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Abstract: 
 For designing any antenna, its frequency of operation should be known. The antenna dimensions depend on this frequency of 

operation. Microstrip antennas find applications in aircraft, satellite and missile application where important characteristics are size, 

weight and complexity.  Single-band antenna supports only one or two frequencies of wireless service. Nowadays, wireless devices 

support more and more wireless standards. And each standard requires a different antenna, so this makes the device bulky hence 

fractal geometry is used to provide multiband behavior. This makes the wireless device to support several standards with a single 

antenna built within it. If antenna is to be designed for mobile use, then it is required to design antenna for GPS, Wi-max, Bluetooth, 

PCS and many other applications. So by the use of fractal geometry concept a single antenna can be made which supports all these 

applications. In this thesis work, Sierpinski Carpet fractal has been applied on the patch and a mushroom shaped fractal antenna has 

been designed. Three iterations have been made and the parametric analysis has been done. IE3D simulation software has been used 

for implementing this work. 
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I. INTRODUCTION 

 

In the present scenario of wireless communication, there is a 

need of compact and communication system, so multiband 

antennas required. Generally small antennas capable of 

resonating at multiple bands are in great demand. Microstrip 

antennas find application in aircraft, satellite and missile 

applications where important requirements are size, weight and 

complexity. Although they are less bulky and capable of 

resonating at different bands but they suffer from disadvantages 

like low bandwidth, low gain poor polarization, high Q factor 

and low efficiency. There are number of techniques for 

improving characteristics of micros trip patch antenna which 

include making use of fractal geometry, defected ground 

structure and cutting slots or patch. Fractal means broken or 

irregular fragments. There are number of fractal shapes like 

minkowski, Hilbert curve, Koch curve, sierpinski and fractal 

arrays. By applying fractal geometry on patch, area of patch 

decreases resonant length increases and number of frequency 

bands of antenna increases. Since it is also important to have 

wideband characteristics, hence defected ground structure plays 

an important role in improving bandwidth of antenna. If one 

applies both fractal geometry as well as DGS chracteristices of 

antenna gets improved. 

 Design parameters for fractal patch antenna 

The three design parameters of an antenna are resonance 

frequency, height of dielectric substrate and dielectric substrate. 

These are discussed below. 

 Resonance frequency (𝒇𝒓): It is that frequency at 

which the antenna operates and the return loss is maximum at 

this particular. frequency. Different microwave bands have 

different resonant frequencies. Impedance matching takes place 

at this frequency, so the current is maximum and impedance is 

minimum at this frequency. 

 Substrate’s dielectric constant (∈𝒓): It is the ratio of 

permittivity of substance and free space permittivity. The 

antenna size depends on the dielectric constant. As the value of 

dielectric constant increases, the antenna size decreases. This 

should be selected properly. In this work, FR-4 has been used as 

dielectric substrate.  

 

Procedure for designing fractal patch antenna 

The design methodology for the thesis work is described in the 

flow chart drawn below in figure 1. 

 

 
Figure.1. Procedure for designing fractal patch antenna 
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 Design of mushroom shaped Sierpinski Carpet 

fractal patch antenna 
Initially square patch has been analyzed. The dimensions of the 

patch have been taken as 25mm. The parameters of antenna are 

analyzed. Now to improve the antenna characteristics further, 

first iteration is done on the patch and results are studied. Then 

to get better results, second iteration is also done to make a 

mushroom shaped fractal patch antenna. And finally the 

parametric analysis has been done. It uses FR-4 as dielectric 

substrate. Coaxial feeding technique has been used to provide 

feed to the antenna. This feeding is done at that point on the 

patch where the impedance matching takes place. In this thesis 

work, feed point is taken at (-11,-11) co-ordinates. The 

dimensions of the antenna are given in the table 1.1. 

 

VARIABLE VALUES 

Length of patch 25mm 

Width of patch 25mm 

Length of ground  30mm 

Width of ground 30mm 

Thickness of substrate 2.4mm 

Feeding technique used Coaxial feeding 

technique 

Substrate used FR-4 

Dielectric constant 4.4 

Loss tangent 0.02 

Feed point X=-11,Y=-11,Z=0 

First iteration cut 8mm 

Second iteration cut 3mm 

 

The geometry corresponding to 0
th

 iteration is shown in figure 

1.2. A square patch has been analyzed. This square patch has 

dimensions of 25mm*25mm. The ground dimensions are 

calculated using the defined formulas. This antenna has 

dimensions of ground as 30mm*30mm. Feed point is selected by 

hit and trial method to check where maximum impedance 

matching takes place. Then the results are analyzed.  

