-9.
From these figures it is clear that, the E and H plane patterns
are broad sided and are nearly same with each other.

Figure 5: Variation of Return Loss Versus Frequency
of -HSRMA

The gain of the proposed antennas is measured by
absolute gain method. The power transmitted Pt by pyramidal
horn antenna power received Pr by antenna under test (AUT)
is measured independently. With the help of these
experimental data, the gain (G) in dB of AUT is calculated by
using the formula,
(G)dB = 10 log

Pr
Pt

(Gt ) dB

20log

Figure 7: E and H Plane Radiation Patterns of CRMA
Measured at 3.97 GHz.

0

4 R

dB

Where Gt is the gain of the pyramidal horn antenna and
R is the distance between the transmitting antenna and AUT.
Using above equation the peak gain of �-HSRMA and
HLSRMA measured in their operating bands is found to be
1.14 and 2.49 dB respectively. Hence by the construction of
HLSRMA enhances the gain by 2.18 times more than the
peak gain of �-HSRMA.
Figure 8: E and H Plane Radiation Patterns of -HSRMA
Measured at 8.73 GHz.

Figure 6: Variation of Return Loss Versus Frequency
of HLSRMA

Figure 9: E and H Plane Radiation Patterns of HLSRMA
Measured at 9.67 GHz.
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4. CONCLUSION
From the detailed experimental study it is concluded that, by
using �-slot and three horizontal slots on the CRMA i.e.
�-HSRMA the antenna resonates for quad band of
frequencies and gives a peak gain of 1.14 dB. Further by
removing a slot in � and one horizontal slot in �-HSRMA i.e.
HLSRMA, the antenna operates for penta or multiband of
frequencies and enhances the gain by 2.18 times more than
the gain of �-HSRMA without much changing the nature of
radiation characteristics. This antenna also gives a highest
17% of bandwidth in penta band operation. The proposed
antennas are simple in their design and fabrication and they
use low cost substrate material. These antennas may find
applications in Wimax, WLAN and SAR.
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