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Abstract:

This paper presents the design and developmesibttéd rectangular microstrip antenna for quaddbaperation and
ominidirectional radiation characteristics. The djuzands are achieved between 4.81 to 16 GHz. Tignitnde of
operating bandwidth has been enhanced to a maxivalue of 3.29, 17.22, 36.44 and 43.33% by varyhmgwidth of
vertical slots on the patch. This enhancement doesaffect the nature of ominidirectional radiaticdmaracteristics. The
proposed antenna is simple in its geometry andbkas constructed from conventional rectangular esicip antenna
by placing vertical slots on the patch and a groplashe of height equal to the length of microstniglon the top and
bottom surface of the substrate. Experimental tesre in close agreement with the simulated restilhe proposed
antenna may find application in microwave commutibcasystem
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1.Introduction

Microstrip antennas (MSAs) are finding increasimpglecations in microwave communication systems heeaof their
diversified uses such as low profile, light weigblanar configurations, easy to fabricate and tmst [1]. The MSA
operating at more than one band of frequenciesite gseful because each band can be used indegbnide transmit
receive applications. Number of investigations hbgen reported in the literature for the realizatd dual, triple and
multi band operation of microstip antenna [3-9].tBlesign of quad band operation realized from cotigeal

rectangular microstrip antenna with ominidirectiorediation characteristics is an additional adaget of the device.
Further the construction of quad band slotted repikar microstrip antenna (QSRMSA) does not ali®rsize when
compared to the size of conventional rectangularasirip antenna (CRMA) designed for the same rasbitequency.

2. Description of antenna geometry

The art work of the proposed antenna is sketchaasbng computer software Auto-CAD to achieve besimruracy and
is fabricated on low cost FR4-epoxy substrate mat@f thickness h = 1.6 mm and permittivity = 4.4 using
photolithography process. Figure 1(a) shows theviepv geometry of QSRMSA. The bottom view geomaifythis
antenna is as shown in Fig. 1(b). In Fig. 1(a)sblected area A of the substrate isx W cm. On the top surface of the
substrate a ground plane of height which is equ#hé length of microstripline feed Is used. A gap of 1 mm is used
between the top ground plane and microstriplind f&n the bottom of the substrate a continuous eolgyer of height
L¢ is used below the microstripline which is bottomound plane. The QSRMSA is designed for 3 GHz ushgy
equations available for the design of conventioeatangular microstrip antenna in the literaturp The length and
width of the rectangular patch argdnd W, respectively. The feed arrangement consists oftguasave transformer of
length L;and width Wwhich is connected as a matching network betweemp#ich and the microstripline feed of length
Ls and width W. A Semi miniature-A (SMA) connector is used at tip of the microstripline feed for feeding the
microwave power.
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(a) Top view geometry of QSRMSA (b) Battoview geometry of QSRMSA
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Fig. 1 Geometry of QSRMSA when /6.1 mm

In Fig.1 (a) the vertical rectangular slots arecpthon the patch. These slots treated as wide atotbeir width is
comparable to the length. The wide slots are sedelsecause they are more effective in enhancinpahdwidth when
compared to narrow slots. The length and widthesfigal rectangular slotwe Ly and W, respectively. Both the slots
are kept at a distance of 1.5 mm from the non ratsom edges (l) of the patch. The design parameter of the prapose
antenna is given in Table 1.

TABLE 1 Design Parameters of Proposed Antenna

L, =23.4mm W, =30.4 mm
L;=24.8 mm W;= 3.0 mm
L;=12.4 mm W;=0.5mm
L=80.0 mm W =50.0 mm
Ls =20.4mm Ws =6.1 mm

3. Experimental results
For the QSRMSA, the bandwidth over return loss teas -10 dB is simulated using HFSS simulatingveafe and then
tested experimentally on the Vector Network Anaty@&ohde & Schwarz, Germany make ZVK model 1127186%he

variation of return loss frequency of QSRMSA issaswn in Fig. 2. From this graph the experimentaldwidth (BW)
is calculated using the equations,

