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Abstract: This paper presents an antenna with 

multiband fed by coplanar waveguide (CPW). The 

antenna is designed by modifying the fractal slots 

geometry and by introducing a 'U' slot in the feed line. 

The presented antenna can be used to operate at 

multiple bands of frequencies, which support mainly the 

C band and X band applications including Defense and 

secure communication. When it comes to Military 

communications and Wideband Global SATCOM 

(WGS) systems, this band of frequencies helps in 

reducing the number of satellites in the orbit. As these 

satellites need to be placed at a wider distance apart, 

they further support applications like COTM (Comms-

On-The-Move). Antenna also supports fourth 

generation (4G) mobile communication system and 

wireless local area network (WLAN). The properties of 

the antennas like gain, return losses, VSWR (Voltage 

Standing Wave Ratio) and radiation patterns are 

determined by simulation using HFSS Software. 

Keywords: Coplanar Waveguide, Fractal, Multiband, 

U-Slot 

1. Introduction 

     Presently, the communication media has been 

updated to wireless from wired the 4G technologies 

have taken up a prominent role in the transfer of 

information. The Fourth Generation (4G) technologies 

of wireless communication have been providing many 

broadband services like data, image, voice, and 

multimedia transmission with high speed. These 

facilities help in communicating the people around the 

world with in fraction of seconds [1-4]. Besides 4G the 

designed antenna also supports Military 

communications and Wideband Global SATCOM 

(WGS) systems. This band of frequencies helps in 

reducing the number of satellites in the orbit and as 

these satellites are placed at a wider distance apart, they 

further support applications like COTM (Comms- On-

The-Move). Other applications like WLAN (Wireless 

Local Area Network), Defense and secure 

communication are also supported by the band of 

frequencies supported by the designed antenna [5-8]. 

Most of the communication systems generally 

require multiband, can be provided by fractal slots 

[9].The term fractal geometry [10] was first originated 

by Mandelbrot to explain about the complex shapes 

which will have similarity within their geometrical 

structure. This complex geometry of Fractal antenna 

supports the multiple bands of frequencies. The 

multiband fractal slot antenna with a 'U'slot in the feed 

line fed by CPW is presented, which supports the X 

band and C band applications. The designed antenna 

consists of modified feed line with U slot [11-12] and 

patch with fractal slots connected between 50Ω CPW 

[13] line. The designed antenna will create multiple 

bands of frequencies because of fractal geometry nature 

[14], also gives high gain and low VSWR. All these 

parameters of the proposed antenna will be analyzed 

and verified by simulation using the HFSS Software. 

Also, the radiation pattern of the designed antenna will 

be simulated and analyzed. 

2. Design and specifications of Antenna 

      In this section, the modified fractal antenna and the 

proposed modified antenna with a 'U' slot in the feed 

line are compared in terms of structure as shown in Fig. 

1 and Fig. 2, which are fed by a CPW line of 50Ω. In 

this paper, the antenna is fabricated on an FR4 dielectric 

substrate with a thickness of 1.6mm, loss tangent of 

0.019 and relative permittivity of 4.1 (εr). The vertical 

and horizontal dimensions of the antenna are 75.20mm, 

53.40 mm respectively. The dimensions of 'U' slot and 

all fractal slots of patch are mentioned in the Table 1. 

 

 
 

Figure 1.Fractal slot antenna 

 
Figure 2. Modified antenna with 'U'slot in the Feed. 
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Table 1. Parameters and their diemnsions 

 

Paramet

er 

Dimensi

on in 

mm 

Parame

ter 

Dimensi

on in 

mm 

ws 53.4 SL 11.1 

w 38.5 Ls 75.2 

w1 11.1 L1 39.7 

w2 3 L2 32.5 

w3 16.0 L3 3.5 

w4 25.9 L4 4.7 

w5 0.9 L5 34.0 

w6,w7 0.5 L6 21.8 

w8 3.5 L7 3.4 

w9 9 L8 14.5 

w10 3 L9 10.8 

w11 3.7 L10 11.9 

 

3. Experimental Results 

 The Fig. 3 shows the number of bands, their 

bandwidth and return loss at all the frequencies chosen 

in the analysis part of the designed antenna. From the 

plot the it is observed that the minimum return loss of -

31.5 dB is obtained at 8.9 GHz frequency followed by -

28.4 dB at 7.9 GHz, -27.1 dB at 1.6 GHz, -22.5 dB at 

3.2 GHz and -21.6 dB at 4.5 GHz. Total of six bands of 

frequencies are obtained with a maximum band width of 

2 GHz having the frequency range between 7.4 - 9.4 

GHz. All these bands of frequencies support many 

applications. 

