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Abstract— Wideband antennas with dual band characteristics are mostly 

preferred in antenna communication. This letter presents a novel design of 

Microstrip patch antenna with dual band characteristic. The proposed design 

reports a dual band response with resonating frequencies of 5.8 GHz and 9.3 GHz 

having remarkable bandwidth about 1100 MHz and 1430 MHz respectively. It has 

been observed that 3 dB bandwidth intensifies after incorporating Defective Ground 

Structure and notches into the patch. This antenna covers both S band & X band. 

The return loss observed for this antenna is -32.7 dB at 5.8 GHz and -25.03 dB at 9.3 

GHz. VSWR has been investigated and found to be 1. CST Microswave studio 

software is used for the designed and simulation of E Shape patch antenna with and 

without parasitic patches. This antenna can be used in Radar system at S and X 

band. The antenna simultaneously operates at two distinct bands. 
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1. INTRODUCTION 

In recent scenario microstrip antennas are the popular antennas in the field of 

telecommunication [1]. Research has been perpetrated in the recent past to enhance the 

performance & efficiency of these antennas. Due to extensive development in late 90’s, 

the idea of using Microstrip array antenna in wireless communication was well 

established. Advantages of Microstrip antennas are reduced size, light weight, phase 

steering ability, ease of installation, low cost and these make the antenna  the best choice 

of researchers & manufacturers [2]. As discussed in [3] conventionally the radiation 

pattern is wide & hence proportionately the directivity is moderate. This typical problem 

can be control by expanding the element size. In this manner the directivity can be 

increased. But this is not the proper solution.  

The technique to expand the antenna instead of changing the area or size of the discrete 

elements is very popular now a days. In this the radiating component or elements are 

assemble in a geometrical fashion and it is popular by the name of an array. Microstrip 

Antennas are widely used in radar and airborne application due to its various leading 

characteristics light weight, low cost and low profile. These antennas are easy to 

manufacture using printed technology. Wideband antennas are preferred in many 

applications. Mostly ultra wideband antennas are commonly designed and preferred for 

wideband application. In this paper our focused is on the improvement of bandwidth of 

an antenna with the help of DGS. Recently DGS plays crucial role in the field of 

Microstrip patch antenna design. This paper has used DGS structure for the enhancement 

of bandwidth. It is very crucial to increase bandwidth of an antenna. By using DGS 
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properly into the design, bandwidth improves surprisingly. The antenna will be designed 

for S and X band and also analysed in terms of return loss, gain, directivity and 

bandwidth. In the proposed design along with DGS we have incorporated slits into the 

design. The antenna bandwidth is improved by DGS and slits into the design. Partial 

ground plane along with slots into the ground plane also improves the bandwidth of an 

antenna. In our second design we have inserted asymetric slots into the partial ground 

plane. 

 

2. LITERATURE SURVEY 

In [1] author has proposed a design of L shaped hexagonal microstrip patch antenna. 

This antenna resonates at 4.94GHz and 8.02 GHz with bandwidth of 100MHz and 400 

MHz respectively. Antenna have been designed at three different bands like S,C and X 

bands for wireless communication application in [2]. The bandwidth they got for this 

antenna is 0.47 GHz, 0.605 GHz, 0.64 GHz and 0.58 GHz for 2.92 GHz, 5.64 GHz, 8.21 

GHz and 10.53 GHz respectively. Author has designed a circular patch antenna and 8 

elements array antenna in [3] for S band application. It is found that the bandwidth of the 

antenna array is 166 MHz. Rogers RT/Duroid substrate have been used for the antenna 

manufacturing process, size reduction upto 48% have also been achieved in [4] but the 

antenna has lower bandwidth. A reconfigurable antenna have been designed in [5]. The 

back radiations of the antenna is high. In our design the back lobe is less as compared to 

[5]. Dual band antenna have been designed in [6] and resonates at 4.1 GHz and 9,5 GHz. 

