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ABSTRACT

The basic work is directed at designing an antenna suitable for car and commercial
vehicle modern communication system. One of the disadvantages of the microstrp patch
antenna is its narrow bandwidth. This limitation can be overcome by modifying the
conventional microstrip patch antenna. Various methods have been surveyed and this lead to
the conclusion that no proper design technique has been published yet. All of the published
papers and books provide the conceptual design but not the exact technical design steps. A
design technique has been proposed in this project that will enhance the microstrip antenna.
This technique has removed the guesswork normally associated with previous wideband °
microstrip patch anternas design and it consistently achieving at Jeast 10-15% antenna
bandwidth. This method involves two important design steps as follows,

a)Locating the feeding probe at a location that will give high mismatching between the
feeding probe and the driven patch.
b) Using the parasitic patch of similar outer shape to tune the whole antenna structure
over a wider frequency range.
The first step basically defines the location of the probe while the second step defines the
function of the parasitic patch. This in effect has removed the guesswork associated with the
previous design techniques.
An antenna has been designed and fabricated using the proposed technique and achieving
21% bandwidth centered at 5441 GHz. From the point of view of electromagnetic, this
antenna can be used in Industrial, Scientific and Medical (ISM) applications as well as 3G.
From the point of view mechanical engineering, the antenna is very thin and can be embedded
in the skin of the car thus avoiding deteriorating the existing aerodynamic properties of the

host.
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CHAPTERI

INTRODUCTION

1.1  Research Background

With the proliferation of computer and wireless communication has brought about an
era of wireless networking. Together with today businesses that are globally oriented, mobile
communication plays a vital role in ensuring a successful business transaction.

The notion of mobile office has became a reality in today's life and for commercial vehicles,
ranging from cars to large trucks and lorries, are almost all fitted with some forms of devices
that allow mobile communication, be it a voice or data transmission.

Withw the rapid growth in multimedia technology, saw the increasing demand for a wider
frequency bandwidth system than the previous one. These wider bandwidth systems require
equally wider bandwidth antennas for proper functioning of the system. Several new types of
antennas have been introduced in the market to cater for these needs.

For application in cars and commercial or any land based vehicle, it is common to see whip or
some form of protruding type of antenna being used for radios and other communication
receptions. Although the whip antennas in general are sufficient electronically for receiving
electromagnetic wave, they are inefficient aerodynamically.

As the antennas unfolded, they act as bluff-bodies moving through the air. This has known to
increase the overall drag coefficient of the vehicle. The increase in the overall drag coefficient
means a lot to a transport operator in terms of transit time and cost saving.

In a world that aiming for higher efficient and performance car, a reduction of, 10% say, drag
coefficient can make a lot of different between competitors. Furthermore, the whip antennas
are inherently not rigid and this limits the dynamic capability of the vehicle.

Currently the use of WLAN and GPS i cais and other vehicles for navigation and
communication have increased five fold since they were first introduced in 1970's and 1980°s

respectively. Inherently the whip antennas are narrow band. Thus these applications need to
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use different type of antennas instead In 1996 — 1998 [1 —5], techniques and several antennas
have been introduced that has a wide bandwidth. Most of these antennas are made of
microstrip material that are easily available and at relatively cheap cost. Nevertheless they are
not specifically designed for land-based vehicles.

These microstrip antennas can be made to conform to the host body, thus making it rigid and
aerodynamically efficient. Combining these properties with its wide bandwidth, they are the

potential answer to the modern cars and other vehicle radio communication-system.

1.2 Microstrip Antenna As A Solution For The Present Problem.

A question might be asked why microstiip antennas have been selected in this
research? So far microstrip antennas satisfy the first criteria for the most sought after antenna
for being small in size, light weight, ease of manufacture and readily be made to conform to
the body of the host object. One principal disadvantage of microstrip antenna is its narrow
bandwidth of the order 1-2%. This disadvantage, however, is being steadily overcome by
continuing research into methods of increasing the bandwidth. This allows this research
project to concentrate on producing the widest possible impedance bandwidth using present
design techniques as described below: -

1 To combine several new and existing design technique to achieve wide impedance
bandwidth.

2. To investigate a new microstrip antenna configuration that will give wide impedance
bandwidth with the patch contour kept simple.

3. To investigate new patch contours that will give wide impedance bandwidth.

4. To integrate all the findings in 1 -4 into one antenna and applying it to the modern car and
land based vehicle communication system with minimum or zero effect on the existing
aerodynamic properties.

Since microstrip antennas are readily made to conform to the body of the host object, the

aerodynamic characteristics requirements are automatically conformed.
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1.3 Justifications Of Research

Although there are several antennas that can be used for wideband communication
system, mostly they were not designed, in association with expected high aerodynamic
efficiency and performance of moving vehicle such as cars. This is well understood since the
experts in Communieation Engineering and not in Mechanical Engineering designed all of the
antennas. The Aerodynamic characteristics of a car were never included in the design concept.
If there are some, they are expensive.

With the increasing need for mobile office together with the demand for high aerodynamic
efficiency of a car or any land-based vehicle, new type of antenna that do not interfere with
the aerodynamic characteristics of the car has to be found. i
In Malaysia context, most of the antennas that are used were imported from oversea. This
means an out flow of currency, lack of knowledge and forever dependency on the foreign
knowledge. Antenfia research such as this could regionalize and localized the antenna design
knowledge to Malaysia. This could spur antenna industry in Malaysia and thus could save on
the outflow of currency and create better understanding on the antenna design.

Research like this can provide first hand dwata and experiences that can be used to assist
automotive electrical/electronic engineers to design and develop a better antenna.

Hence, this research is justified to provide the solution for the above problems.

1.4  Objective Of The Research =

The purpose of the research work is to produce a microstrip antenna that can be
further studied and applied to the car and commercial vehicle wideband communication
system. The Objectives of the research are: -

a. To design, develop and fabricate wideband microstrip antenna for possible

application in cars and commercial vehicle in conjunction with wideband
communication system.

b. To test the characteristic of the fabricated antenna.
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1.5  Layout Of Report.

Chapter two introduce reader to the basic concept, design and application of a
microstrip antenna, A comprehensive literature survey on microstrip antennas is dealt with in
chapter three. Analysis and synthesis methods are described in chapter four while chapter five
discusses a technique established in this research to enhance the impedance bandwidth of the
microstrip antenna. In chapter six presented the design of the antenna that give 20%

bandwidth. Chapter seven conclude the project report together with suggestion of the future

works.
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CHAPTERII

MICROSTRIP ANTENNA

2.1 Introduction

In wireless communication systems, the antenna is one of the most critical
components. A good antenna design can improve the overall system performance
considerably, An antenna is the system component that radiates or receives electromagnetic
waves. It is more or less an electromagnetic transducer that in the transmitting mode converts
the guided waves from a transmission line into radiated waves and vice versa when in the
receiving mode. In soffie applications, antennas act as directional devices that Optlmize and
enhance the transmitted or received energy in some directions while suppressing it in others.
Over the years, antennas with physically small size and wide impedance bandwidth have been
much sought after for several reasons. Being small means that they require less space and
lightweight. This is particularly advantageous in application such as in satellite, space
exploration and mobile communication. A wide impedance bandwidth means that in some
applications, the antenna does not limit the system bandwidth and hence facilitates the use of
filters, amplifiers, mixers and other components which are available at low cost and off the
shelf. Also in some applications, wide impedance bandwidth is a fundamental requirement
such as in pulse, moving target and ground penetrating radar. One class of antenna that has
physically small size is the microstrip patch antenna.

Microstrip antenna is a printed type of antenna consisting of a dielectric substrate
sandwiched in between a ground plane and a patch. The concept of microstrip antenna was
first proposed in 1940's, thirty years before the practical antennas were produced. Since the
first practical antennas were developed in early 1970’s, interest in this kind of antenna

increase and in 1979 the first professional meeting on microstrip antennas was held in New
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Mexico. The microstrip antenna is physically very simple and flat and these two reasons that
create great interest in this type of antenna.

Microstrip antennas have several advantages compared to other bulky type of antennas. Some
of the main advantages of microstrip antennas are that it has low fabrication cost, its
lightweight, low volume, and low profile configurations that it can be made conformal, it can
be easily be mounted on rockets, missiles and satellites without major modifications and
artays of these antennas can simply be produced. However, microstrip antennas have some
drawbacks including narrow bandwidth, low power handling capability and low gain. But
with technology advancement and extensive research into this area these problems are being
gradually overcome.

In many practical designs, the advantages of microstrip antennas far outweigh their
disadvantages. With continuing research and development it is expected that microstrip
antennas will replace conventional antennas for most applications. Some of the notable
applications for microstrip antennas are in the areas of mobile satellite communications, the
Direct Broadeast Satellite (DBS) system and Global Positioning System (GPS). Microstrip
antennas also found useful in non-satellite-based application such as remote sensing and

medical hypothermia application.
2.2 General Description

Generally, microstrip antenna consists of a dielectric substrate panel with conducting
ground plane on one side and radiating patch on the other side. The radiating patch can be
design in various shapes according to the desired characteristics. Some of the shapes the have
been produced such as the rectangle, the disk, the triangle and the annular ring. Iustrated in

Figure 2.1 is the simplest structure of a rectangular microstrip patch antenna.

dielectric substrate

p— Y

ground plane

Figure 2.1 Rectangular microstrip antenna
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2.2.1 Conducting Layers

The common materials used for conducting surfaces are copper foil or copper foil
plated with corrosion resistant metals like gold, tin and nickel.-These metals are the main
choice because of their low resistivity, resistant to oxidation, solderable, and adhere well to
substrate.

An alternative to metal for conducting surface is to use conductive ink. Tt is easier to
fabricate but have three disadvantages. First, is that conductive inks cannot be soldered in the
usual way, to overcome this solder pastes are used. Secondly is oxidation, but the effect is
negligible since the oxide is also conductive. The third is the problem of silver ion migration.
Silver ions tend to migrate under humid conditions and this will cause a short across the

conductive ink lines. - - ~

2.2.2 Dielectric Substrate *“*"

In order to provide support for the patch elements dielectric substrate must be strong
and able to endure high temperature during soldering process. The surface of the substrate has
to be smooth to reduce losses and adhere well to the metal used. Substrate thickness and
permittivity determine the electrical characteristics of the antenna. Thicker substrate will
increase the bandwidth but it will cause the surface waves to propagate and spurious coupling
will happen. This problem however, can be reduced or avoided by using a suitably low
permittivity substrate. Below are five categories of dielectric material that are used for

substrates.

(1) Ceramic ~ Alumina (g = 9.5, tan 5 =0.0003)
This type of diclectric has low loss but brittle. It has high frequency applications

because large dimensions are not possible.

(2) Synthetic materials — Teflon (& =2 08, tan 8 = 0.0004)
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This material possesses good electric properties but have a low melting point and have

poor adhesion.

(3) Composite materials — Duroid (&=22 /60/10.8, tand =0.001 7
Composite materials are a mixture of fibreglass and the synthetic materials cited

above. These materials have good electrical and physical properties.

(4) Ferrimagnetic — Ferrite (g = 9 — 16, tan 8 = 0.001)
This type of dielectric is biased by an electrical field. The resonant frequency of the

antenna depends upon the biasing, hence magnetically tuneable antennas are possible.

