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Abstract: Antenna miniaturization with enhanced radiation performance is a
contemporary problem with application in RF and wireless systems. The substrate and
ground plane of the antenna play a very important role in achieving the desired antenna
characteristics. The synthesis of substrate electronic nano material is going to play a very
important role for achieving the desired antenna parameters in GHz and THZ range. The
prime objective here is miniaturize the size of the antenna and increase the values of other
desired parameters. Microstrip patch antenna is proposed, to reduce the interaction of the
antenna with its ground and design a miniaturized wideband antenna system. We
presented a detailed survey upon the most recent research efforts associated with those
metamaterials based antennas. It is found that magneto dielectric substrate can be used for
both the antenna miniaturization as well as band width enhancement; however periodic
magneto- dielectric is basically to maximize the bandwidth of the miniaturized antenna. It
has been realized that the emergence of metamaterials has implications to nearly all
branches of science and engineering exploiting the EM radiation.

Keywords: EM Radiation, Voltage Standing Wave Ratio (VSWR), VSM (Vibrating Sample

Magnetometer).

INTRODUCTION

The Substrates used in microstrip antenna is primarily provide mechanical strength to antenna, the
dielectric medium allows surface waves to propagate through it which will extract some part of total
power available for radiation which degrades the electrical properties of antenna. The cost of antenna
design is also effected by dielectric material, hence it require intelligent decision while selecting
substrate. Generally a dielectric substrate is defined by its two prime parameters one is its permittivity (It
describes the materials with high polarizability) and another is loss tangent (It explains the dissipation of
electromagnetic energy), e=ere0(1-JTand). for loss less materials there is no loss tangent (Tan6=0) the
permittivity is real and is e=ere0 In present paper rectangular micro strip antenna in its simplest form
consisting of sandwich of two conducting layers separated by single thin dielectric substrate is
considered, where lower conductor function as ground plane and upper conductor function as radiator.
Larger ground plane gives better performance but makes the antenna size bigger.

This is excited with coaxial feed. At resonate frequency of 2.0420GHz. The frequency bandwidth of a
micro strip patch antenna depends primarily on both the thickness and dielectric permittivity of
substrate. A thick substrate with low dielectric permittivity can increase the band width of printed patch.
If the thickness of substrate increases create 1) difficulty in integration of antenna with other microwave
circuits, 2) surface wave propagation and the large inductive image part of input impedance of antenna
which makes its resonance unfeasible. Hence a reasonable band width of 1.56mm used in present project
common for simulation all substrates.

In its most basic form, a micro strip patch antenna consists of a radiating patch on one side of a
dielectric substrate which has a ground plane on the other side. A 2 rectangular patch is used as the main
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radiator. There are several advantages of this type of patch antenna, such as being planar, small in size,
simple in structure, low in cost, and easy to be fabricated. Thus, it is attractive for practical applications
like Bluetooth, Wi-Fi, Microwave oven, GPS.

The most important advantage of ferrites is their very high degree of compositional variability. Most
of the original intrinsic properties on ferrites are made on the simple ferrites such as MnFe204, CoFe204
and MgFe20. However, most commercially important ferrites are of the mixed variety and actually consist
of solid solutions of the various simple ferrites with infinite number of combinations possible. Depending
on the requirements of the ultimate application, various combinations of different properties can be
obtained by blending a judicious choice of the simple ferrites in a appropriate ratio.

In recent years, a lot of work has been done on nano crystalline materials because of their unusual
properties compared to the properties of bulk materials. Several research groups are attempts to improve
the electrical properties have been made by doping it with rare earth elements such as lanthanum (La),
Praseodymium (Pr) Samarium (Sm), Gadolinium (Gd), Terbium (Tb) and Cerium (Ce) Dysprosium (Dy)
etc. The dopant can be at the A site or the B site. A site being the edges of the perovskite cell and the B site
being the centre of the perovskite cell. The present work is to Design Micro strip Antenna with a novel
dielectric substrate (Lanthanum, Cerium doped Magnesium ferrite and study the effect of antenna
parameters.

The dielectric substrate (Lanthanum, Cerium doped magnesium ferrite) was prepared be sol gel route
method because the sol gel auto combustion synthesis process was used to syntheses pure and
substituted magnesium ferrites. This process has the advantages of inexpensive precursors, low external
energy consumption, a simple preparation method as well as simple equipment requirement that result
into nano-sized, homogeneous, highly reactive powders. Auto combustion synthesis, also called self-
propagating synthesis, was initially developed in Russia by Merzhanov and had been successfully used to
speed up the synthesis of complex oxide material such as ferrites and high temperature superconductors.

Microstrip antennas are popular and are getting increased attention due to their advantages.
Depending upon the application, microstrip antennas having different geometrical shapes are used
.Nowadays, researchers are interested in the design and development of compact microstrip radiating
elements. In literature, the authors have experimentally demonstrated the development of compact
microstrip antenna. Many techniques have also been studied in order to overcome the narrow impedance
bandwidth of microstrip patch antenna.

