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Design And Analysis Of Square Fractal Antenna For
Satellite Applications

Ankur Tiwari, Devendra Soni

Abstract— In this paper , a simple, multiband square molded
microstrip patch antenna based on fractal geometry for satellite
application has been presented. The proposed antenna
comprises of three iterations. The antenna has measurements
24x24sg.mm. The composite material of FR4 as a substrate of
relative permittivity of er=4.3 and 1.6mm thickness. The
antenna is feed with microstrip feed line. The proposed antenna
work in X band (8 to 12GHz) and in lower Ku band (12 to
14GHz). It has resonance frequency of 10.1GHz which is
appropriate for satellite applications. By utilizing fractal
geometry the proposed antenna emanates on various frequencies
like 8.5GHz, 10.1GHz, 12GHz, and 13.4GHz. The reenactment
results demonstrate the return loss, radiation pattern, VSWR,
directivity and gain of the antenna. The software used for
simulation is CST microwave studio2017 (student version).
satellite
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I. INTRODUCTION

Use of such antenas incorporate, however are not

constrained to, personal communication framework, small
satellite correspondence terminals, unmanned arial vehicle,
and some more. Fractal idea has been connected to numerous
braches of science and building, included fractal
electrodynamics for radiation, proliferation, and dissipating.
The term fractal infers eccentric or broken segments. It was
portrayed by Benoit Mandelbrot which was gotten from Latin
word 'fractus’ which infers split or broken. Fractal recieving
wire are moved ordinarily. Fractal recieving wire has two
essential properties which are space-filling and self-likeness.
The multiband radio wire is intended to work at various
recurrence band by using fractal geometry thought into the fix
of microstrip recieving wire, we can diagram multiband
reception apparatus. With fractal reception apparatus, we can
achive full frequencies that are multiband and these
frequencies are not hormonics. A fractal is an unpredictable
example worked from the repletion of a simple shape.
This square fractal antenna results to different unequivocal
renonant frequency bands alongside great radiation qualities.
As the quantity of fractal expands, the activity of recurrence
band likewise increments with coordinating of impedance for
assortment of satellite applications. The examination of
square fractal antenna for various frequencies have been
investigated. The X-band and Ku band, as translate by an
IEEE standard, ranges from 8-12GHz and 12-18GHz
individually. This application includes different various
extension in the field of long distance communication,
satellite communication, radar, terristrial broadband.
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Figl. Various types of Fractal designs.

Il. ANTENNA DESIGN:

To start with the design of antenna we have to calculate the
effective dielectric constant, length and width of the patch,
and feed line dimensions.
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Fig 2. Microstrip Patch Antenna

The width of patch can be calculated as
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The effective dielectric constant can be calculated as
P 1, er— 1[1 12h] /7
£re = —
2 2 w
Where h is the height of substrate, W is the width of patch.
The length of patch can be calculated as
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Design of proposed antenna:

The proposed antenna includes a FR4 (lossy) glass epoxy
dielectric substrate with dielectric constant 4.3. Resonant
frequency of 10.1GHz is chosen for this antenna. Microstrip
feed line is used for feeding. In this paper a square shaped
fractal antenna is designed on a microstrip patch. The design
of proposed antenna has three iterations.

Base shape of Antenna

Base shape is a simple patch antenna with microstrip feeding
at (-2.5,-4.5). The length and width of patch is 15x15mm,
therefore the area of the patch is 225sq.mm and perimeter of
the patch is 60mm. After carrying out the iterations the area of
the patch decreases. As a result the antenna radiates on
multiple bands. The basic patch antenna radiates on 8.7GHz
and 10GHz.

—
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First iteration

In the first iteration geometry another square is removed from
the patch . The length and width of the removed square is
approximately 10x10mm, having area of about 100sq.mm and
perimeter 40mm. In this iteration frequency on which the
antenna radiates are 8.5GHz and 10.2GHz.

(b)
Second iteration
In the second iteration another square of area 25sg.mm is
removed from the patch. After second iteration the antenna
radiates at 8.5GHz, 10.1GHz, 11.4GHz, 13.5GHz.
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Third iteration
Similarly in the final iteration the square of area 5sg.mm is
crop from the patch. After last iteration he antenna radaites at
8.5GHz, 10.1GHz, 12GHz, 13.4GHz.
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Fig 5. (a) Top view (b) Bottom view of designed antenna

Parameters Values
Patch length 15mm
Patch width 15mm
Substrate height 24mm
Substrate width 24mm
Substrate height 1.6mm
Ground thickness 0.035mm
Feed location (-2.5,-4.5)

Dielectric constant FR4 glass epoxy

Dimension of the Length=15mm

basic patch Width=15mm
Dimension of patch of Length=10mm
1% iteration Width=10mm
Dimension of patch of Length=5mm
2" iteration Width=5mm
Dimension of patch of Length=2.5mm
3" iteration Width=2.5mm

Table 1. Showing Antenna Dimensions

I1l. RESULTS AND ANALYSIS:

. (d) «  The design of the square fractal slot and three iteratives were
Fig 3. Geometry of Proposed Antenna (a) base shape (0) 1 gygjed and simulated by using CST microwave studio
iteration (c) 2" iteration (d) 3" iteration
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2017(student edition). The results are measured by
Microwave Analyzer. In this part we discuss some illustrative
results like Return loss, VSWR, Radiation pattern and gain.