 

 
Figure.2. 0

th
 iteration design 

Now to improve the results further, 1
st
 iteration of Sierpinski 

Carpet fractal is applied on the patch. This first iteration has 

been done by making a cut of 8mm on the patch. It used 

Sierpinski carpet fractal geometry. This cut is made at the centre 

of the patch. Then antenna parameters are examined. Now the 1
st 

iteration design is shown in the figure 1.3 

 
Figure.3.1

st
 iteration design 

Then to improve the antenna parameters like bandwidth, return 

loss and gain further, one more iteration has been done which 

forms a mushroom shaped fractal antenna. This makes the 

second iteration design. It is made by making a cut of 3mm on 

the 1
st
 iteration design and using the Sierpinski carpet fractal 

geometry format. In this, the cuts are made at the four corners of 

the patch. This cut is of dimensions 3mm.  The design 

corresponding to 2
nd

 iteration is shown in figure 1.4. 

 
Figure.4. 2

nd
 iteration design 

 

Now to improve bandwidth further, defected ground structure 

had been applied on the ground. Defected ground structure is 

basically a slot cut on the ground so as to get wide bands. These 

wide bands are achieved as the direction of flow of current 

changes on the ground plane and DGS also reduces the fringing 

fields produced by the antenna. 

 

 Defected ground structure (DGS): 

As the name says, defected ground structure means that a defect 

is produced in the ground plane. This defect is produced by 

cutting a slot on the ground plane. This slot can have different 

shapes and can be of any dimensions. It can have shapes like 

plus shape, T shape, dumbbell shape, U slot and many more. 

This dissertation has used U slot DGS. By making a slot on the 

ground, the current direction changes in the ground plane which 

results in increase in bandwidth and reduction in fringing effect. 

By the use of DGS, wide bands can be achieved. The equivalent 

circuit of DGS is shown in figure 1.5 below. 
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Figure.5. Equivalent circuit of DGS 

This DGS increase the inductive part and decrease the capacitive 

part which results in reduction of resonant frequency. It 

increases the dielectric constant. The equations for capacitance 

and inductance are given below in equation 1 and 2. 
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Basically, DGS improves the radiation pattern and decrease the 

antenna size. 

 

 Effect of applying DGS on antenna performance: 

Fractal geometry produces multiband characteristics. It means 

that the same antenna can be used for many applications. The 

antenna resonates at different frequencies. Now to have 

wideband characteristics, DGS is applied on the ground plane of 

the microstrip patch antenna. This thesis work implemented 2 U- 

slot DGS. The configuration of DGS used in this thesis work is 

shown in figure 1.6 

 
(a) 

 
Figure.6. Defected ground structure (a) Top view (b) Rear 

view 

This DGS has dimensions of 1 mm. The feedpoint is given at (-

11,-11,0). By applying DGS, area of ground decreases and the 

flow of curent changes its direction. The main advantage of 

using DGS is it produces wide bands andreduces the surface 

waves. But there is one disadvantage of using DGS is that the 

efficiency of antenna decreases. So this is how the characteristics 

of antenna have been improved using defected ground structure 

on the mushroom shaped fractal patch antenna. 

 

II. RESULTS AND DISCUSSION 

 

In this thesis work, a mushroom shaped fractal antenna has been 

designed using Sierpinski Carpet fractal geometry. Initially a 

square patch has been analyzed. Then 1
st
 iteration is made on it. 

And to get much better results, one more iteration has been done. 

As the number of fractal iterations increases, the antenna 

characteristics are improved and the size of antenna reduces. But 

this is valid till some limit and beyond that limit the antenna 

characteristics starts degrading. Now the results of 0
th

, 1
st
 and 2

nd
 

iteration are discussed here. 

 

 Sierpinski carpet fractal patch antenna (0
th

 

iteration): 

 In this, the results for 0
th

 iteration are discussed. The antenna 

characteristics are explained in terms of return loss, bandwidth, 

resonant frequency, gain and directivity. Return loss should have 

more negative value. Ideally it is defined having more value than 

-10dB because this is the return loss for isotropic antenna. The 

return loss versus frequency graph for 0
th

iteration is shown in 

figure 1. 