But the bandwidth is very narrow. Broadband compact antenna is designed in [7] with 

bandwidth of 1.1GHz for both S band and C band. The antenna have been designed with 

inverted U slot and meander slot in ground plane. Inset feed antenna is designed 

simulated for wireless communication having less bandwidth [8]. Microstrip antenna 

array have been designed and explained in [9,10]. Sterred microstrip Phased array 

antenna have been demonstrated in [11] for higher gain. Microstrip antenna array have 

been discussed and designed in [15-18]. Compact size sierpinski fractal antenna has been 

proposed and presented in [19,20]. In our research work we have proposed a novel dual 

band antenna with and without parasitic patches. This frequency is used in radar system. 

The proposed antenna is suitable for radar application. For further gain enhancement and 

beam steering, array of an antenna can be designed. In our first design we have 

implemented the antenna using circular slots and slits. Partial ground plane also preferred 

for the enhancement of bandwidth. In our second proposed design we have incorporated 

three parasitic patches around the design along with partial ground and slots into the 

ground plane. In Section III, antenna design methodology have been discussed. In Section 

IV, microstrip antenna design and simulation results have been discussed. Gain and 

bandwidth enhancement techniques have been also discussed in this paper. We have got 

400 MHz and 300 MHz bandwidth for E shape antenna without parasitic patches. It have 

been observed that hte bandwidth is drastically improved after the inclusion of parasitic 

patches and slots into the design. We have got 1100 MHz and 1430 MHz bandwidth at 

5.8 GHz and 9.6 GHz. Good impedance matching is achieved in this paper.  

 

3. ANTENNA DESIGN METHODOLOGY 

The aim of this paper is to design and simulate a wide bandwidth dual band 

Microstrip Patch antenna for S and X band. This antenna is the best suited reference  

antenna for radar system. Radar system requires radio signal for the detection of 

target. For generating radio signal it requires of an antenna. Air surveillance radar 

works under S band. Missile control, weather radar and marine radar works under X 

band. It has been observed that DGS results are better as compared with partial 

ground plane. DGS influences the bandwidth of an antenna immensely. This paper 

compares two antenna designs with partial ground plane and DGS.  E Shape 
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Microstrip Patch antenna has been designed and simulated. Initially we have 

designed a single antenna, then slits and circular ring slots have been inserted  into 

the design. It has been observed that antenna parameters will get improved by 

inclusion of slits and circular rings into the design. The antenna comprises E shape 

after the inclusion of slits into the design. Then in the same design we have 

included parasitic patches to improve further bandwidth of an antenna. Also the 

ground plane slots have been altered for the betterment of results. 

 

 

Fig. 1   Microstrip Antenna Configuration[6] 

4. ANTENNA DESIGN & SIMULATION RESULTS 

Figure 1 shows traditional microstrip antenna designed at 2.4 GHz. This antenna is 

used for C band applications. Figure 2 exhibits the traditional microstrip patch antenna 

design at 2.4 GHz. Figure 3 shows return loss, VSWR and radiation pattern shows in 

Figures 4 and 5. Figure 6 shows 2 D radiation pattern and Figure 7 shows the E Shape 

Microstrip Patch Antenna for S Band & X Band Radar System and from Figure 8 to 

Figure 13 depicts the simulated results of an antenna. Figure 14 shows the E Shape 

Microstrip Antenna with Parasitic Patches around it. Results of conventional antenna are 

moderate but after incorporating slots into the patch and DGS the results are improved. 

Bandwidth is dramatically increased after adding parasitic patches into the design along 

with DGS. The proposed antenna attains a good Bandwidth. This Antenna have been 

designed for 5.8 GHz and 9.3 GHz which covers S and X band. So the proposed antenna 

is mostly suitable for radar System. 
 

 

Fig. 2   Conventional M.P.A. for 2.4 GHz 
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Fig. 3   R.L. of Conventional M.P.A. 

 

Fig. 4   VSWR of Conventional M.P.A. 

