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Abstract
In recent years, the devices in communication systems require the development of low cost,

minimal weight, compact and low profile antennas that are capable of maintaining high per-

formance over a wide spectrum of frequencies. This technological development has focused

much effort in the design of micro strip patch antennas because of its inherent characteris-

tics that fits the requirements of modern communication devices. This thesis presents the

performance of linearly and circularly polarized micro strip antenna for L-band at 1.575GHz

frequency operation and using the inset feed technique. The simulation of the design was

done with the aid of computer simulation technology (CST) studio version 16 software and

matlabR2015a which will be used to calculate the parameters. To design it, standard formu-

las are used to calculate different parameters of the antenna. After design the antenna, some

parameters are varied during simulation to get good performances. The analysis for return

loss, gain, directivity and radiation pattern were carried out. The proposed antenna shows re-

turn loss -14.692dB for right hand circular polarization (RHCP), -10.02dB for left hand circular

polarization (LHCP) and -3.64dB for horizontal polarization (LP) and -21.41dB for vertical po-

larization which implies good result. The impedance matching is good at desired frequency

with VSWR < 2 respectively. Another parameters which used to evaluate the performance of

an antenna for different polarization are gain, directivity and bandwidth efficiency. In terms of

these parameters one can compare the performance. Simulation results show that, right hand

circularly polarized micro strip antenna offers high directivity (6.49dB) and high gain ( as high

as 5.22dB), minimum return loss and moderate bandwidth efficiency and has more suitable

voltage standing wave ratio. This is a fairly high through directivity increase and minimize loss

could have been studied through use of different substrate material and thickness. Therefore,

RHCP are more preferable for selected application /system. The antenna can be designed on

the substrate type RT/Doruid 6006 with dielectric constant of 6.15 and thickness of 1.6mm.

Keywords:- Micro strip antenna, Polarization, L-band, Return loss and Micro strip feed line.
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Chapter 1

INTRODUCTION

1.1 Background of the Study
In high-performance aircraft, spacecraft, satellite, and missile applications, where size, weight,

cost, performance, ease of installation, aerodynamic profile are constraints, and low-profile

antennas may be required. Presently there are many other government and commercial appli-

cations, such as mobile radio and wireless communications, which have similar specifications.

To meet these requirements, micro strip antennas [1-3] can be used.

With rapid development of wireless and satellite communication system, an antenna became

inseparable from a transmission line and to radiate more efficiently, its matching with the

transmission line needs more attention. In microwave frequencies, proper polarization enable

to reduce multi-path effects. It also allows a more flexible reciprocal orientation between the

transmitting and the receiving antennas. This thesis work focuses on the performance com-

parison of linearly and circularly polarized micro strip antenna for L-Band. Satellite commu-

nication and Wireless communication have been developing rapidly in the past decade and it

has already had a visible effect on human life. In the last few years, the development of wireless

local area networks (WLAN) represented one of the principal interests in the information and

communication field. Thus, the current trend in commercial and government communication

systems has been to develop low cost, minimal weight, low profile antennas that are capable of

maintaining high performance over a large spectrum of frequencies. This technological trend

has focused much effort into the design of micro strip antennas.

Conventional micro strip antennas in general have a conducting patch printed on a grounded

microwave substrate, and have the attractive features of low profile, light weight, easy fabrica-

tion, and conformability to mounting host. However, micro strip antennas inherently have a

narrow bandwidth, and bandwidth enhancement is usually demanded for practical applica-

tions. In addition, applications in present-day mobile communication systems usually require

smaller antenna size in order to meet the miniaturization requirements of mobile units.

Thus, size reduction and bandwidth enhancement are becoming major design considerations

for practical applications of micro strip antennas. For this reason, studies to achieve compact

and broadband operations of micro strip antennas have greatly increased. Much significant

1



progress in the design of compact micro strip antennas with broadband, dual-frequency, dual

polarized circularly polarized, and gain-enhanced operations have been reported over the past

several years[22].

With a simple geometry, patch antennas offer many advantages not commonly exhibited in

other antenna configurations. For example, they are extremely low profile, lightweight, simple

and inexpensive to fabricate using modern day printed circuit board technology, compatible

with microwave and millimeter-wave integrated circuits (MMIC), and have the ability to con-

form to planar and non-planar surfaces. In addition, once the shape and operating mode of the

patch are selected, designs become very versatile in terms of operating frequency, polarization,

pattern, and impedance.

1.2 Statements of the Problem
Although much progress has been made in the polarization of micro strip antenna for different

applications, it is still great challenges to select the appropriate polarization for the system. To

do so, it is necessary to identify the particular and applicable polarization for desired signal

/system to have a suitable set of the antenna. In order to be successful in that task, it is essen-

tial to have a complete understanding of modern technology. Failure to adequately understand

the technology leads to the selection of an unsuitable polarization for a system. Due to this ef-

fective performance comparison is needed to understand the effect of polarization in modern

satellite communication particularly for L-band applications.

1.3 Objective of the Study

1.3.1 General objective of the study

The main aim of this thesis is to do the performance comparison of linearly and circularly

polarized micro strip antenna for L-band.

1.3.2 Specific objectives of the study

* To select the suitable polarization for L-band applications.

* To study performance of linear and circular polarization with software simula-

tion.

* To compare the performance of linear and circular polarization and to select

more applicable polarization for the system.

2



1.4 Methodology
The first phase is research phase at the beginning and gathering basic knowledge on the topic,

and arrangement of collecting data. The methodology used in this thesis is shown below by

means of flow chart. Based on an idea, the proposed antenna would be designed, numerical

analysis for different radiation parameters such as return loss, gain, pattern and VSWR.

Figure 1.1: Methodology flow chart

Finally, software based simulation and comparison between requirements like axial ratio, per-

formance enhancement, and economical benefit are conducted. If the simulation results does

not satisfy the requirements, the design goes back to analysis and simulation stage. During this

phase it is attempt to identify possible difference between the simulated and analyzed value.

3



1.5 Literature Review
Dual-Band Dual-Polarized Perforated Micro strip Antennas for synthetic aperture radar (SAR)

Applications design and analysis was done in the year 2000, by Lotfollah L. et al [4]. For dual-

band dual-polarized SAR applications a compact low-profile design is investigated by the au-

thors. The operating frequencies are at the L and C-bands. Since the C-band frequency is

larger by a factor of four, its array elements and inter element separations are smaller by the

same ratio. The L-band elements selected as perforated patches to enable the placement of C-

band elements within them. Stacked-patch configurations were used to meet the bandwidth

requirements, especially in the L-band.

Broad-Band Single-Patch Circularly Polarized Micro strip Antenna with dual capacitive cou-

pled feeds design was done in the same year by Kin-Lu Wong and Tzung-Wern Chiou [5]. The

dual feeds are with a small top-loaded disk and are connected to Wilkinson power divider with

a 90 phase shift between its two output feed lines. The radiating circular patch, printed on

a thin substrate, is supported by non-conducting posts on a conducting ground plane and is

excited capacitive through the dual feeds.

Small circular micro strip patch antenna was designed by LUAN Xiu-hen et al in the year 2002[6].

They should that,the probe-fed circular micro strip patch antennas incorporating a single short-

ing post can significantly reduce the overall size of the antenna. These kinds of antennas were

seen as promising candidates for miniaturized telecommunication handsets.

In [7] Steven (Shichang) Gao, and Alistair Sambell, discussed about the dual-polarized broad-

band micro strip antennas fed by proximity coupling in the year 2005. They presented a novel

broad-band dual-polarized micro strip patch antenna, which is fed by proximity coupling. The

micro strip line with slotted ground plane is used at two ports to feed the patch antenna. By

using only one patch, the prototype antenna yielded a bandwidth of 22% and 21.3% at the in-

put port 1 and 2, respectively. The isolation between two input ports is below 34 dB across the

bandwidth. They also observed the good broadside radiation patterns and the cross-polar lev-

els are below 21 dB at both E and H planes. Due to its simple structure, it is easy to form arrays

by using this antenna as an element.

In the same year the FDTD analysis of a dual-frequency micro strip patch antenna was studied

by S. Gao,et al [8]. They analyzed the characteristics of a single-layer, dual-frequency micro

strip patch antenna, which uses a T-strip loaded rectangular micro strip patch. This antenna

easily achieved good impedance matching at both frequencies by tuning the feed position and

other design parameters. Another advantageous aspect is that it has high polarization purity.
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They also performed a detailed parameter study and the theoretical analysis is based on the

finite-difference time-domain (FDTD) method.

In [9] X. L. Bao, M. J. Amman, Studied dual-frequency circularly-polarized patch antenna with

compact Size and small frequency ratio in the year 2007. A novel probe-fed single-layer annular-

ring patch antenna for dual-frequency circular polarization is evaluated numerically and ex-

perimentally verified. The proposed antenna consists of a small circular patch surrounded by

two concentric annular-rings, which is loaded by an unequal lateral cross-slot ground plane.

The circularly-polarized frequency ratio of the two resonant modes is tunable to a small value,

suitable for wireless communications systems.

In the year 2008, Mariano Barba studied the high-isolation, wide band and dual-linear polar-

ization patch antenna [10]. The design of a dual-polarization stacked patch antenna to be used

in GSM-UMTS base station arrays was presented. The patch showed a high matching level in a

broadband and isolation between elements that make it a suitable radiating element for base

station arrays. Moreover, the most relevant achievement of this element is the isolation be-

tween the two polarization ports of the same element in the antenna operating bandwidth.

Broadband circularly polarized annular-ring micro strip antenna was presented in the year

2009[11]. A wide-band circularly polarized (CP) annular-ring patch antenna with two proximity-

coupled L-probe feeds orientated to have phases of 0 and 90, using a broadband 90 hybrid feed,

was proposed. In this study,it was found that the current distribution for CP operation can be

improved by cutting a smaller concentric circular slot on the original larger circular patch to

form an annular-ring patch. With such an arrangement, the proposed antenna delivered a

wider axial ratio (AR) bandwidth than that of the conventional circular patch with the identical

feeding technique.

A dual-feed dual-polarized patch antenna with low cross polarization and high isolation was

also designed in the year 2009[12]. Two different feed mechanisms are designed to excite a dual

orthogonal linearly- polarized mode from a single radiating patch.One of the two modes is ex-

cited by an aperture-coupled feed, which is comprised of a compact resonant annular-ring slot

and a T- shaped micro strip feed line; while the other is excited by a pair of meandering strips

with a 180 phase differences. Both the linearly-polarized modes were designed to operate at

2400 MHz frequency.

Inset feed square micro strip patch antenna for S-band application was designed and stud-

ied by Priya Upadhyay and Richa Sharma in the year 2013[13]. In this paper, parallel Micro

strip Inset feed Square patch antenna was designed for S-Band various wireless applications.

5



The Antenna is fed by Inset feed feeding technique. The advantage of Inset feed is that it can

be easily fabricated. These antennas are designed using dielectric substrate with the permit-

tivity of ε= 4.2. In this analysis, they have compared the antenna parameters such as gain,

impedance, Radiation Pattern, Polar Plot, VSWR and further the performance of these inset

feed techniques are discussed. The antenna has been designed for the range 2.4 GHz; hence

this antenna is highly suitable for S-band applications such as satellite communication, Radar,

Medical applications, and other Wireless systems.

The high gain multi-band micro strip patch antenna using Hybrid substrates was designed

and analyzed in the same year by Sudarshan Kumar Jain and Sandeep Toshniwal [15]. A design

that is used to generate various frequency bands for the different applications was proposed.

Every multi-band antenna has different bandwidth. Here multi-band is achieved by using hy-

brid substrates. It was also observed that the gain of the designed antenna is greater than the

conventional patch antenna. The designed antenna was energized by using the micro strip

feeding.

In the same year, A Circularly Polarized Multi Band Stub Loaded Slot Antenna for GPS by Satya

Prakash Sinha and Kapil Bhushan [16].A single feed low profile and easy to fabricate circularly

polarized slot antenna for four frequency band i.e. Global Positioning System, (GPS), World

Wide interoperability microwave access (WiMAX) and Wireless Local Area Network (WLAN)

has been developed. A CP multi band stub loaded antenna is designed and studied using An-

soft HFSS V 14.0 designer on the substrate of 3.5 relative permittivity, height of 0.8 mm and

delta factor of 0.004. The design uses single feed with edge or micro strip line feed technique

to generate the circular polarize signal since the different radiating elements of the multi band

stub loaded circularly polarized antenna oscillates for the different frequency, so the change in

their dimensions affect the particular resonant frequency of the antenna.

