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Abstract— An antenna is an electrical device which is 

constructed by current conducting element. Antenna is a 

transducer which converts the radio frequency into alternative 

current is known as receiving antenna and alternative current 

is transmitted in the form of radio frequency is called 

transmitting antenna. The basic microstrip antenna consist of 

a rectangular patch is mounted on substrate and the ground 

plane is used at bottom of substrate. Both patch and ground is 

perfect electric conductor. There are many types of dielectric 

substrate material such as FR4 epoxy, Rogger, Arlon, glass. 

These substrates are having different properties like height, 

dielectric constant, relative permittivity. There are four types 

of feeding techniques like line feeding, coaxial cable feeding, 

aperture feeding, proximity feeding. The strip which is 

connected to patch is known as microstrip feed line. A Fractal 

shaped antenna for GPS and aircraft surveillance application 

is introduced in this paper. This design exhibits the behaviour 

of multiband fractal geometry having acceptable value of 

Return loss (RL), VSWR and Gain (G). Then geometry of 

proposed antenna has been investigated until good value of 

gain has not obtained at lower frequency L1 (1.2 GHz) and 

L2 (1.575 GHz) which is suitable for GPS. Due to small in 

size antenna can used in handheld device like aircraft 

surveillance. Result of proposed antenna show multiband 

behaviour and work on four resonant frequencies (3.1 GHz, 

4.5 GHz, 7.1 GHz, 9.6 GHz). On other hand modified antenna 

covers two resonant frequencies (1.1 GHz, 6.9 GHz). The 

simulated result of modified fractal antenna shows 600 MHz 

bandwidth and 6.6 dB gain. The proposed antenna is 

simulated in High frequency Structure Simulator (HFSS) 

software tool. 
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I. INTRODUCTION 

A. Antenna 

An antenna is an electrical device which is constructed by 

current conducting element. Antenna is a transducer which 

converts the radio frequency into alternative current is known 

as receiving antenna and alternative current is transmitted in 

the form of radio frequency is called transmitting antenna. 

The importance of antenna beggar’s description in wireless 

communication and antenna is a part and parcel of Bluetooth, 

radio, mobile, satellite communication. An antenna starts its 

propagation when electrical energy is given to the metallic 

conductor. An antenna radiates electromagnetic waves in all 

direction is called an omnidirectional antenna. In today's era, 

there are several types of antennas that are used Ford 

communication such as reflector antenna, dipole antenna, 

travelling wave antenna, microwave antenna, patch antenna. 

B. Basics of Microstrip Patch Antenna 

The basic microstrip antenna consist of a rectangular patch is 

mounted on substrate and the ground plane is used at bottom 

of substrate. Both patch and ground is perfect electric 

conductor. There are many types of dielectric substrate 

material such as FR4 epoxy, Rogger, Arlon, glass. These 

substrates are having different properties like height, 

dielectric constant, relative permittivity. There are four types 

of feeding techniques like line feeding, coaxial cable feeding, 

aperture feeding, proximity feeding. The strip which is 

connected to patch is known as microstrip feed line. The 

width of microstrip feed line determine its characteristics 

impedance and effective dielectric constant. 

Furthermore, fringing field is the electric field which 

is responsible for propagation of waves. This field rises if 

dielectric constant of substrate is less. It should beɛr =1(low) 

and height of substrate should be high for better performance 

of antenna [15]. Moreover, there are different shapes of 

patches that are used for constructing the microstrip antenna 

but the characteristics are remains same if use triangular, 

circular, rectangular shaped patch antenna. 

C. Advantages of Microstrip Patch Antenna 

1) Weight and size is alleviated as compared to traditional 

antennas 

2) It can easily stick on any plane surface. 

3) It is very cheap to fabricate the antenna and numbers of 

pieces are available at small price. 

4) It can propagate linear and circular polarized waves. 

5) It can be mounted on same PCB which is used for circuit 

design. 

6) It can work on different frequencies. 

D. Disadvantages of Microstrip Patch Antenna 

1) The bandwidth of patch antenna is a big issue. 

2) Gain of this antenna is small and efficiency is not good. 

3) It cannot properly work at high power of signal is given 

input. 

4) Extraneous radiation from feeds and junctions. 

5) These antennas can radiate signal at one side of space. 

6) Radiation pattern is almost like a donut shape. 

II. DESIGN METHODOLOGY 

The antenna can design in HFSS software by following 

points: 

1) Start HFSS 13 software and insert HFSS design. Draw 

the ground plane and set the length and width of ground. 

2) Select solid material to make a three dimensional (3D) 

substrate and placed it on the ground plane. Choose the 

material of substrate it may be FR4 epoxy, Roger, Droid, 

Glass, Arlon and what not. 

3) Design the patch according to the dimensions of patch, 

dielectric material (Ԑr) and resonant frequencies. Set the 
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radiation box over the antenna according to the 

requirement. 

 
Fig. 2.1: Antenna Design 

4) Assign boundaries and assign excitation. Check 

validation prior to simulation. If all parameters are 

correct than Analysis design by clicking analysis all 

button. 

5) After simulation process is completed the various 

antenna parameters can calculated. The return loss report 

is created by select HFSS > select results>create model 

solution data report>rectangular plot. 

