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Abstract— A microstrip antennas include more than one 

patches in a two-dimensional array. The antenna is typically 

related to the transmitter or receiver via foil microstrip 

transmission lines. The radio frequency modern-day is 

applied (or in receiving antennas the obtained sign is 

produced) among the antenna and floor plane. Microstrip 

antennas have end up very famous in latest a long time 

because of their skinny planar profile which may be included 

into the surfaces of customer products, plane and missiles; 

their ease of fabrication the usage of revealed circuit 

techniques; the benefit of integrating the antenna at the equal 

board with the relaxation of the circuit, and the opportunity 

of including lively gadgets which includes microwave 

incorporated circuits to the antenna itself to make lively 

antennas. This paintings explores the overall performance 

enhancement of microstrip patch antenna via way of means 

of analyzing the numerous papers. The antennas are analyzed 

the usage of the exclusive antenna parameters like Radiation 

pattern, Gain, Return loss, Directivity and Radiation pattern. 
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I. INTRODUCTION 

Microstrip antennas (additionally referred to as the patch 

antenna) are the maximum simple form of antenna that is 

used now days, specifically withinside the variety from 1 to 

six GHz. The microstrip antenna first got here into life 

withinside the early 1955 whilst G.A. Deschamps first 

proposed the idea of microstrip idea via way of means of the 

usage of microstrip feed line to feed an array of revealed 

antenna elements. The flat profile and decreased weight of 

those antennas in comparison to the parabolic reflector 

antennas and different antennas, made it appealing for 

airborne and spacecraft applications. With extra length 

discount and the usage of excessive dielectric energy 

substances have brought about using such antennas in 

handsets and GPS systems. Microstrip patch antenna is one 

of the maximum beneficial antennas at microwave frequency 

variety. 

II. BASIC PATCH ANTENNA DESIGN 

There are a number of configurations in which a patch 

antenna can be designed, the basic one is shown in figure 1.1.  

 
Fig. 1.1: Basic configuration of microstrip patch antenna 

 Here, l is the length and w is the width of the patch. 

In simplest configuration l = w = λeff/2 or an electrical one 

half wavelength, including the shortening effect of the 

dielectric constant (εr) of the material between the patch and 

the conducting surface. The width w of the microstrip antenna 

controls the enter impedance. Larger width can also growth 

the bandwidth. By growing the width, the impedance may be 

reduced. Several strategies have developed to lessen the 

antenna length which include the usage of shorting posts, 

fabric loading and geometry optimization. The use of slots 

with distinctive shapes in microstrip patch antenna has 

proved to be the maximum nice strategies of all the stated 

strategies. 

III. FRACTAL GEOMETRY 

Fractal geometry is a very popular method which has unique 

properties to improve the characteristics of the patch 

antennas. Fractal was first defined by Benoit Madelbrot in 

1975 and snowflake curve was the first example of fractal 

given by him. We can define a fractal as an object with 

nonlinear self-similar properties. Fractal geometry has unique 

features occurring in nature. The self-similar property of 

fractal can be explained with the help of an example of a fern 

leaf. If we observe a fern leaf carefully then we will notice 

that each small leaf which is a part of the big leaf has the same 

shape as that of the whole fern leaf. Hence we can say that the 

fern leaf is self-similar [29]. The iteration of one or more 

affine transformations can generate fractals reproducing real 

shapes, such as clouds, mountains etc. An affine 

transformation is a recursive transformation of the form given 

below. 

 (1.1) 

 To run this system an initial point have to be chosen 

and one transformation is chosen randomly according to the 

assigned probabilities on each iteration, the resulting point 

(xn+1, xy+1) are drawn on a page. The fundamental iterative 

process involves replacing rectangles with a series of 

rectangles called generator. 

 An important property of fractal geometry is the 

possibility of obtaining an arbitrarily long curve confined to 

a given apace. This property can be exploited properly in the 

process of antenna miniaturization. Another property is the 

self similar property.  The self similar properties can take 

different forms depending on the choice of fractal 

representation. There are a lot of advantages. Some of these 

advantages include the reduction in size, decrease in the 

resonant frequency and multiband generation. The different 

fractal geometries are discussed below. 