Among the various techniques, there have been the popular ones such as use of increased substrate
thickness, the use of a low dielectric constant substrate, the use of air filled dielectric medium, use of
various impedance matching and feeding techniques, the use of multiple resonators, and the use of slot
antenna geometry and so on. In particular, the slot technique shows excellent improvement
characteristics suitable for microstrip antennas with air as dielectric substrate medium. Since coaxial
probe feeding technique is adopted and it introduces capacitance between the feed and the radiating
patch and this capacitance cancels out the inductance due to a probe itself, this effect makes it possible to
improve the impedance bandwidth of the microstrip patch antenna and the improvement in gain is also
achieved.

PROPOSED SYSTEM

Microstrip patch antenna used to send on board parameters of article to the ground while under
operating conditions. The aim of the thesis is to prepare a novel material for satisfying the conditions to
obtain a desire epsilon r and tan delta for designing E shaped micro strip patch antenna. To design
Microstrip patch Antenna and study the effect of antenna dimensions Length (L), Width (W) and
substrate parameters relative Dielectric constant (er), substrate thickness (t) and Antenna parameters
Return Loss, Voltage Standing Wave Ratio (VSWR), Directivity, Gain and Efficiency, on the Radiation
parameters of Bandwidth and Beam-width.

Selection of proper substrate material is prime important task in microstrip patch antenna design.
Because the limitations of micro strip antenna such as low gain, low efficiency and high return loss can
overcome by selecting proper substrate materials, because permittivity of substrate is critical parameter
in controlling band width, efficiency, and radiation pattern of patch antenna. The substrate materials have
two basic properties such as dielectric constant and loss tangent.

Present paper comprehensive study of various dielectric materials and its effect on radiation
characteristics of rectangular patch antenna such as resonance frequency, bandwidth, gain, return loss,



146 Eurasian Journal of Analytical Chemistry

input impedance, radiation pattern, and current distributions are investigated. The dielectric materials
selected here having zero loss tangent.

The frequency bandwidth of a micro strip patch antenna depends primarily on both the thickness and
dielectric permittivity of substrate. A thick substrate with low dielectric permittivity can increase the
band width of printed patch. If the thickness of substrate increases create 1) difficulty in integration of
antenna with other microwave circuits, 2) surface wave propagation and the large inductive image part of
input impedance of antenna which makes its resonance unfeasible. Hence a reasonable band width of
1.56mm used in present project common for simulation all substrates.

In our project main objective is reduced the return loss and increase the operating frequencies up to
GHZ range. The nano powder is suitable for the application in multilayer chip inductor due to its low
temperature sinter ability, good magnetic properties and low loss at high frequency. The antenna
performance to best the others as the return loss achieves a greater negative value, voltage standing wave
ratio achieves a value closer to the ideal value of 1 and the bandwidth achieved being maximum.

The return loss achieved for MSPA is of the minimum value of -26.66 dB and SWR value as 1.097
closest to the ideal value of 1. Very low return loss indicates that maximum amount of inputted power is
converted into electromagnetic waves and very less amount of it is reflected back.

The microstrip patch antenna designed to enhance the electrical and magnetic properties and enhance
the antenna parameters. The impedance bandwidths of reduced size patch antennas loaded with
dispersive magneto dielectric substrates and high-permittivity substrates are compared. It is shown that
unlike substrates with dispersion-free permeability, practically realizable artificial substrates with
dispersive magnetic permeability are not advantageous in antenna miniaturization.

The sinter ability of combustion synthesized powder (x9000C) is much better than that of
conventional solid-oxide route powder. The composition of nano materials highest permeability,
magnetization and lower loss factor among all the compositions studied here. The composition is highly
suitable for application up to 4MHz frequency. Considering all the advantages, especially sinter ability
below 9600C, the composition may be suggested as a better material for MLCI applications.

In its most basic form, a micro strip patch antenna consists of a radiating patch on one side of a
dielectric substrate which has a ground plane on the other side. A rectangular patch is used as the main
radiator. There are several advantages of this type of patch antenna, such as being planar, small in size,
simple in structure, low in cost, and easy to be fabricated. Thus, it is attractive for practical applications
like Bluetooth, Wi-Fi, Microwave oven, GPS.
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Work Plan
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Simulation Software - ADS

Advanced Design System (ADS) is an electronic design automation software system produced by
Agilent EEs of EDA, a unit of Agilent Technologies. It provides an integrated design environment to
designers of RF electronic products such as mobile phones, [2] pagers, wireless networks, satellite
communications, radar systems, and high- speed data links. Agilent ADS supports every step of the design
process—schematic capture, layout, frequency-domain and time-domain circuit simulation, and
electromagnetic field simulation—allowing the engineer to fully characterize and optimize an RF design
without changing tools. Agilent EEs of has donated copies of the ADS software to the electrical
engineering departments at many universities, and a large percentage of new graduates are experienced
in its use. As a result, the system has found wide acceptance in industry.

In this study, a novel patch antenna optimized for simplicity in design and feeding is proposed. It has
characteristic which will meet radar system application. Parameters of the antenna such as return loss,
impedance bandwidth, radiation patterns and gains are discussed in this paper. This paper shows
extensive benefits of 3D view of radiation pattern facility provided by the ADS software.

