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ABSTRACT

Microstrip antennas have been in the spotlight ever since their introduction in the early
nineteen sixties. A strong demand has arisen in many areas for small. lightweight and low
profile antennas, for example, wireless commumications, satellite communication
termunals, phased arrays, electronic warfare, missile telemetry, altimefers, biological
telemetry, navigation, radar, surveillance, radiometers and low probability of intercept
systems. In its basic form, microstrip anfennas are similar to parallel plate capacitors.
Both have parallel plates of metal laver and sandwiched dielectric substrate befween
them But in microstrip antennas. one of these metal plates is infinitely extended to form
the ground plane whereas the smaller metal plate is described as radiating patch. Since
the size of the patch is often proportional to the wavelength of the propagating signal, this
class of antenna is classified as resonant antennas. So far, several shapes of microstrip
patches, such as rectangular, circular, triangular, semicircular, sectoral and annular etc,
are successfully used as radiating antenna elements emploved in various commnunication
and contrel devices.

The microstrip patch antenna feeding techniques can be classified into two categories
— contact feeding and non-contact feeding. In the contact feeding method, the RF power
15 fed directly to the radiating patch using a connector element such as microstrip line and
coaxial probe. In the non-contacting feeding methods, electromagnetic field coupling 1s
established to transfer power between microstrip line and radiating patch such as aperture
coupling and proximity coupling. The feeding technique influences the input impedance,
which is often exploited for matching purposes. As the antenna efficiency depends on the
transfer of power to the radiating element, feeding technique plays a vital role in the
design process. The main objectives of antenna analysis are to predict the radiation
characteristics such as radiation patterns, gain as well as near-field characteristics, input
impedance. impedance bandwidth, nmifual coupling and antenna efficiency Varous
techniques have been proposed and vsed to determine microstrip antenna characteristics.
The analytical fechmiques include the transnussion line model, generalized transmission
line model, cavity model and nmltiport network model.



Crircular disc microstnp patch antennas offer performance similar to that of the
rectangular microstrip anfennas and are slightly smaller than the latter In some
applications, such as amays, circular geometries offer cerfain advantages over the other
configurations and it can easily be modified to produce a range of impedance values,
radiation patterns and frequency of operation. For an efficient interface between the free-
space wave and the guided wave in the feed transmission line. the input impedance of an
antenna nwst be matched to the characteristic impedance of the transmission line. Thus,
the antenna characteristics can be classified into two main categories: radiation
characteristics, which are used to describe the way the antenna radiates or receives energy
to or from space and input characteristics, which are used to specify the performance of
the anfenna looking into ifs terminals. Radiation characteristics include the radiation
pattern, gain, directivity, effective aperture, polarization etc. and the mput characteristics
are specified in terms of the input impedance, bandwidth, reflection coefficient, voltage
standing wave ratio etc.

The major disadvantages of the microstrip anfennas are narrow impedance bandwidth
and low efficiency. The impedance bandwidth of a microstrip antenna can be increased
by using various techniques such as by using thicker substrate, by reducing the dielectric
constant, by using gap-coupled nmltiple resonators and by loading the patch. However,
the use of thicker substrate causes spurious radiation and there are practical limitations in
decreasing the value of dielectric constant. The concept of the two gap-coupled circular
microstrip patch antenna is a significant technique to enhance the impedance bandwidth
among the aforementioned methods. The investigation presented in this thesis principally
addresses the probe fed two gap-coupled circular microstrip patch antenna. Using the
concept of gap-coupling, the gap-coupled circular microstrip patch antenna is designed
for dual frequency operation. In the gap-coupled mucrostnip antenna, fwo patches are
placed close to each other One patch is excited by coaxial probe feeding fechnique and
the other is excited by the gap-coupling. The numerical model for computation of the
resonant frequency of the two gap-coupled circular microstrip anfennas has been
developed using the concept of cavity model. The resonant frequency of the two gap-
coupled circular patches is computed and the mode number 15 also evaluated. The gap-



coupled circular microstrip patch antenna generates two close resonances. The computed
results are compared with reported liferature. An extensive comparison with the method-
of-moments based commercially available simulator IE3D is also performed By the
concept of current density distribution. the mode prediction is also carnied out.

The trend for technology in recent times is towards the miniaturization and demand
for more compact and robust designs has been growing. In wireless devices. the antenna
still remains a matter of concern as regards fo its size. Microstrip antennas and arrays are
extensively used in several applications; however, they are limifed by their size, inspite
of their other advantages. However, using high dielectric constant substrates increases
the surface wave effect, which vields poor performance in terms of radiation efficiency.
One effective way to reduce the size of the microstrip patch antenna size is by loading
the microstrip patch with a shorting post. The concept of two gap-coupled circular
microstrip antenna loaded with a shorting post in the feed patch provides a triple
frequency operation. The size of the gap-coupled circular microstrip antennas can be
minimized by using the zero mode. The resonant frequency of the zero mode is less than
the two modes generated by the gap-coupled circular microstrip anfennas. So, the size of
gap-coupled microstrip antennas can be reduced for same frequency applications. The
numerical model for computing the resonant frequency of shorting post loaded two gap-
coupled circular microstrip anfennas has been presented. The cavity model 1s used and
the resonant frequency of the shorting post loaded gap-coupled circular patches is
computed. The computed results are compared with simmlated results.

