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Abstract 
 
The Design of U - Shaped Microstrip Enivironment Safe Patch Antenna for 

Ultra-Wide Band applications is presented in this paper. It is very simple and 

compact. Here coplanar waveguide (CPW) feed is used to work in Ultra-

Wideband applications. It operates at two resonating frequencies and 

bandwidth tends to cover the ultrawideband range (3.57-6.92GHz). It is 

simulated and designed by using CST studio. The existing antenna achieves 

low bandwidth which decreases the antenna performance to overcome this 

challenge the proposed structure uses a coplanar waveguide (CPW) to 

enhance antenna bandwidth which is used for ultra-wideband applications. 

Various specifications, like return loss, VSWR, Radiation pattern are 

presented. 
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1 Introduction 
 

Antenna "The eyes and ears in space" went through several 

modifications from simple wire geometry to planar type for broadcasting, 

communications, civil and military, air and marine navigation, satellite, and 

other space applications during the 20th century. On this premise, it can be 

treated that the antenna has changed the phase of communication with a big 

leap from wired to wireless. This is evident from the development of cellular 

communications. Broadband, high-speed data, and video transmission are the 

buzzing words in the electronics market of the country. Designing antennas 

that meet the above technological standards is a challenge for 

electromagnetic engineers. Antenna design should comply with the 

technological changes like a transition from tubes to transistors and then to 

Integrated Circuits (IC). 

The antenna is a significant component in any wireless system, has 

endured several renovations from one dimensional to multidimensional 

reconfigurable and complicated smart antennas. On the line, the advantage 

evolution of a variety of metamaterials and nanotechnology has paved the 

way for many technical developments in antenna engineering. They are 

several compact antennas that support miniaturization. High-speed data rates 

in a short space of time, low power consumption, wide bandwidth are some 

panoramas of the Ultra-Wide Band (UWB) technology that favored 

advancements in wireless communications [1]. 

The potential of UWB technology is magnificent in terms of its rewards. 

Ultra-Wideband is the leading technology in wireless communication 

because there is a huge development from wired to wireless. Very little 

appreciation is given to the innovation in antenna engineering when 

compared with that of associated electronics. Developments in amplifiers, 

mixers, and front-end circuitry for UWB systems proved to be well explored 

showing the dearth of research in UWB radiating systems. This has been 

realized by the academic and industrial communities. The intromission of 

advanced techniques for sustained and reliable digital communication over 

different channel characteristics has introduced several types of challenges to 

antenna engineers. There is a difficulty in the design of an antenna as an 

integral part of the electronic systems rather than a differential part of it. This 

method enhances the performance of the transceivers. Also, it reduces the 

ramification of the transceiver [2][18].          

In this research paper, a U-Shaped microstrip patch Environment Safe 

antenna is proposed to overcome the challenges in the existing antenna. The 

existing antenna achieves low bandwidth which decreases the antenna 

performance to overcome this challenge the proposed structure uses a 

coplanar waveguide (CPW) to enhance antenna bandwidth which is used for 

ultra-wideband applications. Coplanar Waveguide has two grounds and one 

conductor strip at the center and they are present in the same plane. 

Wideband characteristics and Low dispersion are the pros of a CPW feed 

antenna [3]. In wideband wireless applications, the CPW fed antenna is very  
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important. It has some cons, like bandwidth is narrow, the gain is low, and 

fabrication is costlier. The dimensions of this antenna are 20 x 20 x 1.6 mm3. 

The coplanar waveguide (CPW) fed antenna operates at different resonance 

frequencies of 4.36 and 5.96 GHz with reflection coefficients of −50.27 dB 

and −42.92 dB respectively. The proposed antenna is simulated and designed 

by using CST in the Time domain for wide-band antennas. The Time-domain 

of CST better than HFSS. HFSS cannot do simple circuitry co-simulation 

and new signal type feeding but all of these techniques will perform in CST. 

In this design coplanar waveguide fed is used to enhance the antenna 

bandwidth. 

 

2 Literature Survey 
        

In 1953, G. A. Deschamps [4] introduced the application of Microstrip 

lines for feeding printed radiating elements. Though the printed radiating 

elements are planar horns type of devices and not Microstrip Patch Antenna 

Safe 

         Coplanar equiangular spiral geometry is considered to be a class of 

Antennas that are frequency-independent [5]. Such an antenna possesses 

characteristics like input impedance, radiation pattern that is invariable over a 

band of frequencies. The planar spiral geometry described here has shown 

some remarkable property of performance which does not change with 

frequency for a wavelength shorter than 2r0, where r0 is the radius of the 

circle enclosing the spiral. Also, it is evident from the analysis that the angle 

of rotation and tightness of the spiral modifies the current distribution in 

terms of increased attenuation which is to be treated as another feature of 

frequency-independent characteristics. 

         A new class of antennas called microstrips are introduced to the world 

of communication in [6, 7] which have several distinct advantages when 

compared with the antenna geometry. The advantages include better 

performance, low-cost, ease of installation and specifically being low profile 

with confirmed characterization.  The microstrip geometry is initially utilized 

as a feed system for the planar antennas especially for phased arrays, these 

microstrips provide simple feed network replacing complex networks.  