Return Loss or S11 parameter

Return loss is the amount of signal that is reflected back
towards the signal source by the device due to an impedance
mismatch. It is the measure of hoe well device or line are
matched. It is measured in dB. If the value of S11 parameter is
0dB, it means all the power is reflected from the antenna and
nothing is radiated. Return loss of various iterations is shown
in fig 6.In the third iteration the values of return loss are
8.5GHz, 10.1GHz, 12GHz, and 13.4GHz.
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Fig 6. Return Loss Plot of (a)base shape, (b)1%, (c) 2" and (d)

3rd iteration

Fig 7. Measured Return Loss

As shown in fig 5. the measured values of return loss are
-19.45dB, -23.37dB, 23dB, 30.96dB at 8.5GHz, 10GHz,
11.3GHz, 13.7GHz respectivily.

VSWR

VSWR stands for voltage standing wave ratio. It is the
measure of Impedance matching of load to the characteristics
impedance line or waveguide. Simply it shows the amount of
mismatching between antenna and the feedline connecting to
it. The range of values for VSWR is from 1 to c. A value
under 2 is consided suitable for most antenna applications.
Fig8 shows VSWR plots of designed antenna for various
iterations. As shown in figure the value of VSWR is less than
2 for every iteration at all radiating frequencies. For base
shape VSWR is 1.1 and 1.2 at 8.7GHz and 10GHz. For first
iteration it is 1.3 and 1.05 at 8.5GHz and 10.2GHz. For
second iteration it is 1.02, 1.1, 1.07, 1.1 at 8.5GHz, 10GHz,
11.4GHz, 13.4GHz. For final iteration it is 1.08, 1.09, 1.2, 1.1
at 8.5GHz, 10.1GHz, 12GHz, 13.4GHz.
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Fig .8 VSWR Plot of (a) Base Shape , (b)1%, (c) 2" and (d)
3rd iteration
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Fig 9. Measured VSR

Radiation pattern

Radiation pattern is the graphical representation of the
radiation properties of the antenna as a function of space
coordinates. Various parts of a radiation pattern are referred
to as lobes which may be subclassified into major or main,
side and back lobes. The E-field pattern of all the iterations at
different frequencies are shown in fig 10. It is shown that the
proposed atenna is radiating in +Z direction and some amount
of back radiation.
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Fig 10. E-Field pattern of Base Shape, 1%,2" 3 iterations

Gain

Gain of the antenna is defined as the ratio of the intensity in a
given direction, to the radiation intensity that would be obtain
if the power accepted by the antenna were radiated
istropically. Although the gain of the antenna is closly related
to the directivity, it is a mearure that takes into account the
efficiency of the antenna as well as its directional capabilies.
Fig 11 shows the gain vs frequency plotof third iteration. The
value of gain is 2.9dBi, 2.5dBi, 2.6dBi, 2.6dBi at 8.5GHz,
10GHz, 12GHz, 13.4GHz respectivily. The maximum gain
occur at 8.5GHz of about 2.9dBi.
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Fig 11. Gain plot at different frequencies of third iteration

Comparison Table:

A comparative study of different performance
parameter of the fractal patch antenna has been
given in Table 2.

Iteratio | Freq. Rl_e;l;;n VSWR Gain | Directiv-ity(d
n No. (GHz) (dB) (dB) Bi)
Base 8.7 -22.9 1.15 4.5 7.74
shape 10 -19.8 1.22 3.2 7.07

Iteratio 8.5 -16.4 1.33 0.97 5.12

nl 10.2 -32.2 1.05 2.16 6.37
8.5 -57.4 1.02 3.87 7.73

Iteratio 10.1 -24.5 1.12 3.46 7.52
n2 11.4 -29.4 1.07 3.87 9.19
13.5 -23.2 1.14 2.34 7.1

8.5 -26.1 1.08 2.77 6.57

Iteratio 10.1 -26.6 1.09 2.49 6.4
n3 12 -20 1.2 2.39 7.91
13.4 -24 1.14 2.52 7.18
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Latrach, “Multiband Fractal CPW Antenna for GPS, WiMAX and IMT
Applications” IEEE 2017

