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ABSTRACT. In this paper a circularly polarized (CP) microstrip antennas with fractal boundary are presented.
The proposed antennas are designed by cutting diagonally symmetric rectangular slot & truncating opposite
corners to get circular polarization. The indentation factor is optimized to have good result at 2.1GHz for Long
term evolution(LTE) downlink application. The simulated and measured results are in good agreements. The
axial ratio is about 1.72dB.The presented antenna has advantage over physical size

0.2500%0.25X0%0.012A¢.The

Keywords: overall performance of parameters of presented antenna is very good. Fractal boundary, long term
evolution, Indentation factor, Indentation radius

Date of Submission: 29-12-2017 Date of acceptance:12-01-2018

I. INTRODUCTION

In advance wireless communication system, there is a requirement of high data rate as well as security
of the data. This increases the demand of LTE communication. Now a days LTE is in a great demands to resolve
the issues of fourth generation (4G). Polarization of an EM wave has an important role in the transmission of the
wave .In this paper circularly polarized antennas for LTE communication system are proposed. In the current
scenario most of the 4G mobile phone requires LTE antenna which support LTE Band. This antenna has
frequency band 2.1GHz LTE Downlink communication. Wireless devices for LTE communication operating
range from 400MHz to 4GHz & bandwidth allocated for this range is 1.4 to 20MHz [1].Looking towards the
advancement of LTE communication some antenna design was proposed in [2],a dual band behavior antenna is
introduced at 700MHz and 2600MHz.A triangular shape 1% iterated antenna is proposed. There is good
impedance matching as well as size reduction with respect to original size. A fractal boundary circularized
antenna is introduced for WLAN Communication. To have good CP a poly fractal slot inclined at 45° is
introduced at the center [3]. A meander line antenna for LTE at 700MHz is presented for cellular phone band
used in United States[4]. A dual- polarized antenna for dual band in the range 1.7-2.1GHz have been suggested
[5] . Maximum gain has been shown in given range is 3.84dBi.Some fractal boundary design has been proposed
[6].Circularly polarized antenna is discussed with fractal boundary. A Sierpinski Fractal Antenna has been
proposed at 800MHz for LTE Devices. Microstrip feed antenna has good impedance matching & better
radiation .Multiple input and multiple output (MIMO)technique that can be used very effectively for the
advancement of upcoming generation of wireless communication like LTE & 4™ generation[7].Microstrip fractal
antenna for logistic management has been introduced [8].

Multiband fractal antenna for different application using symmetrical slot has been designed to get
desired result [9-14]. There are many technique used to design fractal antenna [13-20] keeping the view of self
symmetry, has been proposed and has better optimization. In this proposed antenna, keeping in the view to have
better improvement in overall parameter so that proposed antenna can suit into many applications. Presented
antennas have advantages of small size, better gain and large beam width at frequency 2.1GHz for LTE
application. Compare[5-6] proposed antenna has better gain of 4.9dBi and small in size 0.25X(%0.25% X
0.012), .Using IE3D antenna simulator ,proposed antenna has been designed & simulated. Fabrication has been
done using FR4 material. using network analyzer .There is a good agreement between simulated and measured
result.
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1.1 Antenna Design and Analysis

A poly fractal boundary antenna is proposed and symbolic geometry representation of 2nd iteration
antenna is shown in fig 1. Characteristics of the fractal curves depends on the two parameters indentation
factor(IF) and indentation radius (IRs)[3].In the proposed design, the indentation factor (IF) and indentation
radius (IR) are same. Indentation radius ry and r, are IRs along the x-axes and y-axes. The proposed antennas
are square patch with fractal curves on all the sides of the patch. Fractal curves are half circled with different
indentation radius IRs. The description of the parameters is given in design parameters.

Figl. Asymmetrical fractal boundary patch

Specifications of the proposed antenna are as follows:
Design Frequency: 2.27GHz

Substrate Thickness: 1.59mm

Substrate Dielectric constant (FR4): 4.4

Patch Dimension: 33mm x 33mm

Rectangular slot dimensions: 6mm x 2mm (inclined at 135°)
Loss tangent: 0.02

Dimensions of truncated corners: 3.2mm x 3.2mm

Probe feed coordinates: (0, 6)

CoNogk~wNE

To get good impedance matching, feed point is optimized and keeping coaxial feed radius is
0.5mm.Antenna design parameters are optimized to have good reduction in size ,lowest axial ratio and maximum
gain. The proposed antenna geometries are mention in Fig 2.