Microstrip wrap around antennas is well described for missile applications, 

where the radiating element needs to be conformal to the cylindrical missile 

surface without providing any air turbulence.  The type of feed network 

mentioned in this work happens to be still a stake mark for such a microstrip 

array feed network.  Mathematical formulation describes the guidelines for 

designing such conformal structures, besides having many advantages like 

being compact, conformable, and low-cost. Despite all these advantages 

where the new technology has not been able to exhibit wide band features. 

        The unique features of the microstrip antenna are revisited in [8].  The 

typical dimension and its formulation to design a patch antenna for a 

particular operating frequency are given. The role of a transformer in series  
 



 

 

 

 

 

 

 

21 Nare Charitha et al. 

 

with the microstrip line feed is explained to achieve impedance matching 

characterization.  The resultant omnidirectional radiation characteristics of 

the designed MPA are studied by using different geometrical shapes of the 

patch.  The design of another feed type called co-axial feed mechanism for 

circular and rectangular patch antennas is also explored. The circularly 

polarized characteristics are achieved with a dual-feed system for patch 

antennas.  The position of the feed system-based model analysis is explained 

with the specific formulation. Nevertheless, the feed system design involves 

complex and critical steps like transformers design which is stated as a major 

drawback. 

         In a process to enhance the BW, a simple form of a planar inverted-F 

antenna has been proposed [9]. The resultant antenna structure resonated at 

two close frequencies and operated on the dual-frequency antenna, but these 

characteristics are not sufficient to serve the existing as well as the future 

mobile communication, in fact, a wide and continuous band in the demand 

for wireless technology. In an attempt to achieve this small modification to 

the simple square monopole is suggested in [10]. In the study, it is reported 

that additional modes can be endorsed before the fundamental mode in a 

square monopole antenna by simply including a shorting pin. This pin is 

placed at one end of the square geometry to the ground to produce an 

additional mode below the fundamental mode. In addition to the BW 

performance, the technique exhibited a size reduction to almost 50% without 

much degradation in its radiation characteristics when compared with that of 

a similar monopole without a shorting pin. 

        Contemporary development in Wireless communication systems (WCS) 

placed several challenges to antenna engineers. These challenges are 

classified broadly into two with the release of unlicensed UWB spectrum 

resulted in the deployment of widespread electronic wireless gadgets in both 

commercial and civil applications. These systems use hardly distributed BW. 

Designing antennas with such BB is a major challenge. Such an antenna 

should show consistent impedance characteristics over the entire band [11, 

12]. The other problem demand for multiband systems in UWB is not 

properly handled in this work. Several systems work on discrete narrow 

bands in the UWB region and require a single radiating system working for 

all these narrow bands. 

          Due to heavy deployment in the UWB, interference has become a 

common problem [13–17]. Antenna design should overcome these 

challenges and comply with the requirement that the solution for such 

applications in engineer antenna with notch characteristics [15]. This can be 

accomplished by a quarter-wave narrow band geometry incorporating 

different designs of notch like triangular and elliptical [16]. Co-Planar 

Waveguide (CPW) fed Bow tie slot planar antenna is proposed in [17]. The 

described antenna structure reported frequency notch characterization and 

compared it with a similar structure with an additional V-slot along one side 

of the Bow Tie slot. But the relation between the antenna dimensions 

(typically the perimeter) on resonant characteristics is not explained.  
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3 Proposed Methodology 
 
     In the existing system antenna, a unidirectional planar monopole antenna 

is shown in Fig 1a. In the existing system, a new technique is introduced to 

achieve unidirectional radiation. To achieve this technique a shorting side-

stub is used to connect the ground plane and the monopole. By doing this one 

edge of the radiator is shortened to the ground plane which results in non-

radiation in the shortened end and radiation in another end. Since only one 

side radiates, the authors named as - a quasi-radiator. Even this technique 

achieves unidirectional radiation it has poor antenna performance because it 

has low bandwidth and also fabrication is difficult. To overcome the 

challenges in the existing antenna a U-Shaped microstrip patch Environment 

Safe antenna is proposed in this paper.  

      The development of the proposed antenna geometry is shown in fig 1a. 

The proposed antenna is shown in fig 1b, it uses a coplanar waveguide to 

increase the antenna bandwidth to work in Ultra-wideband applications. The 

proposed antenna in this paper uses CPW so the ground plane and radiative 

element are on the same plane. There is a slight gap between the ground 

plane and the radiative element this represents the proposed antenna uses 

CPW. By using CPW fabrication is easier and also increase in bandwidth 

compared to the existing antenna. The substrate of this antenna is FR-4 and 

the dielectric constant is 4.4. The dimensions of the FR-4 are considered as L 

×W × h. Copper is the material used by the radiative element and the ground 

plane. This antenna is designed and simulated in CST software using time 

domain.   