(3) Semiconductor — Silicon (g, = 11.9, tan § = 0.0004)

This type of dielectric can be integrated into circuit, but only small areas are available

so it i not suitable for antenna applications.

2.2.3 Microstrip Feeds

There are three common techniques for exciting a particular microstrip antenna. These
are coaxial probe, microstripline and aperture coupling. Matching is usually required between
the antenna and the feed line, because antenna input impedances differ from customary
50ohm line impedance. Matching may be accomplished by properly selecting the location of
the feed line. The location of the feed line also affects the radiation characteristics.

The coaxial probe is the most popular technique and is illustrated in Figure 2.2, The
coaxial connector is attached to the ground plane and the coaxial center conductor extends
through the substrate and is attached to the radiating patch. For coaxial probe the location of
the feed is normally located at one third of the distance from the center of the patch to the
side. The advantages of this method are that the probe location can selectively excite
additional modes and it can be use with plated vias for multilayer circuits.

In the second technique, microstiipline is connected directly to the radiating patch
Figure 2.3. The location of the feed line may affect a small shift in resonant frequency, due to

the change in coupling between the feed line and the antenna. This technique provide good
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polarization however, it is very difficult to minimize the spurious radiation from the
microstripline. Spurious radiation will increase sidelobes on the radiating pattern.

In the aperture coupling the feed line and the patch are on different sides of the ground
plane as shown in Figure 2.4. A slot is cut in the ground plane to couple the electromagnetic
to the radiating patch, thus no via connectors needed. This technique is to avoid spurious

radiation escapes from the feed line and corrupt the sidelobes or polarization of the antenna.

substrate microstripline
patch
ground
coax connector center conductor
Figure 2.2 Coaxial feed Figure 2.3 Microstrip line feed
patch substrate

/ \ ground

, o slot
microstripline

Figure 2.4 Aperture coupling feed
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2.3 Losses in Microstrip

The dissipative losses associated with microstrip lines are one of the major limitations
with the microstrip antenna [1]. That is why it is important to find new ways to reduce this
Joss without jeopardizing the geometrical simplicity of an antenna.

There are three types of microstrip line losses; these ate ohmic loss, dielectric loss and
radiation loss. The ohmic loss is cause by the finite conductivity of the metal forming the
circuit. The dielectric loss is a measure of the energy dissipated within the substrate. Power
loss is due to radiation occurs at discontinuities in the microstrip such as open ends, splitters

and impedance steps.

2.4  Commercial Applications for Microstrip Antennas

Due to reduction in manufacturing cost and the simplified design process using
computer-aided design (CAD), the microstrip antenna has been increasingly in demand in the
commercial sector. The current satellite communication applications benefit greatly from the
compactness, lightweight and low profile of the microstrip antennas. The foflowing section

discuss briefly some of the application of microstrip antenna.

7.4.1 Mobile Satellite Communications

Mobile satellite communication can be accomplished by using either a few sets of
fixed geostationary station or a larger number of low Eartb-orbiting satellites. An example of
the geostationary satellite systems is International Maritime Satellite System (INMARSAT),
which uses frequencies in the L-band. The INMARSAT version for land application,
Standard-M terminal uses a briefcase size microstrip aitay antenna, The antenna uses Six

circular patches and provides the gain of 14.5 dB. Toyota Central R&D Labs have produced

10
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phased array antennas that can be steered electronically. It consist of 19 dual stacked patches

to cover both fransmitting and receiving frequency bands.

2.4.2  Global Positioning System (GPS)

GPS is funded by and controlled by the U. S. Department of Defense (DOD). The
GPS system was originally designed for and operated by the U. S. mulitary. The satellite-
based GPS has grown to have significant commercial applications, and now there are many
thousands of civil users of GPS worldwide. GPS system made of twenty-four satellites
 circling the Earth every twelve hours at an altitude of 20,200 km. Each satellites transmits at
two frequencies in L-band, at any time four of these satellites will enable users on the ground
to determine their positions every 100 nanoseconds. The GPS ground antenna has to be
circularly polarized, omnidirectional; wide-beam and low gain antenna. When it comes 10
size, mass and cost at L-band, the microstrip patch antenna is the best candidate. Bell
Corporation has produced a dual stacked patch antenna to achieve the required two L-band

fiequencies of the GPS system.

2.4.3 Direct Broadcast Satellite System (DBS)

A DBS system has been providing television coverage to public in many countries.
The ground user antenna needs high gain of about 30dBi, circularly polarized, low axial ratio
antenna and operating at the frequency of 12 GHz. Conventional parabolic reflector antennas
can easily meet these specifications. However, they are rather bulky in size and cannot be
installed onto an existing building. Performance of retlector antennas degraded due to rain,
wind and snow. These led to development of the mictostrip array antennas for DBS. For
example, Yagi Antenna Corporation developed an array with 1024 circular patch elements
with a peak gain of 33dBi. NHK Science and Technical Research Laboratories have
developed several types of mobile DBS receiver for buses, trains, cars and airplanes. In the
case of mobile DBS receivers for cars, a microstrip array antenna with a tilted beam has been

investigated and tested.

11
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2.4.4 Non-satellite Based Applications

Besides for satellite base applications microstrip antenna also used in many other
areas. In aircraft, microstrip antenna has been used for the purposes of altimetry, collision
avoidance and remote sensing. In medical field, microstrip antenna found to be useful for
medical hyperthermia applications.

In remote sensing, the Synthetic Aperture Radar (SAR) system is used to determine ground
soil grades, vegetation type, ocean wave speed and direction, agriculture usage and weather
prediction. In medical area, microwave energy can be used to heat treat malignant tumors.
Microstrip antenna used to apply the microwave radiation because of its lightweight and easy

to handle design.

12
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CHAPTER 11X

LITERATURE SURVEY

3.1 Intreduction

The concept of the microstrip antenna can be traced back to the time when the
printed circuits were introduced in the mid 1940°s. Bruntti and Curtis [2] showed that a
Joop antenna can be constructed using printed circuit technique, a photograph of a loop
antenna printed on a plastic sheet was presented, though no detail on the performance
was given. Other sources [3 - 4] have also attributed the invention of the microstiip
antenna concept to Deschamp [5] and Gutton and Baissinot [6].

In the late 1940°s and during the 1950’s, only a few works on microstrip antenna were
reported and much of the works on microstrip were to reduce the radiation loss. No
interest was shown on the potential of the microstrip as an antenna. At the beginning of
fhe 1960’s some interest was shown regarding the nature of the radiation from striplines
but there was apparently little or no interest in making use of the radiation loss {7].
Other than the original paf;_ers mentioned above, no work was reported in the literature
until the early 1970°s.

The following is the literature survey on the subject and it is written in 2 seciions,
namely; 3.2 The literature survey on the general development of microstrip patch

antenna, and 3.3 The literature survey on the modelling of the microstrip antenna.

13
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3.2 Literature Survey On The General Development Of The Microstrip Patch

Antennas

Bruntti and Curtis [2] presented a paper on the printed circuit techniques. The
paper showed that a loop antenna can be fabricated using this technique and a
photograph of a loop antenna fabricated on plastic sheet was shown. No detailed
technical characteristic of the antenna was given.
Carver and Mink [3] presented a survey on microstrip antenna technology. Several
theoretical analysis techniques such as the transmission line, the modal expansion
(cavity) model, method of moment and the finite element method were summarised and
_discussed. The antenna ¢ characteristics wete discussed as well as their dependence on the
physical and geometrical dimensions of the patch and substrate.
Howell [8] presented an experimental data on the basic rectangular and circular
microstrip patches and proposed a design procedure for both linearly and circularly
polarised antennas. The gain for these antennas was between 4 to 7 dB and the operating
frequencies were between the UHF and the C-band.
Derneryd [9] proposed a microstrip disc antenna operating at a theoretically calculated
resonant frequency of 2.77 GHz. The antenna was found experimentally to operate at
2.44 GHz and 3.12 GHz. Impedance transformers were used to match the antenna at the
resonance frequencies. It was proposed that the same tt;clmique could be applied to a
different type of microstrip antenna.
Long and Walton [10] experimentally investigated two stacked circular dise with
slightly different size designed for dual-frequency operation. The input impedance was
measured as a function of the disc size. It was shown that when the two discs had
exactly the same diameter, the antenna resonated at two fiequencies separated only by
10 % apart. The bandwidth of each resonance was about 1%.
Mellvenna and Kemweis [11] carried out an investigation of the modified circular
microstrip antenna element. A small single strip was used with the antenna operating at

the dominant mode. It was found that by varying the length of the strip, the resonant

14
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frequency and radiation pattermn were altered. At one particular strip length, dual-
frequency operation was achieved and by using two strips, a good pattern performance
was obtained.

Schaubert, Farrar, Sindoris and Hayes [12] described a technique for controlling the
operating frequency and polarisation of microstrip antennas by placing shorting posts at
Wappiqpriate locations within the antenna boundaries. To make the frequency and
polarisation electronically controlled, diodes were proposed to replace the shorting
posts.

Chew [13] showed that for an annular ring microstrip antenna, the TM2 mode was the
most suitable, Analysis on the resonant frequency, bandwidths, and radiation patterns in
this mode was carried out.

Garg and Rao [14] experimentally investigated a microstrip antenna consisting of two
different sized microstrip disc radiators. Here an irnpedance matching network was used
for the purpose of making one feeding point for transmission or reception. The resonant
frequencies were found to be shifted to 2.32 GHz. and 9.425 GHz, where else the design
frequencies were 2.3 GHz and 9.25 GHz.

Ness and Young -F15] investigated a microstrip antenna that produced good circular
polarisation out to wide scan angle without adjustments to the ground plane. Two layers
dielectric structure were used to realise optimum dielectric constant and adjusting centre
frequency over a narrowband. This structure resulted in higher gain, reduction in losses
and making the tolerances of the substrate less critical.

Fong, Pues and Withers [16] investigated a new feeding technique to overcome the
pxoblem associated with electrically thick microstrip patch antenna. A simple design
procedure was suggested and a practical example was described.

Davidson, Long and Richards {17} carried out an experiment with a rectangular patch
antenna loaded with a variable length of a short circuit coaxial stub. The result on the
loaded antenna showed the existence of a dual frequency operation. The two
frequencies were also found to be moving further apart from the unloaded frequency as
the load approaching the edge of the radiator. A reactive load can be used to produce a
dual band element having a desired frequency separation between the bands.

Davidson, Long and Richards [18] also presented a design procedure and experimental

results of a dual band microstrip antenna with transmission line attached to provide

15
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active loading. This technique was an improvement on the previous technique since it
eliminated the need for coaxial stubs.

Mehler, Maclean and Abbas [19] suggested a mathematical model to calculate the put
impedance of a coaxially fed circular microstrip disc antenna. The effect of other modes
other than the dominant mode were included. A comparison study between the
theoretical and experimental results were made for two values of feed pin position over
the frequency range 8 GHz to 11 GHz. The result of the study was that for modes
greater than of order 2, their effect were negligible.

