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Abstract— In the last few years there is rapid development in 

the communication industry. These developments introduced 

size reduction of the system and are highly efficient. Study of 

past few years shows that most of the work on MPA is 

focused on designing compact sized Microstrip Antenna. In 

this paper we explain a compact multiband fractal antenna 

based on the nested geometry of microstrip antenna. This 

antenna is fed by micro strip line. The operation of the 

microstrip antenna is centre at frequency 2.5 GHz. The paper 

depicts the design optimization of the nested geometries for 

multiband characteristics. In this paper three designs are used 

namely simple nested, truncated nested and simple nested 

with defected ground structure. Multiband functionality is 

observed in all the designs presented in this paper. These 

antenna designs are thoroughly simulated on FR-4 substrate 

with loss tangent 0.025 and dielectric constant 4.3 and 

analyzed using Computer Simulation Technology 

Microwave Studio. 
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I. INTRODUCTION 

Microstrip antenna have several advantages like low weight 

and volume low profile configuration which can easily caste 

conformal to host material low fabrication cost which makes 

it very popular in communication industry . For developing 

the microstrip patch antenna printed circuit method is used. 

In this method antenna is designed on fixed surface and easy 

to design with MMIC .When the shape of particular patch is 

selected they are very changeable in form of resonant 

frequency, pattern, polarization, and impedance. In this 

paper we are representing the comparative study on different 

dual band and multiband patch antenna. The fractal like 

geometrical structures with self-transformation property is 

use for multiband wireless communication antenna design 

[1]. Fractal is derived from the Latin word “fractus” which 

means irregular and iterative and was coined by Mandelbrot. 

Fractal antenna technology is used in UWB application, 

RFID, mobile communication, satellite communication, 

WLAN, Wi- MAX, ISM Wi-Fi application[2]. The fractal 

antenna has advantages like multiple resonances or 

enhancing bandwidth and hence it can be used in cognitive 

radio for spectrum sensing. The anticipated triangular fractal 

antenna result shows that it has excellent control over three 

operating bands [3]. Sierpinski gasket fractal antenna is 

based on combination of first, second and third Sierpinski 

fractal iterations. The modification in these type of antennas 

have featured small size and relatively high gain [4]. 

Triangular shape inverted fractal patch antenna shows 

miniaturization and multiband operation without 

degradation of its gain [5]. Sierpinski gasket fractal antenna 

with defected ground structure (DGS) is used in antenna 

design in order to improve the electrical performance as well 

as reducing its dimension [6]. In this paper fractal antenna 

with nested geometry is formed by the help of isosceles 

triangular patch. Nested geometry is formed with series of 

triangular element. Fractal antenna based on nested 

geometry operates synchronously with multiple frequencies. 

The surface current distribution varies depending on the 

dimension parameters of the patch including height of each 

triangle, flare angle of each triangle, nested area of each 

triangle, nested area and length of each triangle. The entire 

nested element have same vertex. They are excited by 

common feed through discrete port. Discrete port is 

connected between the strip line and the plane. For better 

performance the discrete port should be matched with 50 

ohm microstrip line [7, 8]. 

II. DESIGN GEOMETRIES 

Geometry of patch is taken from “Comparative Analysis Of 

Fractal Based Nested Triangular Microstrip Antenna” by 

Sejal Kundalia et.al. [1] 

 
Fig. 1(a): Basic structure of triangular patch 

OUTERMOST 

TRIANGLE 

s(side length) a(base length) ɵ 

52 135 53.13 

Table 1: Parameters of Triangular Patch in This Paper 

 
Fig. 1(b): Nested triangular fractal patch 

s2(side 

length) 

a2(base 

length) 

s3(side  

length) 

a3(base 

length) 

s4(side  

length) 

a4(base 

length) 

42 40 32 20 30 10 

Table 2: Parameters of the Nested Elements 

III. MATHEMATICAL SUPPORT 

A. Design Equations: 

Resonant frequency [9] 

𝑓𝑟=

2𝑐

3𝑠Є𝑟
1/2

(𝑚2 + 𝑚𝑛 + 𝑛2)1/2 

Where, 

c=velocity of light in free space 

s=side length of the triangle =dielectric constant 

m, n=mode number(m=0,n=1) 

B. Effective Dielectric Constant:  

Considering the dielectric constant of air [10], the 

Effective dielectric constant becomes 
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Є𝑒𝑓𝑓=
1

2
(Є𝑟 +1)+

1

2

(Є𝑟 −1)

√1+
12ℎ

𝑤

 

Where, 

h =substrate thickness 

w=width of the patch 

C. Substrate parameters: [11] 

𝐿𝑔 = 𝑠 +
𝜆𝑔

4
 

𝑊𝑔= s + 
𝜆𝑔

4
 

Where, Lg = length of the substrate 

Wg = width of the substrate 

𝜆𝑔=
𝑐

𝑓√Є𝑒𝑓𝑓

 

D. Parameters of isosceles triangle: 

The value of the base side can be obtained by 

S=√ℎ2 +
𝑎2

4
 

Area=
1

2
∗ 𝑎 ∗ ℎ 

A=2𝑠 cos ɵ, ɵ= tan−1 2ℎ

𝑎
 

Where, 

a=base side of the triangle 

h=height of the triangle 

ɵ = angle of the same vertices 

s= side length of the triangle 

IV. PARAMETRIC STUDY 

A. Effect of Height Variation in Nested Triangle 

From the experimental study [11], the height of the 

outermost triangle plays decisive role in defining the central 

frequency of first band, reflection coefficient and 

bandwidth. As the height of outermost triangle increases the 

corresponding reflection coefficient decreases and at the 

same time it also affects the pass band frequencies .Here the 

height ratio between the two triangles is taken as:  

ẟ𝑛 =
ℎ𝑛

ℎ𝑛+1

 

Where, nẟ is scaling factor. 