       
Figure 3.Return Loss Plot 

 

       
Figure 4. VSWR Plot 

The Fig. 4 shows the voltage standing wave ratio 

(VSWR) plot of the designed antenna. VSWR need to 

be as minimum (lessthan 2dB) as possible for the good 

performance of an antenna. At all the desired operating 

frequencies the VSWR is minimum (less than 2 dB) and 

it resembles a good performance and efficiency of the 

designed antenna.  

       
Figure 5.Gain vs Frequency Plot 

The Fig. 5 shows the graph plotted between the gain 

and the frequency of the designed antenna. The antenna 

gain should be as maximum (greater than 3 dB) as 

possible for the better performance. At all the desired 

operating frequencies the gain obtained is greater than 3 

dB and overall gain of 7.75dB is obtained. This overall 

gain can be observed from the antenna parameters table 

or by taking the average of all the gains at their 

respective frequencies. 

       
Figure 6.Impedance Plot 

The Fig 6 shows the graph plotted between the 

impedance and the frequency of the designed antenna. 

Graph shows that the impedance is almost 50Ω at all 

the desired frequencies. 

   

Figure 7.Radiation patterns at(a) 1.6 GHz, (b) 3.2 GHz, 

(c) 4.5 GHz, (d) 5 GHz, (e) 6.7 GHz and (f) 7.9 GHz. 

 The Fig. 7 shows the radiation pattern at different 

operating frequencies of the designed antenna. On 

observing the radiation pattern plots it can be concluded 

that the designed antenna can show a best performance 

with maximum efficiency. 
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(a)     (b) 

   
(c)     (d) 

   
(e)     (f) 

Figure 8.Current Distribution at (a) 1.6 GHz, (b) 3.2 

GHz, (c) 4.5 GHz, (d) 5 GHz, (e) 6.7 GHz and (f) 7.9 

GHz 

The Fig. 8 shows the current distribution at above 

mentioned different operating frequencies of the 

designed antenna. 

 

4. Parametric Analysis 

This parametric analysis presents the effects on 

various results like return loss, VSWR, gain and 

radiation pattern of an antenna. The parametric analysis 

can be done by varying the dimensions of various parts 

of antenna. In the presented antenna, various important 

parameters like SL and w3 are varied to analyze the 

return loss results. The fractal slot antenna without 'U' 

slot had covered the frequency range of 1.71 - 5.35 GHz. 

The proposed antenna with modification in the patch 

fractal slots and the introduction of a 'U' slot in the feed 

line has increased the range of frequencies up to 9 GHz. 

       
Figure 9. Simulation result of Return loss by varying 

the value of parameter SL 

The Fig. 9 shows the return loss plot obtained by 

varying the parameter SL of the antenna. On analyzing 

the plot, it is observed that the return loss as well as 

number bands have been changed by varying the 

parameter SL from 11.112 mm to 20.989 mm with a step 

size of 4.938 mm. As the parameter SL is decreased, it is 

observed that the resonant frequencies have been shifted 

to the left slightly and reduced in number but return loss 

has been reduced to a great extent. Increasing or 

decreasing the parameter SL from its actual value 16.05 

mm has reduced the return loss and increased the 

bandwidth slightly at resonating frequencies. 

       
Figure 10.Simulation result of Return loss by varying 

the value of parameter w3 

The Fig. 10 shows the return loss plot obtained by 

varying the parameter w3 of the antenna. On analyzing 

the plot, it is observed that the return loss as well as 

number bands have been changed by varying the 

parameter w3 from 11.112 mm to 20.989 mm with a step 

size of 4.938 mm. As the parameter w3is decreased, it is 

observed that the resonant frequencies have been shifted 

to the left slightly and reduced in number but return loss 

has been reduced to a great extent. Increasing or 

decreasing the parameter w3 from its actual value 16.05 

mm has reduced the return loss and increased the 

bandwidth slightly at resonating frequencies. 

 

5. Conclusion 

In this paper, a multiband fractal slot antenna with a 

'U' slot in the feed line fed by CPW has been designed 

by varying various slot dimensions of patch. Also, the 

antenna parameters have been varied in order to observe 

various effects, which resulted in increase of bandwidth 

at some resonant frequencies and reduction of return loss 

to a maximum extent. Various results like Gain, VSWR, 

Return loss and Radiation pattern have been analyzed 

and concluded that the antenna designed can be utilized 

efficiently to support various X band and C band 

applications including WLAN, 4G technologies, WGS 

systems, defense and secure communication. 
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