Lee, Lee, Bobinchark [20] experimentally investigated the characteristic of a
rectangular electromagnetically coupled patch antenna. The antenna consisted of a
parasitic patch stacked on top of a driven patch fed by a coaxial probe. The excitation
was at the resonant frequency of the TMg; mode, which was 10.2 GHz. E- and H-plane
polar patterns, sweep irequency response and input impedance were measured and

presented as a function of frequency.

Hall [21] proposed a method to tune out the probe mductance by introducing a
capacitive gap on the patch surface. Using a single probe-compensated feed, it was
found that there was severe radiation pattern distortion, high cross polarisation and low -
efficiency due to both higher order mode and surface wave. The problems were solved
by using two-probe feeding.

Smith and Mayes [22] presented a method for increasing the bandwidth of microstrip
antennas. Two stacked rectangular resonators were used and slots were made to couple
energy between the two resonators. 4.8 % bandwidth was reported for certain cavity-
backed slot antenna.

Wang, Fralich, Wu and Litva [23] suggested an aperture coupled stacked patch antenna
for multi functional operation. Through careful selection of patches’ dimension, either a
single wideband resonance or a dual resonance behaviour was possible. A bandwidth of
20 % at 4.32 GHz. was reported.

Talty, Lee and Lee [24] experimentally investigated two layers electromagnetically
coupled, circularly polarised microstrip antenna. Experimental results showed that by
increasing the spacing between patches, the resonant frequency was shifted. By
carefully selecting the spacing, the two-layer antenna had better axial ratio and

improved directivity.

16


Administrator
Text Box
Appendix D


Appendix D

Lee and Nalbandian [25] suggested a novel dual-frequency microstiip antenna
consisting of a single layer patch with the non-radiating edges connected to each other
by means of a conducting foil. It was shown that the resonant frequencies can be altered
by varying the length of an air gap created under the patch. Also, the input impedance
can be matched by shifting the air ‘gap without significantly altering the resonance
frequencies. The radiation patterns were found to be unaffected by the modification

made on the atr gap.

3.3 Literature Survey Of The Modelling And Analysis Methods For The

Microstrip Patch Antennas

__ The theoretical analysis of microstrip antenna structure started in the late 1960°s.
In most cases, the analyses were based on the quasi-TEM assumption which is only
valid for low frequency of operation. For frequency above S-band, the technique fails to
accurately predict the behaviour of the circuit In early 1970°s full-wave analysis was
introduced and better analysis results were reported. The following are the surveys of
the methods of modelling and analysis for microstrip antenna over the last 30 years.
Itoh and Mittra [26] presented analysis of microstrip line using the spectral domain
technique. The technique made use of the Fourier transformation to reduce the
complexity of the Maxwell equations. With this method, an accurate and efficient
analysis for microstrip elements was possibie to be carried out. The method can also be
applied to microstrip antennas as indicated by the next references.
Itoh [27] presented an analysis for the microstrip resonator using spectral domain
technique. Galerkin's technique (Harrinton {28]), was employed to set up a set of linear
equations, The resonant frequency and quality factor were two quantities determined by
this technique. The application of this technique on the microstrip - antennas was
presented by Itoh and Menzel in ref {32].
Munson [29] presented an experimental investigation on conformal microstrip antennas
and microstrip phase array with the aim of developing an antenna suitable for missiles

and spacecrafts. Experimental results from rectangular and circularly shaped microstrip
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patches were presented. The experiment included a wrap-around antenna, a high gamn
antenna, a phase array antenna and a circularly polarised antenna.

Dermeryd [30] presented an analysis on rectangular patch as two slots separated by
transmission line. This approximate method was called the transmission line method
and is mainly suitable for rectangular shaped patches.

Lo, Hairison, Solomon, Deschamp and Ore [31] had modelled the antenna as a cavity
and solved a cavity problem. To take into account the effect of radiation, the dielectric
loss tangent was increased. For thin structures, antennas having rectangular, circular,
triangular and ring shapes were analysed and found to give a reasonable results,

Ttoh and Menzel [32] presented a full wave analysis for open microstrip structures. The
spectral domain method employed was similar to Itoh [26] but a suggestion was made
* that the resonant frequency must be complex in order to account for the radiation loss.
Galerkin’s method of moment that uses entire domain expansion function was used. The
method described provided results for the resonant frequencies, radiation patterns and Q
factor of various microstrip patches.

Rana and Alexopoulos [33] carried out an analysis on the microstrip dipole. The
analysis follows the work by Sommerfeld [34] that involved finding the solution of the
wave equation in cylindrical co-ordinates.

Pozar [35] presented the analysis on microstrip antennas taken into account the effect of
feeding, Based on the electric field integral equation (EFIE) in the spectral domain, the
integral which was in two dimensional plane wave form was solved via the method of
moments. The relative advantages of using the entire domain and pieceswise basis
function were demonstrated in this paper. Accurate results for the input impedance,
mutual coupling between two patches and other parameters of the rectangular microstrip
antennas were reported The analysis also took into account the effect of the ground
plane, surface wave and conductor losses.

Deshpande and Bailey [36-37] presented an analysis on microstrip antennas based on
EFIE similar to Pozar [35]. Accurate results for the input impedance, mutual coupling
between patches and other parameters of the rectangular microstrip patch antenna were
reported.

Mosig and Gardiol [38] used the same technique as Rana and Alexopoulos [33] to

analyse microstrip patch antennas.
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Van and Van De Capelle [39] modified the transmission line method to accommodate
for the mutual coupling between two patches.

Bailey and Deshpande {40] presented a detail analysis of rectangular microstrip
antennas using the spectral domain method. The analysis started with deriving a dyadic
Green’s function that satisfies the boundary conditions for a unit current located in the
plane of the microstrip patch, The Green's function was weighted with electric current
density and integrated over the patch in ércier to calculate the radiated electromagnetic
field at any point inside the dielectric. Coupled EFIE for the unknown patch current
density was obtained by forcing the total tangential electric field on the patch to zero.
The patch current was solved with proper selection of basis and testing function in the
integral equation matrix. The current distribution on the patch was used to determine the
properties of the microstrip antenna. The calculated results were compared with the
measured values and given in the paper.

Lan and Sengupta [41] extended the analysis using transmission line method to include
circular patch-antenna. A radial transmission line was used to model the antenna. A
tunable circular patch antenna was presented in this paper.

Mosig and Gardiol [42] presented a full wave analysis for microstrip antenna based on
the mixed-potential integral equation (MPIE) to solve for the current distribution and
then obtain the input impedance. A rooftop subsection basis function that can be used
for irregular shape patches was discussed in detail.

Araki, Ueda and Masayaki [43] carried out an analysis on circular antennas with stacked
parasitic elements using the spectral domain technique m the Hankel transformation
domain. The method was similar to that of Itoh and Menzel [32] in which a complex
resonant frequency was calculated. In the analysis the effect of an air gap between
patches was taken into account but not the effect of feeding.

Uzunoglu, Alexopoulos and Fikioris [44] presented a full wave analysis for a centre fed
microstrip dipole. In this paper, the surface waves were taken into account and the input
impedance was calculated using a stationary formula. An exact Green’s function used
. was based on the two-dimensional plane waves.

Toland, Lin, Houshmand and Itoh [45] presented an application of FDTD method in
simulating a three-dimensional mictowave circuit containing an active and non-linear

devices. A description of the procedures that were used to produce a stable large signal
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simulation of active, non-linear circuit was given. Some results were given and a
comparison was made with the measured data.

Proust, Sauviac, Amalnic and Baudrand [46] used a variational integral method in
combination with Green’s function and the boundary element method to characterise
r'ec{angula}" waveguide with electric or magnetic shield loaded by an arbitrarily shape
metallic rod. The result from this study was a set of numerical basis function that was
useful to model a patch antenna fed by a metallic probe. The radiation pattern and the
input impedance were given,

Eswarappa and Heofer [47] studied the application of a time domain three dimensional
transmission line matrix (3D-TLM) to analyse a microstrip patch antenna. To simulate
the absorbing boundaries, the authors used the technique proposed by Higdon [48] and
adapted it for TLM analysis of radiating structures. The study also used symmetrical
condensed node (SCN) in conjunction with TLM.

Vechinski, Rao and Sarkar [49] applied the time domain integral equation method to the
antennas problems. The work included a method to calculate the radiation field by an
arbitrary shape three dimensional conducting antenna fed by a transient electromagnetic
pulse. The mathematical solution procedure was based on the solution of integro-
differential equation and using free-space Green’s function which automatically
enforces the radiation condition. The method of moment was employed and an iterative
equation to calculate the current distribution on the structure at a certain time instant as
a function of past instant plus the excitation pulse was derived. This method was known
as the marching on in-time (MOT) method. The paper presented a numerical example
that demonstrates the capabilities of the method. _

Shively and Bailey [50] described the spectral domain analysis for imperfect conducting
microstrip patch antennas by using subdomain basis functions to model the patch
current density. The analysis did not include the effect of the antenna feed. The feed
impedance was assumed infinite and the antenna was considered to be open circuited
from the feed networks. The results presented were in the form of radar cross section as
a function of frequency for a few representative cases and were compared with the
measured results.

Hassani and Mirshekar-Syahkal [51] presented a paper specifically dealing with the

analysis of the two layers stacked rectangular patch antenna fed by a coaxial line at

20


Administrator
Text Box
Appendix D


Appendix D

lower patch. Non-aligned, unequal patches and antennas with radome were analysed in
detail. The analysis was based on solving EFIE using the spectral domain technique in
conjunction with Galerkin procedure. The results of two-layer stacked rectangular
aptennas were given

Chebolu, Mittral and Becker [52] presented the analysis for microstrip antenna using the
finite difference time domain algorithm (FDTD). Efficient FDTD modelling and
extrapolating technique were discussed in detail. The result on the performance of the
techniques used were given. The paper gave an example of modelling a two-layer
stacked patch array. The modelling was carried out using Sparc-10 computer with the

required memory 94 Megabytes.
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CHAPTER 1V

ANALYSIS AND SYNTHESIS METHODS

Introduction

Appendix D

Mathematical modelling of the basic microstrip antenna, figure 4.1, was initially

carried out using simple theory of transmission line applied to a rectangular patch fed at

the centre of a radiating wall [29]. By 1978 the microstrip patch antenna was becoming

much more widely known and used in a variety of communication systems [3]. This was

accompanied with increased attention given by the theoretical community to improve

mathematical models that could be used for design and analysis. In this chapte_f the

author describes four most frequently used synthesis and analysis methods available and

discussed the suitability of each method in the light of the present project. These

methods are as follows;

1.

2
3.
4

Transmission line model
Modal-expansion cavity model
Spectral domain integral equation method

Finite difference time domain method.
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Patch Antenna

Ground plane

Figure 4.1 Basic microstrip patch antenna

4.2 Transmission Line Model

This method of analysis has been used for analysis in the early days of microstrip
antennas. The best and the simplest example of analytical description of this method
was given by Munson [29]. In order to understand this method and to be able to make
useful comparison between different methods of analysis, the analytical description will

-

be reproduced below.

