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Abstract. This paper presents design and development of circular
microstrip antenna for multiband operation using low cost substrate
material realized from conventional circular microstrip antenna. The
proposed antenna is a novel geometry consisting crossed slot equal arm
length with truncated edges of a circular patch. The antenna uses the
feed line same as that of the conventional circular microstrip antenna.
The antenna operates in the frequency range of 2.03 to 9.56 GHz and
gives a virtual size reduction of 31% with broadside radiation
characteristics at each operating band. The experimental and simulated
results are in good agreement with each other. This antenna may find

applications in WLAN, WiMax and other wireless communication

applications.
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1 Introduction

Microstrip antennas have many advantages such as low profile, conformable to planar
and non-planar surfaces, simple and inexpensive to manufacture using modern
printed-circuit technology and compatible with MMIC designs which leads to use this
type of antenna in different applications. On the other hand major operational

disadvantages of microstrip antennas are their low efficiency, low gain, very narrow
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bandwidth, yet it has been one of the most suitable candidates for modern wireless
communication technology. The practical applications of microstrip antennas for
mobile systems are in portable or pocket-size equipment and in vehicles. Antennas for
VHF/UHF handheld portable equipment, such as pagers, portable telephones and
transceivers, must naturally be small in size, light in weight and compact in structure.
There is a growing tendency for portable equipment to be made smaller and smaller
as the demand for personal communication rapidly increases, and the development of
very compact hand-held units has become urgent. However these antennas are less
suited to modern communication [1], [2] as they efficiently resonate at single
frequency and shows narrow bandwidth at lower microwave frequencies. As they are
compact in nature and hence are popular structures in modern wireless

communication system.

A number of patch structures available but the rectangular and the circular are basic
shapes [3] used in practice. The performance of antenna is affected by patch
geometry, substrate property and feed technique. Circular patch antenna is more
favorable in some applications such as arrays as it takes less space than rectangular
patch antenna operating at the same frequency. In many applications, antenna
operating at several discrete frequency bands that are far from each other is more
useful. Dual, triple and multiband antennas have gained wide attention in cellular
phone, WiMax, Bluetooth, high performance radio local area network (HIPERLAN)
and radar communication particularly in synthetic aperture radar (SAR) etc. In order
to meet the rapidly growing demands of the modern communication systems, the
antenna should be responsible to operate in many frequency bands apart from wider
impedance bandwidth, high gain, compactness and good radiation characteristics. The
multiband antennas realized by using many methods such as, variable inductive or
capacitive loads to the patch [4]. But in this paper truncated edges circular microstrip

antenna with equal arm lengths of cross-slot to work as a multiband operations is

found to be rare in the literature. Truncating the antenna makes its size compact.

63



International Journal of Electronics Communications and Electrical Engineering
ISSN : 2277-7040 Volume 3 Issue 1 (January 2013)
http://www.ijecee.com/ https://sites.google.com/site/ijeceejournal/

2 Description of the Antenna Geometry

The proposed antenna is designed and developed using a commercial low cost
modified glass epoxy substrate material of area X x Y having a thickness h = 0.16 cm,
with relative permittivity &= 4.2. The artworks of these antennas are outlined using
AutoCAD software to achieve better accuracy. The photolithographic processes are
used for the fabrication of these antennas. Figure 1 shows the top view planar
geometry of conventional circular microstrip antenna (CCMSA). The antenna has
been designed for the resonating frequency of 3 GHz. The CCMSA consists of a
radiating patch of radius ‘a’. The antenna is excited through a simple microstripline
feeding of length Ls and width Ws. The quarter wavelength transformer having length
Ly and width Wy technique [3], [4] is used to match the impedance of the circular
patch with the microstripline. A 50 Q semi miniature-A (SMA) connector is used at

the tip of the microstripline to feed the power.
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Figure 1 Top view geometry of CCMSA.

The actual radius of the circular radiating patch is given by using the equation [2].
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Thus the effective area of the circular radiating patch is given by [2]
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Figure 2 shows the top view geometry of truncated edges cross-slot circular
microstrip antenna (TECCMSA) which is modified from the CCMSA.