Design Specifications
The three essential parameters for the design of a rectangular Microstrip Patch Antennas are

e Frequency of operation (fo): The resonant frequency of the antenna must be selected
appropriately. The military application uses the frequency range at 3 GHz. Hence the antenna
designed must be able to operate in this frequency range. The resonant frequency selected for my
design is 3 GHz.

e Dielectric constant of the substrate (er): The dielectric material selected for my design is
Lanthanum Cerium coated with RT duroid substrate which has a dielectric constant of 2.219. A
substrate with a high dielectric constant has been selected since it reduces the dimensions of the
antenna.

Height of dielectric substrate (h): For the microstrip patch antenna to be used in cellular phones, it is

essential that the antenna is not bulky. Hence, the height of the dielectric substrate is selected as 1.82 mm

RESULT AND DISCUSSION
XRD(X-Ray Diffraction study)

A careful analysis of the XRD patterns helps to determine the respective planes and face centered
cubic structure of these ferrites. Well resolved peaks in XRD pattern clearly indicates the single phase and
polycrystalline nature of the samples.
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Fig. 1: XRD patterns of MgCe NdyFe,.xy04
Figure shows XRD patterns of the MgCexNd,Fe,..,04 sample. The diffraction patterns and relative
intensities of all diffraction peaks are matched well with those of JCPDS card 22-1086 for MgCeNd,Fe;...
yO4 and the Ce diffraction peaks matched well with those of JCPDS card 34-0394. The peaks appeared at
around 28¢, 33.555¢°, 42.47°, 56.535°, 59.087°and 69.402°for Mg and Ce. These peaks were well indexed
to the crystal plane of spinel ferrite (220), (311), (400), (422), (333) and (440) respectively.

The figure confirms that the diffraction peaks were sharp because of the micrometer size of the
crystallite. The single-phase cubic spinel structure was clearly indicated by the XRD patterns of these
pure MgFe;04. The patterns also show that all the samples had formed the cubic single spinel phase. The
lattice parameter a (A°) was determined using Bragg's law.

a = dpvh* +k* + I

Here h, k, 1 are the indices of mentioned planes. The crystal size was evaluated by measuring the
FWHM of the most intense peak (311) from XRD figure. The size of the crystal was determined by using
the Debye Scherrer’s formula [16] , given as

D 0.944
~ Pros6

The lattice constants for all samples prepared in investigation are listed in Table 1. It was also seen
that the lattice constants of individual phases did not show a large variation by the inclusion of Cerium.

Table 1: Parameters of XRD in MCNF with different samples

Pos.[°2Th.] | Height[cts] | FWHM Left [°2Th.] | d-spacing[A9]
10(1) 16(152) 1(9) 8.72263
22.75(6) 37(190) 0.2(4) 3.90600
30.10(2) 79(41) 0.16(9) 2.96677
32.46(2) 114(77) 0.2(1) 2.75615
43.1(2) 168(85) 0.19(8) 2.52958
47(3) 51(335) 0(1) 2.09627
57.0(4) 40(1507) 1(22) 1.94450

VSM (Vibrating Sample Magnetometer)

The permeability of this material also calculated by using the magnetic saturation obtained from the
hysteresis curves. Fig.3 show the variations in saturation magnetization (Ms) for the different x values
of nano composite MgNdCeyFe (2xy) O4, the saturation magnetization (Ms) value increases with the
increase in value of x.

This is due to the increasing Cerium content, which induced a polar-to-non polar phase transition. It is
also seen that the Ce substitution resulted in the appearance of spontaneous magnetization, which was
significantly enhanced upon the composition-driven transition from a rhombohedra to an orthorhombic
phase.
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Fig. 2: Hysteresis loop of MgCexNd,Fe.xy04
The coercive force show linear increase initially and later shows a gradual decrease with the increase
in the doping concentration. The values of magnetic parameters such as Ms, H¢, Mr of nano particles of
MgNdxCeyFe(.xy)040btained from the VSM data. Therefore the increase in saturation magnetization can
be attributed to the effect of nano regime on it. The difference in the value of Ms can be explained in the
light of cation distribution. Any change in the concentration and nature of the ions in A and B site should
cause resultant magnetization to be different.

CONCLUSION

The observation of antenna parameters table and radiation pattern diagrams we can conclude that the
increment of substrate dielectric constant in antenna design, results degradation of performance
characteristics. Antenna parameter table the gain, directivity radiation efficiency. A single slot rectangular
microstrip antenna consists of a substrate patch with slot embedded on patch and placed above the
ground plane, developed for various wireless applications. Compared with a conventional patch antenna,
it has a better omni directional radiation pattern and provides an increase in bandwidth up to 9.41 %
(320 MHz) with a compactness of 21 %. Hence, the proposed antenna is quite easy in design, fabrication
and implementation and uses low-cost dielectric material as cost effective method. The reduction of
surface waves due to lowering of effective dielectric constant can reduce the end fire radiation,
decreasing interference with devices in proximity to the antenna and may lead to more compact
structure. The real time antenna testing was done in GHz ranges due to shortage of instruments. Or else
the antenna can be worked in THz range also.
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