Zin  Gl+Bl Y, G2+B2

Figure 4.2 Transmission-line model of rectangular microstrip
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In Munson's [29] analytical description, the transmission line theory and model were
utilised and the patch shown in figure 4.1 was modelled as two parallel radiating slots as
shown in figure 4 2. Each radiating edge of length a is modelled as a narrow slot
radiating into a half space with slot admittance given by

Ta .

Gl + Bl =
. Z

LU

[l +j(1 - 0.636 In(k,w)] 4.1

where X, = free space wavelength

Z, = ‘»Ei k, = —i—n w = t (the substrate thickness}
ECI 0

With the assumption that no field variation along the direction parallel to the radiating

edge exists, the characteristic admittance is given by

Y = iéf_'i_ 472
tZ A

Q
where g, = dielectric constant of the substrate
The normal procedure in designing rectangular patch using this method is to have each

A
slot excited 180° out of phase to each-other. Ideally this is done by choosing b = vz‘—‘,

where Ag = Ay . Due to the effect of fringe field, practically d is chosen slightly less
€4

A . . ) ‘
than -2~1 The admittance of slot 2 after transformation becomes,

G2 +jB2 =Gl - jBl
thus the total input admittance at resonance becomes, 4.3
Yin= (Gl +jB1) + G2 +jB2 = 2G1 34

The resonant frequency is found from

£ ¢ 45

= c =
RV T

where ¢ = reduction factor in length of b due to fringe field effect

The model can be extended for a probe fed patch as shown in figure 4.3. Each edge
admittance is calculated exactly as before and the input admittance is found by

transforming both admittances through distance L1 and 1.2, The advantage of this model
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lies in its simplicity, i.e. the resonant frequency and input impedance are given by
simple formulas The reduction factor q determines the accuracy of the resonant
frequency and in practice is determined by measuring 1 for a rectangular patch on a
given substrate, It is then assumed that the same g value holds for patches of other sizes
on the same substrate and in the same géneral frequency range [3]. The disadvantages of
using this model are that it is only useful for patches of rectangular shape, the fringe
factor q must be empirically determine, it ignores field variations along the radiating
edge, it is not adaptable to inclusion of the feed [3] and it is not adaptable for multi layer

and multi conductor patches.

Patch \/4
Probe /

{

Ll L2

Gl+Bl l G2-+B2
Probe

! . -

Figure 4.3 Transmission-line model of probe fed patch antenna

4,3  Modal-expansion Cavity Model

Considering the same basic microstrip patch antenna as shown in figure 4.1, for
substrate height, t, much less than the operating wavelength, the electric field
underneath the patch within the substrate has essentially only a z-component and the
magnetic field has essentially x and y components. The tangential component of the
magnetic field at the edge is very small [1]. Thus, the microstrip patch can be modelled
as a cavity, bounded at its top and bottom by electric walls and on it sides by a magnetic
wall. Under these conditions, the field structure within the cavity at resonance is the

dual of the field structure at the cut-off frequency of a TE mode in metal waveguide
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whose conducting boundary has the same shape as the effective boundary of the patch.
Thus it is not normally necessary to analyse the field structure of this simplified model
of the microstrip directly since the solution for most cases will already be available as
the dual waveguide solution [1]. It is understood that with this kind of model, no power
is radiated and has purely reactive input impedance of either zero or infinite value at
_ resonance. However following the general principle of approximation as is sometimes
done when characterising many conventional antennas, one may assume that the field
structure in the microstrip antenna is essentially the same as that in the cavity. In 1979,
using this model Lo et. al. [53] presented the field expressions for a number of patch
shapes. For the patch as shown in figure 4.1, the field components underneath the patch
are the dual of those of the well known rectangular waveguide transverse electric modes,

That i for TM, to z modes, the fields are,

Ez(xﬁy) = ZZAmn mn(x Y) 4.6
where ;\m = mode amplitude )

(x,y) = z-directed electric mode vector.

mn

For a non-radiating cavity with perfect magnetic walls,

e, (X,y) = ~—=Z=cos(k x)cos(k,y) 4.7
\E dabt
1 m=0andn=0
where Yo = .\/5 githerm=0 or n=0
2 m=0 and n=0

g, = permittivity of the substrate
The mode vectors satisfy the homogeneous wave equation, and the eigenvalues satisfy
the separation equation,

kK =l pe, = kI + Kk} 4.8

ik 23]

- . nm mm :
For the non radiating cavity, k, = (——«] and k, = (_J and resonant frequency 18

given by, f

' ’pr,g 49

The magnetic field mode vectors are found from Maxwell's equations as,
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— i % R . oy
hoo= ——2m ISk cos(k, x)sin(k,y) - ¥k, sin(k x)cos(k . y)} 4 Y9a
o f'“”_sdabt[ y-¥ ) y)]

This equation satisfies the boundary condition 1 x hme = O at each perimeter wall for
non-radiating case. If radiation is to allowed, the eigenvalues become complex,

corresponding to complex resonant frequencies, so that |k,| is slightly less than 1T n and
a

lkml is slightly less than M™% . For a small probe, its cross section is modelled as a

rectangular with area equal to dxdy located at (xp,yp) and the probe current is Io. The

coefficient of each electric mode vector is found from [3],

ut  ky

A = jlo 1/ —m .G cos(k cos(k, x 4.10
‘ mn J b k _ k mu ( myp) ( n p)

. (nmdx) . { mndy

sin ” sin T

. _ 4.11
Where Com nndx . mndy - - —
2a 2b
K HE,

~

Oy = comp}ex resonant frequency of the mnth mode

The equation for Ap, is based on the or'thogonality of the mode vectors. For radiation
condition, the mode vectors are no longer orthogonal in the strict sense, nevertheless the
error is negligible if the substrate is electrically thin [3]. For patches fed by a microstrip
transmission line at yp, dy is set to zero and dx is the feed line width as a zero-order

approximation ignoring junction capacitance effects. Substituting 4.10 into 4.6 gives, -

B, (xy)=jloz k3 3 Yenl® I o (Re30) 5 412

m=0 5=0 k ? '—k~

where z,=Fe k=0 pe, k&, =kL+k
80
_Km
Y o (X y)—rcos(k x)cos(k,y) 413

g o

The input voltage is given by,
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X, ¥p)
~ jloZ kt on (X5 Yy 4.14
ﬂ;};} k _kmu
=  zZ, iz ey S Yo e Vo) m“(xi:yp 415
m=0n=0 ne

The complex eigenvalue ko can be found from a complex transcendental eigenvalue

equation that holds for thin substrates as follows [3],

tan(k, b) = oo 4.16
110 Gig
anZ, t
= e Y, 417
A, oA

0

where Y,, is the admittance of the radiating wallsat y=0and y =band s given
by [53-54], -

Yw G +jB\\ 418
- (_EW) -
G, = 38 momes(‘“)(iJg 419
e "
k p—
2 10262
ﬂu0412{ g, +03 } ; 420
t g, + 0258 ~E~+0.813
|
gczerd+1+smm1[”g_)_t_]z 4.21
2 2 a

Once the voltage across either radiating edge is known, the far-field radiation pattern

can be calculated. For V, as the voltage across radiating edge, far field radiation is given

by,
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, a . ..
sm(k{, —-singsin cb) b
cos(kt- c0s6) cos(kﬂm-sinﬁsintbﬂcosQ) (Oge sffj 4.22
a . .. 2 2
k, 5 sindsing

H w-jk“I'
__JVk,ae

&
Tu

foa
sm(ko - »mnE}sm{b) b
cos{kt - cosO) co ko—-s‘mesinch] coshp (OSB SEJ 4.23
a . .. 2 2
k, 5 -sinOsind

E

$

1 L
~ jV k, ae
.

The advantages of using this method compared to transmission line model is that it is
much more accurate formulation for the input impedance, resonant frequency, etc., for
both rectangular and circular patches at only a modest increase in mathematical
complexity. For more complex antenna structure such as that with multt layer substrate
and conductors this method will not able to handle the problem and more rigorous

method such as spectrum domain and finite different time domain analysis are required.
4.4 — Spectral Domain Analysis —

This type of analysis starts by firstly deriving the dyadic Green’s function which
satisfies the boundary conditions for a unit current located in the plane of the microstrip
patch [26, 27, 32, 33, 35, 36 ,37]. By weighting the Green’s function with the electric
current density and integrating over the patch, the radiated electromagnetic field is
calculated at any point inside the dielectric. An integro-differential equation for the
unknown current density is obtained by forcing the total tangential electric field on the
surface of this patch to zero. Using the proper basis and testing functions for the
unknown current distribution, the integro-differential equation is reduced to a matrix
equation which may be solved for the patch current. the current distribution on the patch
is then used to determine the properties of the microstﬁp antenna. Consider the
rectangular patch antenna as shown in figure 4.1, and assuming that the substrate height

is much less than the operating wavelength and that the time harmonic plane wave

solution proportional to e™®, the Maxwell’s equations in vector form are therefore,
P )
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¥V x E=— jopH
V x H=joeE
Where ¢ and p are the permittivity and permeability of the region concerned and the
volume source terms have been dropped. To get the Green’s function, consider a unit
infinitesimal current source in the ® direction, located at (Xo,Yo,t) as shown in figure 4.4
below, it is desired-to find the resulting Ex, Ey and Ez field due to the source. The fields-
inside the dielectric region can be solved simultaneously for the following wave
equations,
V % (V xﬁ)z -‘jmpo(v xﬁ)
= "jmi—‘o(.ngdﬁ)
=o’pe,E | ]

= Vx(VxE)-0’ue,E=0 4.24

R——

v x (V x -I:i]w: v x_(jggsd“ﬁ
= jmgd(v X E)

= joe,(~jou, H)

0

= Vx(VxH)-o’su H= 425 -

Infinitesimal
current source

Figure 4.4 The geometry of an infinetisimal % - directed unit current element

Applying the divergence condition that V .D =0 to the z component of equation 4.24
yields a wave equation for Ez,
9*Ez 0'Bz 08Bz
2 + 2 + 2
Ox oy~ oz

where k, =@ 1,8,

+g kiBz=0 4.26
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Similarly, applying V. H =0 to the z componeni of equation 425 yields a wave

. : : "Hz  &°H ; :
equation for Hz given by, 9 H,Z + 0 I,,? + 0 qz +gk Hz =0 4.27
ax* oy~ oz"
sk, x iRy xikoz

By assuming plane wave propagation of the form e™™e e ™, the dispersion
relations may be obtained as,
- c k=g kl-B* =kl insubstrate region
. T2 3 )
where B =k +k, 428
The above results can be specialised to the air region ( z > d ) by allowing &y = 1, m
which case the propagation constant reduces to,
2 1 2 2 »
k;=k,-p" =k, 429
In order to satisfy the radiation conditions, the wave has to attenuate as z— o,

therefore the conditions that k,, in 4.29 has to be satisfied are,

Re[ k. ]2 0. - 4.30a
Im[ k. ]<0 4.30b
At this stage a pair of Fourier transformation is defined as,
E(X,y,2) = :é—z— ?Tﬁ(kx ,*lcb,,z)ejk‘xejk"ydkxdky 431a
B(k,.k,,2) = ajT[E(x,y,z)e"j"*"c'jk’ydxdy 431b

The reason for defining the Fourier transform pair this way is that when applied to
equations 4.24 and 4.25, it will reduce them to equations involving differential with
respect to only one variable. Since the Fourier trénsformation 1s associated with Four&er
transform domain or spectral domain, thus this method of analysis is called spectral
domain method.