One can think that the antenna as equivalent complex impedance. which draws
exactly the same amount of complex power from the transmussion line, which is kmown
as the antenna input impedance. The real part accounts for the radiated power and the
power dissipated in the anfenna. The reactive part accounts for the reactive power stored
in the near-field of the antenna. The theoretical model for analysis of the input impedance
of two gap-coupled circular microstrip patch antennas has been developed. The circuit
theory approach is used and the input impedance is caleulated. The concept of coupled
microstrip lines is applied to the coupled circular microstrip antennas. The theoretical
results are compared with reported literature of coupled microstrip lines. The frequency



characteristics of the mput impedance of the two gap-coupled circular microstrip patch
antenna with gap-distance befween the feed patch and parasitic patch as well as the feed
position in the feed patch has been studied. The theoretical results are compared with the
simulated results. The numerical model for caleulating the input impedance of two gap-
coupled circular microstrip path antennas loaded with shorting post also has been
developed. The variation of input impedance of two gap-coupled circular microstrip
antennas loaded with shorting post, with the gap distance between adjacent edges of the
patch as well as with the diameter of the shorting post has been studied.

For the analysis of gap-coupled microstrip antennas/antenna arrays. consideration of
muiual coupling is an important parameters. Different antenna parameters like antenna
element separation. frequency, substrate thickness, dielectric constant. near field scatters
and direction of arrival of the incoming wave are key parameters affecting the mutual
coupling resulting in the change of antenna charactenistics like gain beamwidth and input
impedance. The mumerical mode] for computation of the mutnal impedance between the
gap-coupled circular microstrip patch anfennas has been developed. The mufual
admuttance between two circular microstrip patches is analyzed using the concept of
cavity model and reaction theorem. Variation of mutual impedance with the gap distance
between adjacent edges of fed patch and parasitic patch is shown. As the gap between the
adjacent edges increases, the coupling is weaker and vice-versa. The analvzed results are
compared with the other reported literature. The numerical computation of mutual
coupling between gap-coupled circular microstrip antennas loaded with shorfing post has
been presented. The cavity model and reaction theorem is used and the nwitual admittance
15 computed. The mutnal impedance decreases on increasing the gap distance between
adjacent edges of feed and parasitic patch and vice versa. The effect of vanation of
diameter of the shorting post on mutual impedance is also shown. The mutual impedance
decreases on increasing the diameter of the shorting post and vice versa.

An innovative design of a cross patch antenna on a substrate with ground plane
partially removed has been presented The anfenna is fed by a microstrip line. The
impedance matching 15 good over the band of inferest and paftern is stable over the
frequency range. Two antennas with different dimensions are presented. The proposed

v



antennas can be used for wideband comnmmmication applications.

In the present thesis, two gap-coupled circular microsirip patch antennas are designed
for dual frequency operation. The numerical model for calculating the resonant frequency
has been presented. The concept of coupled microstrip lines is applied to the coupled
circular microstrip antennas and the numerical model for caleulating the input impedance
has been presented. The two gap-coupled cireular microstrip patch antenna is loaded with
a shorting post and designed for triple frequency applications. Also the size of the
designed antenna can be reduced. The numerical model for calculating the resonant
frequency of gap-coupled circular microstrip patch anfennas loaded with a shorfing post
15 presented. The concept of coupled microstrip lines is applied to the coupled circular
microsinp antennas leaded with shorting post and the numerical model for calculating the
input impedance has been presented. The reaction theorem and cavity model is vsed and
the theoretical model for caleulating the nwiual impedance of the two gap-coupled
circular microstrip patch antennas loaded and without loading has been presented. A
novel cross patch antenna 15 designed for wideband applications.



TABLE OF CONTENTS

5. No

1.1
12
13
14

21
22
23
24
25

31

Title

Abstract

List of ficures

List of tables

Chapter 1

Introduction

Introduction

Analytical methods of microstrip anfennas

Amalysis of circular microstrip antenna

Bandwidth enhancement techniques of mucrostrip
antennas

Miniaturization techniques of microstrip antennas
Organization of thesis

Chapter 2

Numerical Computation of Resonant Frequency of
Gap-Coupled Circular Microstrip Antennas
Introduction

Antenna configuration

Analysis

Results and discussion

Conclusion

Chapter 3

Computation of Resonant Frequency of Shorting
Post Loaded Gap-Coupled Cireular Microstrip
Antenna

Introduction

Page No.

Vi-x

20-29

20
21
21
26
20

30-40

30



t

32
33
34
35

41
42
43
44
4.5

LhooLnoun L
T

L
L

6.3

Antenna configuration

Field expression and mode prediction

Results and discussion

Conclusion

Chapter 4

Theoretical Investigations of Input Impedance of
Gap-Coupled Circular Microstrip Patch Antennas
Introduction

Antenna configuration

Formulation

Results and discussion

Conclusion

Chapter 5

Theoretical Investigations of Input Impedance of
Gap-Coupled Circular Microstrip Patch Antennas
Loaded with Shorting Post

Introduction

Antenna configuration

Analysis

Fesults and discussion

Conclusion

Chapter 6

Estimation of Mutual Coupling Between Gap-
Coupled Microsirip Antennas with and without
Shorting Post

Introduction

Mutual coupling between two gap-coupled circular
microstrip patch antennas

Mutual coupling between gap-coupled circular
microstrip antennas loaded with shorting post

31
32

40

41-54

64-74

63

68



7.1

73
74

Eesults and discussion
Conclusion
Chapter 7

Design of a Novel Cross Microstrip Antenna for

Wideband Applications
Introduction

Antenna configuration

Results and discussion
Conclusion

Chapter 8

Conclusion and Future Scope
Conclusions

Fufture scope

References

Author’s Publications

70
73

73
75
77
80

81-84
81
83
§5-101
102-104



[1]
[2]
[3]

[6]

[7]

(8]

[°]

[10]

[11]

[12]

[13]

[14]

LIST OF FIGURES

Fig. 1.1 Schematic of circular microstrip patch antenma.