IV. CONCLUSION:

The proposed antenna has measure 24x24x1.6mm? | For

impedance matching microstrip feeding is utilized. The
proposed antenna is intended to execute X and lower Ku band
range applications with minimum antenna size and better
impedance matching. The multiband capacity of proposed
antenna is accomplished by fractal idea. Simulation result
demonstrate that proposed antenna works on resonant
frquency of 10.1GHz. This is a multiband antenna. Great
outcomes has been found at X-band and lower Ku band. The
antenna is utilized for satellite, radar, space, terrestrial
communication  application  like telecom satellite,
administration for sea, aeronautical or land application. The
distinctive parameters of proposed antenna like Return
loss,VSWR, Gain, Directivity, Radiation Pattern have
adequate esteem.

REFERENCES:

[1] C.A.Balanis (2005). Antenna theory: analysis and design(3™ edition).

[2] Broadband Microstrip Antennas Girish Kumar, K.P. Ray.

[3] CST Microwave Studio®, Computer Simulation Technology Homepage
[Online]. Available: http://www.cst.com.

[4] K.Kavya, Ravi Prakash Dwivedi. Study on CPW Antenna Using Fractal
Geometry for WiMax Application. International Conference on
Nextgen Electronic Technologies 2017.pg 332-337

[5] Sheetal Bukkawar and Vasif Ahmed. Omnidirectional an Directional
Fractal UWB Monopole Antenna International Conference on Nascent
Technologies in the Engineering Field (ICNTE-2017)

[6] D.Elnabaoui, A. Tajmaouati, A.Errkik, H. Bennis, M.Latrach. Multiband
Fractal CPW Antenna for GPS,WIMax and IMT Applications

[7] Youcef Braham Chaouche, Farid Bouttout,ldris Messaoudene, Lionel
Pichon, Massinissa Belazzoug and Farouk chetouah. A Compact
CPW-fed Hexagoanl Antenna with a New Factal shaped Slot for UWB
Communications. IEEE 2018.

[8] Haider Ali, Preeti Singh, Sudhir Kumar and Tushar Goel. A Minikowski
Fractal Ultrawide Band Antenna for 5G Applications.

[9] S. Ratna Spandana, Dr.K.Prasanthi Jasmine. Design and performance
analysis of sierpinski Diamond Fractal Antenna for Multi-band
Application. SPACES-2018, Dept. of ECE, K L Deemed to be
UNIVERSITY. 2017 IEEE International Conference on Antenna
Innovations & Modern Technologies (iAIM).

[10] Ch.Raghavendra, V.Saritha, B.Alekhya. Design of Modified Sierpinski
Carpet Fractal Patch Antenna for Multiband Applications, IEEE
International Conference on Power, Control, Signals and
Instrumentation Engineering (ICPCSI-2017),pp 868-871.

[11] Mahesh S Mathpati, Dr.Md.bakhar Dhere Vidyashree, Design and
Simulation of Sierpinski Fractal Antenna Array. International
Conference on Energy, Communication, Data Analytics and Soft
Computing (ICECDS-2017). pp 2514-2518.

[12]Rutuja Ravindra Chopade, Mr. D. M. Shinde. Design and Fabrication of
Triangular Shaped Fractal Antenna for Cellular Communication.
International Conference on Energy, Communication, Data Analytics
and Soft Computing (ICECDS-2017). Pp 3244-3248.

[13] R. Vivek, G. Yamuna, Y.P. Kosta, S. Suganthi and Mahesh. N. Jivani
Crown Shaped Broadband Monopole Fractal Antenna for 4G Wireless
Applications. IEEE WiSPNET 2017 conference. Pp 1073-1077.

[14]Sachin S. Khade, Pallavi Dhanendra Bire, “Fractal Antenna for Wireless
Applications”, 2017 6th International Conference on Reliability,
Infocom Technologies and Optimization (ICRITO) (Trends and Future
Directions), Sep. 20-22, 2017, AlIT, Amity University Uttar Pradesh,
Noida, India.

[15] Priyanka Bairy,S. Ashok Kumar and T. Shanmuganantham “Design of
CPW Fed hexagonal sierpinski Fractal Antenna for UWB Band
Applications”, Proceedings of 2017 IEEE International Conference on
Circuits and Systems (ICCS 2017).

[16] Shibi Kirubavathy P Ramprakash K,”Design of Sierpinski Fractal
Antenna for Wideband Applications”, 2017 International conference
on innovation and Information, Embedded and Communication
System(ICIIECS).

[17] D. el Nabaoui, A. Tajmouati, J. Zbitou, E. Errkik, H. Bennis, M.

5 www.erpublication.org