Applying this Fourier transformation to equations 4.24 and 4.25, in spectral domain, the

transverse field can be written in terms of Ez and Hz as,
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e ki + aa; Ex = jk, 651: + op k, Hz 4,32
£k +‘“£o— Ey = ,J'kya—ff«wmp“kxﬁz 433
Smki*“g? ﬁxzjkx%_maoamkyﬁz 4.34
£, .k; +8_;,/ ﬁym.jk),%—&msosmk‘xﬁz 4.35

In the above equations, P = ~k? and the equations can be applied for both regions,
7

2
where k, is found from either equation 4.28 or equation 429 depending on the region
- concerned. Similarly with g4 is either substrate’s dielectric constant g,¢ or | if in air

region. The general solutions of Ez and Hz are of the form,

Ez = A" o 436
~ 5 for z>t{air region) - e
Hz = Be = 437
Ez = Ccos(k,,z)+ Dsin(k,,2) . 4.38
- for 0<z<t{substrate region)

- Hz = Esin(k,;z) + Fcos(k ,z) . , 4.39

Applying equations 4.32 and 4 33 to equation 4.39 to enforce the boundary condition
that Ex = By = 0 at z= 0 yield D = F = 0. There then remain four constants (A,B,C.E) to
be evaluated by the continuity of Ex, Ey and Hx at z = t and a jump condition inHyatz

=t Applying all these boundaries conditions give,

fiz = Me“ka(Z-l)gJ‘Sxxue’Jkﬁ“ 4.40
jog, Tm
}Iz = Me"_ﬁkm(Z—l)e“}kxxue"”jky)‘“ 4\41
Te
whete Tm=g_k,, cos(k, )+ jk,, sin(k 4t} 4.42
Te =k, cos(k,,t) + jk,, sin(k 40) 4.43

The zeros of the Tm and Te functions correspond to the surface wave poles for TM and
TE modes respectively. Using equations 4.32, 4.33, 440, 441 and 4.31, the transverse

field at (x,y,d) can be written as,
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Ex(ry,d) = —25 | Qualle ket 0tk di, 4.44
T _ _ Jz‘n T jk, {x~x0)  [Ky{y—yo)
Ey(x,y,d) = ah i le}\( ¢! e dk dk, 445
< kL Kt
whete Qxx = feka Ky sin(lyt) Gy Sintl!) 4.46
B*Tm B Te
k k .k, k, sin(k,t) kokk, sin(k,,t) R A
ey tzathzd zd zd
- + 447
Qs B Tm 5Te

The same analysis can be carried out to obtain the field due to y directed unit current

element. This result gives,

Qyy = kyk&,‘.lc,_é sin( kaat) kiki sin(k,t) 448
' p*Tm B*Te .

Qxy = Qyx 4.49

Equations 4.44 and 4.45 are the necessary Green’s function components. To formulate
the moment method solutioﬁ_for the usual antenna characteristic, the surface current
density on the paich is expanded in a set of N expansion modes J_(x,y) with unknown

coefficients as,
N
T(x,y)= Zrn L(x,y) 4.50

The nth expansion mode may represent current flow in either the % ory direction. The

Fourier transform of these modes is defined as,

F, (k. k) = [[T, 0 y)e e dxdy ] 451
where s = the surface of the patch.

It is common to choose the function for T such that equation 4.51 is easily evaluated

into closed form function. Note that since J is zero outside the patch, The Fourler
transform shown in equation 4.51 is consistent with that given in equation 4.31. The
electric field integral equation, which enforces the boundary conditions that the incident
. field from the probe plus the scattered field from the patch current must vanish on the

patch surface, can then be discretized into the usual matrix form as [35]

[Z]1] = [V"] 352

The impedance matrix elements are,
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oo

Zow = HJ E, ds_4n e | [E, QF, dik, 4.53

e300

where E“ = the electric field generated by the nth expansion mode
6 = a dyad defined as: RQuk + XQu¥ + §QuX + yQu¥

The voltage vector elements are,

"'V;—jni' T ds= [J!’ E dz

iz JES AR
= i =X+ Q: rer dle dic
ey L[Q Qa5 Jdie, 454

where  EP = incident electric field cause by J°

TP = unit current source on the probe.

Qu = ik, k, sin(k ,t)
k. ,Im 4.55a
Quy = ik, ke sin(k t)
“ 4.55b

k, ,Tm

Once the [Z] and [ V"] matrices have been calculated, the expansion mode coefficients
can be found via equation 4.52. The input. impedance is then calculated using the
following formula,
:
=~ [Bzdz=-{1]'[V"] 4.56
z=Q

Though the spectrum domain method lacks the simplicity compared to the two previous
methods discussed, it flexibility to apply to almost any shape of patch antenna is
obvious. With the dramatic increase in computér capability in recent years, this met-bod
can be programmed on PC with reasonable amount of computing time. The accuracy of
the solution essentially is the function of the amount of computational effort one is

willing to pursue.
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4.5 Finite Difference Time Domain Technique

This technique directly solves Maxwell's time-dependent curl equations by using central
difference formula to approximate the derivatives in the curl equations. The structure
under analysis is subdivided into a lattice of cubic cells where each point on the cell is
assigned to represent one of the components of either the electric or magnetic field. The
solution starts by assuming starting values for the field components at these points and
most fields are initially set equal to zero except in the region of the source. The
difference equation are time and space s.tepped through the lattice with previously
determined fields at one point in space and at a particular instant of time being used to
find the fields at adjacent points and times. Considering the same patch anterina as
shown in figure 4.1, with this technique, the patch and surrounding area are divided into
several EDTD cells as shown in figure 4.5. The Maxwell's equations in an isotropic

mediam are,

—+VxE=0 '
6t+ % 4.57
D G, m=T 458
at

B=uH 4.59
D =:E 4.60

where J, i and gare assumed to be given functions of space and time. Expanding

equations 4.57 and 4.58 component-wise gives,
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The grid point of the space is denoted as,
(i, j, k) = (idx, jhy, kAz) | 4.67
and for any function of space and time, it is denoted as,
= =F(Ax, jAy, kAz, nAty = F'(i, j, k) : 4.68
For perfectly conducting boundary condition and grid position as shown in figure 4.5,

equation 4.61 is approximate as,

B0, i+ 4 k+ ) B o4, k)
At
_Ejli,i+d, k+1)- By j+ 3, k) 4.69
Az

CBMi gL k+4) BN k)

AR Ex

B x

Figure 3 5 Position of various field components
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The finite difference equations corresponding to equations 4.62 and 4.63 can be
similarly constructed. For equation 4 64, the corresponding finite difference equations
is,

DMi+d, 5 k)~ DI+ 4, K)

At
H:_%(l 4""5"? j+%“’ k)" H:—%(i ”*“"ﬂi%j'“zl"’ k) 470
- o Ay -
_ I~I’y‘"i‘“(§+~2‘~, i, i{-i—il)—H:‘%(i +4, 5, k-1 cI L i
Az -

The finite difference equations corresponding to equations 4.65 and 4.66 can be
similarly constructed. The boundary condition appropriate for the perfectly conducting
surface is that the tangential component of the electric field vanishes. This condition
also implies that the normal component of magnetic field vanishes on the surface. In
order to start the calculation, an initial stimulus has to be applied to the system. This can
be done by choosing the appropriate time dependent function of current density J. Fora
probe fed patch antenna on a thin substrate, ] can be approximated as J = 2 A(Z)(1)d(x-
Xp)S(y-¥p) locatgd at the appropriate surfaces of the unit cell. To ensure computational

stability, the grid size has to be chosen according to the following formula Eﬁ],

J(Ax)z +(Aay)' +(42)" > ¢ At 471
Where ¢ is the velocity of light in the region concerned. This requirement puts a
restriction on the value of At for a particular set of chosen values of Ax, Ay and Az
- Once the computation reach steady state, the input impedance can be evaluate from J(ip,
ip» Kp) and Eu(ip, Jp. p),. Where iy, j, and k; are the X, y and z location of the probe
respectively. Although this method is direct and simple in approach, the requirement for
computational stability and that the grid size must be small enough so that over one
increment the electromagnetic field does not change significantly, makes it difficult to
apply on personnal computer PC base computation. G.S. Hilton et. al. [56] demonstrate
that for a patch antenna with area of 160mm x 101mm, this methods requires 62 x 76
unit cells with a total of 60000 iteration performed. Chebolu,S. a-nd Mittra, R. [57]
reported that using more efficient analysis technique, some saving in computational
random access memory (ram) and time can be achieved. Nevertheless this does not help

improving the computational memory and time requirement to the extend that it can be
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used on PC The example given in reference [57] shows that for a similar patch antenna
as in figure 4.1, the ram required is 94 mega-byte and the time taken is 18 houts using

SPARC-10 workstation.

4.6 The Selection Of Analysis And Synthesis Method,

From the discussion of the analysis methods given above, it is clear that for a simple
patch antenna, i.e. single layer substrate and simple patch geometry, the transmission
line model and modal expansion cavity model are the most appropriate to be used.
While rigorous methods are more complete in that they offer an accurate radiation
model, surface wave effect and the field internal to the patch, they are quite complicated
and can not be readily implemented especially for design work. Sainati, R.A.[58] shows
that the accuracy of the rigorous approaches may not be much better that the simpler
transmission line and cavity models provided the latter are used within their range of
validity (i.e. electrically thin substrate). In this' project, a method of extending the;
application of cavity model in multi layer substrate is proposed and will be dealt in
detail in the next chapters. When the antenna structure involves multi conductor and
multi layer substrate, rigorous type of analysis must be used and the most appropriate
method for PC based computation is the spectral domain analysis. It combines the needs
for accuracy and computational efficiency in such a way that another rigorous method

such as FDTD does not have.
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CHAPTER V

BANDWIDTH ENHANCEMENT TECHNIQUES

5.1 Introduction

The bandwidth of an antenna is defined [4] as the range of frequencies within which the
performance of the antenna, with respect to some characteristics, conforms to a specific
standard If this characteristic is the input impedance of the ‘antenna, then it is well
known that one of the particular characteristics of the microstrip antenna is its inherent
narrow bandwidth. It was reported that the bandwidth of an antenna depends on the
" patch shape, the resonant frequency, the dielectric constant and thickness of the
substrate [58]. Over the years, a considerable amount of research work has been carried
out to enhance the antenna bandwidth and many designs bave been suggested and
implemented in practice. However, these designs have disadvantages related to the size,
height or overall volume of the single element and the improvement in bandwidth
suffers usually from a degradation of other characteristics. For a single element
operating at the fundamental lowest mode, the typical bandwidth is from less than one
perceﬁt to several percent for thin substrates. With the original patch antenna as shown
in figure 3.1, Sanchez-Hemandez and Robertson [58] reported that there were three
methods that can be employed to increase the bandwidth. The first method would be to
simply increase the thickness of the substrate. The problem associated with this method
is that a thicker substrate will support surface waves, which will deteriorate the radiation
patterns as well as reduce the radiation efficiency. Also, as the thickness of the substrate
increases, the problem associated with the feeding of the antenna arise. Additionally,

high order cavity modes with the field depending on z-direction may develop,
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introducing further distortion in the radiation pattern and impedance. The second
technique to increase bandwidth is decreasing the relative permittivity, which has an
evident limitation based on size since, for a particular frequency of operation, decreasing
the relative permittivity will require an increase in the actual size of the patch. The third
method is the use of a wideband matching network. The impedance matching technique
was first proposed by Cralin {59] followed by the real frequency matching .technique
[60] and the simplified real frequency technique [61]. Such a method suffers from the
inherent complexity of the network used. This chapter discusses the main techniques
that have been used in practice to enhance the bandwidth of the microstrip patch
antennas, either by obtaining a wider bandwidth or performing a dual-band operation or

operating at lower frequency for a smaller patch.