 

Fig. 5   2D radiation pattern of Conventional M.P.A. 
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Fig. 6   3 D radiation pattern of Conventional M.P.A. 

 

Fig. 7   a) E Shaped Microstrip antenna b) Partial Ground Plane 

Table I. Antenna Design Parameters 

Antenna parameters Value 

W 17.2 

L 12 

Fi 8.1 

Wf 1 

Gpf 1.8 

Lg 32 

Wg 40 

Ht 0.035 

Hs 1.6 

 

CST software is preferred for the design and simulation of this E shaped antenna. 

Table 1 exhibit the design parameters of the antenna. Figure 1 shows E shaped microstrip 

patch antenna with partial ground. 
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Fig. 8   Gain 

 

Fig. 9   Directivity 

 

Fig. 10   Gain 
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Fig. 11   Directivity 

 

Fig. 12   Return Loss S11 

 

Fig. 13   VSWR 

Figure 14 shows the antenna design with three parasitic patches and ground palne 

alterations. One circular slot inserted into the ground plane. The ground plane is not 

symmetric. In this design one rectangular slot is replaced by circular slot. In first design 
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both the rectangular slots are placed in horizontal fashion. In second design the slots 

arrangement have been changed. Now the slots are vertically placed. The upper parasitic 

patch is wider than the remaining two patches. The remaining two patches are longer than 

the It has been observed that after the DGS, antenna bandwidth intensify a lot up to 1100 

MHz and 1430 MHz for S band & X band. 

 

 

Fig. 14   a)  E Shaped Patch antenna with parasitic patches b) Defected ground plane 

 

Fig. 15   S11 of  E shape  Patch Antenna with parasitic patches 

Table II. Output Characteristics of Antennas /Comparison 

Parameters E shape Antenna without parasitic 

Patches  

E shape Antenna with 

parasitic Patches 

Operating frequency in 

GHz 

5.8 9.3 5.8 9.6 

Input Impedance  50.14 ohm 50.14 ohm 50.14 ohm 50.14 ohm 

Return Loss  -26.43 dB -22.09dB -32.7 dB -25.03dB 

VSWR  1.1 1.1 1.04 1.1 

Gain  2.368 dB 2.368 dB 3.61dB 3.61dB 

Directivity  5.99dB 5.99dB 6.171dB 6.171dB 

SLL  -- -- -5.4dB -5.4dB 

Bandwidth 400 MHz 300MHz 1100MHz 1430MHz 
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5. CONCLUSION 

It has been concluded that after the incorporation of DGS technique into the structure, 

bandwidth of an antenna improves remarkably. In the first design slots have been inserted 

in the ground plane and also partial ground structure has been incorporated. Gain and 

directivity also improves to some extent. Table I shows the design parameters of an 

antenna. Table II shows the comparison of both the antennas with and without parasitic 

patches. We get bandwidth of 400 MHz and 300 MHz at 5.8 GHz and 9.3 GHz. Return 

loss is upto –26.43 dB and -22.09 dB  for this antenna. VSWR has been attained upto 1.1. 

The proposed design reported a dual band with resonating frequencies at 5.8 GHz and 9.3 

GHz having remarkable bandwidth about 1100 MHz and 1430 MHz respectively. After 

incorporating parasitic patches into the structure, the return loss was improved upto -32.7 

dB and VSWR upto 1. Gain and directivity also get increased by 1 dB after the inclusion 

of parasitic patches. It has been concluded that for the antenna with parasitic patches, 

bandwidth increases by a large amount. Bandwidth get increased by 700 MHz and 

1.13GHz at the resonance frequency of 5.8 GHz and 9.3 GHz. This is the novelty of the 

paper. It has been observed that 3 dB bandwidth increases after incorporating DGS and 

notches into the patch. This antenna covers both S & X band simultaneously. The return 

loss observed for this antenna was -32.7 dB at 5.8 GHz and -25.03 dB at 9.3 GHz. 

Besides we have investigated VSWR which was reported to be 1. 
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