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Abstract: In this paper capacitive fed rectangular patch Microstrip antenna loaded with I-shape slots is developed. The
model of Antenna uses the capacitive feed strip which is fed by coaxial probe using equivalent circuit approach. The
proposed antenna has the impedance bandwidth of 58% in the frequency range 3.9GHz to 7.14GHz which shows
wideband characteristics. Gain is almost constant in the entire band of operation. The proposed antenna is simulated
using IE3D software. It is shown that the antenna can cover the bands of several applications including WLAN,
Satellite communication, Marine communication and terrestrial microwave links.
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I. INTRODUCTION

A Microstrip antenna is attractive candidate in the variety of commercial scale application such as mobile and
spacecraft application due to their numerous advantages such as low cost, light weight and easily printed onto circuit
board. However Microstrip antennas suffer from low bandwidth characteristics [1].Many efforts have been devoted to
bandwidth widening techniques of Microstrip antennas, including the use of impedance matching [2], multiple
resonators [3], and a thick substrate [4]. The simplest technique to overcome the size problem is to incorporate high
dielectric constant substrate which is very expensive so it is not suitable in many applications [5]. The other technique
using short circuit [6] or a short pin [7] has also been proposed. Much attention is focused to improve the bandwidth of
short-circuited patch antennas [8-10].18.5% impedance bandwidth was obtained using thick foam as substrate [10]. Two
stacked short circuited patch were used to obtain impedance bandwidth of 309%[9].Using an L-probe feed substrate the
impedance bandwidth obtained was more than 39% [10].Thus stacked and L-probe feed both increase the complexity
of the antenna. In case of using high dielectric substrate the inductance introduced by coaxial probe will increase the
height of foam which in turn limits the bandwidth improvement of the antenna. The U-slot cut on the patch proposed
[11] can be used to cancel the inductance.

A single layer coplanar capacitive fed wideband Microstrip antenna is easy to fabricate and reported 28% impedance
bandwidth [12] could be enhance by optimizing the feed strip dimensions and its position with respect to radiator patch
[13].The probe inductance is compensated by placing capacitive feed strip along one side of radiator patch. The input
impedance of Microstrip antenna is a key factor for matching between transmission line and antenna terminal. For
impedance calculation various models like transmission line model, cavity model, moment method solution and
equivalent circuit are used in which the equivalent circuit model [14], is simple and reasonably accurate but they
consider that the probe feed is directly connected to radiator patch.

Here we have proposed a design of I-shape slot loaded capacitive coupled patch antenna that can have wideband
operation.The I-shape slot introduces a capacitance suppressing some of inductance introduced by probe. The
characteristics including impedance bandwidth, surface current distribution, gain, and directivity and radiation pattern
has been discussed. The proposed antenna has impedance bandwidth of 58% in the frequency range 3.9GHz to
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7.14GHz which shows the wideband behaviour. The antenna is useful for wideband applications including, RADAR
communication, Marine communication, Satellite communication, WLAN and terrestrial microwave links.

Il. ANTENNA GEOMETRY AND DESIGN

The basic geometry of the antenna is shown in Fig.1.The proposed antenna is basically a suspended Microstrip antenna
in the air with a radiating patch and the feed strip which are placed above the substrate of thickness ‘h” mm. The length
of radiator patch (L) is 15.5mm and the width of patch (W) is 16.4mm. Capacitive coupling of energy to the radiating
patch is performed by feed strip using a long pin SMA connector The capacitive coupling is given by feed strip with
length of strip (s) is 3.7mm and width of strip (t) is 1.2mm.The feed strip is separated from patch by distance (d) is
0.5mm. The substrate used for the antenna fabrication is Fr4 of dielectric constant 4.4 and of thickness (h) of 1.56 mm.
The air gap between substrates is taken 6mm. Thus the effective height of the substrate is the total height of the air gap
and the height of effective dielectric constants. The effective dielectric properties will remain almost unaffected by small
variation of the dielectric constant of the substrate and so the bandwidth also. The slot is embedded on the patch with
length of 12 mm and width of 1mm at y=2.7mm.By introducing the slot the impedance bandwidth increases. The
variation in slot length affects the impedance bandwidth and also shifts the corner frequency.
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Fig.1.Basic geometry of slot loaded capacitive feed wide band Microstrip antenna
(a)Top view (b) Cross sectional view
This Microstrip antenna is equivalent to a parallel tuned circuit for antenna operating in the fundamental mode and
shown in fig.2 which consists of parallel RLC circuit [13].
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Fig.2. Equivalent circuit of probe with feed strip

