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Abstract - Ultra-wideband (UWB) printed antenna having a disc-shaped radiator fed with a co-planar waveguide (CPW) is 

shown in this paper. A modified ground plane is initiated to observe the behavior of UWB bandwidth. The dimension of the 

proposed antenna is 20 X 25 X 1. 6mm3. Comparing the prototype conventional printed antenna with reducing the ground plane 

in both length and breadth of the ground plane one by one. From the graph of return loss, voltage standing wave ratio (VSWR), 

radiation pattern that is best suited for optimized dimension can able be detected. The best parameters for UWB antenna are the 

fractional bandwidth which should be more than 85%, and VSWR, another parameter. The range of bandwidth of UWB must be 

below 2 for the best and most effective way of printing monopole antenna. Results show that the length and width of the ground 

plane are 15.9 mm and 11.4mm, which is most appropriate for UWB since it gives a return loss of -41.86 dB, a fractional 

bandwidth of about 89% and VSWR of below 2 within the frequency bandwidth. A fair radiation pattern which is omni-directional 

in nature, is observed in this modified prototype antenna. 

 

Keywords - Ultra wideband, Printed antenna, Voltage standing wave ratio, Return loss, Fractional bandwidth. 

1. Introduction  
With the challenges in ultra-wideband technology, the 

progress of printed antennas is increasing daily. The biggest 

advantages of printed antennas are that the radiation pattern is 

omnidirectional and has a great throughput. In 2002, a 

commercial bandwidth of 7.5GHz was assigned by the federal 

communication commission (FCC) for ultra-wideband 

technology [1]. Modifying the ground plane in a small slot 

printed antenna results in a wideband and narrowband 

resonance property. The dimension of the antenna is lowered 

by 70% in contrast to the standard antenna. 

Meanwhile, a good radiation pattern having proper gain 

stability can be seen in this antenna. It covers almost all 

wireless communication bands such as WiMAX, INSAT, Wi-

Fi/WLAN, UMTS 3G expansion band and microwave S-band 

[2]. In[28], a Sinc model printed monopole antenna is 

designed, which is meant for wireless communication. It is 

observed that a good performance in multiple resonance 

frequencies is seen in the sinc patch structure. With this 

antenna, it can capture a particular compact region, having a 

proper radiation pattern. It is appropriate for wireless devices 

operating at microwave range—printed antenna with patch 

structure of triangular in nature feeding with a meander line T 

model divider. 

It can boost up the fractional bandwidth of about 185%, 

which is best matched for UWB (Ultra-wideband).[3] With 

the introduction of Split ring resonators, further bandwidth can 

be enhanced, as well as far-field radiation patterns that cover 

mostly the Ultra wideband, usually L and S bands [4]. CPW-

fed monopole antenna having a disc-shaped radiator with a 

split ring resonator slot is meant for the dual bandwidth of 1.06 

GHz, 4.5 GHz, while rejecting the bandwidth for 

WLAN/WiMAX, usually from 5GHz  to 6GHz.Changing the 

dimensions of the ground plane can give more advanced 

bandwidth and radiation[5]. Two different types of band-

notched (single and double notched) for UWB  technology can 

be performed by inserting an L-model slot with the 

appropriate dimension and location in the reduced ground 

plane. Improvement of about 130% can be accomplished with 

this antenna model. It can reduce the lower cut-off frequency 

up to 0.8GHz[8]. A U-shaped ground plane with E-cut in the 

patch is used in [9] to accomplish dual band-notch function. 

UWB FSS with a unit cell dimension of 0.2 that is formed by 

numerous asymmetric rectangular radiators with disc model 

notched is implanted. The FSS covers a wide band of 

frequencies of bandwidth of 10GHz, with a gain of 4.5 dBi 

[29]. The antenna has a frequency range of up to 10 GHz. 

However, its operational bandwidth is limited due to low 

radiation at extreme frequencies. By using split ring 
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resonators, it presented a CDM antenna with dimensions of 50 

X 50 X 1.575 mm3 that can give a frequency spectrum of up 

to 10.8 GHz [11]. 

Making a zigzag incision in the patch [12] improves 

bandwidth with an E-structure printed antenna of about  

29.8%. Kaur et al. [30] developed a U-shaped slot-loaded 

inverted disc antenna with a maximum bandwidth of 24.2 

percent. Similarly, a slot, fractal, or metamaterial can be used 

to create an ultra-wideband antenna. Various UWB antenna 

layouts have been published [14] –[15], with disc patch 

radiators having concentric-filled CPW-fed antenna for UWB 

uses.  It can promote the frequency quality of the UWB 

antenna with the establishment of a defective ground structure 

[16] – [20].  

 

2. Antenna Design 
Eqn (1) gives the design detail having a circular patch 

[16]. 