Fig. 1.2 Flow chart of designing microstrip antennas.

Fig. 1.3 Fetum loss plot, dotted line for coupled resonators, and
continuons line for individual resonators.

Fig. 2.1 Geometrical configuration of the two gap-coupled circular
microstrip patch antennas.

Fig. 2.2 Analytical confisuration of the two gap-coupled circular
microstrip patch antennas.

Fig. 2.3 Equivalent circuit diagram of the gap-coupled microstrip
antennas.

Fig. 2.4 Simulated current density distribution of the two gap-coupled
circular microsinp patch antenna at 3.66 GHz.

Fig. 2.4 Simulated current density distribution of the two gap-coupled
circular microstrip patch antenna at 3.77 GHz.

Fig. 3.1 Geometrical configuration of the two gap-coupled circular
microstrip antennas loaded with shorting post.

Fig. 3.2 Analytical configuration of the shorting post loaded gap-
coupled circular microstrip antennas.

Fig. 3.3 Vanation of the resonant frequency with radius of shorting
post of TMy mode with s = 0.5 mm (gap distance).

Fig. 3.4 Varation of the resonant frequency with radivs of shorting
post of TMy; mode with s = 0.5 mm (gap distance).

Fig. 3.5 Vanation of the resonant frequency with radius of shorting
post of Thy; mode with 5= 0.5 mm (gap distance).

Fig. 3.6 Vanation of the resonant frequency with gap distance
between adjacent edges of Thy; mode with radins of shorting post =

0.5 mm.

11

21

2

28

29

31

32

36

36

37

vi



[13]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[23]

[26]

Fig. 3.7 Varation of the resonmant frequency with gap distance
between adjacent edges of TMM;; mode with radius of shorting post =
0.5 mm

Fig. 3.8 Variation of the resomant frequency with gap distance
between adjacent edges of Thy; mode with radius of shorting post =
0.5 mm.

Fig. 39 Sinmlated current densitv at 2149 GHz (gap distance
between adjacent edges=0.1 mm, radius of shorting post=1.5 mm).
Fig. 3.10 Sinmlated current density at 3.6912 GHz (gap distance
between adjacent edges=0.1 mm, radius of shorting post=1.5 mm).
Fig. 3.11 Simwlated current density at 3.8474 GHz (gap distance
between adjacent edges=0.1 mm. radius of shorting post=1.5 mm).
Fig. 41 Even-mode capacitances of the two gap-coupled circular
microstrip patch antennas.

Fig. 42 Odd-mode capacitances of the two gap-coupled circular
microsirip patch antennas.

Fig. 43 Equivalent circuit model of the two gap-coupled circular
microsirip antennas for the even mode.

Fig. 44 Equivalent circuit model of the two gap-coupled circular
microstrip patch antennas for the odd mode.

Fig. 4.5 Frequency characteristics of the input impedance of the two
gap-coupled circular microstrip patch antenmas for gap distance
between the feed patch and parasitic patch = 1.5 mm.

Fig. 4.6 The gap distance characteristics of input impedance of the
two gap-coupled circular microstrip patch antenna with gap distance
between adjacent edges of the feed patch and parasitic patch at
frequency 3.78 GHz.

Fig. 4.7 Feed location characteristics of the mput impedance of the
two gap-coupled circular microstrip patch antenna at 3.72 GHz for
gap distance between adjacent edges of the feed patch and parasitic

37

38

30

39

40

Vil



[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[33]

[36]

patch is 1.00 mm
Fig. 5.1 Equivalent circuit of the two gap-coupled circular microstrp
antennas loaded with shorting post for the even mode.
Fig. 5.2 Equivalent circuit of the two gap-coupled circular microstrip
antennas loaded with shorting post for the odd mode.
Fig 5.3 Frequency characteristics of the input impedance of the two
gap-coupled circular microstrip antennas (diameter of shorting post =
0.4 mm and gap distance between adjacent edges = 1.00 mm).
Fig 54 Variation of the input impedance of the two gap-coupled
circular microstrip anfennas with gap distance between adjacent
edges at 3.74 GHz (diameter of shorting post = (.4 mm).
Fig 5.5 Vanation of the input impedance of the two gap-coupled
circular microstrip antennas with diameter of shorting post at 3.74
GHz (gap distance between adjacent edges = 0.5 mm).
Fig. 5.6 Input impedance of the two gap-coupled circular microstrip
antennas loaded with shorting post (gap distance between adjacent
edges = 0.5 mm_ radius of shorting post = 0.5 mm).
Fig. 5.7 Input impedance of the gap-coupled circular microstrip
antennas loaded with shorting post (gap distance between adjacent
edges = 1.00 mm, radius of shorting post = 1.00 mm).
Fig. 5.8 Vanation of the real part of the input impedance of the two
gao-coupled circular microstrip antennas loaded with shorting post
with gap distance between adjacent edges (radivs of shorting post =
2.00 mim).
Fig. 5.9 Variation of the imaginary part of the input impedance of the
two gao-coupled circular microstrip antennas loaded with shorting
post with gap distance between adjacent edges (radius of shorting
post =2.00 mm).
Fig. 5.10 Variation of the real part of the input impedance of the two
gao-coupled circular microstrip antennas loaded with shorting post

60

61

61

62

62

viil



[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[4]

with radius of shorting post (gap distance befween adjacent edges =
0.3 mm).