5.2  Multi-layer Structure Antenna (Stacking Technique) [62 - 68]

One of the first published methods to enhance the antenna bandwidth is by stacking two
antenna elements on top of each other. The antenna was constructed by stacking two
circular elements, feeding the top patch by a coaxial connector through the ground plane

as shown in figure 5.1

Coaxial féed

Figure 5.1 A stacked circular disc antenna
Two distinct resonant frequencies were reported, with the lower frequency was
relatively steady over a range of different diameters for the upper conductor, where as
the second resonant frequency was highly dependent on the radius of the two patches.
Over the years, many theoretical studies have been published on this antenna structure
as well as experimental results with bandwidth up to 26 % of the centre frequency f,

(VSWR < 2). A larger bandwidth may be achieved by varying the value of the two
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heights and adjusting € A recent study on a similar antenna structure includes off
setting the position, varying the size and shape of the elements However, none of the
papers published thus far provide some form of practical engineering design procedure

so that the antenna published can be repeated for different frequency ranges.

5.3  Microstrip Antenna With An Airgap [ 69 - 72}

The geometry of a microstrip patch antenna with an airgap is shown in figure 5.2. It
consists of two layers, one is a substrate of thickness t and the other is an air region of
thickness A. The effective permittivity is evidently reduced, tending toward the free
space value g, as the air thickness increases. This concept was also applied to the

stacked patches, performing a tunable arrangement with two stacked element as shown

in figure 5.3 and figure 5.4,

Conducting patch

Coaxial feed Ground plane

Figure 5.2 Microstrip antenna with airgap

—— Parasitic patch

-

Substrate Air region |__—Driven patch

& \
""""" Spacer

Coaxial feed Grotind plane

Figure 5.3 Electromaguetically-coupled microstrip antenna
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/ Pazasitic patch

yra
Driven patch
Substrate N Alr region /,/
S~ Spacer
AL
Coaxial feed Gidund plane

Figure 5.4 Inverted configuration of an electromagnetically coupled
microstrip antenna
In figure 4.3, circular, annular-ring, rectangular and square patches etched on substrate
about 0.01% thick were reported to obtain bandwidth ranging from 9 % to 15 %, While
il figure 4.4 the structure is referred to as the inverted configuration, the top patch is
inverted so that the substrate is uppermost. The advantage of this kind of antenna is that
it provides a protective dielectric cover for the conducting patch. Based on the lowest

mode of the antenna studied, this configuration is capable of achieving 10 % bandwidth.

5.4 Broadband Microstrip Antennas Using Parasitic Elements Coupled To The
Main Patch [73 - 77]

The method uses parasitic coplanar mietallic strips coupled to the main patch as shown
in figure 4.5 It first appear in 1978 [73]; however, the antenna was more like an array
and subsequently, a novel broadband microstrip was introduced [74 - 77] using
additional resonators that were gap coupled to the radiating edges of the main patch.
Bandwidth up to 6.7 times that of a single rectangular patch antenna were reported.
Different versions of these antennas have been studied, such as the triangular resonator

[76], one parasitic patch [77] and a broadband gap-coupled microstrip antenna.
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W

Feed point —
Figure 5.5 Coplanar parasitic tuned microstrip patch

5.5  Log-periodic And Quasi-log Periodic Techniques [78 - 80]

Using the concept of log-periodic antenna, the low and high frequency limits of the
bandwidth are set by the largest and smallest dimensions of the structure respectively.
Using this idea, Hall [78] and Pues et. al. [79] have proposed completely log-periodic
and quasi log-periodic antennas respectively. The quasi-log-periodic antenna was
achieved by arraying different narrow bandwidth radiators, each having its own
frequency band of operation. The main advantages are the absence of an array effect in
the E-plane and the fact that the antenna can be designed for specific degree of matching
by the proper choice of spacing between the- resonant frequencies, namely, the log-
periodic expansion factor. The measured bandwidth for an VSWR < 2.6 was 22 %, an
improvement of approximately 10 times [79]. A nine-element completely log-periodic
antenna published by Hall [78] reported 30 % bandwidth for an VSWR < 2.2 and 70 %
efficiency. Other studies [80] for a log-periodic aray of narrow rectangular microstrip

elements indicated that bandwidth at least as great as 50 % can be achieved.
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5.6 Microstrip Patch Antennas With Tuning Stubs And Loads [81 - 83]

'

The frequency of operation of microstrip antennas can be selected or shifted without
significantly varying the bandwidth by using tuning stubs [81]. Both resonant frequency
and reflection coefficient of microstrip antennas are tuned using two tuning stubs in a
coaxial fed patch. It was reported that the practical tuning range was limited by the
length of the stubs as a long stub tends to degrade the matching condition. This was
overcame by varying two tuning stubs [82], positioned on opposite edges of the patch,
in line with the coaxial feed point, as shown in figure 5.6. The patch is tuned by
systematic trimming off either of the stubs and due to the destructive nature of tn'mmiﬁg
techniques, the specific frequency of operation and the reflection coefficient can only be
tuned from low to high frequency. “Another application of tuning stubs is shown in
figute 5.7 [83]. Here, an adjustable length short-circuited coaxial tuning stub was used.
The spacing between the bands can be controlled by increasing the characteristic
impedance of the loading stub, through increasing its length or by changing the inset of

the load position.

Tuning stub

L2 =

.1_................,,.“..,—
L] % I l
Coaxial feed /

Tuning stub

Figure 5.6 Microstrip patch antenna with microstrip tuning stub
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Feed
-]
Load

\ "‘"H‘”— Inset
A CEEAEEE B
ST

length

Substrate

Ground p% X
SMA

connector

Figure 5.7 A reactively loaded microstrip antenna

57  Microstrip Antenna With Diodes (Frequency Agile Microstrip Antennas)
[84 - 85]

By replacing the tuning stubs on the antenna as discussed in section 4.6 above with
varactor or PIN diodes, the frequency of operation of microstrip antennas can be
electronically selected or shifted without significantly varying the bandwidth. Because
of this flexibility in tuning, these type of antennas are also known as frequency agile
microstrip antennas., The geometrical structwre of a varactor tuned microstrip antenna
[84] is as shown in figure 5.8. It comprises of a circular disc antenna, the centre of the
disc is shorted to the ground plane and the inner of the SMA connector is placed at a
distance of one third of the radius away fiom the centre of the disc. The varactor diode is

placed very close to the edge of the disc and coupled to the latter by using a lowloss chip

capacitor. The mf transmission line and a pad, used for biasing the varactor diode is

also iniroduced. This technique produced two tunable modes which depended on the
bias voltage applied to the varactor diode. Optically controlled PIN diodes were also
used [85] to enhance the operating frequency range of the patch. The geometrical

structure of this antenna is as shown in figure 5.9 where the parasitic element increased
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the gain and performed a dual-frequency operation and did not disturb the radiation

pattern.

5.8  Shorting Pin Technique [86]

Utilising a shorting pin is another interesting study that was carried out for frequency
agile and polarisation diverse antenna [86]. By changing the number and location of the
pin, the operating frequency can be tuned over a 1.5 to 1 range and the polarisation can
be changed from horizontal to vertical, or right-hand to left-hand circular. Tuning ranges
in excess of 50 percent are achieved by adding more posts. It was reported that the

radiation patterns are not changed significantly by the shorting posts [86].

Driven _|
patch — Bias line
<——Diclectric substiate
Chip capacitor Varactor diode
¥
ZT‘]‘ \Ground plane
SMA Co:m{tor

Figure 5.8 Microstrip antenna with a varactor diode

46


Administrator
Text Box
Appendix D


Appendix D

PIN

LEL diode

Ll

]
Feed / L2

Figure 5.9 A tunable antenna using an optically controlled PIN diode

Parasitic
element

5.9  Patches With Special Shape Or Techniques [87 - 89]

Simple antenna patches that were modified to form new shapes have been stud-ied in the
past and have been found to enhance the bandwidth. The following are several specially
shaped patches to achieve the bandwidth enhancement. A slotted circular patch [87] as
shown in figure 510 with a shunt conducting strip was reported to achieve 1.9 %
bandwidth with VSWR of < 2. The bow-tie antenna [88] shov»jn in figure 5.11 is a
planar antenna with inherent broadband impedance. This antenna has been used m
superconducting tunnel junction and Schotiky diode mixers in the frequency range of 94
to 466 GHz, and in linear imaging arrays, plasma diagnostic systems and radio
astronomy. Research work has also been 1eported on the folded dipole radiator above a
ground plane [89]. For the dipole shown in figure 5.12, the experimental data has shown

a 5.5 % total bandwidth under a VSWR of 2. -

Figure 5.10 A modified circular patch antenna
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Antenna patch  ——

) & ——— Substiate
Figure 5.11 The bow-tie antenna
Substrate ———=
Feed Qual—fblded
dipole

Figure 5.12 The dual-folded dipole

The improvement in bandwidth of the patch antennas can also be achieved by using
stepped microstrip as shown in figure 5.13 or wedge shaped microstrip as shown 1

figure 5.14 . The bandwidths reported [90] for these structures were up o 25 %.

