
Design and Analysis of Coplanar Capacitive Fed Slotted Patch 

Antenna for S Band Applications  

1Ajit Kumar, 1Sayyad Shafiyoddin 

1Milliya Arts Science and Management Science College, Beed (MS) -431122 

syedsb@rediffmail.com 

 

 

Abstract: This article presents the 

suspended truncated rectangular patch 

coplanar capacitive fed slotted antenna 

for S- band applications. In this paper a 

center slot rectangular antenna with 

truncated corner are presented. Proposed 

antenna geometry consists of two 

truncated corners and a center slot to 

obtained antenna resonance at multiple 

overlapping frequencies so that it 

increase the impedance bandwidth and 

also for proper impedance matching. 

After presenting the basic geometry, the 

proposed configuration (with truncated 

corner and center slot) which increases 

the impedance bandwidth is presented. 

Both rectangular patch and square feed 

strip is on the same surface a long SMA 

probe is used to feed the antenna 

configuration. Finally a proposed 

geometry is analyzed and optimized by 

using simulation software HFSSv15.        

 

Keyword― Capacitive Feed, 

Microstrip antennas, impedance 

bandwidth, wide band, and gain. 

 

1. INTRODUCTION 

 

Now a day’s Microstrip antennas are the 

right candidates for several wireless 

applications (GSM, Wi-Max, RFID etc.) 

because of their numerous advantages 

including easy design and fabrication 

procedure [1, 2]. However, these 

antennas exhibit a few serious 

limitations such as low Impedance 

bandwidth and gain in their conventional 

form. Hence, several researchers 

reported numerous techniques to 

improve these restrictions especially 

enhancing the impedance bandwidth. 

These alterations include, cutting slots in 

the basic shapes [3], changing the shape 

of the geometry [4], or using multi-layer 

technique. A  dual band characteristic in 

a microstrip antenna is obtained by 

embedding a slot in the patch as the 

structure proposed in [5,6] in which the  
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radiating patch includes a pair of step-

slots. In microstrip antennas, embedded 

slots can also be used to enhance the 

impedance bandwidth of a single band 

antenna. A circular arc slot [7] and a U-

shaped slot [8] have been investigated in 

order to broaden the bandwidth of a 

single band antenna. To realize a 

broadband characteristic in feeding a 

microstrip antenna, an L-probe can be 

used. This feeding structure is also 

known as broadband electromagnetic 

coupling probe [9]. 

It is well known that considerable 

bandwidth enhancement can be achieved 

by increasing the overall height of the 

composite air dielectric medium [9–14]. 

However, the use of air gap increases the 

height/volume of the antenna which is 

undesired in several (compact) 

applications [15]. Therefore, a design 

that uses small air gap for the similar 

antenna design is reported earlier [13] 

There are several microstrip patch 

antennas available in literature, which 

operate at dual resonant frequencies [14, 

18–34]. For example antenna reported in 

[18] uses stacked configuration [18], 

whereas geometry presented in [19] uses 

suspended configuration (with air gap) 

[19] 

As stated in above paragraphs, several 

applications require compact antenna 

geometries which occupy small 

area/volume of the wireless device. 

Hence, in this work we propose a design 

that uses small air gap for the similar 

antenna designs reported earlier. The 

antenna developed here is suitable for 

various wireless applications like ISM 

(2.4–2.5 GHz), PCS cellular spectrum 

widely licensed across the US at 1.9 

GHz, broadband wireless commercial 

service delivery in US (2.3 GHz) etc.. 

However, this configuration is useful 

where wireless devices operate at fixed 

resonant frequencies. In the U.S., 

the FCC approved satellite-based Digital 

Audio Radio 

Service (DARS) broadcasting in the S 

band from 2.31 to 2.36 GHz, currently 

used by Sirius XM Radio. More 

recently, it has approved for portions of 

the S band between 2.0 and 2.2 GHz the 

creation of Mobile Satellite Service 

(MSS) networks in connection with 

Ancillary Terrestrial Components 

(ATC).  