Fig. 5.11 Varation of the imaginary part of the mput impedance of
the two gao-coupled circular microstrip antennas loaded with
shorting post with pin radius (gap distance between adjacent edges =
0.3 mm).

Fig. 6.1 Analvtical geomefry of the two gap-coupled circular
microsirip patch antennas.

Fig. 6.2 Analvtical configuration of the fwo gap coupled circular
patch antennas loaded with shorting post.

Fig. 6.3 Analvzed and measured [173] values of mutual coupling
parameter at 1.44 GHz for the two gap-coupled circular microstrip
antennas.

Fig. 6.4 Vanation of the mwiual coupling parameter 5(1.2) of the two
gao-coupled circular microstrip antennas loaded with shorting post
with the radius of shorting post for the gap distance between adjacent
edges =0.> mm.

Fig. 6.5 Variation of the nmtual coupling parameter S5(1.2) of the two
gao-coupled circular microstrip antennas loaded with shorting post
with the radius of shorting post for the gap distance befween adjacent
edges = 1.00 mm

Fig. 6.6 Variation of the nmitual coupling parameter S(1.2) of the two
gao-coupled circular microstrip antennas loaded with shorfing post
with the gap distance between adjacent edges for radius of shorting
post =035 mm.

Fig. 6.7 Variation of the nmtual coupling parameter 5(1.2) of the two
gao-coupled circular microstrip antennas loaded with shorting post
with the gap distance between adjacent edges for radius of shorting
post=1.00 mm.

Fig. 7.1 Geometrical configuration of the cross patch antenna.

63

66

69

71

72

72

73

73

76



[46] Fig 7.2 Frequency characteristics of the return loss of the cross patch 77
antenna.

[47] Fig 7.3 Simmlated beam pattern of the cross patch antenna at 8.2 T8
GHz

[48] Fig 7.4 Theoretical beam pattern of dipole of the given length at 8.2 79
GHz



[1]

[2]

[3]

[4]

[5]

[6]

[7]

LIST OF TABLES

Table 2.1 Comparison of the resonant frequency of the two
gap-coupled circular microstrip patch anfennas between
experiment [78] and proposed approach, (gap distance s =

10mm g =43, h =159 mm).

Table 2.2 Comparison of the resonant frequency of the two
gap coupled circular microstrip patch antennas between
simulated and proposed approach (radivs = 15 mm (both),

gap distance s=0.>mm. & =22, h =1.59 mm).

Table 2.3 Variation of the resonant frequency of TMyg,
modes of the two gap-coupled circular microstrip anfennas
with the gap distance between adjacent edges of feed patch
and parasitic patch.

Table 4.1 Companison of coupled microstrip lines by Garg
[149] and our approach to coupled microstrip antennas.
(g,=9.T).

Table 4.2 Variation of the gap capacitances of the two gap-
coupled circular mucrostrip anfennas with gap distance
between adjacent edges of feed patch and parasitic patch (r

=n=15mm g=22 h=139 mm)
Table 6.1 Dimensions of the antennas wsed for Fig. 6.3.

Table 6.2 Dimensions of the two gap-coupled circular
microstrip antennas loaded with shorting post.

27

27

28

47

70

71



[8] Table 7.1 Dimensions of the proposed anfennas (h=1.38 77
mm, sp=4.9).



Introduction |

CHAPTER 1

INTRODUCTION

1.1 Introduction

The concept of nucrostrip radiators was first proposed by Deschamyps in 1953 [1] and a
patent in 1955. The considerable attenfion to microstrip antennas was given in 1970s due
to the availability of good substrates with low loss tangent and attractive thermal and
mechanical properties. The first practical microstrip antennas were developed by Howell
[2] and Munson [3]. In microstrip antennas a metallic patch is fabricated on a grounded
substrate [4]. Microstrip antennas are suitable for aerospace. missile, aireraft, mobile
commminication applications etc. [3-7].

In their basic form, microsirip anfennas are similar to parallel plate capacitors. Both
have parallel plates of metal laver and a sandwiched dielectric substrate between them.
But in microstrip anfennas, one of these metal plates is infinitely extended to form the
ground plane; where as the smaller metal plate is described as radiating patch [3]. Since
the size of the patch is often proportional to the wavelength of the propagating signal, this
class of antenna is classified as resonant antennas. So far, several shapes of microstrip
patches, such as rectangular, circular, triangular, semicircular, sectoral and annular ete,
are successfully used as radiating anfenna elements emploved i various comnumication
and confrol devices [3].