 

 
 

a) Existing Antenna                                         b) Proposed Antenna 

 

Figure 1 Development of Proposed Antenna Geometry a) Existing Antenna b) 

Proposed Antenna 
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Table 1 Antenna Parameters 

 
Parameters Value (mm) 

W 20 

h 1.6 

L 20 

Lf 3.8 

Wf 4 

tc 0.0256 

Lg 2.5 

Lp 16.2 

Wp 17 

 

      Table 1 shows the parameters used to design the proposed antenna. 

Create a substrate with the dimensions of L ×W × h and create the ground 

plane with the length as Lg on the substrate. The dimensions of the patch are 

considered as Lp and Wp. The dimensions of the feed are considered as Lf 

and Wf. The material used for patch and the ground plane is copper with the 

thickness of tc.  

 
4 Mathematical Modelling 

 

4.1 Calculating the Antenna Dimensions 
 
      Patch width is expressed as 
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      Where    is the resonating frequency and   is the dielectric constant and 
 

√    
 is equal to speed of light.  

      The        is referred to as an effective dielectric constant with the range 

of 1 <       <   . It is the function of frequency and it also the function of 

the ratio of the width to the height of a microstrip line (W/H). 
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      Electrically the patch of the microstrip antenna looks greater than its 

physical dimensions due to the fringing effects. So the dimensions of the 

patch has been extended by ΔL on each end, which is function of       and 

W/H. The modified length ∆L is given as  
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Since the dimensions of the patch has been extended by ΔL on each end, the 

effective length (    ) expressed as  

               
 

   √  
                                                                                       (4)          

                 L is calculated by the below formula which represents patch 

original length 

          L =      -  ΔL                                                                       (5) 

 

5 Simulation Results 

 

By using CST the proposed antenna is designed and simulated. Fig 2 

expresses the S parameter plot. Antenna return loss is obtained by the S 

parameter. In mobile communication, a value below -10dB is taken. This 

design antenna resonates at two frequencies 4.36 GHz, 5.96 GHz with a 

return loss of −50.27 dB, −42.92 dB respectively, and covering a band from 

3.57GHz to 6.94GHz. Return loss explained about the loss of power at load. 

To measure the bandwidth return loss plot is used. 
 

                           
 

Figure 2 S – Parameter 

 

Comparision of S-Parameter for existing and proposed antenna is shown 

in fig 3. Existing system antenna resonates at 4.45 GHz (return loss = -

12.27dB) and bandwidth is ranging from 3.93 GHz to 5.48GHz. Where as 

proposed system resonates at two frequencies 4.36 GHz, 5.96 GHz with a 

return loss of −50.27 dB, −42.92 dB respectively, and covering a band from 

3.57GHz to 6.94GHz. Proposed system have wider bandwidth and better 

return loss compared to existing system.  

VSWR Plot is shown in Fig 3, 4. Impedance mismatch of antenna and 

feeding system is calculated by voltage standing wave ratio. When there is 

high VSWR it indicates a high mismatch. Unity is the minimum value of 

VSWR this indicates a perfect match. The radiation pattern of proposed 

antenna at 4.366 and 5.95 GHz are shown in Fig 5, 6. The radiation pattern is 

used to express the characteristics of antenna radiation in the graphical  
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method. The radiation pattern shows power, Electric field, Magnetic field, or 

distribution plot of gain around the antenna on azimuthal and elevation 

angles. It is normally expressed in dB or normalized dB. The radiation 

pattern can be a plane cut for one frequency in a polar plot. Table 2 provides 

Comparsion of existing and proposed system antenna 

 

 
 

Figure 3 Comparision of S – Parameter for Existing and Proposed Antenna 

 

 
 

Figure 4 VSWR 

 

Table 2 Comparision of existing and proposed system antenna 

 

Parameters Proposed system Existing system 

Feed used Coplanar waveguide 

(CPW) 

Microstrip 

Resonating Frequency 4.36 GHz, 5.96 GHz  4.45 GHz 
Return loss value −50.27 dB, −42.92 dB -12.27dB 

Bandwidth 3.57GHz to 6.94GHz 

high 
3.93 GHz to 5.48GHz 

low 
Gain 2.124dB 1.376dB 
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Figure 5 Radiation Pattern of Proposed Antenna at 4.366 GHz 

 

 

 

Figure 6 Radiation Pattern of Proposed Antenna at 5.95 GHz 

 

6 Conclusion 

 

A U-shaped microstrip patch Environment Safe antenna design is 

proposed to use for Ultra-Wideband (UWB) applications. The dimensions of 

the proposed antenna are 20 x 20 x 1.6 mm3. The proposed antenna achieves 

UWB which covers (3.57-6.92 GHz). The proposed U – Shaped microstrip 

patch Environment Safe antenna operates at different resonance frequencies 

of 4.36 and 5.96 GHz with reflection coefficients of 50.27 dB and −42.92 dB 

and gains 0.833 dBi, 2.124 dBi, respectively and bandwidth tends to cover 

ultra–wideband is ranging from 3.57 GHz to 6.92GHz. The executed 

outcomesbuild up the investigation of compact organized antennas. 
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