B. Effect of Variation in Angle of the Nested Triangle 

By increasing the angle of the same vertices, the length of 

the lateral side increases and it leads to wider bandwidth but 

the angle should not be too wide .The angle of the outermost 

triangle is significant [11]. 

C. Effect of the Number of Nested Triangle 

By increasing the number of nested triangle it can adjust the 

effect of return loss. Higher the number of nested elements 

lower is the return loss.[11] 

D. Effect of DGS in Ground Plane 

The DGS structure increases the electrical length of the 

antenna and thus reducing the size and leads to further 

enhancement of bandwidth. Also this results into increase in 

the simulation time [6]. 

V. DESIGN AND METHODOLOGY 

In this paper all the three fractal based micro strip antenna is 

designed and simulated by CST MICROWAVE STUDIO 

software and the result is based on the resonant frequency, 

height of substrate, patch dimension and their results are as 

below. 

The design is obtained by considering the inputs fr 
(resonant frequency), h (height of the triangle), Єr (dielectric 

constant) to the models which are simulated to obtain 

optimum results. 

VI. ANALYSIS OF THE ANTENNA DESIGNS IN THIS PAPER 

A. Fractal Antenna based on Simple Nested Geometry: 

 
Fig. 2(a): Simple Nested Triangular Patch  

1) Simulation Results 

 
Fig. 2(b): Return Loss Plot 

Resonant 

frequency(GHz) 

Value at centre frequency 2.5 GHz 

Gain 

(dB) 

Directivity 

(dBi) 
VSWR 

Return 

loss(dB) 

1.33 5.301 6.092 1.47 -14.39 

2.56 5.528 5.696 1.26 -18.75 

Table 3: Optimum Results for Fractal Based Nested 

Triangle 

B. Nested Triangle with Truncated Patch: 

 
Fig. 3(a): Truncated nested triangle geometry  

1) Simulated Results 

 
Fig. 3(b): Return Loss plot 

Resonant 

frequency 

Value at center frequency 2.5 GHz 

Gain Directivity VSWR Return  
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(GHz) (dB) (dBi) loss(dB) 

2.83 6.233 6.553 1.18 -21.34 

Table 4: Optimum Simulated Results for Truncated Nested 

Triangle 

C. Simple nested triangle with DGS: 

 
Fig. 4(a): Simple Nested triangle geometry 

 
Fig. 4(b): DGS structure 

1) Simulated Results 

 
Fig. 4(c): Return Loss Plot 

D. Optimum Results for Simple Fractal Based Nested 

Triangle with DGS 

Resonant 

frequencies 

(GHz) 

Value at canter frequency 2.5 GHz 

Gain 

(dB) 

Directivity 

(dBi) 
VSWR 

Return 

loss 

(dB) 

1.38 5.205 6.049 1.86 -10.37 

2.59 5.136 5.545 1.23 -19.52 

2.90 2.52 7.409 1.49 -14.05 

Table 5: Optimum Results for Simple Fractal Based Nested 

Triangle with DGS 

VII. CONCLUSION 

This paper has provided a comprehensive review of the 

fractal antenna which is operated at 2.5 GHz frequency. In 

this paper three changes has been done in same patch for 

improving the performance of the antenna and getting the 

optimum result. All the design of the antennas are designed 

and simulated by Computer Simulation Technology 

Microwave Studio. All the characteristics of antenna like 

Directivity, VSWR, and Return Loss are separately 

calculated and plotted. Simple nested antenna provides dual 

frequency of operation and lower minor lobes and better 

return loss. Truncated nested triangular antenna provides 

frequency shift as compare to simple nested and it has better 

directivity and gain. Simple nested with defected ground 

structure provide triple band operation. These antennas are 

applicable for communication system, military and defence 

applications. 

  In this microstrip antenna there is need of some 

improvements .The first is the need for more detailed 

attention to rigorous solutions for the radiating wall 

admittance for various microstrip antenna geometries, 

including electrically thicker substrates. Since this is crucial 

to improving design procedures and formulas. The second 

requirement is for the improvement of return loss because 

this parameter is directly linked with the band width and the 

directivity of the antenna. This is improved by using inset 

feed technique which is able to couple the maximum power 

to the antenna. The third is band width improvement which 

is done by split line or by making the slot on radiating patch. 

Finally the need for greatly expanded efforts in the 

development related to this antenna for more design 

approaches which can produce better directivity and better 

return loss with improved methodology. 
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