The most basic type of a microstrip patch antenna consisting of a circular radiating
element is shown in Fig. 1.1. When the patch is excited by a feed line, charge is
distributed on the underside of the patch and the ground plane. At a particular instant of
time the attractive forces between the underside of the patch and the ground plane tend to
hold a large amount of charge, and also the repulsive forces push the charges to the edge
of the patch. creating a large density of charge at the edges. These are the sources of
fringing field. Radiation from microstrip antennas can occur from the fringing fields
between the periphery of the patch and the ground plane [5].
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Fig 1.1 Schematic of circular microstrip patch antenna.

Microstrip antennas have several advantages compared to convenfional anfennas.
Some of the principal advantages of microstrip antennas compared to conventional
antennas are light weight, low volume and thin profile configuration, low fabrication
cost, conformability to mounting hosts, isofropic radiation characteristics, negligible
human body effect. no cavity backing is required, feed lines and matching network can be
fabricated [4]. Howewver, microstrip antennas also have some limitations compared to
conventional antennas. The major disadvantages are narrow impedance bandwidth, low
gain large cohmic loss in the feed structure of arrays, most microstrip antennas radiate
into half-space, complex feed structures required for high performance, spurious radiation
from feeds and junctions, and the size of microstrip antennas becomes larger at lower
frequencies. Microstrip antennas fabricated on a substrate with a hugh dielectric constant
are strongly preferred for easy integration with MMIC RF front-end circuitry, however,
use of high dielectric constant leads to poor efficiency and narrow bandwidth [4].

The bandwidth of the antenna can be increased by using various technicques such as
by using a thicker substrate or by loading a patch. The use of thicker subsirates causes
spurious radiation [4]. Loading can be done by use of various forms like stub loading.
slots, shorting posts, parasitic couplings, substrate loading, supersirate cover, resistors,
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capacitors, diodes, and by gap coupling patches with slightly different resonant
frequencies.

Microstrip antennas can be excited by two methods contacting and non-contacting. In
the contacting method, microstrip antennas are directly fed using a connector element
such as a microstrip line and'or coaxial probe. They can also be excited indirectly using
electromagnetic coupling (proximity) or by the aperture coupling method. in which there
15 no direct metallic contact between the feed line and the patch. Since the feeding
technique influences the mnput impedance, it is often exploited for matching purposes.
Also, as the antenna efficiency depends on the transfer of power fo the radiating element,
feeding technique plays a vital role in the design process.

Microstrip line feed patch antennas are easy to fabricate because both the feed line
and the radiating elements are printed on the same substrate. The impedance matching
associated with this class of antennas is also simpler compared to other methods.
Although these antennas have low spurious radiation. often the radiation from the feed
line mcreases the cross-polarization level Also, the thick substrate associated with these
antennas (for bandwidth improvement) infroduces surface waves that deteriorate the
antenna performance. In the mullimefer-wave range, the size of the feed line 1s
comparable to the patch size, leading fo increased undesired radiation. Typically, the
patches are feed from their edge and the edge impedance should be matched with the
impedance of the feed line for maxinmm power transfer. Since the mnput impedance of
the patch gradually decreases from maximum at the edge (150 to 300 Q) to minimum at
the center, insets are often used to connect the feed line to a relatively low impedance
spot of the patch.

The coaxial or probe feed arrangement is one in which the cenfer conductor of the
coaxial connector is soldered to the patch. The main advantage of this feed is that it can
be placed at any desired locafion inside the patch to match its input impedance; other
advantages are that it can be easily fabricated and has low spurious radiation [5]. The
main disadvantage of a coaxial feed antenna is the requirement of drilling a hole in the
substrate to reach the bottom part of the patch. Other disadvantages include narrow
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bandwidth, difficult fo theoretically model, and its asymmefrical non planar
configuration.

Aperture coupling is a method of indirectly exciting the patch. where the
electromagnetic fields are coupled from the microsirip feed line fo the radiating patch
through an electrically small aperfure or slot, cuf in the ground plane. The advantage of
this feeding technique is that the radiator is shielded from the feed structure by the
ground plane. Another important advantage is the freedom of selecting two different
substrates; one for the feed line and another for the radiating patch. Since both substrates
can be optimized sinmltaneously, the need for a compronuse between radiation and
propagation requirements can be avoided. This flexibility in choosing the appropriate
substrates also minimizes unwanted surface waves, spurious coupling between anfenna
elements and thereby increasing the efficiency as well as the bandwidth of the antenma
However, the fabricating process of this class of antenna is difficult and can easily
deteriorate the performance due to small errors in the alignment of the different layvers. In
this study an aperture coupled stacked patch antenna is also designed for beam scanning
purposes.

Prowimity coupling is another coupling method which does not involve the direct
contact of the feed line. But unlike aperture coupling, this method uses electromagnetic
coupling between the feed line and the radiating patches, printed on separate substrates
[5] The advantage of this coupling is that it vields the largest bandwidth compared to
other coupling methods; it is somewhat easy to model and has low spurious radiation.
The disadvantage 1s that it 15 more difficult to fabricate.

The flow chart presented in Fig. 1.2 describes the general approach of designing and
implementing the microstrip anfennas. Firstly, either the designer applies available design
techniques for the desired specifications or the designer develops an innovative idea of
the design. The approximate size of the microstrip antennas is calculated in the section of
preliminary design With the help of microstrip antenna simulators such as IE3D, CST
Microwave Studio, HFSS, ANSOFT etc.. the design of an antenna is optimized. The
optimized design of the microstrip antenna is fabricated and the measured results are
compared with the desired results. If the measured results are in agreement with the
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simulated results, the antenna is finally designed. The munerical analvsis of the designed
antenna is done for further designing.