 

     

𝑅1 =
𝑅𝑒𝑓

√1+
2ℎ

𝜋𝜀𝑟𝑅𝑒𝑓
[𝑙𝑛(

1.57𝑅𝑒𝑓

ℎ
)+1.78]

                    (1) 

                                                                   

        

        
𝑅𝑒𝑓 =

8.79×109

𝑓𝑟𝑟√𝜀𝑟
                (2) 

 

Where h = substrate's height in mm, εr = substrate's 

relative permittivity,  frr=solution frequency. 

  

The lower -3dB frequency of antennas is estimated from 

a  basic cylindrical monopole antenna[21]–[26].  For an 

antenna with a planar prototype and monopole nature, these 

equations are valid. The lower -3dB frequency is plotted in 

[21]–[25]; Eqn (2) gives the formula of lower -3dB frequency 

where H is the height of the cylindrical monopole antenna, and 

r represents the effective radius. 
 

𝑓𝑏𝑒𝑓 =
𝑐

𝜆𝑙
=

7.2

(𝐻+𝑅𝑒𝑓+𝑓𝑙)
𝐺𝐻𝑧                            (3)       

                                                                                                

When compared to microstrip antennas with circular 

patches having dielectric as substrate, the properties will 

remain the same with cylindrical monopole antennae. fl  

represents feed length which is one of the most important 

parameters in impedance matching. The dielectric substrate 

will provide a more fringing effect, which in turn leads to 

strengthening the antenna's effective height, thus reducing the 

lower -3dB frequency. As a result, a better equation for the 

lower -3dB frequency is as follows: 
 

   

𝑓𝑏𝑒𝑓 =
𝑐

𝜆𝑙
=

7.2

(𝐻+𝑅𝑒𝑓+𝑓𝑙)𝑘
𝐺𝐻𝑧                         (4)   

 

In Fig1. A model of the proposed antenna is shown. It has 

a substrate made of FR-4 epoxy with the following 

dimensions: Lsub = 30 mm, Wsub = 35 mm, h = 1.6 mm, εr = 

4.4. A disc radiator of radius R1 = 8.5mm is installed on the  

 
                                                                                                               Fig. 1 Conventional printed antenna  

 
Fig. 2 Proposed printed antenna 

 

substrate's surface and supplies a 50Ω CPW fed line.   Stripline 

dimensions are fl=18mm, and fw = 1.6 mm, respectively. On 

the top portion of the substrate material, the modified ground 

structure is taken into consideration to increase the bandwidth, 

Lgn=19.5mm and Wgn =11.4mm, as shown in Figure 2. 
 

3. Result and Discussion 
 Return loss, VSWR, gain, bandwidth,  cross and co-

polarization are the important parameters of the antenna. A 

variation in ground plane dimensions can improve such 

parameters, especially for the printed antenna. Fig3. 

demonstrate the impact of ground structure on center 

frequency when the simulation is run for various ground plane 

dimensions. Table 1 shows the variation of resonating 

frequencies, fractional bandwidth, and return loss for all the 

ground plane dimensions. It is noticed that the conventional 

prototype proposed antenna of length and width ( Lgn =15.9 

mm, Wgn=11.4mm) results in a maximum impedance 

bandwidth reaching a frequency up to 13.6 GHz and the 

fractional bandwidth of 89%, which exceeds 10GHz that 

satisfies the condition of UWB on its initial solution 

frequency, fcen1=6GHz. However, on its second resonance 

frequency, it does not satisfy the criteria for UWB. Modifying 

the ground plane with variation in length and width, 

bandwidth can be improved, as well as return loss and VSWR. 

All the dimension of the modified ground plane satisfies the 

UWB, but the best one is at Wgn=11.4mm.  
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Table 1. Effect of Return loss (S11)dB on the ground dimension 

Ground plane dimension 
Operating Centre 

frequency(GHz) 
|S11|dB 

-10dB 

Bandwidth(GHz) 
Fractional Bandwidth(GHz) 

Lgn = 15.9mm 

Wgn = 13.4mm 

fcen1 = 7.4 

fcen2 = 15.4 

-25.30 

-17.97 

(5.1-12.9) 

(14.2-19) 

86.6 

28.9 

Lgn = 15.9mm 

Wgn = 12.4mm 

fcen1 = 6 

fcen2 = 16 

-27.69 

-31.90 

(5.2-12.8) 

(14.0-18.0) 

84 

25 

Lgn = 15.9mm 

Wgn = 11.4mm 

fcen1 = 6 

fcen2 = 16 

-41.86 

-39.91 

(5.2-13.6) 

(14.1-18.2) 

89 

25 

Lgn = 15.9mm 

Wgn = 10.4mm 

fcen1 = 6 

fcen2 = 17.4 

-41.58 

-26.68 

(5.3-13.5) 