Figure 2 Top view geometry of TECCMSA.
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In Figure 2 two crossed slot of equal arm lengths with truncating two opposite edges
from a circular patch at 45° to the feed on the conventional circular radiating patch is
used. The two equal arm lengths H1, and H2, and widths H1y and H2 of cross-slot
which are taken as Ao/5 and Ao/50 respectively, where Ao is free space wavelength in
cm corresponding to the design frequency of 3 GHz. The slot cut of edges length and
width T, and D, which are taken as Ao/7.04 and A0/50. Table 1 shows the designed
parameters of proposed antennas.

Table 1. Design Parameters of proposed antennas.

Antenna Parameters Dimensions in cm
a 1.361
Lt 1.23

Wi 0.317
Lir 1.23
Wi 0.066

H1. Ao/5
H2. Ao/5
Hlw Ao/50
H2w Ao/50
T Ao/7.04
Da Ao/50

3 Experimental Results and Discussions

Figure 3 shows the variation of return loss versus the frequency of CCMSA. It is seen
that, the antenna resonates at 3 GHz, which is accurately equal to design frequency of
3 GHz. The percentage of experimental impedance bandwidth is calculated using the
relation is given in Equation 3.

—f

f
Impedance Bandwidth = % x100% (3)
c

where, f, and f; are the upper and lower cut off frequency of the resonated band when
its return loss reaches -10 dB and f; is a centre frequency between f; and f,. The
impedance bandwidth of CCMSA is found to be 2%. The HFSS simulated result of
CCMSA is also shown in Figure 3.
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Figure 4 shows the variation of return loss versus frequency of TECCMSA. From this
figure it is found that the antenna resonates at five modes of frequencies fi, fp, f3, fa
and fs with their respective impedance bandwidths are BW1= 2.91% (2.03-2.09 GHz),
BW, = 2.59% (2.28-2.34 GHz), BW3= 2.25% (3.50-3.58 GHz), BW, = 7.74% (7.32-
7.91 GHz) and BWs=9.79% (8.64-9.53 GHz) respectively. The first band BW1 is due
to the fundamental resonance of the patch. The remaining bands BW,, BW3, BW, and
BW:s are due to the truncation insertion of equal arm lengths of cross-slot on the
circular radiating patch as they resonate independently. The simulated result of
TECCMSA is also shown in Figure 4 which is close agreement for f; to fs with
experimental results. By comparing the resonant frequency f. of Figure 3 to f; in
Figure 4 it is found that the TECCMSA gives virtual size reduction of 31 %.
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Figure 3 Variation of return loss versus frequency of CCMSA.
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Figure 4 Variation of return loss versus frequency of TECCMSA.

The typical far field co-polar and cross-polar radiating patterns of CCMSA and
TECCMSA measured in their matched bands are shown in figure 5 to 8. From these
figures, it can be observed that the patterns are broadside and linearly polarized.
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Figure 5 Radiation patter of CCMSA measured at 3GHz.

68



International Journal of Electronics Communications and Electrical Engineering
ISSN : 2277-7040 Volume 3 Issue 1 (January 2013)
http://www.ijecee.com/ https://sites.google.com/site/ijeceejournal/

0dB -4dB -8dB -8dB -4dB  0dB
| TECCMSA:

Co-polar - - - - Cross-polar l

Figure 6 Radiation pattern of TECCMSA measured at 2.07 GHz.
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Figure 7 Radiation pattern of TECCMSA measured at 2.32 GHz.
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Figure 8 Radiation pattern of TECCMSA measured at 7.51 GHz.
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4 Conclusions

From the detailed study it is clear that, the design and development of CMSA for
multiband operations is possible by modifying CCMSA to TECCMSA. This antenna
operates between the frequencies ranges from 2.03 to 9.56 GHz, and gives a virtual
size reduction of 31% and shows broadside radiation characteristics at each operating
band. The experimental results of return loss versus frequency of proposed antennas
are in good agreement with simulation results. The proposed antennas are simple in
their design and fabrication and they use commercially available low cost substrate
material. This antenna may find applications in wireless local area network (WLAN),
worldwide interoperability for microwave access (WiMax) and other wireless
communication applications like Bluetooth and high performance radio local area
network (HIPERLAN).
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