In present geometry of antenna the feed is not given by directly connecting the coaxial probe, but the radiator patch is
connected to a small rectangular patch which excites it capacitive coupling. The feed strip is equivalent to rectangular
Microstrip capacitor because the dimension of the feed strip is much smaller in comparison to wavelength of operation.
Since the area of the strip is very small as compared to patch,the perimeter to area ratio is much larger hence the
fringing capacitance from the edges may be significant in this case. This capacitance is known as terminal capacitance
of the line.

The dissipation and radiation losses from feed strip line can be represented as R i, At lower frequency radiation losses
from feed strip line are negligible but as the operating frequency increases, the radiation losses are effective. The
separation between radiator patch and the feed strip is essentially an asymmetrical gap that means two conductors of
unequal width separated by short distance (d).This can be represented by model of Cpl, Cs, and Cp2. Here Cpl and
Cp2 represent terminal capacitance of two Microstrip sections and the series capacitance Cs represents gap [13] and
equivalent circuit of feed strip is shown in figure 2.
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Fig.3. Circuit model of Antenna without slot

The input impedance of antenna without slot as shown in fig.3 can be calculated from equation (1)
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Fig.4. Equivalent Circuit of I-shape slot loaded capacitive coupled Microstrip antenna

The complete equivalent circuit of the proposed antenna is shown in figure 4 and input impedance of the complete
circuit can be calculated from equation (2).

Zin.Zslot

Zrotal= Zin+Zslot (2)

I1l. RESULTS AND DISCUSSIONS

The results of the proposed antenna were obtained by simulation using the IE3D software which is a method of
moments (MoM) based electromagnetic software.Fig.5shows variation of return loss with frequency. The -10 dB return
loss is between the frequency range 3.90GHz to 7.14GHz.The center frequency of this proposed design is 5.52GHz and
the impedance bandwidth is 58% which shows that the antenna exhibits broadband characteristics.

An attempt has been made to study the behavior of antenna on slot dimensions. Variation of return loss with frequency
for different slot length is given in Fig.6. Slot length shifts the band left ward as we increase the slot length. The highest
resonance frequency change rapidly with slot length which indicates that slot on the antenna behaves like a dipole is
responsible for the increase in the impedance bandwidth.
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Fig.6. Variation of return loss with frequency for different slot lengths

Fig.5Variation of return loss with frequency (Simulated) (Simulated)

The surface current distribution at frequencies 3.9GHz, 5.52GHz and 7.14 GHz has been shown in figure 7(a), 7(b) and
7(c) respectively. The figure shows that electric current moves around the slot hence increase the path of the electric
current and responsible for the bandwidth improvement.
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The gain variation with is shown in figure 8. The variation of gain is less than 1dB. The radiation patterns at
frequencies 3.9GHz, 5.52GHz and 7.14 GHz are shown in figure 9(a), 9(b), 9(c).The patterns shows that H plane
patterns are symmetrical throughout the band of operation whereas E plane patterns are symmetrical at lower and
higher frequencies and as the frequency approaches to center frequency, the degree of asymmetry increases.

Fig. 7(a) Surface current distribution at 3.9GHz Fig.7 (b) Surface current distribution at 5.52GHz
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Fig.7(c)Surface current distribution at 7.14GHz Fig.8.Variation of gain with frequency
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Fig.9 (b) Radiation Pattern at frequency 5.52GHz
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Fig.9 (a) Radiation Pattern at frequency 3.9GHz
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Fig.9(c) Radiation Pattern at frequency 7.14GHz
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V. CONCLUSION

In this communication, I-shape slot loaded capacitive coupled patch antenna with broad band behaviourhas been
presented. The impedance bandwidth of 58% has been achieved. This antenna can be used for wireless
communication system. The proposed antenna also operates in 5GHz band hence can be used for WLAN
application. The antenna can cover the bands of several applications including WLAN, Satellite communication,
Marine communication and terrestrial microwave links.
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