1.3 Asymmetrical fractal boundary proposed antenna and Result Analysis

Poly fractal boundary antennas are shown in Fig2.The Proposed antenna is square antenna with
truncated corner. It‘s size is 33mm % 33mm & has 3.2mm x 3.2mm truncated corner on diagonal axis. To keep
good impedance matching, feed point is chosen on vertical axis at (0,06).There are six antenna presented in this
paper as shown in Fig2.Fractal boundary of this antennas are of different indentation radius as shown in
Tab.1.Antl is of (Iteration order)lO; has indentation radius ry= reo= r,=ry, resonating at 2.1GHz.Antl is a
symmetry microstrip patch antenna as all IRs are same. From the Tab.2, antl has good gain, minimum axial ratio
and large beam width when IRS r,,=ry, = ry1=ry,. Maximum axial Band width is seen when r,,=ry, t ry1=ry, which
is of Ant2.All six antenna are circularly polarized antenna, This is because truncation of the opposite corners,
slot embedded on diagonal axis with inclination of 135% and optimization of IRs.It is seen from Tab.2, when ry
e & fy t 1y, minimum axial Band width is achieved which is for Ant4.For the 10, Ant5 overall parameter
achieved are quite good with IRS ry t 14z , fyr t 1y12.ANt6 is achieved small range of axial frequencies but
reasonable value of other parameters. All Simulated graph with compared result has been shown in given fig.3-6.
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Il. MEASURED RESULT ANALYSIS

Most suitable simulated results among proposed antenna are mentioned in Tab.2. Ant2 is fabricated
with specification mentioned in this paper. To validate the simulated result of proposed antenna, fabricated
antenna as shown in figure7-8 & is tested using network analyzer & measured results are shown in figure 9-
10.Tested result and simulated result are compared with center frequency 2.1GHz.There is a good agreement
between simulated and measured result. From tested result of S-parameter, it is seen that minimum value of S, is
20dB while simulated result has S;; is 30dB .There is a deviation in S;; value, this is because of tolerance level
in feeding process manually while fabricating. Due to mismatching impedance there is loss of feeding power.
But overall performance of fabricated antenna is quite good as results are very much comparable with measured
result.

& L4
Ant 1 Ant?
L= =
Ant3 Antd
L4 [
Ants Antd
Fig 2. Proposed antemna geometries

Tab.1. Indentation Radius of proposed antenna

Antennna Indentation Radius IRs
[rxa, re2)/[ rxa, xe] OF [rxal rxaz],[ rya/ ryio]
Antl 1.7
Ant2 1.5/1.6
Ant3 1.65/1.75
Ant4 (1.585,1.6)/(1.565,1.57)
Ant5 (1.5/0.5),(1.6/0.6)
Ant6 (1.75/0.6),(1.65/0.5)
Antenna S11 Axial Max Beam Max
band bandw | field width Antenna
Width idth gain [degree] efficiency
[MHz] [MHz] | [dBi] [%0]
Antl 40.88 6.82 4,90 110.36 72.306
Ant 2 42.05 8.62 4.90 107.32 72.407
Ant 3 40.87 7.45 4.88 106.77 72.024
Ant 4 41.87 4.47 4.90 105.78 72.325
Ant 5 41.11 7.81 4.9 109.17 72.320
Ant 6 40.02 5.02 4.8 105.82 70.570

Tab.2. Summarized result of all parameters
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Fig.7. Top view of fabricated Ant2 Fig.8, Bottom view of Fabricatad Ant2
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Fig.9. Measured Result of S11 of Ant2.
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Fig.10. Measured Result of VSWR of Ant2.

I1l.  CONCLUSION
In this paper a circularly polarized fractal geometry antennas are presented for LTE downlink
communication at 2.1GHz.Proposed antennas are designed using two symmetric slots& truncated corners on the
diagonal axis to get circular polarization. Indentation factor at the fractal boundary is well optimized to get good
result & has got overall antenna parameters improved. Antenna is fabricated & tested. Tested result & simulated
results are in good agreements. Physical size of presented antenna is small and miniaturization is done to get
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reduced size. Hence, this antenna can resolve many issues pertaining to antenna parameters while
communicating over LTE band.
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