BW = {g} x 100 %
fe

were, § and § are the lower and upper cut of frequencies of redlrespectively when its return loss reaches dBL0

and £ is the center frequency of the operating band. Ridsfigure, it is found that, the antenna opesdtetween 4.81
to 16 GHz.
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Fig. 2 Variation of return loss versus frequencQFRMSA when W= 6.1 mm

In Fig. 2 it is seen that, the antenna gives fegonant frequency modes. The resonant frequency @iokk4.84 GHz

is due to the fundamental resonant frequency ofpiteh and others modes at=f7.33 GHz, § = 8.74 GHz and,f=
11.76 GHz are due to the novel geometry of QSRMHB#e magnitude of experimental -10 dB bandwidth raess at
BW, to BW, are 60 MHz (4.78-4.84 GHz) 1.24 %, 580 MHz (6.935/GHz) 7.98 %, 2.27 GHz (7.67-9.94 GHz) 25.78
% and 5.59 GHz (10.41-16 GHz) 42.33% respectivSijnce the QSRMSA has been designed for 3 GHz. The
fundamental resonant frequency mode (4.84 GHzj)ssfidm 3 GHz to 4.84 GHz. This shift of resonardd® towards

higher frequency side is due to the coupling effefcticrostripline feed and top ground plane. Siaed results of
QSRMSA are also shown in Fig. 2.
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Fig. 3 Variation of return loss versus frequencQFRMSA when W= 7.1 mm
Figure 3 shows the variation of return loss vefssguency of QSRMSA when Y& 7.1 mm. It is clear from this figure
that, the antenna again operates for four resdnamiiency modes retaining the fundamental resomaate at § - 4.81
GHz and other modeat f; = 5.9 GHz, § = 9.00 GHz andgf- 14.15 GHz. The magnitude of experimental bandwidth
measured at BWto BWg are 160 MHz (4.78-4.94 GHz) 3.29 %, 1.08 GHz (%57l GHz) 17.22 %, 3.12 GHz (7-
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10.12 GHz) 36.44 % and 5.59 GHz (10.41- 16 GHzB33% respectively. By comparing Fig. 2 and 3 itlisar that
BWs, BW6 and BW increases in their magnitude respectively by 3@297.22 % and 36.44 % when compared to;BW
BW, and BW, by changing the width \Mo 7.1 mm in QSRMSA.This enhancement of bandwilittes not affect much
the fundamental resonant frequency mogdef fQSRMSA when compared tg The experimental and simulated results
shown in Fig. 3 are in close agreement with eabbrot

The co-polar and cross-polar radiation pattern 8ROISA is measured in its operating bands wherW.1 mm. The
typical radiation patterns measured at 5.97 GHzXn82 GHz are as shown in Fig. 4 and 5 respegtiVéie patterns
are ominidirectional in nature
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Fig. 4 Radiation pattern of QSRMSA measured at &8iz.
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Fig. 5 Radiation pattern of QSRMSA measured at2AGBiz

The gain of the proposed antenna is measured lmpuabgain method [1] using the formula

P A
(G)dB=10 log — |- G, OB - 20I0{ - de
P ' AR
where, P is the power transmitted by pyramidal horn anterfihahe power received by antenna under test (AUT), G
the gain of the pyramidal horn antenaad R the distance between transmitting antennaf&id The variation of
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experimental gain versus frequency of QSRMSA when=W.1 mm is as shown in Fig. 6. It is seen thad, antenna
shows maximum gain of 14.95 dB at 4.85 GHz.
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Fig. 6 Variation of gains versus frequency of QSEM&hen W, = 7.1 mm
4.Conclusion
From the detailed experimental study it is conctutieat, the QSRMSA constructed from CRMA is quitgable in
producing quad band operation. The antenna opebatesen 4.81 to 16 GHz of frequency and gives alinactional
radiation characteristics at each operating bafte magnitude of operating bandwidth has been amuthito a
maximum value of 3.29, 17.22, 36.44 and 43.33%dying the width of vertical slots on the patcheTénhancement
of bandwidth does not affect the nature of omimidiional radiation characteristics. The simulated experimental
return loss results of QSRMSA are in close agreeméh each other. The proposed antenna is sinmpits idesign and
fabrication. The antenna is fabricated using lowtdeR4 substrate material. With these featuresatitenna may find
any applications in microwave communication system.
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