This thesis is concerned with design of linearly and circularly polarized micro strip antenna

that would operate in the 1.575 GHz range and comparison performed. The chooses is com-

monly used as standard resonate frequency by military service for global positioning system

and it also categorized as L-band of frequency range for satellite communication. The sub-

strate used for the proposed antenna are FR-4 and RT/Duroid 6006 with a dielectric constant

of 4.4 and 6.15 respectively. A thickness of 1.6mm and the loss tangent of the substrate is 0.019

both substrate are selected for comparison purpose. In this work thickness of substrate ma-

terial are varying for the same dielectric constant to compute the performance parameters.

Due to their numerous advantages single feed techniques and rectangular micro strip patch

antenna are selected.
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1.6 Outline of the Thesis
This thesis is organized into six chapters. Chapter 1 presents the introductory part of the the-

sis by describing an overview of antenna, the motivation of the work, the methodology of the

thesis and the literature review are included in this introductory chapter.

Chapter 2 consists of basics of micro strip antenna. It includes performance of micro strip an-

tenna, radiation mechanism, advantage and disadvantage, major applications, various feeding

techniques are used with advantage and disadvantage of each technique. Most popular rect-

angular micro strip antenna are discussed with various modeling techniques and summary of

antenna parameters are included.

Chapter 3 deals with polarization of an antenna and radiating wave. It consist of various po-

larization techniques like linear polarization, circular polarization and elliptical polarization.

This chapter describes conditions for various polarizations with polarization curve.

In Chapter 4 design of rectangular micro strip antenna,design specification and design proce-

dure are discussed.

Finally, chapter 5 summarizes the work done and discusses results obtained. Conclusion and

Recommendations for future work are presented in chapter 6.
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Chapter 2

Micro strip Patch Antenna

2.1 Introduction
In this chapter, a detailed theory of micro strip patch antenna and different types of polariza-

tion would be discussed. In the part of proposed antenna theory covered numerous feeding

techniques and the basic geometry of the micro strip antenna illustrated, followed by an anal-

ysis of the micro strip electromagnetic field pattern. Other topics discussed in this chapter

includes the applications, advantages and disadvantages of micro strip antenna.

2.2 Micro strip Antenna Theory
The micro strip antenna concept was first proposed by Deschamps in 1953.However this con-

cept was undeveloped until 1970 when the revolution in electronic circuit miniaturization and

large-scale integration helped to build practical antennas .The antennas developed by Munson

were used as low-profile flush-mounted antennas on rockets and missiles, this work showed

that micro strip antenna was a practical thought for use in many systems problems. [1] The

micro strip antennas have many unique and attractive advantages, such as its low profile, light

weight, small volume, and ease of fabrication using printed-circuit technology that led to the

design of several configurations for various applications. Nowadays with increasing require-

ments for personal and mobile communications, the demand for smaller and low-profile an-

tennas has brought the micro strip antennas to the forefront, because they are being use not

only in military applications but also in commercial areas such as mobile satellite communica-

tions, terrestrial cellular communications, direct broadcast satellite (DBS) system, GPS, remote

sensing, and hypothermia. [1, 20, 21]

2.3 Basic Structure of Micro strip Antenna
In its most fundamental form, a Microstrip Patch antenna consists of a radiating patch on one

side of a dielectric substrate which has a ground plane on the other side as shown in Figure 2.1.

The patch is generally made of conducting material such as copper or gold and can take any

possible shape. The radiating patch and the feed lines are usually photo etched on the dielec-

tric substrate.
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Figure 2.1: Rectangular Patch Antenna [1][21][22]

In order to simplify the analysis and performance prediction, the patch is generally square,

rectangular, circular, triangular, and elliptical or some other common shape as shown in Fig-

ure 2.2 below. For a rectangular patch, the length L of the patch is usually 0.3333λ0 < L < 0.5Λ0,

where λ0 is the wavelength of free space. The patch is selected to be very thin such that t≤ λ0,

where t is the thickness of patch. The height of dielectric substrate is usually 0.003λ0 ≤ 0.05λ0.

The dielectric constant of the substrate (εr ) is typically in the range 2.2≤εr ≤ 12.

Figure 2.2: Common Available Shape of Micro strip Antenna [1][21]

Micro strip patch antennas radiate primarily because of the fringing fields between the patch

edge and the ground plane. For good antenna performance, a thick dielectric substrate having

a low dielectric constant is desirable since this provides better efficiency, larger bandwidth and

better radiation. However, such a configuration leads to a larger antenna size.

In order to design a compact Micro strip patch antenna, substrates with higher dielectric con-
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stants must be used which are less efficient and result in narrower bandwidth. Hence a trade-

off must be realized between the antenna dimensions and antenna performance. Linear and

circular polarizations can be achieved with either single elements or arrays of micro strip an-

tennas. Arrays of micro strip elements, with single or multiple feeds, may also be used to intro-

duce scanning capabilities and achieve greater directives.

2.4 Feeding Techniques
There are many methods to feed the patch and all have their advantages and disadvantages.

These feeding methods can be classified into two groups, contacting and non-contacting. For

the contacting methods, the patch antenna feeds directly to the patch and for the non-conducting

method electromagnetic field coupling is used to transfer the power to the patch.

2.4.1 Micro strip feeding line

The micro strip line consists of a conducting strip connected to the patch. The micro strip line

has often the same thickness as the patch but the width is smaller. To obtain good impedance

matching an inset cut can be made. The length of the inset controls the impedance matching

[1]. Figure 2.3 shows how to use micro strip as feed techniques.

Figure 2.3: Micro strip Line Feeding Method[1][22]

Advantages of micro strip feed lines are [1]:

• One of the easiest method to fabricate
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• Simple to match by controlling the inset position and rather simple to model

Disadvantages of micro strip feed line are [1]:

• Give undesirable cross polarization effects

• Make the patch larger

• Bandwidth decreases when the thickness of the substrate increases

2.4.2 Coaxial Feeding Method

The coaxial feed method is one of the most common feed techniques. The inner conductor

of the coaxial goes through the substrate from ground to the patch and the outer conductor

are connected to the ground plane [19]. Figure 2.4 shows how to use coaxial probe as feed

technique.

Figure 2.4: Coaxial Feeding Method[1][21]

Advantages with coaxial probe feed are [1]:

• Easy to fabricate

– Easy to match because the feed position can be placed anywhere to the patch impedance

matching

– It has low spurious radiation

Disadvantages with coaxial probe feed are [1]:

– Narrow bandwidth

– For thicker substrates, the increased probe length makes the input impedance more

inductive which lead to matching problem.
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– Difficult to model specially for thick substrate

Both the micro strip feed line and the probe possess inherent asymmetries which gen-

erate higher order modes which produce cross-polarized radiation. To overcome some

of these problems, non-contacting aperture-coupling feeds and Proximity-coupled feed

have been introduce below.

2.4.3 Aperture-coupling Feeding Method

In aperture coupling as shown in Figure 2.5 the radiating micro strip patch element is

etched on the top of the antenna substrate, and the micro strip feed line is etched on the

bottom of the feed substrate in order to obtain aperture coupling. The thickness and di-

electric constants of these two substrates may thus be chosen independently to optimize

the distinct electrical functions of radiation and circuitry. The coupling aperture is usu-

ally centered under the patch, leading to lower cross-polarization due to symmetry of the

configuration. The amount of coupling from the feed line to the patch is determined by

the shape, size and location of the aperture. Since the ground plane separates the patch

and the feed line, spurious radiation is minimized. Generally, a high dielectric material

is used for bottom substrate and a thick, low dielectric constant material is used for the

top substrate to optimize radiation from the patch.

Figure 2.5: Aperture Coupling Method[1]

Advantages with the aperture-coupled patch feed are [1]:

– Many parameters to choose between to match the antenna as height of substrate,

width, length and position of the slot.
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– Purifier polarization since the feed is isolated by the ground plane between the sub-

strates.

Disadvantages with the aperture-coupled patch feed are [1]:

– Difficult to fabricate

– Narrow bandwidth

2.4.4 Proximity-couple Feed Method

This type of feed technique is also called as the electromagnetic coupling scheme. As

shown in Figure 2.6, two dielectric substrates are used such that the feed line is between

the two substrates and the radiating patch is on top of the upper substrate. This scheme

also provides choices between two different dielectric media, one for the patch and one

for the feed line to optimize the individual performances.

Figure 2.6: Proximity-couple Feed Method [1][22]

Advantages with the proximity-coupled patch feed are [1][22]:

– Easy to model and has low spurious radiation

– Due to increase in the electrical thickness of the micro strip patch antenna, it pro-

vides high bandwidth

Disadvantages with the proximity-coupled patch feed are [1][22]:

– It is difficult to fabricate because of the two dielectric layers that need proper align-

ment
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Table 2.1: Comparison of different feeding techniques

characteristic strip line Coaxial feed Aperture feed Proximity feed

Spurious feed radiation More more less minimum

Reliability Better Poor Good Good

Easy to fabrication Easy Soldering need Alignment required Alignment required

Impedance matching Easy Easy Easy Easy

Bandwidth 2−5% 2−5% 21% 13%

– It is increasing in the overall thickness of the antenna

The rapid progress in wireless communications promises to make interactive voice, data,

and video services available anytime and anyplace. Wireless communication systems

come in a variety of different sizes ranging from small hand-held devices to wireless local

area networks. The desirable features of micro strip antennas, such as performance, flex-

ibility, simplicity, high gain and low fabrication cost, make them very popular for many

applications. The slot in the radiating element gives a more compact design for the an-

tenna and, thus, space-volume is saved. Since then these methods, aperture coupling

and proximity coupling have helped overcome several of the performance burdens asso-

ciated with direct contact excitation procedures (probe and edge feeding). These include

the inherent narrow bandwidth of direct contact fed patches and also the spurious radia-

tion associated with the current discontinuity where the feed and the patch join. Despite

overcoming these detrimental attributes, proximity coupled patches have received little

attention in the literature. This may be because the original form required an external

impedance matching circuit to achieve a reasonable impedance bandwidth. In a stacked

proximity coupled patch was developed that displayed a broad impedance bandwidth

of approximately 25%, however this was achieved with the assistance of slots within the

patch radiators. In wireless communication, much efforts has been devoted to reducing

the size of micro strip antenna, with a lot of methods proposed recently, such as cutting

slots on the patch, winding the lateral edge of patch, using stacked patch, and adopting

the substrate with high permittivity, etc. DGS is then used in the design of a proximity

coupled antenna for its miniaturization. Defected ground structure (DGS) is a conve-

nient way to realize the slow wave effect. It has been widely used in the development of

miniaturized antennas.
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2.5 Radiation Mechanism

Consider the Figure 2.7 shown below, when a micro strip patch is provided the power,

a charge distribution is seen on the upper and lower surfaces of the patch and at the

bottom of the ground plane. This charge distribution is controlled by two mechanisms-

an attractive mechanism and a repulsive mechanism. The attractive mechanism is be-

tween the opposite charges on the bottom side of the patch and the ground plane, which

helps in keeping the charge concentration intact at the bottom of the patch. The repul-

Figure 2.7: Radiation Mechanism[1][22]

sive mechanism is between the like charges on the bottom surface of the patch, which

causes pushing of some charges from the bottom, to the top of the patch. As a result

of this charge movement, currents flow at the top and bottom surface of the patch. In

the Figure 2.7 the micro strip patch antenna is represented by two slots, separated by a

transmission line of length L and open circuited at both the ends. Along the width of the

patch, the voltage is maximum and current is minimum due to the open ends. The fields

at the edges can be resolved into normal and tangential components with respect to the

ground plane.

However the normal components of the electric field at the two edges along the width

are in opposite directions and thus out of phase since the patch is λ
2 long and hence they

cancel each other in the broadside direction. The tangential components, which are in

phase, means that the resulting fields combine to give maximum radiated field normal
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to the surface of the structure. Hence the edges along the width can be represented as

two radiating slots, which are λ
2 apart and excited in phase and radiating in the half space

above the ground plane. The fringing fields along the width can be modeled as radiating

slots and electrically the patch micro strip patch antenna looks greater than its physical

dimensions.

The cavity model assumes that the height to width ratio (i.e. height of substrate and

width of the patch) is very small and as a result of this the attractive mechanism domi-

nates and causes most of the charge concentration and the current to be below the patch

surface and much less current would flow on the top surface of the patch and as the

height to width ratio further decreases, the current on the top surface of the patch would

be almost equal to zero. It would not allow the creation of any tangential magnetic field

components to the patch edges.