 

 
 

 
Figure.7.Return loss versus frequency 

 

 
This antenna resonates at 5.4GHZ, 8.1GHZ and 10.2GHZ with 

return loss -30dB, -18dB and -20dB respectively. It produces a 

maximum bandfrom 6GHz to 12GHz frequency. The 3D 

radiation pattern for 0
th

iteration at different resonant frequencies 

is shown in figure (a), (b) ,(c) and (d). 
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Figure. (a).Radiation pattern at 5.4GHz 

 

 
Figure.(b). Radiation pattern at 8.1GHz 

 

 
Figure.(c).Radiation pattern at 8.9GHz 

 

 
Figure.(d).Radiation pattern at 10.2GH 

Figure (b) shows the 3D radiation patterns at different 

frequencies.Radiation pattern basically shows the maximum gain 

produced by the antenna. Gain takes into account the efficiency 

of an antenna and its directivity. This antenna’s radiation pattern 

shows that maximum gain at 5.4GHz is 0.93dBi, at 8.1GHz is 

3.11dBi, at 8.9GHz is 2.09dBi and at 10.2GHz is 0.077dBi.  

Now the characteristics for 0
th
 iteration were not so good. So in 

order to get improved characteristics, 1
st
 iteration is done. 

 

 Sierpinski Carpet fractal patch antenna (1
st
 

iteration): 

The return loss versus frequency graph for 1
st
iteration is shown 

in figure 8. 

 

 
Figure.8. Return loss versus frequency 

 
 

This graph shows that the antenna with 1
st
 iteration resonates at 

5.94GHz, 8.3GHz, 8.7GHz and 9.7GHz frequencies with return 

loss of -10.337dB, -11.658dB, -15.755dB and -39.9dB 

respectively. Resonant frequency 5.94GHz produces bandwidth 

of 50MHz and the other resonant frequencies produces 

1800MHz bandwidth. The bandwidth produced is much 

increased than the 0
th

 iteration design. Now the 3D radiation 

pattern for 1
st
 iteration at different frequencies is drawn in figure 

(a). This pattern shows the gain obtained at different frequencies. 

 

 
Figure (a):- Radiation pattern at 5.9GHz 

 

 
Figure (b):- Radiation pattern at 8.3GHz 

 

 
Figure (c): Radiation pattern at 8.7GHz 

 

 
Figure (d): Radiation pattern at 9.7GHz 

 

Figure (a), (b), (c) and (d) shows the 3D radiation pattern for 

different resonant frequencies. This pattern has different shape 

and different values of gain at different frequencies. It shows 

that the gain at 5.9GHz is 2.55dBi, at 8.3GHz is 2.32dBi, at 
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8.7GHz is 1.77dBi and at 9.7GHz is 2.28dBi. Hence the 

maximum gain produced is at 5.9GHz and the value of gain at 

this frequency is 2.55dBi. These are the antenna parameters 

obtained at 1
st
 iteration design. Now in order to obtain more 

improved results, one more iteration has been done on the patch. 

This 2
nd

 iteration design is the proposed antenna design for this 

thesis work.  

 

 Sierpinski Carpet fractal patch antenna (2
nd

 

iteration): 

The antenna parameters obtained after the 2
nd

 iteration on patch 

are discussed in this section. The return loss versus frequency for 

this design is shown in figure 9. 

 

 
Figure.9. Return loss versus frequency 

 

 
 

This graph concludes that this antenna resonates at 5.5GHz, 

8.2GHz, 8.4GHz and 9.7GHz with maximum return loss of -

28.26dB. This antenna produces a band of 2GHz. This shows 

that bandwidth is improved in comparison with 1
st
 iteration. 

Now the radiation pattern for 2
nd

 iteration at different resonant 

frequencies is shown in figure (a),(b),(c),(d). This 3D radiation 

pattern discusses about the gain values at those particular 

frequencies. Gain is the amount of power that is radiated in some 

particular direction. It does not include any losses. Basically it is 

the product of directivity and efficiency. The figures of the 

radiation pattern are shown here in figure. 

 

 
Figure .(a).Radiation pattern at 5.5GHz 

 

 
Figure.(b). Radiation pattern at 8.2GHz 

 
Figure. (c). Radiation pattern at 9.4GHz 

 

 
Figure. (d). Radiation pattern at 9.7GHz 

 

Now figure (a), (b), (c) and (d) shows the 3D radiation patterns 

at different resonant frequencies. The antenna with resonant 

frequency 5.5GHz has gain value of 2.29dBi, gain at 8.2GHz is 

1.38dBi, gain value at 9.4GHz is 2.68dBi and gain at 9.7GHz 

resonant frequency is 1.92dBi. The maximum gain is obtained at 

9.4GHz having value of 2.68dBi. Now this also shows that the 

maximum gain is also improved in 2
nd

 iteration design. The 1
st
 

iteration design obtained gain value of 2.55dBi but 2
nd

 iteration 

obtained value of 2.68dBi.  Now the three iteration results are 

compared in tabular form in table 1 below. All the antenna 

parameters for different iterations are analyzed and discussed. 