The basic geometry and its working are 

presented in Section 2. The design starts 

with the selection of center frequency 

and it may be noted that the design 
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approach can be easily scaled to any 

frequency of interest. The proposed 

antenna with truncated corner and 

rectangular slot at the center of radiating 

patch and effect of air gap is presented in 

Section 3. Simulation studies to 

determine the dimensions of the key 

design parameters and the slot are also 

presented there. Experimental validation 

of the basic geometry is presented in 

Section 4. Conclusions of this study are 

given in Section 5. 

 

2. BASIC ANTENNA GEOMETRY  

The geometry of antenna is 

basically a suspended microstrip antenna 

which is shown in (Figure 1). The 

configuration is basically a suspended 

microstrip antenna in which radiating 

patch and the feed strip are etched on the 

substrate of thickness “h” mm. A long 

pin SMA connector is used to connect 

the rectangular feed strip which couples 

the energy to a radiating patch by 

capacitive means. The length and width 

of the patch are designed for 2.4 GHz 

operation. 

 

 

                                (a)                                                                             

(b)                              

Figure 1: (a) Top view of basic antenna 

geometry (b) Side view of basic antenna 

geometry 

 

Figure explain the basic configuration of 

the antenna in which a square capacitive 

patch is used to couple energy to the 

antenna.  

 

3. PROPOSED ANTENNA 

GEOMETRY AND PARAMETER 

STUDY  

The proposed geometry of 

antenna is basically a ractangular patch 

with a rectangular slot microstrip 

antenna in which rectangular patch and 

feed strip etched on same substrate. A 

long SMA feed is used to provide energy 

to the basic arrangement the length and 

width are designed for dual resonant 

frequency. In this rectangular patch 

antenna with slot and truncated corner 

antenna is designed. The dielectric 

substrate is used for the simulation with 
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dielectric constant (εr) = 4.4, loss tangent 

(tanδ) = 0.02, and the height of the 

substrate is equal to 1.6mm.  

 
In this HFSS v15 simulation software is 

used for simulation study of antenna. 

 

             

 

(a)                                                                      

(b) 

 

Figure 2: (a) Antenna geometry with rectangular 

slot.  (b) Antenna geometry with truncated 

corner and rectengular slot. 

 

Figure shows the proposed antenna 

geometry with truncated corner and 

rectengular slot at the center.  

The antenna was designed to operate 

with a center frequency of 2.4 GHz. 

Radiator patch dimensions can be 

calculated from standard design 

expressions after making necessary 

corrections for the suspended dielectric 

[1, 2]. These corrections incorporate the 

total height above the ground (g + h) and 

effective dielectric constant of the 

suspended microstrip [16]. It has been 

shown that the impedance bandwidth of 

the antenna may be maximized by using 

the design expression [9]  

 g = 0.16λ0 − h √ εr.                                                                                           

(1) 

Where g is the height of the substrate 

above the ground, and h and εr are the 

thickness and dielectric constant of the 

substrate. However, it should be noted 

that Equation (1) enables us to predict 

only initial value and the final value may 

be optimized with the simulation tools 

like HFSS. The parameters that can be 

used to optimize the antenna are air gap 

(g), separation between feed strip and 

the radiator patch (d), and the feed strip 

dimensions (length (t) and width (s)). 

4. SIMULATION AND 

EXPERIMENTAL RESULTS AND 

DISCUSSION OF THE PROPOSED 

ANTENNA  

In this, we study different design 

and comparison between them. We 
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change the slot width by 0.5mm and slot 

length by 10mm and simulate the design 

and got the different result for each 

design. We selected design by 

comparing with other design.  