A. Koch Fractal: 

The advantages of using a fractal as a dipole antenna are to 

miniaturize the total height of the antenna at resonance. The 

curve of Koch is generated by a geometric method which can 
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be iterated an infinite number of times by dividing a straight 

line segment into three equal parts and substituting the 

intermediate part with two segment of the same length. With 

each new iteration a length is added to the total curve which 

results in 4/3 the original geometry. 

 Lengthkoch = h ( 
4

3
 ) n     (1.2) 

Above equation (1.2) gives the length of nth iteration.                                                              

 

Fig. 1.2: Koch Fractal Geometry 

 The self-similar property of the fractal geometry can 

be observed from the above figure (1.1).the amount of scaling 

that is necessary for each iteration gradually reduces as the 

number of iterations increase. Hence we can say that resonant 

length increases with increase of iterations but the area 

reduces. 

B. Minkowski Fractal: 

Hermann Minkowski introduced the Minkowski fractals in 

the year 1885. This geometry can be used to reduce the size 

of the antenna by increasing the efficiency with which it fills 

up its occupied volume with electrical length. In case of this 

geometry the fractal is formed by displacing the middle one-

third of each straight segment by some fraction called the 

indentation factor 

Indentation factor = indentation width / indentation length 

Changing the indentation factor causes a change in the 

resonant frequency, hence proper tuning should be there to 

obtain the required frequencies. 

 

Fig. 1.3: Minkowski Fractal Geometry 

 The starting geometry in this case is a square patch. 

The first iteration is obtained by replacing each of the four 

sides of the square by an indentation. The dimensions of the 

indentation vary with each iteration.  

C. Sierpinski Carpet Fractal Geometry: 

The Sierpinski carpet fractal geometry is applied on square 

patches. It is made by taking a square and dividing the square 

into nine smaller squares and removing the central square. 

The process is then repeated for the eight small squares. As 

the number of iterations increase, the size of the square 

becomes smaller. Hence it can be said that as the iterations 

approach infinity, the area approaches to zero. A figure (1 3) 

illustrating the Sierpinski carpet fractal geometry is shown 

below. Three iterations have been shown in various stages 

(A), (B), (C) and (D).  

 
Fig. 1.4: Sierpinski Fractal Geometry 

D. Cantor Fractal Geometry: 

Cantor fractal is another form of multiband fractal structure. 

It is an iterated function system (IFS). This array can be 

formed by the repetitive application of a generating sub-array. 

The main advantage of this geometry is the reduction in the 

area. This geometry is applied to a straight line. In cantor set 

fractal structures, the segments generated at different 

iterations are of same dimension. The cantor set is 

constructed by taking a line segment of length, let us say 1. 

Then we divide the line into three equal parts and then remove 

a piece of length 1/3 from the middle. Next, these two pieces 

are also divided into three parts and then the middle part is 

removed. Repeating the process n times results in 2n line 

segments of total length (2/3)n. 
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Fig. 1.5: Cantor Fractal Geometry 

 Above figure shows the different iterations applied 

to the line segment. With each iteration the area tends to 

reduce. 

IV. DESIGN AND METHODOLOGY 

For designing any antenna, its frequency of operation must be 

known. The antenna dimensions rely upon this frequency of 

operation. Single-band antenna helps simplest one or 

frequencies of wi-fi service. Nowadays, wi-fi gadgets help an 

increasing number of wi-fi requirements. And every 

widespread calls for a special antenna, so this makes the tool 

cumbersome therefore fractal geometry is used to offer 

multiband behavior. This makes the wi-fi tool to help 

numerous requirements with a unmarried antenna constructed 

inside it. If antenna is to be designed for cell use, then it's 

miles required to layout antenna for GPS, Wi-max, Bluetooth, 

PCS and lots of different applications 

V. RESULTS AND DISCUSSIONS 

In this dissertation work, a mushroom shaped fractal antenna 

has been designed using Sierpinski Carpet fractal geometry. 

Initially a square patch has been analyzed. Then 1st 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. 

VI. CONCLUSION 

The basic understandings of the microstrip patch antenna and 

the fractals have been illustrated. Various fractal geometries 

have been discussed. By using these geometries we can 

improve the characteristics of the microstrip antennas. The 

various advantages and disadvantages of the fractal antennas 

have also been mentioned. Further the various fields of 

applications of fractal antenna are illustrated. 
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