Microstrip patch

Dielectric
substrate

Ground plane

Figure 5.13 Stepped microstrip antenna
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Microstrip patch

Dielecttic
substrate

Figure 5. 14 Wedge-shaped microstiip antenna

Multi-layer microstrip antennas with line feeding [91] as shown in figure 5.15 (a) and
(b) can also provide wide bandwidth. The wide bandwidth is achieved by employing the
technique of a microstrip pianér-array antenna which uses capacitive coupling to
radiating elements or separate substrate overlaying the feed lines as shown. It was found
that, further improvement in bandwidth could be obtained by using several layers of

thinner substrate as shown in figure 5.15 (b).

adiating patch
Feed line

Groun/l\planc

Figure 5.15 (a) 2-Layer resonant antenna fed by open-circuit

microstrip line
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Radiating patch
Feed

Ground plane

Figure 5.15 (b) 3-layer resonant antenna fed by open-circuit
microstrip line

5.10 Discussion

This chapter has presented a survey of several different antenna structures to achieve
dual- or wideband operation frequency in'eithar a single element ;?atch antenna or a
multi-element scheme. A closer study of the reviewed structures reveals that most of the
examples suffer from problems such as the difficulty to design or manufacture, and the
increase in size or degradation in any of the other characteristics. Thus when choosing
or designing a wideband microstrip antenna for a particular application, one has to
balance between the needs for wideband operation and other characteristics such as size,
ease in design and fabrication and radiation patterns. By introducing slots in the patch,
the dual-frequency operation can be achieved in a single-element patch antenna. An
overall bandwidth enhancement up to 7.5% can be achieved with slotted patches and
although this improvement is much less than the 20% possible with multilayer
structures or 50% possible with log-periodic structures, no deterioration is observed or
reported on any of the other characteristics, such as size, height or radiation patterns
[58]. No one type of microstrip antenna will satisfy every design specification and in
this project novel design techniques to produce wideband antennas will be proposed and

as mentioned above suffer from similar problems.
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CHAPTER VI

BANDWIDTH ENHANCEMENT THROUGH STACKED PARASITIC PATCH

6.1 Introduction

In chapter 5 the methods to enhance the bandwidth using stacked parasitic patch described in
several published papers has been discussed briefly and on a closer examination of these
papers revealed that none of them actually described the design procedures they were using to
design the antenna in great detail and it was not posszbie to repeat the results for different
frequency of operation. The feeding techniques described in some of the papers suggested that
the authors were trying to match the feeding probe to the driven patch firstly and then adding
the parasitic patch to the antenna to enhance the bandwidth. While this technique seemns to
achieve its objectives, it is not easily implemented as a general design technique. Two
questions arise from studying those papers. Firstly, how the location of the feeding probe is
selected? and secondly what is the function of the parasitic element? Without answering these
two questions, the design of wideband antenna using stacked parasitic patch would need a lot
of guess works. It was felt that a proper design tecimique that eliminates the guess works
could be found from stacked parasitic patch. Experiment and calculation were carried out on
several stacked antennas and have resulted in a new design technique being proposed and this

will be described next.
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6.2  Stacking Technique To Enhance The impedance Bandwidth

Experimental investigation into this technique revealed that a wide bandwidth antenna is
achieved repeatedly when the following design steps are implemented.

| The location of the feeding probe must be chosen at a point where the mismatching
between probe and the driven patch is high such as at the corner of the driven patch.

2. The stacked parasitic patch is used as a tuning device to tune out the mismatching
created by step 1 over a wider bandwidth. The height between it and the driven patch is
use as the tuning variable.

Effectively, step 1 defined the location of the probe and can be found either experimentally or
theoretically from a single patch antenna while step 2 defined the function of the parasitic
patch. Since the location of a high mismatching for a single patch can be readily calculated
using the existing method of anr;llysis ot mcas;;ed e;pe;mentally, this has removed the guess
works associated with the design of antenna using stacked parasitic patch as previously

described. N | .
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6.3  Proposed Design Steps For Achieving Bandwidth Enhancement

With the inclusion of the two steps above, it is possible to propose a proper design step for
using stacked parasitic patch to enhance the bandwidth of a probe fed single patch microstrip
antennd from a few percent to at least 10%. These design steps are summarized in a flow chart

as shown in figure 6.1 below.

start

Y
Choose the shape of the driven patch

B v
Design the driven patch to operate at
the center frequency of operation

Y
Locate the feeding probe using step A
in section 6.1

¥
Tune the driven patch using step B in
= section 6.1

Y
stop

Figure 6.1 The proposed design steps.

These design steps have been used to design rectangular antennas at C-band frequencies. It

was found that it has produced consistent results for all of them and will be discussed in the

next sections.
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6.4  Design of 4.7 to 6.2 GHz Wideband Microstrip Antenna

An antenna was designed to meet the following minimum technical specifications:
1. Center frequency = 5.5 GHz
2. Frequency bandwidth=151105.9 GHz
3. Half-power beam width = 60° (Elevation)
60° (Azimuth)
4, Nominal Input Impedance = 50 Q
5. Polarization = Linear polarization.
These specifications were chosen since it could find applications in the industrial, scientific

and medical frequency band as well as in the 3G wireless local area networks.

6.4.1 Antenna Configuration

The layout of the microstrip antenna is shown in figure 6.2b. Both driven and par‘asitic
elements were fabricated using copper clad epoxy glass FR4 board having dielectric constant
¢, = 4.885 and thickness 1,57 mm. Epoxy glass FR4 was chosen as the substrate since it is
readily available in the market and it is also cheaper compare to other substrates.

The driven patch was made of copper patch, situated on the surface of the driven substrate as
shown in figure 6.2b and was designed to resonate initially at 4.5 GHz on its own without any
suspended parasitic patch. This was found through mathematical calculation to give the desire
frequency range needed later in the tuning process. The driven element was fabricated with

dimensions as shown in figure 6.3a and 6.3b.
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Square patch

Probe feeding from
underneath

Substrate

Ground plane /

figure 6.2a: A simple square microstrip patch antenna.

Parasitic Patch )
Parasitic Substrate Parasitic
> Element
Height (Suspended
Separation, aboyc the
g driven
element)
Driven Patch
. Probe feeding Driven
Driven _ .
from underneath Element
Substrate

Ground plane

Figure 6.2b: Square Microstrip Patch Antenna with Suspended Parasitic Element
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/ Ground plane

Drivea pmch\}
ding probe loca 122mm
: detail in figurg 4) i
: _ Probe feeding.
I _ (Modified SMA stub
>strate. ma—l | contact panel socket)
. ' ]
>uble sided copper. . _ i
d epoxy glass FR4) E -
. 8
. |
- S U A L
|} 45mm ﬂ mm>1 é
I | | B . .
103mm Side view
Figure 6.3a: Driven element
N — .
45mm
Parasitic patch
Prarasitic patch kbl
_ . N = 122mm -
athstrate —p ! ) ; .
Double sided copper clad - i[ . i
poxy glass FR4 with b
wotion copper removed)
i
| L.
§
i e A A | L
|4 d3mm H Qﬂm"bl i ) ]
%4 103mm —@1 Side view

Figure 6.3b. Parasitic element
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For simplicity in design and fabrication, the parasitic element was fabricated using the
same material and dimensions as driven element. Note that the only difference between
parasitic element and driven element is that the later has a ground plane and a probe
connection at the bottom while the former does not. There are two new design concepts that
were introduced in the development of this antenna. The first concept is to locate and connect
the feeding probe at one of the corner area of driven patch as shown in figure 6.4. It was found
through mathematical calculation that the impedance mismatching between the probe and the
driven patch is high in this region but relatively easily to alter using suspended parasitic

clement.

‘Four identical corner areas’ kS
where the feeding probe should
be located and connected to the .
driven patch. , S

Figure 6.4: Four identical corner areas where the feeding probe should be located and
connected
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The second concept is to use the suspended parasitic element to tune out the impedance
mismatching created by the first concept over a much wider bandwidth The first design
concept was developed through mathematical calculation of the S, - parameter at various
feeding location on the driven patch and observing its values varied during tuning process.

The input impedance was calculated as follows:

—t + EJ 6.1

¢ ) 1 (m)z (
m m a b
where
f.,, = resonant frequency for mn mode
L, = free space permeability

£, = free space permittivity

g, = dielectric constant of the medium between the patch and the ground plane

m,n = positive integers

‘a=ideal length of the rectangular patclﬁ

b = ideal width of the rectangular patch
Let f;, f» and f, be the frequencies of the TM,o, TMp, modes and centre frequency
respectively. For the design centre fisquency of 4.5 GHz and square patch fyo and fo; were

chosen to be equal to f, The ideal dimensions for the driven patch are given by

1
a = e 4 e 6)2
2 pugosr ‘f{}]
1
b = 6.3
2 HoEWE, 'fl()
and the actual dimensions are given by
L =Db-AL 6.4
W = a - AW 6.5
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1

Whete I and W are the length and width of the driven patch respectively; AL and AW are the
corresponding corrections. The correction terms are found using the formula given by

W

-— +(.262
A_L = (412 Erul + 0.3 I ) 66
" £~ 0258} W 0813
h
- - ’ £ +1 -1 ~0 533 .
where €, = (e, )+ (e, ){1+ IOh:l 6
2 2 W

Qince both TM,, and TM,, modes were used, it was found experimentally that better results

can be achieved if W was also corrected using the same formula as follows

L
7 = +0264
+ U
“‘éﬂ = 0412[ €2 0.3 j* hL ) 6.8
h 8- 0258] L. ,q
h
; +1 -1 -0 555
where 6, = (e, )+ (e, )|:1+ 1011} .o
) 2 2 L

The driven and parasitic patches were chosen to have the same dimensions and these were
calculated by simultaneously solving equations 6.4 — 6.9 together with the calculated fio and
f,, values. For this case it was found that W = 14mm and L = 14mm. To locate the feeding

probe, it was necessary to analyse the input impedance given by :

Z(m’ﬂi}(?J 2[nﬂ:yp)
cos cos
a b

Zin = ZZ(\I’m\i’n)z 1 6.10
m=0n=0 }'mc_‘_{ : )+gmn
.JwL’mn
\ 1, p=0
where _ g o=
i N2,p=0

Xps ¥p = The x and y coordinate of the probe respectively

_EES

"o ¢

h

C
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1

Lmn = —G_—)TE

mn
S, = effective patch area = axb
S =80 TEL T
2R, (0. .
g:ﬂ! = ki ( mn) C
hy, \ ©

2
g = Depm
h”

P - %Re{ [[(Er x Am) Rsinédedy]

Emo=m H™ xR (Osesf«)

- - | k .
A = —J%»h[z cos[ ;h cos{é})]» (5 2)p (1) exp(ik, F - R)dI

Am patch

£ and H are the electric and magnetic field vectors in theCavity tegion respectively. R is the
unit vector in the direction of R axis in polar coordinates and Re{} represent the real part in
the braces. T is the vector from-the coordinate origin to any point on the periphery of the

patch and @, ,(r) is the value of the eigenfunction at the end of vector T is given by

P mn (X: Y) == Y 005( mTEX) COS( ngyJ 6.11

5.