6) Gain of antenna design can obtained from select create 

far field report from result option and choose 3D polar 

plot. 

A. Project Discretion 

The Novel curve is designed from a straight line initiator 

curve. The generator curve is made by initiator is divided into 

four parts and the half polygon is added into upper side at 

second part and half polygon is added into lower side at third 

part. There are 10 segments in generator geometry. The final 

geometry is obtained from repeating ten time on each 

segment of generator curve. The proposed antenna is made 

after second iteration. The Initiator line, generator curve and 

proposed antenna are as shown in figure 4.2. 

 
Fig. 2.2: Novel geometry 

The length increases after every iteration. The length 

according to iteration number can be determined by: 

L=h(
10

4
)
𝑛

                             (9) 

Where L=total length of the curve after nth iteration ‘h’ is 

height of the curve ‘n’ is iteration number[8] 

 
Fig. 2.3: Novel generator curve 

The self-similarity is given from 

 

D= 
log(N)

log(R)
=
log(10)

log(4)
 =1.66             (10) 

Where N= total number of segments 

R= number of parts in curve 

III. SIMULATION RESULTS 

A. Results of Novel Fractal Antenna 

 
Fig. 3: Return loss of Second iteration of novel curve fractal 

antenna 

Gain of novel fractal antenna at 3.1GHz has -6.2dB, 4.5GHz 

has -1dB, 7.1GHz has -6.5dB and 9.6GHz has 4.4dB as 

shown in figure 5.2. The maximum gain is 5.4dB at 10GHz 

frequency. The gain of porposed antenna is positive at higher 

frequency from 9.5GHz to 10GHz. 

 
Fig. (a): Gain at 7.1GHz  (b) at 9.6 GHz 

 
Fig. (B): Gain at 10GHz 

B. Results of Modified Novel Fractal Curve Antenna 

 
Fig. 4: Return loss of first iteration of modified novel fractal 

antenna 
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Gain of modified geomatry has 3dB at 5.5GHz and 2dB at 

8.0GHz. The gain is reduced due to thismodifiaction in 

geometry. 

Figure.5: (a) Gain of modified antenna at 5.5GHz                                                            

(b) At 8 GHz 

 
Fig. 5: Second iteration results of modified novel fractal 

curve antenna 

 
Fig. 6: Return loss of second iteration of modified novel 

fractal antenna 

IV. COMPARISON 

Table 1 Comparison between 2nd iteration of novel geometry 

fractal, 1st iteration of modified novel fractal antenna and 2nd 

iteration of modified novel fractal antenna 
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Table 2: Comparison between Modified Novel Fractal 

Antennas with Other Designed Antennas 

 

Name of author 

 

Frequency 

bands 

 

Gain 

dB(max) 

 

Size(mm) 

Filipe Monteiro 

Lopes[8] 
2 4.1 53*22 

A.Jamil[3] 2 3.8 38*10 

Y. K. 

Choukiker[18] 
1 6 66*25 

V. Nagaraju[16] 1 37 48*36 

Y.Kumar[17] 7 4 28*15 

Kuldeep 

Sharma[10] 
4 6 27*17 

Novel fractal 

antenna 
4 5.4 24*17.4 

Modified Novel 

fractal antenna 
3 8 36*25 

V. CONCLUSION & FUTURE WORK 

It is clearly seen that novel fractal geometry are plays an 

important role in designing of antenna. The novel geometries 

are designed in HFSS software and FR4 substrate is used. The 

size of novel fractal geometry antenna is very small and 

antenna is useful for SHF band. Novel fractal antenna has 

operated at four frequencies which falls under S, C and X 

bands. Due to size of novel fractal antenna is small so the gain 

maximum at X band. This antenna can used for Satellite TV 

LNB (9.75GHz). The modified novel fractal geometry is 

designed by two novel generator curves to increase the gain 

at low frequencies. The first iteration is of proposed antenna 

has operated at C and S band with acceptable gain and it is 

used for military satellite application (7.9GHz). But the gain 

and return loss are improved when second iterations is 

applied. The modified novel fractal geometry has work in L 

band which is 1.57 GHz bandwidth. The value of gain is also 

much better from previous antennas. There are useful for 

applications such as aircraft surveillance (1.09GHz), GPS 

(L1=1.227GHz).Proposed antenna is useful for applications 

such as aircraft surveillance (1.09GHz), GPS 

(L1=1.227GHz). Modified novel fractal antenna founds its 

applications in L and C band of IEEE standard. So that 

proposed antenna meets requirement of various applications 

like Global positioning system (GPS), Aircraft Surveillance, 

Mobile services, Amateur radio,  Digital audio broadcasting, 

World space satellite radio broadcasts, Astronomy radio. 

The future scope of new curve fractal antenna may 

be possible to decrease the area of patch and increase the 

length of antenna. Novel curve antenna technique may 

helpful to design an antenna having less in weight, small in 

size, good bandwidth, work at various frequencies. These 

days compact size and multiple frequencies bands having 

great bandwidth antenna is required for communication and 

portable devices. The requirement for future demands may be 

fulfilled by modified novel geometries of Fractal antenna 

techniques. 
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