Final
Diesign

An antenna acts as an interface between a guided wave and free space wave. One of
the most important characteristics of an antenna 1s ifs directional property that is ifs

Fig. 1.2 Flow chart of designing microstrip antennas.

ability to concentrate radiated power in a certain direction or receive power from a
preferred direction. The directional property of an antenna is characterized in ferms of a
pattern which applies to the antenna as a transnutter or as a receiver. For an efficient
interface between the free space wave and the guided wave in the feed transmission line,
the input impedance of an antenna must be matched to the characteristic impedance of the
transmussion line. Thus, the antenna characteristics can be classified into two main
categories that 15 radiation charactenistics and input characteristics. Radiation
characteristics are used to describe the way the antenna radiates or receives energy to or
from space and input characteristics are used to specify the performance of the antenna
locking into its terminals. Radiation characteristics include the radiation pattern. gain,
directivity, effective aperfure and polarization. The mput characteristics are specified in
terms of the input impedance, bandwidth reflection coefficient and voltage standing

wave ratio.
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1.2 Analytical Methods of Microstrip Antennas

The objectives of anfenna analyses are to predict the radiation characteristics such as
radiation patterns. gain as well as input characteristics such as input impedance,
impedance bandwidth, mwtual coupling and antenna efficiency. Many technigques have
been proposed and used to determine microstrip antenna characteristics [8-9]. The
analvytical techniques include the transmission line model, generalized fransmission line
model, cavity model and multiport nefwork model. Numerical methods of analvsis
include integral equation analysis in the spectral domain, integral equation analvsis in the
space domain and the finite difference time domain approach.

The transmssion line model is the easiest of all but it vields the least accurate results
and it lacks the versatility. Rectangular and square patches have a physical shape denived
from microstrip transmission lines. Therefore, these antenmas can be modeled as sections
of transmission lines. Similarly, circular patches, annular tings and sectors of circular
patches and annular rings can be modeled in terms of sections of radial transmission lines
[8-10]. Therefore, the fransmission line model 15 one of the most intmitively appealing
models for a microstrip anfenna. The onginal transmussion model was prepared by
Munson [3]. Two important shorfcomings of the model like the neglection of mrfual
coupling between the equivalent slots are eliminated by Dermneryd [11. 12].

The cavity model is more accurate and more complex than the transmission line
model. Microstrip patch antennas are narrowband resonant antennas. They can be termed
as lossy cavities. Therefore, the cavity model becomes a natural choice to analyze the
patch anfennas. A cavity model was advanced by Lo et al [13-13]. In this model. the
interior region of the patch is modeled as a cavity bounded by electric walls on the top
and bottom, and a magnetic wall all along the periphery. Since thin substrates are used,
the field mside the cavity is uniform along the thickness of the substrate.

The nultiport network model for analvzing the microstrip antenna is an extension of
the cavity model [16]. In this method the electromagnetic fields underneath the patch and
outside the patch are modeled separately. The patch is analyzed as a two-dimensional
planar network, with a nmltiple number of probes located around the periphery. The
nltiport impedance matrix of the patch is obtained from its two-dimensional Green's
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function. The fringing fields are incorporated by adding an equivalent edge admittance
network. The segmentation method is then used to find the overall impedance matrix.

Full wave models are very wversatile and can provide very accurate results. The
Method-of-Moments (MoM), the Finite Difference Time Domain (FDTD) method, the
Finite Element Method (FEM) all belong to this category, they are suitable for volumetric
configurations. The FEM is most popular amongst these methods and i this method the
region of interest is divided into any oumber of finite surfaces or volume elements
depending upon the planar or volumetric structures to be analvzed. These discrefized
units, generally referred to as finite elements, are well defined geometrical shapes, such
as triangular elements for planar configurations and tetrahedral and prismatic elements
for three dimensional configurations. However, they are most complex models and
usually give less physical insight. These methods of analysis are based on the electric
current distribution on the patch conductor and the ground plane and give results for any
arbitranily shaped antenna with good accuracy, but they are time-consuming and resource
intensive. On the other hand, the models other than mumerical models offer both
simplicity and physical insight. In the cavity model the analysis problem reduces fo that
of finding the edge voltage disinbution for a given excitation and for a specified mode.
For a thin patch, this model offers accurate results suitable for most engineering
applications. Hence this model can form the basis of study of the radiation mechanism of
circular disk antennas.

Circular disc antennas offer performance similar to that of the rectangular microstrip
antennas. The circular disc tends to be slightly smaller than the rectangular disc. In some
applications, such as amrays, circular geometries offer certain advantages over the other
configurations. The circular disk can be easily modified fo produce a range of impedance
values, radiation patterns and frequency of operation.