This table discusses about return loss, gain, bandwidth and 

directivity for the three iterations. 

 

Table.2. Comparative analysis of three iterations 
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 Simulation results of fractal antenna using DGS 

By applying fractal geometry, multiband characteristics are 

obtained. And to improve the bandwidth, U slot DGS is applied 

on the ground plane of the mushroom shaped patch antenna. 

Hence we obtain wideband antennas. There are many different 

DGS configurations which can be applied. We use that 

configuration which produces the best results for our design. 

Return loss versus frequency graph with DGS is shown in figure 

10. 

 

 
Figure.10. Return loss versus frequency 

The antenna with DGS resonates at 5.3GHz, 7.8GHZ, 10.3GHz 

and 11GHZ having a maximum return loss of -24dB. It produced 

a band of 3500MHz. The gain at different frequencies is 1.17dBi 

at 5.3GHz, 2.26dBi at 7.8GHz, 1.62dBi at 10.3GHz and 1.87dBi 

at 11GHz. The directicity produced by this antenna at 

corresponding frequencies is 5.86dBi, 7.885dBi, 7.17dBi and 

8.6dBi respectively.The 3D radiation pattern is the graphical 

representation of gain and directivity. The radiation pattern at 

different frequencies is shown in the figure (a). 

 

 
Figure. (a). Radiation pattern at 5.3GHz 

 

 
Figure.(b).Radiation pattern at 7.8GHz 

 

 
Figure .(c). Radiation pattern at 10.3GHz 

 
Figure.(d). Radiation pattern at 11GHz 

These results show that there is an improvement in bandwidth 

from 2Gb to 3.5GB but there is slightly increase in the value of 

return loss. 

 

 
 

Hence DGS provides widebands. This antenna produces a band 

between 6GHz to 12GHz. The results of 2
nd

 iteration and the 

results using DGS are compared in the table 2.  

 

Table.3. Comparison of results of antenna design with and 

without DGS 

Iteratio

n 

Numbe

r 

Resonance 

Frequency 

(GHz) 

Return 

Loss 

(dB) 

Gain 

(dBi

) 

Directivit

y (dBi) 

Bandwidt

h 

 

2
nd

 

iteratio

n 

design 

      5.5         -

13 

2.29 5.82     

200MHz 

      8.2  

 

     -

28.26 

1.33 7.62  

 

       2GHz 
      9.4 2.65 8 

      9.7 1.93 6.8 

      10 2.18 7.4 

 

 

 

U- slot 

DGS 

     5.3  

 

 

       

-

24 

1.17 5.86  

 

 

       3.5GHz 
     7.8 2.26 7.885 

    10.3 1.62 7.17 

 

Now the table 2 concludes that the band produced using DGS is 

3.5GHz and that of without DGS is 2GHz. So the bandwidth 
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range has been improved but there is slightly degradation in the 

value of return loss. There is always a trade off between antenna 

parameters. The proposed antenna using DGS is applicable for 

S-band (2-4GHz ) and C-band (4-12)GHz microwave frequency 

bands. So based on this it has applications in GPS, WLAN, 

Bluetooth, Cellular phones, Wi-Fi,long distance radio 

telecommunications, microwave relyas, Satellite communication 

and RADAR.  

 

III. CONCLUSION AND FUTURE SCOPE 

 

In this work, mushroom shaped fractal microstrip patch antenna 

has been designed using Sierpinski carpet fractal geometry. This 

antenna has been applicable for C and X microwave frequency 

bands. Initially a square patch of side 25mm has been analysed. 

Then two iterations has been applied on the patch using 

Sierpinski Carpet fractal geometry. The second iteration design 

resonates at 5.5GHz, 8.2GHz, 9.4GHz, 9.7GHz and 10GHz 

frequencies. It produces a band of 2GHz having maximum return 

loss of -28.26dB. The feedpoint is taken at (-11,-11) coordinates 

using coaxial feed. After applying U slot DGS,  the bandwidth of 

the antenna has been improved. The 2
nd

 iteration using DGS 

resonates at 5.3GHz, 7.8GHz, 10.3GHz and 11GHz frequencies. 

This antenna design resonated between 6GHz to 12GHz 

frequency range. It produced a band of 3.5GHz. So this shows 

that the bandwidth has been improved using DGS. The proposed 

antenna can be used for long distance radio telecommunications, 

microwave relays, Satellite communication and RADAR. For 

future work, this antenna can be deisgned using non contacting 

feeds and poximity feeds and the antenna paramters like gain 

and bandwidth can be improved. This study will provide 

guidelines to the researchers working in this area. 
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