A loss cavity would now represent an antenna and the loss is taken into account by the

effective loss tangent δe f f which is given as [2];

δe f f =
1

QT
(2.1)

where QT is the total quality factor of antenna and has been expressed in the form

1

Qt
= 1

Qd
+ 1

Qc
+ 1

Qr
(2.2)

where Qd represent the quality factor of dielectric and is given by

Qd = Wtωr

Pd
= 1

t anδ
(2.3)

where

ωr =angular resonant frequency

Wt =total energy stored in the patch at resonance

Pd =dielectric loss

tanδ =loss tangent of the dielectric substrate

Qc =quality factor of conductor and given as:

Qc = Wt

Pc
= h

∆
(2.4)
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where Pc = conductor loss

∆ = skin depth of the conductor

h =height of dielectric substrate and

Qr =represents the quality factor for radiation and is given as:

Qr = Wtωr

Pr
(2.5)

where Pr is the power radiated from the patch

δe f f = t anδ+ ∆
h
+ Pr

Wtωr
(2.6)

Thus, equation describes the total effective loss tangent for the micro strip patch an-

tenna.

2.6 Methods of Analysis

The desired models for the analysis of micro strip patch antennas are the transmission

line model, cavity model and full wave model (which include primarily integral equa-

tions/Moment Method). The transmission line model is the simplest of all and it gives

good physical insight but it is less accurate. The cavity model is more accurate and gives

good physical insight but is complex in nature. The full wave models are extremely accu-

rate, versatile and can treat single elements, finite and infinite arrays, stacked elements,

arbitrary shaped elements and coupling. These give less insight as compared to the two

models mentioned above and are far more complex in nature.

2.6.1 Transmission line model

The transmission line model, as shown in the Figure 2.8 , represents the micro strip an-

tenna by two slots, separated by susceptance B and conductance G of length L patch. Due

to the dimensions of the patch are finite (or shorter than the base plate) along in length

and width, the fields at the edges of the patch undergo fringing. The fringing fields act to

extend the effective length of the patch. Thus, the length of a half-wave patch is slightly

less than a half wavelength in the dielectric material

The amount of fringing of the antenna is a function of the dimensions of the patch and

height of the substrate. Due to fringing electric field lines travels in non-homogeneous
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Figure 2.8: Transmission Line Model[1]

material, typically substrate and air, an effective dielectric constant εr e f f is introduced.

For electric line with air above the substrate, the effective dielectric constant has values

in the range of 1<εr f f <εr . The dielectric constant for most applications is much greater

than unity. The effective dielectric constant is expressed by the function of frequency.

As the frequency of operation increases, most of the electric field concentrates in the

substrate, and therefore, the micro strip behaves more like a homogeneous electric line

of one dielectric, and the effective dielectric constant approaches the value of dielectric

constant of the substrate.

Generally, the relationship of width (W) height (h) effective dielectric constant and rela-

tive dielectric constant of the substrate are related as follow:

εe f f =
εr +1

2
+ εr −1

2

[
1+ 12h

w

]−1/2

(2.7)

where

εr = relative dielectric constant.

εe f f = effective dielectric constant

h = dielectric thickness (mm)

w = Width of the patch

A very popular and practical approximation relation for normalized extension of the

length is obtained from below equation:

∆L = 0.412h
(εr +0.3)

(W
h +0.264

)(
εe f f −0.258

)(W
h +0.8

) (2.8)

Substrate thickness should be chosen as large as possible to maximize bandwidth, but

not so large to minimize the risk of surface wave excitation. The substrate should also
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has low dielectric constant in order to achieve high efficiency. Since the effective length

of the patch has been extended by ∆L on each side, the effective length of the patch is

expressed as

Le f f = L+2∆L (2.9)

After analyzing and determining the physical nature of the Micro strip antenna with ref-

erence of resonant frequency, fr relative dielectric constant, εr , height of the substrate h;

it is possible to design rectangular micro strip antenna dimension, width W and Length

L, of patch as follow

W = C

2 fr

√
εr +1

2

(2.10)

L = C

2 fr
p
εe

−2∆L (2.11)

As shown in Figure 2.8, a Micro strip antenna is represented by an equivalent circuit with

two slots having conductance, G, and susceptance, B. The total admittance at slot one

(input admittance) is obtained by transferring the admittance of slot two from the out-

put terminal to input terminals using the admittance transformation equation of trans-

mission lines. Ideally two slots are separated by λ/2 where λ is the wavelength in the

dielectric (substrate). However, because of the fringing the length of the patch is elec-

trically longer than the actual length. Therefore the actual separation of the two slots is

slightly less than λ/2.

If the reduction of the length is properly chosen using equation 3.2, the transformed ad-

mittance of the slot two becomes.

Y1 = Y2,G1 =G2andB1 =−B2

Therefore the total resonant input admittance is real and is given by:-

Yi n = Y1 +Y2 = 2G1

Since the total input admittance is real, the resonant input impedance is also real

Zi n = 1/Yi n = Ri n = 1/2G1 Considering the mutual effects between the slots, the above

equation will be modified as

Ri n = 1

2(G1 ±G2)
(2.12)

where the plus (+) sign is used for modes with odd (anti-symmetric) resonant voltage

distribution beneath the patch and the slots while minus (-) sign is used for modes with
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even (Symmetric) resonant voltage distribution.

However, the mutual conductance of Micro strip antenna is defined as

G12 = 1

|Vo |
ℜ

∫ ∫
E1 ×H∗

2 .d s (2.13)

where E1 is the electric field radiated by slot one, H2 is magnetic field radiated by slot

two, V0 is the voltage across the slot.

2.6.2 Inset Feed

The resonant input resistance of the Micro strip antenna obtained by equation 2.12 can

be changed to appropriate value using inset feed or other alternative technique in or-

der to achieve maximum power transfer.The inset technique changes the resonant input

resistance by introducing a physical notch, which in turn introduces a junction capaci-

tance. The physical notch and its corresponding junction capacitance influence slightly

the resonant frequency. The maximum resonant input resistance value occurs at the

edge of the slot (Y o = 0) where the voltage is maximum and current is minimum. How-

ever, the minimum resonant input resistance value occurs at the center of the patch

(Y o = L/2). As the inset feed point moves from edge toward the center of the patch

the resonant input impedance decreases monotonically and reaches zero at the cen-

ter. When the value of the inset feed-point reaches the center of the patch (Y o = L/2),

the cos2(ΠL yo) function varies very rapidly; therefore the input resistance also changes

rapidly with the position of the feed point. Analytically, the input resistance for inset

feed is given approximately by [1] and [16]

Ri n = 1

G1 +G2
cos2(

Π

L
yo) (2.14)

Similarly the characteristics impedance of Micro strip line feed is given by [4]

Zc =


60p
εe f f

ln[ 8h
W f

+ W f

4h ],
W f

h ≤ 1;

120π
p
εe f f [

W f
h +1.393+0.667ln(

W f
h +1.44)]

,
W f

h ≥ 1
(2.15)

where:W f is width of micro stripe line and h is height of substrate

For T M010 the resonant frequency is given by

( f r )010 = 1

2L
p
εr
p
ε0υ0

= V0

2L
p
εr

(2.16)

where V0 is speed of light in free space

20



2.6.3 Cavity model

Micro strip antenna resembles dielectric loaded cavities, and exhibit higher order res-

onances. The normalized fields within the dielectric substrate can be found more ac-

curately by treating that region as a cavity bounded by electric conductors (above and

below) and by magnetic wall along the perimeter of the patch. The bases for this as-

sumption are the following points (for height of substrate h < < wave length of the field)

– The fields in the interior region do not vary with z-axis because the substrate is very

thin, h < <λ

– The electric field is z-axis directed only, and the magnetic field has only the trans-

verse components in the region bounded by the patch metallization and the ground

plane. This observation provides for the electric walls at the top and bottom.

– The electric current in the patch has no component normal to the edge of the patch

metallization, which implies that the tangential component of magnetic field along

the edge is negligible, and a magnetic wall can be placed along the periphery. This

approximation model leads to reactive input impedance, and it does not radiate any

power. However, the actual fields can be approximated to the generated field of the

model and is possible to analyze radiation pattern, input admittance, and resonant

frequency.

When the micro strip patch is provided power, a charge distribution is seen on the up-

per and lower surfaces of the patch and at the bottom of the ground plane. This charge

distribution is controlled by two mechanisms-an attractive mechanism and a repulsive

mechanism as discussed by Richards [21]. The attractive mechanism is between the op-

posite charges on the bottom side of the patch and the ground plane, which helps in

keeping the charge concentration complete at the bottom of the patch. The repulsive

mechanism is between the like charges on the bottom surface of the patch, which causes

pushing of some charges from the bottom, to the top of the patch. As a result of this

charge movement, currents flow at the top and bottom surface of the patch.

The cavity model assumes that the height to width ratio (i.e. height of substrate and width

of the patch) is very small and as a result of this the attractive mechanism dominates and

causes most of the charge concentration and the current to be below the patch surface.

Much less current would flow on the top surface of the patch and as the height to width

ratio further decreases, the current on the top surface of the patch would be almost equal
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to zero, which would not allow the creation of any tangential magnetic field components

to the patch edges [1][5].

2.7 Advantages and Disadvantage of Micro strip Antenna

Micro strip antenna is a low profile antenna that has light weight and is very easy to

installation due to which it is very popular in hand held wireless devices such as cell

phones, pagers and in some high performance communication systems such as in satel-

lite, missile, spacecraft, aircraft etc. Some of the major advantages of micro strip antenna

as discussed [1] are given below:

– Inexpensive and easy to fabricate.

– Can be planted easily on any surface.

– Can easily get reconfigurable characteristics.

– Can easily design antenna with desired polarization.

– Mechanically robust, Resistant against vibration and shock.

– It can be realized in a very compact form, desirable for personal and mobile com-

munication hand held devices.

– It allow for dual and triple band operations.

– For high gain and directive Array of antennas can be easily formed

Conversely micro strip antennas also have a number of disadvantages and limitations

when compared to other antennas. Some of the major disadvantages of micro strip an-

tennas are written below:

– High quality factor

– Low gain and power handling capability

– Suffers from spurious feed radiation

– Poor polarization efficiency

– Suffers from surface wave when high dielectric constant material is used.

– Sensitive to environment conditions like temperature and humidity

There are various methods to overcome this limitations, bandwidth of micro strip an-

tenna can be increase by using some special methods like defected ground plane strategy,

stacked patches, slotted patches, parasitic patch. Gain and the power handling ability of
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antenna can be improved by making an antenna array. Use of Electromagnetic Band

Gap (EBG) structure and Meta material also results in the improvement of the antenna

characteristics.

2.8 Application of micro strip antenna

After a number of limitations due to the several advantages micro strip antenna found

very useful in different applications. Micro strip antenna widely used in the defense sys-

tems like missiles, aircraft, satellites and rockets. Now a day’s micro strip antenna is used

in commercial sectors due to its inexpensiveness and easy to manufacture benefit by

advanced printed circuit technology. Some of the major applications of micro strip an-

tennas are listed below:

– Mobile Communication

– Aircraft, Spacecraft and Missiles

– Direct Broad cast Television (DBS)

– GPS system

– Telemetry and Telemedicine

– Radar Application

2.9 Basic Parameters of the Antenna

To explain the performance and characteristics of an antenna, various fundamental pa-

rameters are required. Some of the parameters are linked and not all of them need be

specified for complete explanation of the antenna performance. Parameter definitions

will be given in this part. Gain and directivity, polarization, input impedance, VSWR,

bandwidth, quality factor and beam width etc. some of basic or fundamental parame-

ters of an antenna.

2.9.1 Directivity and Gain

Directivity is the ability of an antenna to focus energy in a particular direction. The defi-

nition of the directivity according to IEEE Standard 145-1983: "Directivity (of an antenna)

(in a given direction) is the ratio of the radiation intensity in a given direction from the

antenna to the radiation intensity averaged over all directions". Note that the radiation
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intensity is equal to the total power radiated by the antenna divided by 4π. Directivity is

always greater than one [2]

D = 1/2
Re(EθH ′

ϕ−EϕH ′
θ

)(θ = 0)

Pr ad /4Π
(2.17)

where:Pr ad is radiated power

A good approximation of equation (2.18) for the directivity D of a rectangular patch an-

tenna is given by [8 and 1]. Note that (θ = 0) in this approximation.

D ≈ 4(KoW )2

πηGr ad
(2.18)

where: Gr ad = radiation conductance of the patch

The directive gain (according to IEEE Standard 145-1983) is "‘the ratio of the radiation in-

tensity, in a given direction to the radiation intensity that would be obtained if the power

accepted by the antenna were radiated isotropically".We can obtain gain from directivity

of the antenna:

G = eD (2.19)

e is the efficiency of the antenna. Gain is always less than directivity because efficiency

is between 0 and 1. The directivity increases with increase in substrate thickness h and

patch width W. Conversely the beam width is expected to decrease with increasing of h

and W

2.9.2 Input impedance

There are three different kinds of impedance relevant to antennas. One is the termi-

nal impedance of the antenna, another is the characteristic impedance of a transmission

line, and the third is wave impedance. Terminal impedance is defined as the ratio of volt-

age to current at the connections of the antenna (the point where the transmission line

is connected). The complex form of Ohm’s law defines impedance as the ratio of voltage

across a device to the current flowing through it.

