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ABSTRACT 

This paper proposed a compact wideband microstrip patch antenna for C & X band applications to enhanced the 

bandwidth. The proposed antenna is designed for satellite communication and radar applications in C band (4 - 8 GHz) & 

X band (8 - 12 GHz). Simulation results shows that the proposed antenna covers a wide bandwidth of 6.59 GHz covering 

almost the entire C & X band frequency range. There is considerable reduction in overall size, improvement in bandwidth 

and gain using the proposed patch antenna with DGS. Overall dimensions of the proposed antenna are 32 mm × 32 mm. 
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INTRODUCTION 

In recent years as the demands of portable systems have increased, low-profile systems have drawn much interest 

from researchers. In recent wireless communication systems, dual band as well as single band behavior with good gain is 

the need. For designing such a low-profile communication systems, the size of the antenna is critical. Micro strip patch 

antennas are being used in several applications since last few decades and they have been very popular due to their features 

like low profile, less weight, conformal design, low cost, ease of fabrication and ease of integration into communication 

systems.[12] 

The miniaturization of antenna structure and improvement in its bandwidth can be obtained by using defected 

ground structure of proper dimensions[1]-[2]. C & X band technologies has been broadly used in various applications 

because of its high data transmission rate, large bandwidth & long range features. Designing antennas for C & X bands has 

compelled many researchers to pursue research work in this area and is still a major challenge to equalize these 

applications [3]. A microstrip patch antenna with circular and rectangular slots was proposed for enhancing bandwidth 

printed on FR4 substrate material in [1]-[3]. The antenna exhibited bandwidth of about 1.59 GHz as well as average peak 

gain 7.2dB. On the other hand, the dimension of this antenna was 40 mm × 40 mm[3].  

In this paper, a micro strip patch antenna for C & X band applications has been proposed and investigated to 

increase the bandwidth and reduced size at the same time. The gain bandwidth has been enhanced by using DGS & stair 

shaped patch. The proposed antenna is compact, having a patch area less than that of a conventional micro strip patch 

antenna. Overall dimensions of the proposed antenna are 32 mm × 32 mm. There are several bandwidth enhancement 

techniques also available which are employed in patch design to achieve desired resonance and impedance bandwidth[4]-

[9].  Introducing slots, using capacitive coupling are some of the techniques to enhance bandwidth [10]-[13].The Stair case 

shaped radiating patch help to improve the S11 at desire frequencies. The rest of the paper is organized as follows: Section 
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II presents the antenna structure and design of the proposed patch antenna. Detailed dimensions of basic patch antenna and 

proposed antenna are presented in this section. Simulation results are analyzed and discussed in Section III. Section IV 

gives the conclusion of the paper. 

ANTENNA STRUCTURE & DESIGN 

The design and Configuration of the proposed antenna is described here. Figure 1 shows 3D view of the proposed 

micro strip patch antenna in HFSS. All simulations were performed using Ansoft's HFSS software which is a finite element 

method electromagnetic solving software program. This makes geometry changes to the model easy and effortlessly. In its 

basic form, a micro strip patch antenna consists of a radiating patch on one side of a dielectric substrate which has a ground 

plane on the other side. Substrate Material: Roger RT/ Duroid 5880 having relative permittivity of 2.2, loss tangent 0.0009. 

Dimension: 32 x 32 mm with 0.8 mm thickness is used. The antenna comprises of two step stair shape on the top patch and 

reduced ground plane. Microstrip feed line is used to excite the proposed antenna. The dimensions of the feed line is 

optimized as per the lowest resonant frequency. The two step stair shape is helpful to obtain the better return loss value at the 

two resonant frequencies. The dimensions of the stair shapes are taking for better optimum results. The 3D design of basic 

patch and the stair shaped antennas is shown in Figure 1. 

