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Abstract:

In wireless communication system compact antennas are required to minimize the size, hence these
requirements can be overcome by microstrip antenna. The present study shows a design of rectangular
microstrip antenna by loading rectangular slot in the form of C shape on the patch. The microstrip antenna is
designed using slot loading technique, which is resonating at three different frequencies 1.40 GHz, 5.23 GHz
and 5.88 GHz. The simulation software High Frequency Structure simulator used to simulate the design.
Antenna dimensions of 8x4x0.16cms is fabricated using low cost FR, substrate and The antenna is working for
triple band between 1.40 GHz to 5.88 GHz with virtual size reduction of 60 %, good return loss, gain and the
impedance bandwidth is observed hence it shows the application in C and L band.
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. Introduction

In the field of communication, the role of transmitting and receiving information can be achieved by
antennas. Microstrip antenna was first introduced by Decamps. The microstrip antenna is a planar antenna have
low cost, compact as compared to the other antennas. But microstrip antenna has some limitation such as single
band, low gain and lesser bandwidth etc., Using slot loading, shorting, multilayer are some of the techniques can
be adopted to overcome the antenna limitations [1].

A microstrip antenna by loading rectangular slot in the form of Trishul shaped designed shows a wide
band covering from 1.61 GHz to 17 GHz frequency [2]. A nearly square microstrip antenna with two half U
shaped slots along with rectangular slots are loaded to obtain wideband and also give rise to higher order modes
[3]. A compact reconfigurable microstrip antenna resonating at six different bands with good radiation
efficiency between 80 % to 96 %. [4]. Another microstrip antenna with chair shaped patch with a defective
ground structure in the form of U shaped found highest gain of 11 dB [5]. A C shape strip surrounding the
square patch shows a very good efficiency of 78 % with the peak gain of 4.2 dBi and beam width of 90 degree
3dB [6]. Slit loaded microstrip antenna results in dual band in nature with a good return loss and gain. The slit
was inclined at an angle 45-degree diagonal to the antenna patch [7]. A dual frequency microstrip antenna
obtained by slit cut on the circular patch. Due to the slit cut the offset feed with matched input impedances is
observed at TMy;, TM,; and TM,, which results two bands in nature [8]. Using a printed board CNC machine
microstrip antenna is fabricated by loading two U shaped slot on the rectangular patch which is resonating at 1.8
GHz, 2.4 GHz and 3.5 GHz with gain of 7 to 9.5 dB [9]. A comparative study is done by adding rectangular,
circular and annular ring shaped patch structures on microstrip antenna using cavity model technique two broad
side radiating modes are found in rectangular microstrip antenna [10]. By adding a successive rectangular slots
of different length with a square stub shows a broad band of 106.92 % [11]. In this proposed work the microstrip
antenna is loaded with rectangular slot using FR4 as a substrate. The antenna is simulated using HFSS software
which is resulting in triple band in nature with a gain of 6.19 dB and virtual size reduction of 60 % is achieved.

1. Antenna Design
The microstrip antenna is designed for resonating frequency 3.5 GHz to calculate length and width of
the patch, substrate and the feed line. The calculated dimensions of microstrip antenna are 8 cms x 4 cms x 0.16
cms using quarter wave transformer feed with a low cost FR4 substrate. The conventional microstrip antenna is
resonating at 3.27 GHz with the gain 2.58 dB having return loss of -14.8 dB. Table 1 below shows the
dimensions of the basic antenna structure. Figure 1 shows the geometry of conventional microstrip antenna
simulated using high frequency structure simulator Ansys software.
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Figure 1: Shows the conventional antenna design

Table 1: Antenna Design Parameters.

Parameters Dimensions
Width of the patch Wp 2.64 cms
Length of the patch LP 2.04 cms
Width of the substrate Ws 4 cms
Length of the substrate Ls 8 cms
Width of the quarter wave length Witf 0.05 cms
Length of the quarter wave length Ltf 1.09 cms
Width of the feed WF 0.3cms
Length of the feed Lf 2.18 cms

1. Proposed antenna structure

Fig 2. Structure of microstrip antenna with slot width 2.25 cms.

A rectangular slot is loaded on the microstrip patch of length L;= 1 cms and W, = 0.05 cms which
results in four bands, resonating at frequencies f; = 3.22 GHz, f2 = 6.44 GHz f3 = 7.72 GHz and f4 = 8.40 GHz
with a gain of 1.95 dB. The width of the slot is varied in terms of 0.05 cms till 2.25 and the resulted variation in
the resonant frequency, gain and virtual size reduction are observed. Figure 2 shows the proposed C shaped
microstrip antenna structure. The rectangular slot on the patch shows better size reduction when the slot with is
2.25 cms having multiple bands with highest gain of 6.19 dB. As the width of the rectangular slot is increased
the virtual size reduction increased from 8 % to 60 %. The parameters with variation on slot width is tabulated

in the table 2.
Table 2: Comparison of parameters with the variation of the slot dimensions.