The most efficient coupling of energy between an antenna and its transmission line oc-

curs when the characteristic impedance of the transmission line and the terminal impedance

of the antenna are the same and have no reactive component. When this is the case, the

antenna is considered to be matched to the line. Matching usually requires that the an-

tenna be designed so that it has a terminal impedance of about 50Ω or 75Ω to match the
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common values of available coaxial cable.

The input impedance of patch antenna is in general complex and it includes resonant

and non-resonant part. Both real and imaginary parts of the impedance vary as a func-

tion of frequency. Ideally, both the resistance and reactance exhibit symmetry about the

resonant frequency. Typically, the feed reactance is very small, compared to the resonant

resistance for thin substrates.

2.9.3 Voltage Standing Wave Ratio

The standing wave ratio (SWR), also known as the voltage standing wave ratio (VSWR),

is not strictly an antenna characteristic, but is used to describe the performance of an

antenna when attached to a transmission line. It is a measure of how well the antenna

terminal impedance is matched to the characteristic impedance of the transmission line.

Specifically, the VSWR is the ratio of the maximum to the minimum RF voltage along the

transmission line. The maxim and minim along the lines are caused by partial reinforce-

ment and cancellation of a forward moving RF signal on the transmission line and its

reflection from the antenna terminals.

If the antenna terminal impedance exhibits no reactive (imaginary) part and the resistive

(real) part is equal to the characteristic impedance of the transmission line, then the an-

tenna and transmission line are said to be matched. It indicates that none of the RF sig-

nal sent to the antenna will be reflected at its terminals. There is no standing wave on the

transmission line and the VSWR has a value of one. However, if the antenna and trans-

mission line are not matched, then some fraction of the RF signal sent to the antenna is

reflected back along the transmission line. This causes a standing wave, characterized

by maxima and minima, to exist on the line. In this case, the VSWR has a value greater

than one. The VSWR is easily measured with a device and VSWR of 1.5 is considered ex-

cellent, while values of 1.5 to 2.0 is considered good, and values higher than 2.0 may be

unacceptable.

2.9.4 Bandwidth

The bandwidth of an antenna is defined as the range of frequency within the perfor-

mance of the antenna. In other words, characteristics of antenna (gain, radiation pat-

tern, terminal impedance) have acceptable values within the bandwidth limits. For most

antennas, gain and radiation pattern do not change as rapidly with frequency as the

terminal impedance does. Since the transmission line characteristic impedance hardly
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changes with frequency, VSWR is a useful, practical way to describe the effects of ter-

minal impedance and to specify an antenna’s bandwidth. For broadband antennas, the

bandwidth is usually expressed as the ratio of the upper to lower frequencies of accept-

able operation. However, for narrow band antennas, the bandwidth is expressed as a

percentage of the bandwidth. [1]

2.9.5 Return Loss

In telecommunications, return loss is the loss of signal power resulting from the reflec-

tion caused at a discontinuity in a transmission line. This discontinuity can be a mis-

match with the terminating load or with a device inserted in the line. The return loss is

related to both standing wave ratio (VSWR) and reflection coefficient (Γ). The increase of

return loss corresponds to lower VSWR. An ideal transmission line would have a VSWR

of 1:1, with all the power reaching the destination and no reflected power. As for the

reflection coefficient (Γ), it is the ratio of the amplitude of the reflected wave V −
0 to the

amplitude of the incident wave v+
0 . In another word, return loss is the measurement of

how well devices or lines are matched and a match is good if the return loss is high. A

high return loss is desirable and results in a lower insertion loss. Using return loss we can

provide the best and most convenient method to calculate the input and output of the

signal sources. The Return Loss is determined in dB as follows [1]:

RL(dB) =−20log |Γ| (2.20)

or

RL(dB) =−20log |S11| (2.21)

where:

|Γ| = V −
0

V +
0

= ZL −Z0

ZL +Z0

Here,S11 S-parameters Γ reflection coefficient,V −
0 incident wave, V +

0 reflected wave, ZL

and Z0 are the load and characteristic impedance. During the development of designing

the rectangular patch antenna there is a response taken from the magnitude of S11parameter

versus frequency. This is known as the return loss. To have a perfect matching between

the antenna and the transmitter,Γ = 0 and RL = ∞, this indicates that there is no power

that is returned or reflected but whenΓ = 0 and RL = 0 dB, this indicated that the power

that is sent is all reflected back. It is said that for the practical applications VSWR = 2 is

acceptable as the return loss would be - 9.54dB [2].
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2.9.6 S-parameters

The S-parameters are very important in microwave design for describing the behavior of

electrical devices. Most of the electrical properties i.e. gain, return loss, power, VSWR

etc. relates to the S parameters. The S-parameters can be observed by sending a sig-

nal through an input port and observing the response on an output port. The term

impedance is of great importance while calculating the S-parameters because the sys-

tem should be matched properly, otherwise reflection which will give rise to standing

waves and the system will not produce the desired output. The S-parameters S11 and S22

represent input and output reflection while S21 is the forward transmission coefficient

(gain) and S12 are the reverse transmission coefficient (isolation)[20].

2.9.7 Impedance Matching

Impedance matching is the process of removing mismatch loss. That is, we want to mini-

mize the reflection coefficient, to reduce the power reflected from the load (the antenna),

and maximize the power delivered to the antenna. This is one of the fundamental tasks

in getting antenna to radiate, and hence is one of the more important topics in antenna

theory. To achieve perfect matching, the antenna or load impedance to match the trans-

mission line. Thus ZL = Z0(or Zi n = Z0)[21].

2.9.8 Radiation Efficiency and Quality Factor

For a micro strip patch antenna, efficiency can be defined as the power radiated from the

micro strip element divided by the power received by the input to the element. Factors

that affect the efficiency of the antenna and make it high or low are the dielectric loss,

the conductor loss, the reflected power (Voltage Standing Wave Ratio VSWR), the cross

polarized loss, and power dissipated in any loads in the element. General expression of

the radiation efficiency can be found in most books of antennas including references of

my research:[21]

e = pr ad

pr ec
(2.22)

where:

Pr ad = Power radiated by the antenna

Pr ec = Power accepted by the antenna.

Efficiency can also be expressed in terms of the quality factor as follows:[21]
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e =
1

Qr ad

1
Qt

(2.23)

where:

Qt =total quality factor

Qr ad = quality factor due to radiation (space wave) losses.

1

Qt
= 1

Qr ad
+ 1

Qc
+ 1

Qd
+ 1

Qsw
(2.24)

where:

QC = quality factor due to conduction losses (ohmic).

Qd = quality factor due to dielectric losses.

Qsw = quality factor due to surface waves.

Most micro strip antennas have efficiency of between 80 to 90 percent. For a very thin

antenna h << λ0;t << λ0 There are approximate formulas to calculate the quality fac-

tor:[21]

Qc = h
√
π f δµ (2.25)

Qd = 1

tanδ
(2.26)

Qr ad =
[

2ωεr
hGt

l

]
K (2.27)

where:

tanδ= loss tangent of the substrate.

ω= conductivity of the conductor.

hGt
l = the total conductance per unit length.

2.9.9 Radiation Intensity (U)

The radiation intensity is far field parameter[2].

U = r 2Pr ad (2.28)

where: U=Radiation Intensity The radiation intensity is power per unit solid angle. Pr ad =Average

power radiated by an antenna (watts/m2)

U = 1

2

E 2

η2r 2
(2.29)

An other way:

U = r 2Pav g (2.30)
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where:

Pav g = 1

2

E 2

η
(2.31)

Radiation intensity will indicate about the energy of an antenna. Radiation intensity in

a given direction will be defined as the power radiated from an antenna per unit solid

angle.
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Chapter 3

Polarization of antenna

3.1 Introduction

Polarization of an antenna can be defined like polarization of electromagnetic wave in

given direction of radiation. If direction is not given then we consider in the maximum

gain direction. Polarization of radiated electromagnetic wave can be changed by chang-

ing the points in the radiating sphere i.e. polarization can be changed by changing with

direction from antenna [1].

Polarization is the study of relative orientation of two planar component of electric field

component of radiated electromagnetic wave. Another way, one can define polarization

is, the orientation of magnitude of electric field with direction. Here the direction is the

time varying direction. Therefore, one can say polarization is a function of time, direction

and magnitude also. Figure 3.1 shows trace of EMW as the function of time. At any point

in radiation sphere of a far field the wave is to be characterized by plane wave whose

strength of E-field is same like radiated wave and propagation direction is radial outward

from antenna.

Figure 3.1: (a) Rotation of wave and (b) polarization ellipse [1][21]

As the distance from antenna increases up to infinity, radius of radiation sphere also in-
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creases to infinity and strength decreases. The propagated wave always appears like a

plane wave. In any direction from antenna, at any point of radiation sphere polarization

is the combination of two orthogonal polarizations known as co-polarization and cross-

polarization. Co-polarization characterizes the polarization of wave the antenna wants

to radiate, while cross- polarization is the polarization orthogonal to radiated polariza-

tion and it is an unwanted component.

3.2 Linear, Circular, and Elliptical Polarization

Polarization of radiated wave can be classified as Linear, Circular and Elliptical Polariza-

tion. Electric field component of a plane wave propagating towards negative z direction

can be represented [1], [21] as

E(z; t ) = Ex(z; t )ax +Ey (z; t )ay (3.1)

where ,

Ex(z; t )
= Re[Ex exp− j (ωt+Kz)]

= Re[Ex 0 exp− j (ωt+Kz+φx)]
(3.2)

and

Ey (z; t )
= Re[Ey exp− j (ωt+Kz)]

= Re[Ey 0 exp− j (ωt+Kz+φy )]
(3.3)

where,Ex 0 and Ey 0 are maximum amplitude of X and Y component of electric field com-

ponent.

3.3 Linear Polarization

Antenna Polarization is a very important parameter when choosing and installing an an-

tenna. Most communications systems use either vertical, horizontal or circular polariza-

tion. Knowing the difference between polarizations and how to maximize their benefit is

very important to the antenna user.

Figure 3.2 shows linearly polarized curve, a linear polarized antenna radiates wholly in

one plane containing the direction of propagation. An antenna is said to be vertically

polarized (linear) when its electric field is perpendicular to the Earth’s surface. A circular

polarized wave radiates energy in both the horizontal and vertical planes and all planes
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Figure 3.2: linearly polarizad curve [21]

in between. The difference, if any, between the maximum and the minimum peaks as the

antenna is rotated through all angles, is called the axial ratio or elliptical and is usually

specified in decibels (dB). If the axial ratio is near 0 dB, the antenna is said to be circular

polarized. If the axial ratio is greater than 1-2 dB, the polarization is often referred to as

elliptical.In linear polarized wave, two planar component of electric field component of

equal or unequal amplitude are in phase

∆φ=φy −φx = nπ,n = 0,1,2..........

where, φy and φx are phase angle of electric field in y and x component

∆φ is quadrature phase difference between electric field X and Y component.

In case of linear polarization, if out of the two planar component of electric field of radi-

ated wave only vertical component exist and there is no any horizontal component i.e.

Ex 0 = 0

Then polarization is called vertical linear polarization. In this case polarization curve is

along y-axis only. Similarly, if there is only horizontal component exist and there is no

any vertical component i.e.

Ey 0 = 0

Then polarization is called horizontal polarization. In this case polarization curve is

along x-axis only.
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3.3.1 Basic Considerations

Polarization is an important design consideration. The polarization of each antenna in

a system should be properly aligned. Maximum signal strength between stations occurs

when both stations are using identical polarization. On line-of-sight (LOS) paths, it is

most important that the polarization of the antennas at both ends of the path use the

same polarization. In a linearly polarized system, a misalignment of polarization of 45

degrees will reduce the signal up to 3 dB and if misaligned 90 degrees the attenuation can

be 20 dB or more. Likewise, in a circular polarized system, both antennas must have the

same sense. If not, an additional loss of 20 dB or more will be suffered.

Linearly polarized antennas will work with circularly polarized antennas and vice verse.

However, there will be up to a 3 dB loss in signal strength. In weak signal situations, this

loss of signal may impair communications. Cross polarization is another consideration.

It happens when unwanted radiation is present from a polarization which is different

from the polarization in which the antenna was intended to radiate. For example, a ver-

tical antenna may radiate some horizontal polarization and vice verse. However, this is

seldom a problem unless there is noise or strong signals nearby.