 

(a) 

Figure 1: 3D View (a) Basic Patch Antenna 

 

 

(b) 

Figure 1: 3D View (b) Proposed Antenna with One Stair Shape Geometry 
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The detailed dimension of the proposed antenna with labeling is given below along with table 1 in Figure 2 

Table 1: Detailed Dimensions of the Proposed Antenna 

Parameter Value (mm) 
Length of Ground plane 32 

Width of Ground Plane 32 

Length of Top Patch 26 

Width of Top Patch 18 

Thickness of Substrate 0.8 

Length of feed strip 6 

Width of feed strip 4 

 

 

Figure 2: Detailed Dimension of Proposed Stair Shaped Antenna (in Mm) 

 
The complete step wise design of wideband microstrip patch antenna with stair like geometries is given with 

proper dimensions. Figure 1(a) show the basic patch with defected ground plane. Figure 1(b) show the first modification in 

radiating patch of stair structure to get the wideband effect in the results. Figure 2 gives the detailed dimensions of all the 

parameters of the patch antenna with proper labeling. 

RESULTS AND DISCUSSION 

The simulated Return loss of the Basic patch antenna & Proposed antenna with one stair shape & proposed antenna 

is shown in Figure 3 (a), Figure 3 (b) & Figure 3(c). First of all we design the basic patch antenna the antenna basically 

radiate at nearly 12.3 GHz with return loss around - 12.2 dB but we cannot use this result for the practical application as the 

return loss of basic patch antenna is not giving any useful resonance in the frequency range of interest i.e. from 4GHz to 

12Ghz. By modifying the shape of the patch into a stair shaped pattern we have observed two resonance peaks as show in 

Figure 3 (b) which are -17.92 dB and -16.25 dB are obtained at dual resonant frequencies at 4.68 GHz and 9.89 GHz 

respectively. The value of the return loss with one stair shaped geometry are -17.80 dB and -16.65 dB at resonant 
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frequencies 4.91 GHz and 9.89 GHz respectively. The radiation pattern of the proposed satellite communication antenna at 

resonant frequencies is shown in Figure  4. As a result, the radiation pattern of the proposed patch antenna is suitable for C 

& X band applications. Present patch antenna geometry shows better return loss, better bandwidth coverage and efficient 

VSWR than conventional microstrip antenna.  

 

(a) 

Figure 3: Simulated Return Loss (a) Basic Patch Antenna 

 

 

(b) 

Figure 3: Simulated Return Loss (b) Proposed with One Stair Shape Geometry 
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(a) 

Figure 4: Simulated Radiation Pattern (a) Basic Patch Antenna 

 

 

(b) 

Figure 4: Simulated Radiation Pattern (b) Proposed Antenna for Phi=00 & 900 

 

Figure 5 indicates the voltage standing wave ratio (VSWR) of the proposed patch antenna. The assessment of 

VSWR is below 2 dB that are observed from the given plot clearly. It shows 2.18 dB and 2.26dB VSWR values at resonant 

frequencies 4.68 GHz and 9.89 GHz respectively. These value is effective for X & C band operation for any satellite 

communication and we can effectively used in any real operation of satellite communication. 
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Figure 5: Simulated VSWR Plot of the Proposed Antenna 

 

The given stair shape radiating patch antenna give the desirable and efficient result for two bands X and C. It also 

serve the basic requirement of high bandwidth as show in above results. The modification in ground plane and the above 

radiating patch helps to serve application in the domain of satellite communication. 

CONCLUSIONS 

A compact microstrip patch antenna with reduced size and improved wider bandwidth coverage has been 

designed and demonstrated in this paper. Simulation results indicate that all the parameters of the proposed microstrip 

patch antenna has considerably been improved by using DGS and stair case structure in top patch. As compared to the 

conventional rectangular patch antenna presented in the paper the proposed stair shaped antenna is showing significant 

improvement in bandwidth, VSWR having the same overall size. Overall dimensions of the proposed antenna are 32 mm × 

32 mm. This antenna is suitable for its use in satellite communication systems. The proposed antenna is effectively serve 

the needs of wideband application system with having huge bandwidth in C & X band. 
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