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Abstract
This article comprises of a small research with an approach to increase the gain and efficiency of a Ultra Wide Band (UWB) antenna using a simple circular slot in a semi-circular patch antenna having Defected Ground Structure (DGS). The optimization of the antenna is done to obtain enhanced bandwidth, gain and efficiency. The designed antenna is composed on FR4 substrate with a compact volume of 26mm x 27mm x 1.6mm. A significant bandwidth of 3 GHz to 15 GHz is obtained with an improved gain, which also causes the efficiency to be increased by a good margin. A maximum gain of 8.5 dB is obtained while the maximum efficiency is near about 92%.
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[bookmark: _8w9jlfb0xjhk]Introduction
Monopole antennas having many applications, because of its compactness, high gain, stable radiation pattern high efficiency, large bandwidth and easy fabrication [1]. UWB are famous among researcher and industry, since Federal Communication Commission (FCC) release the frequency band 3.1-10.6 GHz [2]. The rapid development in antenna design in wireless communication, researcher devoted main effort to compactness of antenna size. There are several methods has been proposed recently [3], like Defected microstrip structure(DMS) [4], Defected Ground Structure(DGS) [5],using high permittivity dielectric substrate [6] or combination of both. DGS is nothing but a periodic and nonperiodic cascade defect which is etched in ground plane. DGS geometry not need a large area also it is easy to implement in microstrip antenna. this feature gives a great relevance in patch antenna [7]. DGS give a wide application in UWB range antenna such as cross polarization, in antenna arrays, harmonic suppression and reduction of mutual coupling etc. more or less DGS is used for miniaturized antenna [8]. Introduction of the DGS in the antenna increases the capacitance-inductance [9] which stimuluses the current flow and input impedance of antenna [10,11] and thus according to resonance frequency DGS help reducing the antenna size. In this paper with an approach to increase the gain and efficiency of a UWB antenna using simple circular slots in a semi-circular patch antenna having DGS. The designed antenna is composed on FR4 substrate with a compact volume of 26mm x 27mm x 1.6mm. A significant bandwidth of 3 GHz to 15 GHz is achieved in this proposal. In Method section, the antenna design procedure is discussed. The simulated results are analysed in next section. It has been concluded in final section. 

[bookmark: _c9qg9tpvbg3a]Method
[bookmark: _bqy5vpae492o]Antenna Design & Parameters
The UWB patch antenna defined or suggested in this research has undergone few steps. A simple semi-circular patch was designed to obtain a narrow band single resonant frequency around 5GHz as shown in Fig 1. The basic formulas have been studied [12] for this design. FR4 substrate of 1.6mm thickness is used to form the base of the antenna. In the second step, the DGS is approached to the ground plane as found in Fig 2 to enhance the bandwidth and also the other parameters are studied. In the next step, a circular slot is intended at the top of the patch which sounds good when it comes to the matter of gain and efficiency. In the final step, the path of the current is made thinner to reach the radiating edge for betterment of gain by introducing two more circular slots of 3.5 mm radius. The proposed design is displayed in Figure 4. The “ANSYS Electronics Desktop HFSS 21.0” software is used for this purpose.
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Fig. 1. Design step-1: (a) Top view, (b) Bottom view
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Fig. 2. Design step-2: (a) Top view, (b) Bottom view
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Fig. 3. Design step-3: (a) Top view, (b) Bottom view
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Fig. 4. Design step-4: Top view of the proposed antenna
[bookmark: _52o4xoigrrfp]Results
[bookmark: _p5oritmwgzy6]Reflection coefficient
The antenna was intended to have a UWB performance. To reach this particular goal, the S(1,1) parameter is studied to measure the bandwidth of the antenna. The step-by-step bandwidth enhancement is thus obtained. A bandwidth of 3 GHz is found as it resonates at 5GHz in first step. The introduction of DGS helps it to enhance up to 11 GHz. The circular slot also helps it a little bit to carry a bandwidth of 11.8 GHz. After the optimization, it is extended up to 12 GHz. The detailed S(1,1) parameter is illustrated in Fig 5.
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Fig. 5. S(1,1) Parameter for different design steps
Radiation Pattern
In this study, all the radiation patterns in resonant frequencies are studied for two cases as given below: 
case-1: The resonant frequencies without the circular slots (Design step-2) are 10 GHz, 6.1 GHz and 13.5 GHz. The radiation patterns of this frequencies are displayed below in Fig 6.
case-2: The resonant frequencies without the circular slots (Design step-4) are 9.8 GHz, 6.7 GHz and 4 GHz. The radiation patterns of this frequencies are displayed below in Fig 7.
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Fig. 6. Radiation patterns without circular slot



[image: ][image: ]
[image: ]
Fig. 7. Radiation patterns with circular slot
Gain
In this section, the simulated gain has been described, where it can be observed that the introduction of the circular slot helps to enhance the gain in different frequencies. Without that mentioned slot, the maximum gain is around 3.5 dB whereas with the slots, it is producing a gain around 8 dB as plotted in Fig 8. In the optimized design the gain increases up to 8.5 dB.
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Fig. 8. Gain improvement with the slot
Radiation efficiency
As the Radiation Efficiency is directly proportional to gain, so it is very obvious that the efficiency will also be enhanced with the effect of that slot. It is an indication that, with the slots are introduced, the current flowing path is getting congested over the patch which in turn increases the current density in the radiating edge of the patch. Due to this, the efficiency as well as the gain are increased. The optimized antenna founds a stable efficiency over the UWB range of frequencies. The increment in radiation efficiency is shown in Fig 9.
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Fig. 9. Radiation Efficiency improvement with the slot
Conclusion
This discussion regarding the particular research concludes that the UWB characteristics is obtained by a low-cost, simply designed antenna. A high bandwidth of 12 GHz is found with a notable improvement in the gain and efficiency without increment in the design complexity or other material or surface. 8.5 dB gain and over 90% efficiency also improves the performance of the antenna. So, design simplicity is also one of the fruitful reasons for the antenna to be well-equipped.
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