If ones antenna is to be located on an existing tower or building with other antennas in

the area, it is need to separate the antennas as far as possible from each other. In the UHF

range, increasing separation even a few extra feet may significantly improve performance

from problems such as desensitization. When setting up ones exclusive communications

link, it may be wise to first test the link with vertical and then horizontal polarization to

see which yields the best performance (if any). If there are any reflections in the area,

especially from structures or towers, one polarization may outperform the other.

Another point to note is when radio waves strike a smooth reflective surface, they may

incur a 180 degree phase shift, a phenomenon known as specular or mirror image reflec-

tion. The reflected signal may then destructively or constructively affect the direct LOS

signal. Circular polarization has been used to an advantage in these situations since the

reflected wave would have a different sense than the direct wave and block the fading

from these reflections.
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3.4 Circular polarization

Micro strip antennas are widely used as an efficient radiator in many communication

systems. One of the most interesting applications is their use for transmitting or receiv-

ing systems, required for circular polarization. A circularly polarized micro strip antenna

can be classified into two categories, e.g. single- or dual-fed types. The classification of

an antenna is based upon the number of feeding points required for circularly polarized

waves. The singly-fed antenna is useful, because it can excite circular polarization with-

out using an external polarizer. The other is a dual-feed CP antenna with an external po-

larizer such as 3dB hybrid. Therefore, it is important to understand the radiation mech-

anism of the antenna. However, one of the most serious problem in such an antenna

is the considerable narrowness of the bandwidth compared to ordinary microwave an-

tennas. Figure 3.3 shows circularly polarized curve,circularly polarized wave will radiate

energy in the horizontal and vertical plane, as well as every plane in between. There are

two directions of propagation that come with circular polarization: Right-Hand-Circular

(RHC) which follows a clockwise pattern, and Left Hand-Circular (LHC) which follows a

counterclockwise pattern.

Nowadays circular polarization is very important in the antenna design industry, it elim-

inates the importance of antenna orientation in the plane perpendicular to the propaga-

tion direction, it gives much more flexibility to the angle between transmitting / receiv-

ing antennas, also it enhances weather penetration and mobility [21, 22]. It is used in

a group of commercial and militarily applications. However it is difficult to build good

circularly polarized antenna [2]. For circular polarization to be generated in micro strip

antenna two modes equal in magnitude and 90 out of phase are required [23-24]. Mi-

cro strip antenna on its own doesn’t generate circular polarization; subsequently some

changes should be done to the patch antenna to be able to generate the circular polar-

ization [21]. The circular micro strip patch antenna’s lowest mode is the TM11, the next

higher order mode is the TM21 which can be driven to produce circularly polarized radi-

ation. In circular polarized wave, two planar component of electric field component of

equal amplitude are in odd multiple of 90 phase difference. That is Ex 0 = Ey 0 and

∆φ=φy −φx =


{+( 1
2 )+n

}
, n = 0,1,2....CW{−( 1

2 )+n
}

, n = 0,1,2....CCW
(3.4)

where , CW is clockwise and CCW is counter clockwise
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Figure 3.3: circularly polarized curve [21]

3.4.1 Dual feed circularly polarized micro strip antenna

As 90 degree phase shift between the fields in the micro strip antenna is a perquisite for

having circular polarization, dual feed is an easy way to generate circular polarization in

micro strip antenna. With the help of external polarizer the micro strip patch antenna

is fed by equal in magnitude and orthogonal feed. Dual feed can be carried out using

quadrature hybrid, ring hybrid, Wilkinson power divider, T-junction power splitter or

two coaxial feeds with physical phase shift 90 degree [22].

3.4.2 Single feed circularly polarized micro strip antenna

Single fed micro strip antennas are simple, easy to manufacture, low cost and compact

in structure as shown in Figure 3.5. The major advantage of single-feed, circularly po-

larized micro strip antennas is their simple structure, which does not require an external

polarizer. They can, therefore, be realized more compactly by using less board space than

do dual-feed, circularly polarized micro strip antennas. It eliminates the use of complex

hybrid polarizer, which is very complicated to be used in antenna array [24, 28]. Single

fed circularly polarized micro strip antennas are considered to be one of the simplest

antennas that can produce circular polarization [7]. In order to achieve circular polar-

ization using only single feed two degenerate modes should be exited with equal ampli-

tude and 90 degree difference. Since basic shapes micro strip antenna produce linear

polarization there must be some changes in the patch design to produce circular polar-

ization.Perturbation segments are used to split the field into two orthogonal modes with
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equal magnitude and 90 degree phase shift. Therefore the circular polarization require-

ments are met.There are many methods to achieve this, with the most commonly used

shown in Figure 3.4 below For the almost square patch technique (Figure 3.4a) the feed is

Figure 3.4: Geometries of various circularly polarize patches. Dashed line shows the line along

which the feed point is located [22][25]

located on the diagonal of the patch in order to excite two modes. The phase difference

is achieved by introducing a small difference between the length and width of the patch,

making the two modes resonate at slightly different frequencies be obtained. Around res-

onant frequency, the antennas performance switches from capacitive reactance (lower

half of the Smith chart) to inductive reactance (upper part of the Smith chart). Therefore

in the frequency range between the two resonances, one mode will have positive and

the other - negative reactance. By adjusting this values, a 90 degree phase shift can be

obtained. This is made by introducing a small difference ∆ between patch length and

width (see Fig. 3.4a). The difference should be inversely proportional to antenna quality

factor (Q), i.e. lower Q requires greater ∆. This method results in an impedance band-

width much wider than that of equivalent linearly polarized patch, however the axial-

ratio bandwidth is narrow and also inversely proportional to Q.

The truncated corner technique (Fig. 3.4B) employs cutting off two corners on the rect-

angular patch, located across a diagonal. The feed is located at the middle of one of the

edges. It therefore directly excites one mode and the other is excited by the irregularity in
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the square geometry of the patch. The sense of polarization depends on which two cor-

ners are truncated, therefore solutions for polarization reconfigurability have been pro-

posed by covering and uncovering the truncation [26]. For these antenna types is can be

difficult to achieve a good impedance match, when feeding the patch directly from a 50Ω

micro strip line. For linearly polarized antennas an inset feed can be employed. However

the two slots introduced into the patch by this technique will perturb the current for the

orthogonal mode and as a consequence degrade circular polarization. In [25] propose

a solution to this problem, where the impact of the inset feed is balanced by additional

slots cut along other edges of the patch. This provides good AR performance while feed-

ing the patch directly from a 50Ωmicro strip line. Alternatively to the truncated corners,

a diagonal slot can be introduced into the patch (Fig.3.4C). This acts similarly to the trun-

cated corner, with the narrow slot splitting the energy into two orthogonal modes with

appropriate phase shift. It was also demonstrated in [27] that a set of circular slots can be

implemented, as long as there is an asymmetry in the structure to excite two orthogonal

modes.

Alternatively, the slot can be located parallel to the edge of the patch and the feed lo-

cated on the diagonal. In principle this work is similar to the almost-square patch, but

the difference in resonant frequency is generated not by the longer patch, but by the fact

that the current flows around the slot. This method is also very convenient to introduce

polarization reconfigurable; by introducing a pin diode, MEMS switch or other suitable

component the slot can be short circuited or not, switching between the RHCP and LHCP,

as in [25].

An interesting method for a patch antenna fed by a coplanar waveguide (CPW) was pro-

posed by S.H Hsu and K.chang in [26]. In this method the mode perturbation was made

by a 45 degree inclined slot in a ground plane, protruding on both sides of CPW feed. The

patch used is a regular square and both the perturbing and feed structures are located on

the ground plane layer.Confirmed the same performance for the circular patch. Last, but

not least, a stub protruding from the edge (Fig. 3.4D) or a section removed from the edge

(Fig. 3.4E), or the combination of both can be used to generate 90 degree phase shift.

Such structures - when properly designed introduce inductance and capacitance, which

generates the phase shift.

37



3.5 Elliptical Polarization

In any given point of radiation sphere, if the electric field component of radiated wave

traces a ellipse with advancing of time then the wave is said to be elliptical polarized. Fig-

ure 3.6 shows elliptical polarization curve,in elliptical polarized wave, two planar com-

ponent of electric field component have unequal amplitude and in odd multiple of 90

degree phase difference or when phase difference is not equal to integer multiple of 90

degree.

Ex0 6= Ey0

And

∆φ=φy −φx =


{+( 1
2 )+n

}
, n = 0,1,2....CW{−( 1

2 )+n
}

, n = 0,1,2....CCW

Figure 3.5: Elliptical polarization curve [21]
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Chapter 4

Design of Rectangular Micro strip Antenna

4.1 Physical Design Parameter of Antenna

There are three important parameters which are to be considered carefully when the designing

a rectangular micro strip patch antenna for various communication application. These are

listed below,

4.1.1 choice of substrate

While designing MSA substrate selection is as decisive as the design itself. Radiating properties

of MSAs depend on the substrate used for the antenna design. Dielectric constant, thickness,

stiffness as well as loss tangent are important factors for substrate selection. To encourage

fringing and hence radiation dielectric constant should be as low as possible. A use of thicker

substrate can increase the impedance bandwidth but it suffers a loss in accuracy. For the ap-

proximation in the analysis a thin substrate is used in most MSA models [1]. For comparison

purpose the dielectric material chosen for this design is FR-4 and RT/Duroid 6006 which has

dielectric constant of 4.4 and 6.15 loss tangent 0.019 respectively. The reason for choice is due

to its considerable properties, such as, low surface wave excitation, low moisture absorption,

lowest electrical loss, uniform electrical properties over frequency, excellent chemical resis-

tance and relative low cost.

4.1.2 Patch Parameters

The dimensions of a rectangular patch, as well as bandwidth and gain, are determined by the

operating frequency of the antenna, the relative dielectric constant, and thickness of the sub-

strate material. The following formulas are based on the transmission line model. The width

and length of a rectangular micro strip patch are given at equation (2.10) and (2.11) respectively

by [1][21]:

W = C

2 fr

√
εr +1

2
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L = C

2 fr
p
εe

−2∆L

where:

C = speed of light (m/s).

fr = operating frequency (MHz).

εr = relative dielectric constant.

εe f f = effective dielectric constant.

where:

εe f f from equation(2.7)

εe f f =
εr +1

2
+ εr −1

2

[
1+ 12h

w

]−1/2

∆L = 0.412h

(
εe f f +0.3

)(W
h +0.264

)(
εe f f −0.258

)(W
h +0.8

)
where

h = dielectric thickness (mm)

4.2 Design specification

Before designing the antenna, the first step is to consider the specification of the antenna based

on its application. The various parameters that are used for the design are taken from the

data sheet of F R4 and listed in Table 4.1 . The frequency of 1.575 GHz is chosen because

Table 4.1: micro strip Antenna Design Specifications.

Parameters Specification

Frequency 1.575 GHz

Substrate FR4

Dielectric constant ,εr 4.4

Loss tangent 0.019

Substrate height 1.6 mm

Conductor thickness 35µm

this frequency is suitable to test with the L-Band application. This frequency also is widely

use in the Mobile Communication Systems since L-band application uses the frequency range

from 1000−2000 MHz, the designed antenna must be able to operate in this desired frequency

range. As for the substrate selection, the major consideration will be the dielectric constant
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and loss tangent.A high dielectric constant will result in a smaller patch size but this will gen-

erally reduce bandwidth efficiency and might have difficulty in fabricating a very small patch

size antenna. A high loss tangent will reduce the antenna efficiency [1].