Table 1: Geometry and parameter 

value 

Geometry parameter  Value 

(mm) 

Length of the radiator patch (L) 45 

Width of the radiator patch (W) 35 

Length of the feed strip (s) 7 

Width of the feed strip (t) 7 

Separation of feed strip from the 

patch (d) 

1.2 

Slot length (Ls) 25 

Slot width (Ws) 3.5 

Slot position (p : from center of 

patch) 

0 

Air Gap (g) 5 

 

 

(a) 

              

 

(b) 

Figure 3: Fabricated prototypes. (a) Basic 

geometry with center rectangular slot. (b) 

Geometry with truncated corner and center slot. 

In this demonstration we uses 

substrate of dielectric constant (εr) = 4.4, 

loss tangent (tanδ) = 0.02, and the height 

of the substrate is equal to 1mm and 

1.6mm. The optimized geometry 

parameters with slot are given in 

(Table). All these geometrical 

parameters are optimized with the HFSS. 

It is very difficult to explain and 

compare the experimental and simulated 

results, by considering few parameters 

and experimental result one can validate 

proposed geometry. 

 4.1 Effect of Slot Length 

In this step, we tried to optimize 

the slot length, keeping the same slot 

position. 
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Figure 4: Experimental returnloss parameter of 

the proposed antenna with h=1 and 1.6mm. 

Here, the slot length was varied 

from 25mm to 40mm in steps of 5mm. 

These characteristics are depicted in 

(Figure 5). From the return loss 

characteristics it is clear that the slot 

length parameter (Ls) does not shift the 

frequency. However, it helps in 

optimizing the depth of S11 below -10 

dB. From these characteristics it may be 

noted that the slot length of 25mm 

exhibits optimum response. 

 

Figure 5: Simulated returnloss parameter of the 

proposed antenna for different Ls. 

4.2 Effect of Slot Width 

In this step, slot width was varied from 

1.5mm to 4.5mm in steps of 1mm 

keeping Ls = 25mm constant. The return 

loss characteristics for this case are 

presented in (Figure 6). Like slot length 

this parameter helps in optimizing the 

depth of S11 curve. From all the cases 

studied, the optimum set of slot 

dimensions is Ls =25mm, and ws 

=3.5mm. 

 

Figure 6: Simulated returnloss parameter of the 

proposed antenna for different Ws. 

4.3 Radiation Pattern  

Radiation pattern is one of the very 

important parameter for the antenna 

design, it gives the information about the 

gain of the antenna and the pattern of the 

electromagnetic field distribution. Figure 

shose that the rasiation pattern of the slot 

loded and slot eith truncated antenna 
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design. Both antenna configuration have 

high gan aproimatly 7 dBi.  

 

(a) 

 

(b) 

Figure 7: Simulated Radiation pattern at 

designed central frequency (2.4 GHz) (a) For 

rectangular slot (b) For rectangular slot and 

truncated corner antenna. 

The prototype of the antenna with 

dimensions listed in Table 1 was 

fabricated (Figure 3), and the return loss 

characteristics, and radiation patterns 

were measured. Return loss comparison 

plots are shown in Figure 4. The 

simulated gains are compared in Figure 

7. Gain of the antenna is very high 

(nearly 8 dB) throughout the band of 

operation.  

 

5. CONCLUSION 

The coplanar capacitive coupled 

probe fed microstrip antennas (with 

center rectangular slot and truncated 

patch) suitable S-band wireless 

applications have been presented. The 

basic antenna with truncated corner uses 

small air gap offers wide bands with 

impedance bandwidth of  41.2%, good 

radiation patterns, and high gain of about 

8 dB in the bands of operation have been 

obtained. Besides reducing the air gap, it 

(slot) also enables the antenna to operate 

at lower frequencies due to reactive 

loading. After presenting the basic 

geometry, the same configuration with 

rectangular slot and truncated corner 

with air gap was presented which also 

yields wide band operation. The 

measured antenna characteristics are 

found to be in good agreement with the 

simulated results in the desired band of 

frequencies. The probe connected to the 

patch gives a good impedance matching 

between the ground plane and the 

substrate. The Gain of the fabricated 

antenna for wide band of 2 GHz - 3 GHz 

obtained is above 5 dBi. 
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