1.3 Analysis of Circular Microstrip Antenna

The circular microstrip disk antenna has been studied extensively [17-31]. Various
methods of analysis have been applied fo the circular disk antenma, including the cavity
model [13, 21], mode matching with edge admufttance [22-24], the generalized
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transnussion line model [8, 9. 25]. an integral equation approach [26-28] and FDTD [29].
The cavity model, mode matching with edge admittance and generalized transnussion
line model are applicable to thin substrate only because the variation of the field along
the substrate thickness 1s assumed to be negligible. For the cavity model, the bases for
this assumption are the following observations for thin substrates (<< A,) (r.¢ and
z are the components of cylindrical coordinate system, z is the direction of propagation,
and the center of the patch is at onigin):

a) The fields in the interior region do not vary with 7, ie. 2 =}, because the

substrate is very thin.

b) The electric field 15 z directed only. and the magnefic field has only transverse
components in the region bounded by the patch metallization and the ground
plane. This observation provides for the electric walls at the top and bottom.

c) The electric current in the patch has no component normal to the edge of the patch
metallization. which implies that the fangential components of the magnetic field
along the edge is negligible. and a magnetic wall can be placed along the
periphery.

Therefore, the electric field within the substrate has onlv a : component and the
magnetic field essenfially has only radial and azinmithal components. The component of
the current normal to the edge of the microstrip disc approaches zero at the edge. Tls
implies that the tangential component of the magnetic field at the edge of the disc 1s
vanishingly small. With these assumptions, the microstrip disc can be modeled as a
cylindrical cavity, bounded at its top and bottom by electric walls and on its edge by a
magnetic wall Thus the fields within the dielectric region of the microstrip cavity,
corresponding to TMpg modes. can be deternuned by solving the wave equation
{(Helmholtz equation) for a cavity.

(V2+ K )E =0, where k =27/4,

After application of boundary conditions, the fields are derived. For each mode
configuration. a radius can be found that results in a resomance corresponding to the
zeroes of the derivative of the Bessel function.
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1.4 Bandwidih Enhancement Techniques of Microstrip Antennas
As discussed previously, narrow bandwidth is a major disadvantage of microstrip
antennas in practical applications. Many bandwidth-enhancement or broadband
techniques for microstrip antennas have been reported. One bandwidth enhancement
technique uses coplanar directly coupled and gap-coupled parasitic patches [30].
Decreasing the quality factor of a microstrip antenna is also an effective way of
increasing the antenna’s impedance bandwidth. This kind of bandwidth-enhancement
technique includes the use of a thick air or foam subsfrate [31—341] and the loading of a
chip resistor on a microstrip antenna with a thin dielectric substrate [42, 43]. Another
effective bandwidth-enhancement technique is to excite fwo or more resonant modes of
similar radiating characteristics at adjacent frequencies to form a wide operating
bandwidth. Such bandwidth-enhancement techniques include the loading of suitable slots
in a radiating patch [44-51] or the integration of cascaded microstrip line sections
{microstrip reactive loading) into a radiating patch [52-56].

The bandwidth of microstrip anfennas is inversely proportional to their quality factor.
By changing the substrate parameters such as dielectric constant and thickness. the
quality factor can be vaned. By decreasing the dielectric constant the bandwidth of the
microstrip antennas can be increased [37]. The quality factor of a resonator is defined as
the ratio of energy stored to the power radiated. On decreasing the dielectric constant
energy stored decreases and the power radiated increases, so the quality factor decreases,
hence the bandwidth increases. Similarly, on mncreasing the thickness of the substrate the
stored energy decreases, hence quality factor decreases and bandwidth of the antenna
increases [37]. But there are many disadvantages of increasing the thickness of the
substrate and of using lower dielectric constants, such as increasing surface wave power
resulting poor radiation efficiency. Thicker substrates with microstrip edge feed will give
rise to increased spurious radiation from the mucrostrip step in widih and other
discontinuities etc.

The effect of stacking of patches was first studied in 1978 [58]. In this fechnique an
another patch is placed above the main patch separated by the dielectric substrate
matarials. The stacked patch configuration has been analvzed using the integral equation
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approach [59], the lossy transnussion line model [60] and the cavity model [61].
Impedance bandwidths of 10% to 29% have been achieved with probe feed stacked
patches [62-64] and 18% to 67 % for aperture coupled stacked patches [59, 65-67].
Another configuration. by which the bandwidth of microstrip antennas can be
improved, is the gap-coupled structure. In this structure, a parasitic patch is placed close
to the feed patch and gets excited through the coupling between the patches. If the
resonant frequencies f,and f, of these two patches are close to each other, then broad

bandwidth is obtained as shown in Fig 1.3 The overall input VSWE will be the
superposition of the responses of the two resonators resulting in a wide bandwidth [68].
By adjusting the feed location and various dimension parameters of the gap-coupled
microstrip antennas, the bandwidth can be enhanced. If the dimensions of the feed patch
and parasific patch are same, due to coupling the coupled structure creates two different
resonant frequencies.

The basic configuration of two dipoles gap-coupled to a radiating patch was reported
in 1979 [69]. When two patches were gap-coupled to the main patch along the radiating
edges, a maximum bandwidth up to 5.1 times that of a single rectangular patch anfenna
was obtained [70]. This type of parasitic coupling along the nonradiating edges vielded 4
times the bandwidth [71]. A similar configuration consisting of short circuited guarter
wave patches coupled fo a half wave patch along the radiating edges vielded 535 times
the bandwidth [72]). In another example, two quarter long short circuited patches with
coupling along the radiating edge were studied. The bandwidth was found to be about 2.4
tumes [72].