4.3 Design procedure

Step 1: Calculation of width of micro strip patch antenna

The width of the RMSA is calculated from equation (2.10) i.e

W = 3∗108

2x1.575∗109
√

4.4+1
2

W = 58mm for εr = 4.4 and 50.4mm for εr = 6.15

Step 2: Determination of the effective dielectric constant (εr e f f )

This is computed from equation (2.7) is given as following

εr e f f =
4.4+1

2
+ 4.4−1

2

[
1+ 12h

w

]−1/2

εr e f f = 4.1734 for εr = 4.4 and 5.7661 for εr = 6.15

Step 3: Determination of the length extension (∆L)

The length of extension can be determined from equation (2.8) as,

∆L = 0.412h
(4.1734+0.3)

(
58∗−3

1.6∗10−3 +0.264
)

(4.1734−0.258)
(

58∗−3

1.6∗10−3 +0.8
) = 0.74224mm

∆L = 0.74224mm for εr = 4.4 and 0.71393mm for εr = 6.15

Step 4: Defining the effective length (Le f f )

The effective length is given by

Le f f =
3∗108

2∗1.575∗109 ∗p
εe f f

Le f f = 46.6mm for εr = 4.4 and 39.7mm for εr = 6.15

Step 5: Determination of actual length of top patch (L)

The actual length of top patch is obtained from the expression

L = Le f f −2∆
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L = 45.1mm for εr = 4.4 and 38.2mm for εr = 6.15

Step 6: Determination of ground width and length

Most of models are applicable,Only for infinite ground planes. However, for practical consider-

ations finite ground plane is required. If the ground plane around the periphery is greater than

the patch dimensions by six times substrate thickness. Hence, for proposed design reformulate

dimensions of ground plane would be given as:

Lg = 6∗h +L = 6∗1.6+45.1

Lg = 54.7mm for εr = 4.4 and 47.8mm for εr = 6.15

Wg = 6∗h +W = 6∗1.6+58

Wg = 67.6mm for εr = 4.4 and 60mm for εr = 6.15

step 7: Determination of Inset feed depth (yo):

An inset-fed type feed is to be used in this design. The feed depth is given by y0. The feed

point must be located at that point on the patch, where the input impedance is 50 ohms at the

resonant frequency. Hence, a trial and error method is used to locate the feed point. In this

case one mat lab is used to obtain the exact optimum feed depth, where the return loss (R.L) is

most negative (i.e. the least value). According to [5] there exists a point along the length of the

patch which gives the minimum return loss. Analytically, the input resistance for inset feed is

given approximately by equation(2.14) as

Ri n = 1

G1 +G2
cos2(

Π

L
yo)

Similarly the characteristics impedance of Micro strip line feed is determined from equation(2.15)

Zc =


60p
εe f f

ln[ 8h
W f

+ W f

4h ],
W f

h ≤ 1;

120π
p
εe f f [

W f
h +1.393+0.667ln(

W f
h +1.44)]

,
W f

h ≥ 1

where

G1 =


1

90 (W
λ0

), W <<λ0;

1
120 (W

λ0
), W >>λ0

Using the equation 2.14 (assuming that Zc in the equation 2.15 which has a condition
W f

h ≥ 1 is

50(Ω) where Ri n(y = y0) =50(Ω),by using mat lab software we can get y0 = 13.9mm for εr = 4.4
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and 13.2mm for εr = 6.15 and W f = 3mm.

Below is the summary of the design parameter

Table 4.2: Dimension of Rectangular micro strip Antenna on FR-4 substrate material.

Design of rectangular micro strip antenna Values

Width of patch (W) 58 mm

Length of patch (L) 45.1 mm

Effective dielectric constant of the patch 4.1734

Input resistance of the patch (Ri n) 50Ω

Inset depth of the patch (y0) 13.9 mm

Width of micro strip line (W f ) 3 mm

length of ground (Lg ) 54.7 mm

width of ground (Wg ) 67.6 mm

Table 4.3: Dimension of Rectangular micro strip Antenna on RT/Duroid 600 substrate material.

Design of rectangular micro strip antenna values

Width of patch (W) 50.4 mm

Length of patch (L) 38.2 mm

Effective dielectric constant of the patch 5.7661

Input resistance of the patch (Ri n) 50Ω

Inset depth of the patch (y0) 13.2 mm

Width of micro strip line (W f ) 3 mm

length of ground (Lg ) 47.8 mm

width of ground (Wg ) 60mm
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Chapter 5

Result and Discussion

5.1 Introduction

In this chapter, the numerical parameters that are used for evaluating the performance of the

designed 1.575GHz linearly and circularly polarized micro strip antenna for L-Band applica-

tions are introduced. The design procedure will be based on what was explained in the pre-

vious chapter. The antenna structure that is supposed to be designed are shown in Figure 5.1

and 5.2. This structure is going be simulated in CST studio version 16.0 and the parameters

are going to be calculated using matlabR2015a. The results of the performed computer simu-

lations are presented in the form of tables and graphs. Finally, the results will be discussed and

compared in term of the selected parameters.

5.2 Design 1 : Single feed circularly polarized micro strip an-

tenna

The design consists of nearly square metallic radiating patch with corner truncated perturba-

tion and single feed network. Because of corner truncation an antenna radiate circular polar-

ized wave. Antenna feeds power by micro strip line feeding techniques particularly by inset

feed line.

Antenna geometry

Figure 5.1: (a) RHCP and (b) LHCP
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Design procedure for CP patch with single feed point are;

– Determining the unloaded factor Qo of the patch, which depends on dimensions of

a substrate thickness, and the substrate dielectric constant εr .

– Determining the amount of perturbation ∆s
s for the patch

– further more,the location of the feed point on the axis can be selected to provide a

good match

To get the length of truncation "a" one can use [28],the following equation

a = L

√
∆s

s
(5.1)

••
∆s

s
= 1

2Qo
(5.2)

Qo = c
p
εr

4 f h
(5.3)

where

a= length of truncating

∆s
s = Truncating ratio

Qo= unloaded quality factor

L= actual length of the patch

c= speed of light

by substituting the value for L=45.1mm, f =1.575G H z, εr =4.4 and C =3∗10exp8

we get Qo = 62.5, ∆s
s =0.008 and a=4.032mm. For substrate material RT/Duroid 6006 which has

dielectric constant εr =6.15 and length of patch L = 38.2mm. The length of truncation is a =

3.15mm

5.3 Design 2 : Linearly Polarized Micro strip Patch Antenna

For this design a rectangular polarized micro strip antenna is proposed. The antenna can radi-

ate either horizontal or vertical polarized wave. Radiating patch is excited by feed-line through

micro strip line specifically by inset micro strip feed-line techniques. The antenna is designed

to compared the performance using a dielectric substrate of permittivity 4.4(i.e.FR4 substrate)

and 6.15 (i.e. RT/Doruid 6006). Figure 5.2 shows the antenna geometry.

Antenna Geometry
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Figure 5.2: Schematic diagram for Horizontal and vertical polarization of micro strip antenna

5.4 Simulation Result and Discussion

After selecting the substrate parameter, calculating some model parameter and designing rect-

angular micros strip antenna, the computer simulations are carried out by using CST MW stu-

dio 16.0 for all the configurations and scenarios are defined in previous chapter. Performing the

relevant computer simulations for each of these situations separately, the corresponding di-

rectivity, bandwidth efficiency, return loss, gain and VSWR of polarized rectangular micro strip

antenna are computed by varying the thickness of the substrate material. Circular and linear

polarization have two main categories these are; right hand circular polarization (RHCP) and

left hand circular polarization (LHCP), and vertical and horizontal polarization respectively.

Therefore, simulation will be done based on these categories. The simulation results presented

below:

5.4.1 Return Loss

It is a parameter that is used to measure the power reflected by the antenna due to the mis-

match of the antenna. If the return loss is 0dB there is nothing to radiate by the antenna be-

cause the power provided to the antenna is completely absorbed by the antenna or this means

that the power input equal to the power reflected. The return loss performance of RHCP, LHCP,

horizontally and vertically polarized micro strip antenna are shown in Figure 5.3-5.5 by vary-

ing the thickness of substrate material: During the development of designing polarized rect-

angular micro strip antenna there is a response taken from the magnitude of S11 (dB) versus

frequency. This is known as the return loss. To have a perfect matching between the antenna

and the transmitter, Γ= 0 and RL =∞, this indicates that there is no power that is returned or

reflected but when Γ=∞ and RL = 0 dB, this indicated that the power that sent is all reflected

back. It is said that for the practical applications VSWR = 2 is acceptable as the return loss
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Figure 5.3: S11(Return loss) parameter plot for different polarization at h =1.6mm

Figure 5.4: S11 (Return loss) parameter plot for different polarization at h =1.8mm
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Figure 5.5: S11 (Return loss) parameter plot for different polarization at h =2mm

would be - 9.54dB. The reflection coefficient of the patch to confirm a good impedance match

in this thesis design is VSWR =1.35. It is typical to consider the value S11 =−10dB as a threshold

value for determining the antenna bandwidth.

5.4.2 Radiation Pattern

The radiation pattern is the spatial distribution of a quantity that characterizes the electro-

magnetic field generated by an antenna. This distribution can be expressed as a mathematical

function or as graphical representation [1]. Most of the time, the radiation pattern, is deter-

mined in the far-field region and is usually represented with the spherical coordinate system

[1][22].The corresponding far field radiation pattern are simulated and measured. The ob-

tained result are present below :
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Figure 5.6: a) 3-D Radiation Pattern b) Gain and directivity plot of HP at h = 1.6mm

Figure 5.6a shows radiation pattern of horizontally polarized micro strip antenna. One can

observe that antenna is directional antenna and its direction is zero degree. The main lobe

magnitude indicates the far field directivity of the antenna. The angular width (i.e. 3dB) band-

width or half power beam width is 95.1 degree. From Figure 5.6b plot at operating frequency

(i.e. 1.575 GHz) one can read the maximum gain value that is 0.155 dB and the main lobe di-

rection directivity 6.46dBi
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Figure 5.7: a) 3-D Radiation Pattern b) Gain and directivity plot of LHCP at h = 1.6mm

The above Figure 5.7a shows the radiation pattern plot of LHC polarized micro strip antenna.

From this one can observe that an antenna is a directional antenna. In this case at resonant

frequency the main lobe magnitude is 7 dBi and its direction is zero degree. Figure 5.7b plot

shows the maximum gain and far field directivity of the antenna. The maximum gain at oper-

ating frequency (i.e. 1.575 GHz) is 1.59 dB and the main lobe direction directivity is 7 dBi.
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Figure 5.8: a) 3-D Radiation Pattern b) Gain and directivity plot of VP at h = 1.6mm

The above Figure 5.8a shows the radiation pattern plot of vertically polarized micro strip an-

tenna. From this one can observe an antenna is a directional antenna. In this case at resonant

frequency the main lobe magnitude is 7.04 dBi and its direction is zero degree. Figure 5.8b

plot shows the maximum gain and far field directivity of the antenna. The maximum gain at

operating frequency (i.e. 1.575 GHz) is 1.57 dB and the main lobe direction directivity is 7.04

dBi.
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Figure 5.9: a) 3-D Radiation Pattern b) Gain and Directivity plot of RHCP at h = 1.6mm

The above Figure 5.9a shows the radiation pattern plot of RHC polarized micro strip antenna.

From this one can observe an antenna is a directional antenna. In this case at resonant fre-

quency the main lobe magnitude is 7.03 dBi and its direction is zero degree. Figure 5.9b plot

shows the maximum gain and far field directivity of the antenna. The maximum gain at oper-

ating frequency (i.e. 1.575 GHz) is 1.62 dB and the main lobe direction directivity is 7.03 dBi.

Table 5.1: Performance comparison and Results summary of different polarization at h =1.6mm

Quantity RHCP LHCP HP VP

Return loss(dB) −16.492 −17.695 −11.621 −24.878

Directivity(dBi) 7.03 7.06 6.46 7.04

Gain(dB) 1.62 1.59 0.155 1.57

Bandwidth efficiency(%) 3.33 3.75 3.17 3.99

Beam-width(degree) 92.5 92.5 95.1 92.3

VSWR 1.35 1.3 1.711 1.12
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Figure 5.10: a) 3-D Radiation Pattern and b) Gain and directivity plot of HP at h = 1.8mm

The above Figure 5.10a shows the radiation pattern plot of horizontally polarized micro strip

antenna. From this one can observe that an antenna is a directional antenna. In this case at

resonant frequency the main lobe magnitude is 6.44 dBi and its direction is zero degree. Figure

5.10b plot shows the maximum gain and far field directivity of the antenna. The maximum

gain at operating frequency (i.e. 1.575 GHz) is 0.543 dB and the main lobe direction directivity

is 6.44 dBi.
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Figure 5.11: a) 3-D Radiation Pattern and b) Gain and directivity plot of VP at h = 1.8mm

The above Figure 5.11a shows the radiation pattern plot of vertically polarized micro strip an-

tenna. From this one can observe an antenna is a directional antenna. In this case at resonant

frequency the main lobe magnitude is 6.93 dBi and its direction is zero degree. Figure 5.11b

plot shows the maximum gain and far field directivity of the antenna. The maximum gain at

operating frequency (i.e. 1.575 GHz) is 1.24 dB and the main lobe direction directivity is 6.93

dBi.
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Figure 5.12: a) 3-D Radiation Pattern and b) Gain and directivity plot of LHCP at h = 1.8mm

The above Figure 5.12a shows the radiation pattern plot of LHC polarized micro strip antenna.

From this one can observe an antenna is a directional antenna. In this case at resonant fre-

quency the main lobe magnitude is 7 dBi and its direction is zero degree. Figure 5.12b plot

shows the maximum gain and far field directivity of the antenna. The maximum gain at oper-

ating frequency (i.e. 1.575 GHz) is 1.59 dB and the main lobe direction directivity is 7 dBi.
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Figure 5.13: a) 3-D Radiation Pattern and b) Gain and directivity plot of RHCP at h = 1.8m

The above Figure 5.13a shows the radiation pattern plot of RHC polarized micro strip antenna.