The calculation of P™ (the radiated power) is give as follows;

B
L

driven patch

Figure 6.5 Rectangular driven patch
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For a rectangular driven patch as shown in figure 6.5, the radiated power is given by

[44]

P™ = %-Re{ [[(Er xfmr) f{sinededq:}

EM™ =nH" x R (Oﬁ 6 SE)

[N ]

o ~jee, [ (kb } ol .
H™ = ——2h2¢ (w—- 0s0 nx 7 rexp(ijk 7 -R)dl
o 47_[ i: 03 9 ¢ ] (j.( X )(P mn ( ) p(} o )

pateh

P o (X, ¥) = Voo 4 cos( mnxJ CDS(EEXJ
mn L2 - \/'E‘;: a b

-] k. h . : -
Let{= J:Js“ h[2 cos( ; cos 9” , then equation 6.14 can be rewritten as,
7

T T THM = cf(ﬁ x ) Vil cos( m?txj cos( n;cy) exp{jk, T R)dl

patch V Se a

Substituting F-R = (x cosd +ysin ¢) sin@ into equation 6.16 gives,

VW,

Appendix D

6.12

6.13

6.14

6.15

6.16

L cos( mnx) cos( mty) exp(jk, (xcosg +ysing)sin®)dl  6.17
pzih '\/—S_L b

a

Integrating over the boundaries gives,

a

Boundary (1): A =R ]‘(pmn (x,0)exp(ik,, (x cos¢)sin Ofix -
[
b
Boundary (2): H™ =L J(pmn (a, y)exp(‘jku (a cos{ + ysin ¢)sin Gﬁy
0
Boundary (3): H™ =-R¢ J(p . (x, b)explik, (xcos¢+bsin ¢)sin 6 )x
: ‘
" b
Boundary (4): HIY =98 J () y) exp(jk, (ysin ¢)sin 6ty
0

Combining equations 6.18 and 6.20 to obtain the x-component of H™" field, gives
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H = C;_ﬂ @ o (%,0)exp(jk ,xcos¢sin®) + @, . (X, b)exp jk (xcoszb»%«bsin(}))sin@)]dx 6.22

From equation 6.15, gives

l'll\l n Inﬁx
¢, (%0)= Jgé cos " 6.23

— - - W W mnx n
@, (x,b)=-—2=" cos( J -1
Pan (,0) =~ — )

= @ o (x,0)(-1) 6.4

Substitute equations 6.23 and 6.24 into equation 6.22 gives,
H™ = j[(p o (x,0)exp(jk x cos¢sin E))(} +{=1)" exp(jk,bsing sinﬂ))}dx 6.25
0

There are 5 conditions in calculating equation 6.25 as follows,

Condition 1:  if 21
ka

# cos¢sin® # 0 then

[+]

H{" = -CAD(BC + E) — 6.26
where A =1+ (=1)"exp(jk bsin¢ sin6)
B = —/a exp(jk acos¢sind)
C = jk,acosdsin®(-1)"

WL,

((kua cosé sin 9)2 — (mn)* )\/5

E= j(a)%kn cosdsind

" Lomn .
Condition 2: 1if o = cos$sin® = 0 then
)

H™ = ]-!:q)mn(x 0 exp(;k x(lmzn(u(««l)" exp(jkobsimbsine))}lx

G -]
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- ««(;AG[P : jw{i} 6.27

where F= %-\/5 (mn - j)

_ W Wn

mmn 'JE

G

Cmmmmﬂ:iﬂgimmcm¢mw¢omm

4]
Y

HM™ = - J[}H««‘!\/g% exp{ jlk,x cos¢ sin 9)(1 +(~1)" exp(jk,bsinsin 9))}1}{

o

=-LAH(1-1) 6.28

whete H= WenWs

- kocoscbsineifg— S

I = exp(jk,acosésind)

.. .. T
Condition 4:  if
ka

o

# 0, cos¢sinB =0 then

e ol g mnx n . L
H =G [ 2T cos( J 1+ (=1)" expl jk, bsin¢sin® }ix
1|4 (14 (1) ex )

a

sin{mm} Ja Yo W,

mr Jb

=( since sin(mm)=0 ¥V m= positive integer 6.29

=—tA

@MMM:ET

=0 = cosdsind =0 then
a _

4]

H™ =-¢ j[% (1 +(~1)" exp(jk,bsin ¢ sin B))}dx

0
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oW
- _ A{ mn ] a 630
A e

Combining equatiozi:s 6.19 and 6.21 to obtain the y-component of HJ" field, gives
b
HY" =G J(p(O, y)exp(jk, sin¢sin®)(1+ (~1)" jk, acosdsin0)dy 6.31
&

" Similar to the x-component of H™ field, there are 5 conditions to solve equation 6.31 as

follows.

Condition 1:  if ﬁ—“— » sin¢sin0 = 0 then
]

H = ~LIM{KL + N) 6.32
where =1+ {~1)" exp{ jk,acosdsind)
K = ~+b exp(jk, bsing sin‘G
L= jk, bsingsin®(-1)" _

» Weals

) ((kobsim’p sin@)° ~ (nn)g)«ﬁl‘

N = jb%k, sin¢sinf

Condition 2:  if bnlj;'c =sin¢sin® # 0 then

[}

h
ma - ll] ll’l\lf n (I}TEYJ [ T ( nn }J RRLIES PN 3
H™ = — cos expl ik | —— {1+ (=1)"jk acosdsin®)d
y C,DJF-—SC 5 p.}okb(().}o hsin@)dy

4]

- -QJP(O + éi—g} 6.33

where O= —2b-(nn -J)
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W,

" fwda)

Condition 3:  if -I-’f% =0, sindsin® # Othen

Ko

b
H™ = L I[ ljs_len exp( ik, ysm([)smﬁ)(l+( ), exp(jk,a cos<|:sin@))]dy

4}

=-LJQ(1-R) 6.34
TR
where = =
k, sing sinB+/Se

R =exp(jk bsingsin8)

" Condition 4:  if -l% # 0, sindsin® =0 then

o

b
mno \l! tn \P n mf}’ _ m . .
Hy" = QI[ Jse COS( b )(14—( I) GXp(jkDaCOS(bSIHG))}dy” ,

0

Lsin(nm) W
— 3’ \/i; mn
T T
=0 since sin{nn) =0 V n= positive integer 6.35
‘ . .. I o
Condition 5:  if b =0 =sin¢sin0 = 0 then
K

H™ = Qj'i:“:/__ (}+( )" cxp(jkoacosd)siné)))}dy

Wy,
= 3[ )b 6.36
5 A Se

The total magnetic field I:IL“" is given by
H™ = {H™ + yH," 6.37

Once the equations for H™ has been established, E™ is given by

65


Administrator
Text Box
Appendix D


Appendix D

L

EM = nn(ﬁg‘“’ x f{)
= B =, [}(HPR, ) - 5(H ™R,)+5HI"R, ~H"R, )] 6.38
R(HPHPR, - HHR, )
= EM x HM =, +§(H§‘“I~I§“”Ry_,—HT“I—I';‘“'RX) 6.39
s HHIR, + H"HI"R, )

2

-R,R,(H"H + H H™)

_ B ) Ri H:m
= (Egmn % b :m)u R = T, ) 5 5 6 40
FRAH™| + R;( H| o+ |H" )
Substituting for Ry, Ry and R, gives
(51112 Osin’ ¢ + cos’ G) g+ (sin2 B cos’ § + cos’ 8)!1{;"_" ’

6.41

[+]

= (Ef™ HI")-R=n
—sin’ Bsinfoosd(Hy"H}"™ + H)"H ™)

Substituting equation 6:41 into equation 6.12 gives

2

sin® Bsin” ¢ +cos’ O)|H"
( §+cos”0) sin0dodpL 642

—sin® @sin¢ cos¢{ FIJ"H"™ + Hy"H )

"+ (sin® B cos” ¢ + cos” O)f "

B =3k [,

Equation 6.42 is calculated numerically to obtain the radiated power due to TMp, mode from
the rectangular microstrip patch antenna. Using equation 6.10 to calculate the return loss,
figure 6.5 shows those values at various probe locations on the surface of the driven patch
when excited at TM;o and TMg; mode frequencies. It shows tha; the probe location in the
middle of the driven patch gives maximum mismatching for both TMe, and TM;o modes.
However, experimental and simulation works reveal that at this location the mismatching is a
hard mismatching that cannot readily modified using simple suspended parasitic tuning
element. The next location would be at the corners of the patch where they also give high
mismatching. Wilth this location it was found that the mismatching could readily be matched

using simple suspended parasitic tuning element.
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Retum loss (dB)

Returmn loss (di)

Driven patch

Return loss values excited at TMO01 mode frequency

Figure 6.5 The values of return loss at various points on the driven patch
when excited at TM10 and TMOI mode frequencies
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The parasitic patch was chosen to be the same as the driven patch and as the height separation
was gradually increased, experimental observations showed that at a particular height the
maximum impedance matching condition at the two distinct frequencies corresponding nearly
to the TM, and TMg, modes were obtained. As shown in figure 6.6 beyond this point, as the
height separation was increased further, the antenna started to match the impedance for

frequencies in between the two modes at the expense of the matching conditions of the latter.

Return Loss (dB)

3 - 4 - 5 6 7
Frequency (GHz)

—4—S =300 mm -85 =2mm —4— 5 =35 mm
-8 =4 mm -%—-3 = 5 mm ~8- 3 = 6 mm

Figure 6.6 The effect of varying the height separation between elements.
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At optimum impedance bandwidth, it was measured to be 1.401 GHz at the separatton height,

S = 3.09 mm. Figure 67 illustrates the dependence of return loss on fiequency at optimum

impedance bandwidth.

0 1 i
- “"‘--.....«“-I-..-—\_‘\ P
I Py B i
-5 \V/ Nl

-10
&S‘- -
k=
» -15 - .
73] ¥ T
O T ‘I
. : :
5 -20 : : :
o \ £y
o . " :

..25 1 ¥

A3 .'\"
'30 '~‘ _:
-35
40 4.4 4.8 52 586 60 6.4
Frequency (GHz) .

Antenna without Parasitic Element
----- Antenna with Parasitic Element (S = 3.09mm)

Figure 6.7 Experimentally measured return loss versus frequency.

This project also studied the polar pattern of this antenna and figure 6.8 illustrates typical B

and H plane radiation patterns calculated at two ends of the frequency band. The

corresponding 3 dB beam-widths are:

4.72 GHz: 6.02 GHz:
E - Plane = 64° E — Plane = 60°
H — Plane = 52° H — Plane = 67°
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Figure 6.9 The photograph of the actual final antenna
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CHAPTER VII

CONCLUSIQN AND SUGGESTION FOR FUTURE WORKS

7.1 Conchision

One of the disadvantages of the microstrip patch antenna is its narrow bandwidth. This
limitation can be overcome by modifying the conventional microstrip patch antenna. Various
methods have been surveyed (chapters two and four) and this lead to the conclusion that no
proper design technique has been published yet. All of the published papers and books
provide the conceptual design but not the exact technical design steps. This project has studied
and proposed a design technique to enhance the antéhna bandwidth. This technique has
removed the guesswork normally associated with previous wideband microstrip patch
antennas design. The method consistently achieved 10-15% antenna bandwidth. This method
involves two important design steps as follows;

a) Locating the feeding probe at & location that will give high mismatching between the -
feeding probe and the driven patch. It has been shown that this location can be
determined experimentally or theoretically.

b) Using the parasitic patch of similar outer shape to tune the whole antenna structure

over a wider frequency range.
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The first step basically defines the location of the probe while the second step defines the
function of the parasitic patch This in effect has removed some of the guesswork associated
with the previous design techniques.

With it small thickness and flat surface, the final antenna can be embedded into the skin of the
vehicle thus provide communication link without deteriotating the aerodynainic properties of
the host body. Another attractive feature of the presented antenna lies in its simplicity. It 18

very simple to manufacture and using commonly available substrate that also cost effective.

7.2 Suggestion For Future Work

The following are some of the research areas that can be investigated further;

1. The effect of superstrates ofr different heights and dielect.ric constants can be
investigated for the development of new design techniques.

2. The higher TMu, modes and ways of combining them can be investigated Hfér possible
bandwidth enhancement.

3. Theoretical investigation can also be made on the proposed simplified cavity model
into ways of utilizing it in conjunction with more rigorous methods such as FDTD

and spectrum domain analysis.
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