SI. | Slot Frequencies Virtual VSWR
No | Dimensions Bands Size
Keeping Reduction
Ls=1cms VSR
01 | Wy=0.5cms | f;=3.22 GHz 8% 1.64
f,=6.44 GHz 1.47
f; =8.40 GHz 1.63

02 W;=1cms f1=2.98 GHz
f,=5.02 GHz 14.85% 1.65

f3=6.15 GHz 1.66
f4=9.05 GHz 1.17
1.13
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03 | Wy=15cms | fi =262 GHz 25.14 % 1.22
f,=5.02 GHz 1.29
f; =5.90 GHz 1.50
f4=9.77 GHz 1.26
04 | Ws=2.0cms | f;=2.23GHz 1.03
f,=4.82 GHz 36.28 % 1.13
f; =5.70 GHz 1.59
fs=9.57 GHz 1.10
05 | We=2.22cms | f; =1.40 GHz 1.40
f,=5.23 GHz 60% 1.26
f; =5.88 GHz 1.33

V. Results and Discussion
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Figure 3: Frequency versus s11 graph for basic antenna.

The above graph shows the return loss of conventional microstrip antenna. The simulated antenna
resonating at 3.37 GHz with -14.8 dB return loss and When the rectangular slots are loaded the current
distribution path increases more in case of w = 2.2 cms (11 Iteration) as compared with the | and Il Iterations
slot widths and is observed in the figure a b and c.
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Figure 4: Current Distribution at width of rectangular slot (a) 0.05cms (b) 1.5 cms and (c) 2.25 cms
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Figure 5: Frequency versus S11 plot for different width of the slots

In the Figure 5 it is observed that slot loaded microstrip patch antenna resonating at different frequency
with the variation of slot width. The resonant frequency is reduced from 3.5 GH to 1.40 GHz in case of width is
equal to 2.2 cms. The proposed antenna is resonating at three different frequencies f; = 1.40 GHz, f, = 5.23
GHz and f; = 5.88 GHz with the return loss -14.79 dB, -18.62 dB and -15.42 dB having impedance bandwidth
BW, = 6.42 % GHz, BW, = 2.10 % and BW; = 1.89 % respectively.

Figure 6 :
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Figure 6: VSWR plot for C Shaped slot.
VSWR plot. For different slot width variation and for the proposed antenna the
VSWR obtained are V1 = 1.40, V2 = 1.26and V3 = 1.33

Table 3: Comparison of parameters with the existing work

Ref. S Size Reduction Gainin Application
No. Parameters dB
in dB
[12] -10.66 dB 53 % - GPS
[13] -15.43dB - 7.31 Wi-Fi and
Wi-Max
[14] -21.5dB 4.8 WLAN
[15] -32.80 dB WiMAX, Wi-
- Fi and WLAN
[16] -50 dB 2.50 Wide Band
[17] -24.09 dB 6.18 Wi-Max and
-23.09 dB 6.18 WLAN
Proposed | -14.79 dB WLAN,IEEE
-18.60 dB 60 % 6.19 802.11,
-15.42 dB military and
satellite
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Microstrip antenna embedded with C and H shaped slots results in size reduction of 53% and 62 %
[12]. A novel microstrip antenna with C shaped patch has high gain of 7.31 dB covers bandwidth about 50%
between 1 to 3 GHz frequency [13]. A C and H shaped slots are loaded on the microstrip antenna which is
designed at 4.5 GHz frequency using line feed, it is found that C shaped antenna shows better gain and
bandwidth as compared with the H shape. Three C shaped microstrip antenna resonating at 2.5 GHz shows
bandwidth of 2500 MHz with SWR of 1.04 [15]. An extended C shaped antenna designed gives good bandwidth
of 31.1 % with a gain of 2.50 dBi [16]. A unique double C slots loaded on the patch results in the gain of 6.18
Db with dual band in nature [17]. The references antenna gives wide bandwidth and high return loss with good
gain but size reduction has not been achieved. But in the proposed antenna a triple band with good return loss as
well as size reduction of 60 % having gain of 6.19 dB can be observed as shown in the table 3.

V. Conclusion
C shaped slot loaded microstrip antenna is designed using FR4 substrate. The designed antenna shows
triple band in nature as compared with the conventional microstrip antenna. The antenna shows gain of 6.19 dB
with virtual size reduction of 60% and having good return loss and impedance bandwidth. The antenna is
resonating between 1.40 GHz to 5.88 GHz hence it finds application in WLAN IEEE 802.11, military and
satellite application
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