From this one can observe that an antenna is a directional antenna. In this case at resonant

frequency the main lobe magnitude is 6.94 dBi and its direction is zero degree. Figure 5.13b

plot shows the maximum gain and far field directivity of the antenna. The maximum gain at

operating frequency (i.e. 1.575 GHz) is 1.35 dB and the main lobe direction directivity is 6.94

dBi.

Table 5.2: Performance comparison and Results summary of different polarization at h =1.8mm

Quantity RHCP LHCP HP VP

Return loss(dB) −32 −15.87 −10.576 −17.6

Directivity(dBi) 6.94 7 6.44 6.93

Gain(dB) 1.35 1.59 0.534 1.24

Bandwidth efficiency(%) 4.12 3.39 2.19 4.19

Beam-width(degree) 93 92.8 95.4 93

VSWR 1.0526 1.383 1.84 1.3047
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Figure 5.14: a) 3-D Radiation Pattern and b) Gain and directivity plot of HP at h = 2mm

The above Figure 5.14a shows the radiation pattern plot of horizontally polarized micro strip

antenna. From this one can observe an antenna is a directional antenna. In this case at res-

onant frequency the main lobe magnitude is 6.42 dBi and its direction is zero degree. Figure

5.14b plot shows the maximum gain and far field directivity of the antenna. The maximum

gain at operating frequency (i.e. 1.575 GHz) is 0.534 dB and the main lobe direction directivity

is 6.42 dBi.
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Figure 5.15: a) 3-D Radiation Pattern and b) Gain and directivity plot of VP at h = 2mm

The above Figure 5.15a shows the radiation pattern plot of vertically polarized micro strip an-

tenna. From this one can observe an antenna is a directional antenna. In this case at resonant

frequency the main lobe magnitude is 6.92 dBi and its direction is zero degree. Figure 5.15b

plot shows the maximum gain and far field directivity of the antenna. The maximum gain at

operating frequency (i.e. 1.575 GHz) is 1.74 dB and the main lobe direction directivity is 6.92

dBi.
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Figure 5.16: a) 3-D Radiation Pattern and b) Gain and directivity plot of LHCP at h = 2mm

The above Figure 5.16a shows the radiation pattern plot of LHC polarized micro strip antenna.

From this one can observe an antenna is a directional antenna. In this case at resonant fre-

quency the main lobe magnitude is 6.92 dBi and its direction is zero degree. Figure 5.16b plot

shows the maximum gain and far field directivity of the antenna. The maximum gain at oper-

ating frequency (i.e. 1.575 GHz) is 1.69 dB and the main lobe direction directivity is 6.92 dBi.
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Figure 5.17: a) 3-D Radiation Pattern and b) Gain and directivity plot of RHCP at h = 2mm

The above Figure 5.17a shows the radiation pattern plot of RHC polarized micro strip antenna.

From this one can observe an antenna is a directional antenna. In this case at resonant fre-

quency the main lobe magnitude is 6.91 dBi and its direction is zero degree. Figure 5.17b plot

shows the maximum gain and far field directivity of the antenna. The maximum gain at oper-

ating frequency (i.e. 1.575 GHz) is 1.59 dB and the main lobe direction directivity is 6.91 dBi.

Table 5.3: Performance comparison and Results summary of different polarization at h = 2mm

Quantity RHCP LHCP HP VP

Return loss(dB) −37.92 −33.601 −18.06 −31.2

Directivity(dBi) 6.91 6.92 6.92 6.42

Gain(dB) 1.59 1.69 0.958 1.74

Bandwidth efficiency(%) 4.36 4.28 4.19 4.75

Beam-width(degree) 93.2 93.2 95.8 93

VSWR 1.0257 1.04 1.056 1.286
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5.4.3 Simulated Result and Discussion on substrate material RT/Duroid 6006

Figure 5.18: S11 (Return loss) parameter plot for different polarization at h = 1.6mm

Figure 5.19: S11 (Return loss) parameter plot for different polarization at h = 1.8mm

61



Figure 5.20: S11 (Return loss) parameter plot for different polarization at h = 2mm
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Figure 5.21: a) 3-D Radiation Pattern and b) Gain and directivity plot for HP at h = 1.6mm

The above Figure 5.21a shows the radiation pattern plot of horizontal polarized micro strip an-

tenna. In this case at resonant frequency the main lobe magnitude is 6.02dBi and its direction

is zero degree. Figure 5.21b plot shows the maximum gain and far field directivity of an an-

tenna, from this one can observe the gain value at operating frequency (i.e. 1.575 GHz) is 4.14

dB and the main lobe direction directivity is 6.02dBi.
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Figure 5.22: a) 3-D Radiation pattern and b) Gain and directivity plot for VP at h = 1.6mm

The above Figure 5.22a shows the radiation pattern plot of vertical polarized micro strip an-

tenna. In this case at resonant frequency the main lobe magnitude is 6.52 dBi and its direction

is one degree. Figure 5.22b plot shows the maximum gain and far field directivity of an an-

tenna.The maximum gain at operating frequency (i.e. 1.575 GHz) is 5.02 dB and the main lobe

direction directivity is 6.52 dBi
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Figure 5.23: a) 3-D Radiation pattern and b) Gain and directivity plot for LHCP at h = 1.6mm

The above Figure 5.23a shows the Radiation pattern plot of LHC polarized micro strip antenna.

One can observe that an antenna is a directional antenna. In this case at resonant frequency

the main lobe magnitude is 6.53 dBi and its direction is one degree. Figure 5.23b plot shows

the maximum gain and far field directivity of an antenna. The maximum gain at operating

frequency (i.e. 1.575 GHz) is 5.08 dB and the main lobe direction directivity is 6.53 dBi
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Figure 5.24: a) 3-D Radiation pattern and b) Gain and directivity plot for RHCP at h = 1.6mm

The above Figure 5.24a shows the radiation pattern plot of RHC polarized micro strip antenna.

In this case at resonant frequency the main lobe magnitude is 6.5dBi and its direction is one

degree. Figure 5.24b plot shows the maximum gain and far field directivity of an antenna, from

this one can observe the gain value at operating frequency (i.e. 1.575 GHz) is 5.081 dB and the

main lobe direction directivity is 6.5dBi

Table 5.4: Performance comparison and Results summary of different polarization at h =1.6mm

Quantity RHCP LHCP HP VP

Return loss(dB) −12.0287 −12.0287 −3.89 −9.82

Directivity(dBi) 6.5 6.53 6.02 6.52

Gain(dB) 5.081 5.08 4.14 5.02

Bandwidth efficiency(%) 1.37 1.37 − −
Beam-width(degree) 97.6 97.5 104.5 97.4

VSWR 1.668 1.66 4.53 1.95
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Figure 5.25: a) 3-D Radiation pattern and b) Gain and directivity plot for HP at h = 1.8mm

The above Figure 5.25a shows the radiation pattern plot of horizontal polarized micro strip

antenna. In this case at resonant frequency the main lobe magnitude is 6dBi and its direction is

zero degree. Figure 5.25b plot shows the maximum gain and far field directivity of an antenna,

from this one can observe the gain value at operating frequency (i.e. 1.575 GHz) is 4.43 dB and

the main lobe direction directivity is 6dBi
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Figure 5.26: a) 3-D Radiation Pattern and b) Gain and directivity of VP at h = 1.8mm

The above Figure 5.26a shows the radiation pattern plot of vertical polarized micro strip an-

tenna. In this case at resonant frequency the main lobe magnitude is 6.47dBi and its direction

is two degree. Figure 5.26b plot shows the maximum gain and far field directivity of an antenna,

from this one can observe the gain value at operating frequency (i.e. 1.575 GHz) is 5.01 dB and

the main lobe direction directivity is 6.4dBi
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Figure 5.27: a) 3-D Radiation Pattern and b) Gain and directivity of LHCP at h = 1.8mm

The above Figure 5.27a shows the radiation pattern plot of LHC polarized micro strip antenna.

In this case at resonant frequency the main lobe magnitude is 6.52dBi and its direction is one

degree. Figure 5.27b plot shows the maximum gain and far field directivity of an antenna, from

this one can observe the gain value at operating frequency (i.e. 1.575 GHz) is 5.23 dB and the

main lobe direction directivity is 6.52dBi
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Figure 5.28: a) 3-D Radiation Pattern and b) Gain and directivity of RHCP at h = 1.8mm

The above Figure 5.28a shows the radiation pattern plot of RHC polarized micro strip antenna.

In this case at resonant frequency the main lobe magnitude is 6.52dBi and its direction is one

degree. Figure 5.28b plot shows the maximum gain and far field directivity of an antenna, from

this one can observe the gain value at operating frequency (i.e. 1.575 GHz) is 5.2dB and the

main lobe direction directivity is 6.52dBi

Table 5.5: Performance comparison and Results summary of different polarization at h =1.8mm

Quantity RHCP LHCP HP VP

Return loss(dB) −11.92 −12 −3.48 −16.41

Directivity(dBi) 6.52 6.53 6 6.47

Gain(dB) 5.2 5.23 4.43 5.01

Bandwidth efficiency(%) 1.29 1.37 − 1.77

Beam-width(degree) 96.7 97.5 104.7 97.7

VSWR 1.672 1.67 4.75 1.12
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Figure 5.29: a) 3-D Radiation Pattern and b) Gain and directivity of HP at h = 2mm

The above Figure 5.29a shows the radiation pattern plot of horizontal polarized micro strip an-

tenna. In this case at resonant frequency the main lobe magnitude is 4.58dBi and its direction is

zero degree. Figure 5.29b plot shows the maximum gain and far field directivity of an antenna,

from this one can observe the gain value at operating frequency (i.e. 1.575 GHz) is 5.99dB and

the main lobe direction directivity is 4.58dBi

71



Figure 5.30: a) 3-D Radiation Pattern and b) Gain and directivity of VP at h = 2mm

The above Figure 5.30a shows the radiation pattern plot of vertically polarized micro strip an-

tenna. In this case at resonant frequency the main lobe magnitude is 6.48dBi and its direction

is two degree. Figure 5.30b plot shows the maximum gain and far field directivity of an antenna,

from this one can observe the gain value at operating frequency (i.e. 1.575 GHz) is 4.6dB and

the main lobe direction directivity is 6.48dBi
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Figure 5.31: a) 3-D Radiation Pattern and b) Gain and directivity of LHCP at h = 2mm

The above Figure 5.31a shows the radiation pattern plot of LHP polarized micro strip antenna.

In this case at resonant frequency the main lobe magnitude is 6.5dBi and its direction is one

degree. Figure 5.31b plot shows the maximum gain and far field directivity of an antenna, from

this one can observe the gain value at operating frequency (i.e. 1.575 GHz) is 5.44dB and the

main lobe direction directivity is 6.5dBi
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Figure 5.32: a) 3-D Radiation Pattern and b) Gain and directivity of RHCP at h = 2mm

The above Figure 5.32a shows the radiation pattern plot of RHC polarized micro strip antenna.

In this case at resonant frequency the main lobe magnitude is 6.49dBi and its direction is two

degree. Figure 5.32b plot shows the maximum gain and far field directivity of an antenna, from

this one can observe the gain value at operating frequency (i.e. 1.575 GHz) is 5.27dB and the

main lobe direction directivity is 6.49dBi

Table 5.6: Performance comparison and Results summary of different polarization at h =2mm

Quantity RHCP LHCP HP VP

Return loss(dB) −14.692 −10.02 −3.64 −21.41

Directivity(dBi) 6.49 6.49 5.99 6.47

Gain(dB) 5.27 5.44 4.6 4.58

Bandwidth efficiency(%) 1.61 − − 1.86

Beam-width(degree) 97.6 97.6 104.8 96.8

VSWR 1.445 1.92 4.84 1.286
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Chapter 6

CONCLUSION AND RECOMMENDATION

FOR FUTURE WORK

6.1 Conclusion

Linearly and circularly polarized micro strip antenna has been designed and simulated for L-

Band. Background information with regard to micro strip patch antenna has been presented ,

followed by a literature review on micro strip antenna and how it can be implemented to bene-

fits the desired application. A single micro strip patch antenna has been successfully designed

according to its design specifications, simulated and analyzed. The performance of the de-

signed antenna was analyzed in terms of bandwidth, return loss, VSWR and radiation pattern.

In this section, we will highlight some of the unique properties of the design. A clear improve-

ment of the gain,directivity and patterns of micro strip antenna on high dielectric constant

substrate (i.e. FR-4 and RT/duroin 6006) has been showed. The design was optimized to meet

the best possible result by varying substrate material and the thickness of substrate material.