(14.4-19.7) 

87 

29.5 

Lgn = 15.9mm 

Wgn = 9.4mm 

fcen1 = 6 

fcen2 = 15.8 

-21.97 

-21.97 

(5.4-13.4) 

(14.6-17.0) 

85 

15 

Lgn = 14.9mm 

Wgn = 12.4mm 

fcen1 = 6.4 

fcen2 = 9.6 

-19.32 

-34.44 

(5.4-13.5) 

(8.2-13.4) 

85.9 

48 

Lgn = 14.9mm 

Wgn = 11.4mm 

fcen1 = 6.4 

fcen2 = 9.6 

-16.12 

-40.38 

(5.4-8.0) 

(8.3-13.6) 

38 

49 

Lgn = 14.9mm 

Wgn = 10.4mm 

fcen1 = 6.2 

fcen2 = 9.6 

-17.32 

-24.44 

(5.4-7.2) 

(8.2-13.5) 

33 

48 

 
Fig. 3 Return loss vs frequency 

 
Fig. 4  VSWR vs Frequency response 
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Ground size related to the patch plays a crucial role in 

improving the bandwidth; Figure 3. and Table.1 clearly show 

that the lesser the gap, the more the bandwidth. Hence, the 

optimized length of the ground plane Lgn=15.9mm, but 

decreasing the width of the ground plane leads to increased 

bandwidth and return loss.  

 

Further decreased width provides a poor bandwidth; 

therefore, the optimized dimension of the ground plane width 

(Wgn=11.4mm). When Lgn=15.9mm and Wgn=11.4mm, it 

gives a bandwidth exceeding 10GHz, reflection co-efficient of 

-41.86dB and fractional bandwidth of 89%, which satisfies the 

criteria for UWB. 

 

Fig 4. gives the details of VSWR frequency response; 

VSWR parameters give the idea of the amount of radiation 

that takes the plane and its returning wave. Its value should be 

minimum as possible in order to promote maximum radiation. 

When the resistive parts of impedance are matched to 50Ω of 

the CPW fed line keeping the imaginary part of impedance as 

the lowest value. In the graph, it is seen that for the optimized 

dimension of the ground plane(Lgn=15.9mm, Wgn=11.4mm), 

a good result of VSWR whose value is less than 2 within the 

bandwidth range 
 

The variation of gain from 5GHz to 10 GHz is shown in 

Fig 5. the highest gain of more than 8dBi  is observed in the 

optimized ground plane for the second solution frequency. 

Better gain is seen in the modified ground plane. Fig 4. gives 

the details of VSWR frequency response; VSWR parameters 

give the idea of the amount of radiation that takes the plane 

and its returning wave. Its value should be minimum as 

possible in order to promote maximum radiation. When the 

resistive impedance is matched to 50Ω of the CPW fed line 

keeping the imaginary part of impedance as the lowest value. 

The graph shows that for the optimized dimension of the 

ground plane(Lgn=15.9mm, Wgn=11.4mm), a good result of 

VSWR whose value is less than 2 within the bandwidth range. 

Fig 5. describe the behaviour of Co and Cross polarization 

radiation pattern for different ground dimensions; it is 

observed to show an omnidirectional pattern.  

 
Fig. 5 Gain(dBi) vs frequency 

 
Fig. 6 Radiation pattern of the proposed antenna 

Table 2. Literature survey of various printed monopole antenna 

Ref Size (mm) 
Frequency 

Range (GHz) 

Maximum 

Gain (dBi) 

[16] 60 x 56 x 1.6 1.3 to12 7 

[17] 50 x 50 x 1.575 2.6 to10.8 4 

[18] 50 x 50 x 1.575 2.2 to11 4 

[19] 42 x 42 x 1.5 2.6 to10.6 7 

Proposed 

antenna 
30 x 35 x 1.6 5.2 to13.6 8.77 

Table 2. gives the details of various printed antennae for 

ultra-wideband applications. Comparing the various antenna, 

the size of the antenna is minimum, and a better bandwidth 

and gain can be seen in this proposed antenna. 

4. Conclusion 
A CPW-fed printed antenna which is appropriate for 

UWB applications with an impedance bandwidth of more than 

10GHz. Reducing the ground plane dimension, impedance 

bandwidth keeps on increasing as well as return loss; if it is 

still reducing, a stage will come it will start decreasing the 

bandwidth. The ground dimension at which the bandwidth is 

reduced is the optimized dimension of the ground plane. In 

contrast with a conventional prototype antenna, a modified 

ground plane gives an effective way of enhancing the 

bandwidth. The Co and Cross polarization radiation pattern 

looks exactly like an omnidirectional field pattern. From this, 

it can be concluded that it is radiated uniformly in all 

directions, which is fair enough for a printed monopole 

antenna. 
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