(The use of rectangular patch geometry provided good directivity and simplicity in design pro-

cess by using micro strip feed line techniques.) Based on the simulation obtained, Polarized

micro strip antenna successfully simulated and designed at 1.575GHz frequency using com-

puter simulation technology (CST) version 16. The computer simulation shows the right hand

circular polarization has high gain (as high as 5.22dB), directivity 6.49dBi and the S11 parameter

for antenna has a magnitude of much less than -10 dB at the operating frequency of 1.575GHz,

which indicate that the polarization of the antenna does not expense much loss while trans-

mitting signal. As for the voltage standing wave ratio(VSWR), it is not ideal, however, a value of

under 2 which is considered acceptable was obtained and the level of mismatch is seen not to

be high.
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6.2 Recommendation for Future Work

In this thesis work different types of techniques for circular polarization have not been tested.

Hence, Truncated corner is used for circular polarization but other techniques such as dual

feed may give better results. The proper position to terminate the feed line also affects the

performance of the antenna. As understand different type of feed technique affects the perfor-

mance of the antenna. Thus need to be further investigation ,micro strip feed line is considered

in this thesis and the results showed the performance of the antenna is good. Further research

my focus on study of dielectric covers effect on the performance of antennas. In future through

other different type of feed techniques can be used to evaluate the overall performance of the

antenna without missing the optimized parameters in the action. Moreover, different shapes

of micro strip patches such as square, circular and hexagonal shape can be used for further

study.

76



Bibliography

•[1] C. A. Balanis, Antenna Theory Analysis and Design, 3rd edition, New Jersey,John

Wiley and Sons Inc, 2005.

[2] D. M. Pozar , Microwave Engineering, 2nd Edition, John Wiley and Sons Inc, 1998.

[3] M. Pozar and D. H. Schaubert, "Micro strip Antennas: The analysis and design of

micro strip antennas and arrays", IEEE Press, New York, 1995.

[4] Lotfollah L.,et al., "Dual-Band Dual-Polarized Perforated Microstrip Antennas for

SAR Applications", IEEE Trans. Antennas Propagation, Vol. 48, No. 01, Jan 2000, pp

58-66.

[5] Kin-Lu Wong, Tzung-Wern Chiou. "Broad-Band Single-Patch Circularly Polarized

Microstrip Antenna with Dual Capacitively Coupled Feeds", IEEE Trans. Antennas

Propagation. Vol. 49, No. 01, Jan 2001, pp 41-44.

[6] E. Alboni,et al, "Micro strip Patch Antenna for GPS application", 2001, Montecavolo

(RE), pp 1-4.

[7] LUAN Xiu-hen, et al. "Research on Small Circular Micro strip Patch Antenna", 3rd

International Conference on Microwave and Millimeter Wave Technology Pro-

ceedings, 2002.

[8] Naftali Herscovici, et al., "Circularly Polarized Single- Fed Wide-Band Micro strip

Patch", IEEE Trans. Antennas Propagation. Vol. 51, No. 06, Jun 2003, pp. 1277-1280

[9] Steven (Shichang) Gao, Alistair Sambell,"Dual-Polarized Broad-Band Micro strip

Antennas Fed by Proximity Coupling", IEEE Trans. Antennas Propagation. Vol. 53,

No. 01, Jan 2005, pp. 526-530.

[10] S. Gao,et al "FDTD ANALYSIS OF A DUAL FREQUENCY MICROSTRIP PATCH AN-

TENNA", Progress In Electromagnetic Research, PIER 54, 2005, pp 155-178.

[11] X. L. Bao, M. J. Ammann, "Dual-Frequency Circularly-Polarized Patch Antenna

with Compact Size and Small Frequency Ratio", IEEE Trans. Antennas Propagation.

Vol. 55, No.07, Jul 2007.

77



[12] Mariano Barba, "A High-Isolation, Wide band and Dual-Linear Polarization Patch

Antenna", IEEE Trans. Antennas Propagation. Vol. 56, No. 05, May 2008, pp. 1472-

1476.

[13] Yong-Xin Guo, et al."Broadband Circularly Polarized Annular- Ring Micro strip An-

tenna", IEEE Trans. Antennas Propag., Vol. 57, No. 08, Aug 2009, pp 2474-2477

[14] Chow-Yen-Desmond Sim, Chun-Chuan Chang, Jeen-Sheen Row, "Dual-Feed Dual-

Polarized Patch Antenna With Low Cross Polarization and High Isolation", IEEE

Trans. Antennas Propag., Vol. 57, No. 10, Oct 2009, pp. 3321-3324.

[15] A.Heidari, M. Heyrani, M. Nakhkash. "A DUAL-BAND CIRCULARLY POLAR-

IZED STUB LOADED MICROSTRIP PATCH ANTENNA FOR GPS APPLICATIONS",

Progress In Electromagnetic Research, PIER 92, pp 195-208, 2009.

[16] Priya Upadhyay, Richa Sharma, "DESIGN AND STUDY OF INSET FEED SQUARE

MICROSTRIP PATCH ANTENNA FOR S-BAND APPLICATION", International Jour-

nal of Application or Innovation in Engineering Management, Volume 2, Issue 1,

January 2013, pp 256-262.

[17] D. Segovia Vargas,et al. "QUAD-FREQUENCY LINEARLY POLARIZED AND DUAL-

FREQUENCY CIRCULARLY POLARIZED MICROSTRIP PATCH ANTENNAS WITH

CRLH LOADING", Progress In Electromagnetic Research, Vol.133, pp. 110-115.

[18] Sudarshan Kumar Jain, Sandeep Toshniwal . "Design and Analysis of High Gain

Multi-band Micro strip Patch antenna using Hybrid substrates", International Jour-

nal of Advanced Research in Electronics and Communication Engineering, Volume

2, Issue 9, September 2013, pp 774-777

[19] P. S. S. Pavan Ganesh and Nujeti Lavanya."Design of Linearly Polarized Rectangular

Micro strip Patch Antenna for GPS Applications", International Journal of Engineer-

ing Research Technology (IJERT) ISSN: 2278-0181, Vol. 4 Issue 05, May-2015

[20] Satya Prakash Sinha and Kapil Bhushan, "A Circularly Polarized Multi Band Stub

Loaded Slot Antenna for GPS", International Journal of Advanced Research in Elec-

trical, Electronics and Instrumentation Engineering , Vol. 4, Issue 10, 2015.

[21] Ashish Kumar Sahu ,"DESIGN AND ANALYSIS OF POLARIZATION RECONFIG-

URABLE MICROSTRIP PATCH ANTENNAS" , master thesis, India, institute of

Rourkela, Odisha, 769008, 2015, pp 22-33

78



[22] Randy Bancroft, Micro strip and Printed Antenna Design, 2nd edition, IET Publica-

tion, July 2008.

[23] Sennouni, M.A.; Zbitou, J.; Tribak, A.; Benaissa, A.; Latrach, M., "Circular polar-

ized square patch antenna array for wireless power transmission", Renewable and

Sustainable Energy Conference (IRSEC), 2013 International, vol.3, pp.504, 508, 7-9

March 2013.

[24] G. Kumar, K. P. Ray. Broadband micro strip antennas, Artech House, 2003.

[25] Adam Z. Narbudowicz ."Advanced Circularly Polarized Micro strip Patch Anten-

nas.", dissertation paper,Dublin Institute of Technology, 2013, PP 14-16

[26] S.-H. Hsu and K. Chang, "A novel reconfigurable micro strip antenna with switch-

able circular polarization", IEEE Antennas and Wireless Propagation Letters, vol.

6, pp. 160-162, 2007.

[27] Nasimuddin, Z. N. Chen, and X. Qing. "Asymmetric-circular shaped slotted mi-

crostrip antennas for circular polarization and RFID applications", IEEE Transac-

tions on Antennas and Propagation, vol. 58, no. 12, pp. 3821-3828, Dec 2010.

[28] Khin Sandar Aung and Su SuYi Mon, "Comparison of Rectangular and Truncated

Rectangular Patch Antenna for Ku-Band", International Journal of Electronics and

Computer Science Engineering, vol. 3, no. 2, pp. 162-163, 2012.

[29] Ward Phillip W. "Introduction to GPS Receiver Design Principles", The Abdu salam,

International center for physic theory, USA, 2009.

79



Appendix A :Mat lab codes for rectangular micro strip antenna

%Program to calculate the parameters to design a rectangular patch antenna

%the user have to feed the values of frequency, dielectric constant, and

%height of the dielectric.

%program will calculate automatically the width and length of the patch

%and the width and length of the transition and transmission feed line.

%and the width and the length of the ground plane

f = input( ’input frequency f in GHz ’);

Er = input ( ’input dielectric constant of the substrate ’);

h = input( ’input height of substrate h in mm: ’);

h=h/1000;

f=f*1e9; % turn frequency to Hz

c = 3e8; % speed of light

% calculating Width and Length of the Patch

W = ( c / ( 2 * f ) ) * ( ( 2 / ( Er + 1 ) )exp0.5);

Ere f f = (Er +1)/2+ ((Er −1)/2)∗ (1/(sqr t (1+ (12∗ (h/W )))));

Le f f = c/(2∗ f ∗ sqr t (Ere f f ));

a1 = (Ere f f +0.3)∗ ((W /h)+0.264); a2 = (Ere f f −0.258)∗ ((W /h)+0.8);del t aL =
(0.412∗ (a1/a2))∗h;L = Le f f −2L ;

str = [′wi d tho f thepatch =′,num2str (W ∗ 1000),′ mm′str =
[′leng tho f thepatch =′,num2str (L∗1000),′ mm

%Calculating the input impedance of the patch

Z o = 90∗Er exp2∗ (L/W )exp2/(Er −1);

%Calculating the strip transition line

Z t = sqr t (50∗Z o);

a3 = exp(Z t ∗ sqr t (Er )/60);

p =−4∗h ∗a3;

q = 32∗h exp2;
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Appendix B :CST Micro wave Studio

Welcome to CST DESIGN STUDIO, the powerful and easy-to-use schematic design tool built

for fast synthesis and optimization of complex systems. The tight integration with our electro-

magnetic field simulators allows considering systems at different levels of detail and takes into

account various effects. CST DESIGN STUDIO is part of the CST STUDIO SUITE. Please refer to

the CST STUDIO SUITE Getting Started manual first. The following explanations assume that

you already installed the software and familiarized yourself with the basic concepts of the user

interface. Within CST STUDIO SUITE, CST DESIGN STUDIO appears in two different flavors:

•As a stand-alone tool. It runs independently, without any connections to a specific field sim-

ulator project.

•As an associated view to a CST MICROWAVE STUDIO, CST CABLE STUDIO , CST PCB STU-

DIO, CST EM STUDIO or CST PARTICLE STUDIO project. It represents the schematic view that

shows the circuit level description of the current field simulator project.

All steps necessary to set up a simulation in CST DESIGN STUDIO are identical for both flavors

described above.

What is CST DESIGN STUDIO ?

CST DESIGN STUDIO is a schematic design tool for system level simulation. Several compo-

nent libraries are available based on analytical and semi-analytical models. Library models can

be expanded by means of field simulators of CST STUDIO SUITE. Measured data are taken into

account as TOUCHSTONE or SPICE blocks and the support of the IBIS standard allows an easy

I/O device description. A vendor library of linear and non-linear components helps to easily

setup a design. CST DESIGN STUDIO (CST DS) is tightly integrated to various electromagnetic

(EM) and multi-physics field simulation tools of CST STUDIO SUITE. A hierarchical task con-

cept and a powerful 3D layout generator make CST DS a unique product for system assembly

and modeling (SAM). SAM technology is able to extract a complex 3D system by connecting its

individual components on a schematic level.

Main applications for CST DESIGN STUDIO

CST DS users will take advantage of its versatility and the seamless work flow between a circuit

simulator and electromagnetic (or multi-physics) field simulators. Main applications are the

following:

•Antenna module design with system performance optimization including matching/driver

networks

•Microwave/RF device and system design, applicable for filters, diplexers, phase shifters, high

performance RF amplifiers etc.
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•Signal Integrity (SI) simulation of packages, 3D connectors and cables, system channels in-

cluding high speed and control PBCs

•EMC/EMI analysis of complex systems, considering radiation phenomena from and into con-

nected cable harnesses

•Multi-physics simulations like resonator optimizations to compensate the resonance frequency

shift due to temperature depending deformation of the resonator geometry, induced by EM

material losses. Figure 6.1 shows overview of user interface’s structure,if one are use CST MWS

he/she see a main window similar to the one shown below immediately after one have started

the program.

Figure 6.1: Work flow of CST design suite
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