In [73], two gap coupled rectangular patch antennas are used. In this paper a
rectangular patch is excited and coupled with a parasific element. The theoretical analysis
1s performed and the bandwidth of the anfenna is improved up to eight times than the
single rectangular pafch antenna. In [74], two semicircular gap-coupled microstrip
antennas and two trangular gap coupled microstrip antennas are discussed. In this
literature [74]. the analysis is camried out using the nmltiport network model. Semicircular
and triangular gap coupled microstrip antennas yield bandwidth which is more than twice
the bandwidth of the corresponding circular and equilateral patches, respectively.

10
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Fig 1.3 Eeturn loss plot, dotted line for coupled resonafors, and contimuous line for
individual resonators.

In [70], three rectangular gap-coupled microstrip antenmas are used. A two-
dimensional approach using the impedance Green's function and segmentation method
has been used for analysis. The obtained bandwidth of the antenna is five times that of a
single rectangular patch antenna. In [75] the structure used in [70] 15 modified. In this
literature [75] various stacked combinations of multiple rectangular patches on thick air
dielectric substrate are presented. In all configurations only one rectangular patch at the
bottom layer is fed with a co-axial line and other patches are parasitically coupled. A
parametric study has been carried out using method-of-moment based IE3D software.
The configuration with three rectangular patches stacked on a single feed patch yielded a
bandwidth of 830 MHz (25.7%) with more than 10 dB gain within the bandwidth Higher
gain is achieved when three patches are stacked on the three gap-coupled rectangular
patches.

In [76], a compact broadband antenna is designed and fabricated using a gap-coupled
microstrip antenna with photonic band gap. The gap-coupled microstrip antenna consists
of a number of parasitic elements which are gap-coupled to driven patch. The measured

11
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cenfer frequency of the gap-coupled patch antenna and convenfional patch anfenna is
25368 GHz and 2 483 GHz respectively. The impedance bandwidth has been observed
four times greater than conventional microstrip patch anfenna at VSWR 2:1. A photonic
band gap has been applied to suppress surface waves propagating on the substrate which
improves the radiation pattern and bandwidth.

In [77]. a different type of trangular gap-coupled microstrip anterma is presented. In
this confisuration two triangular patches are kept in such a way that a rectangular
structure i1s formed. A parametric study is carmied out using MoM based software. This
configuration vields 2.38 times large bandwidih as compared to the equilateral tnangular
microstnp antenna.

In [68], the configuration presented in [75] is modified for ultra wideband application.
The antenna has three rectangular patches at the bottom and two patches on the top layers
exciting the bottom patch by a coaxial feed. Only the bottom patch 1s fed and the other
patches are electromagnetically coupled. The bandwidth obtained for the antenna is 3.25
GHz. The radiation is in the broad side direction. and the variation in the pattern is very
small over the entire bandwidth At 4.3 GHz the gain is 7.5 dB. The bandwidth and return
loss are proper for ulira wideband applications.

In [78], experimental investigations on three hybrid coupled circular microstrip
antennas are reported. In this the coupling between the patches is increased by shorting
the patches to obtain dual, triple and wideband responses. This makes this configuration
more suitable for wideband applications as compared to the gap coupled rectangular
patches.

1.5 Miniaturization Techniques of Microstrip Antennas

The trend for technology in recent times is towards miniaturization and the demand for
more compact and robust designs has been growing The revolution in semiconductor
manufacturing and device design methodologies has helped to achieve very high data
rates transmission and compact size. In wireless devices, the antenna still remains a
matter of concern as regards fo its size. In some applications, operation at fwo or more
discrete bands and an arbitrary separation of bands 15 desired. Further all bands may be

12
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required fo have the same polarization, radiation pattern and inpwt impedance
characteristics. There are various techniques for reducing the size of the microstrip
antennas.

By loading the patch, the size of microstrip patch antennas can be decreased. The
range of applications of microstrip antennas and their performance can be improved
considerably by swmtable loading them. Loading can fake varous forms such as stub
loading, slots, shorting posts, parasific couplings, substrate loading, supersirate cover,
resistors. capacitors and diodes.

Fixed or variable capacitors can be used to change the resonant frequency of a
microstrip antenna. Capacitive loading lowers the resonance frequency. The use of a
varactor diode to obtain the frequency agile microstrip antennas was first reported in
1982 by Bhartia and Bahl [79]. In this article. two varactor diodes are embedded in the
patch. A frequency funing range of about 30% was achieved depending upon the diode
characteristics and the position of the diode in the patch. The junction capacitance of the
diode, which is parallel to the equivalent circut of the patch, is nsed fo fune ouf tank
circuit inductance and therefore the resonant frequency of the microstrip antenna can be
changed. As the reverse bias voltage of the diode is increased, the junction capacitance
decreases and the resonant frequency of the loaded microstrip antenna increases, until it
equals that of the unloaded microstrip anterma  The efficiency of the varactor diode
loaded microstrip antenna becomes a function of the reverse bias voltage, because of the
power dissipated in the diodes [80]. The efficiency varies from 95% at high reverse bias
to about 30% at low bias. The varactor diode loaded microstnip antenna can be designed
to operate at two vastly different frequencies [81].

Circular polarization is a requirement for satellite communications and compactness
15 a desirable feature for mobile or airborne applications. Compact circularly polarized
antennas can be realized by starting with the circularly polarized configurations and
loading them with shorts and/or slots. A circular disk loaded with four slots has been
developed by Bokhari et al. [82] for circular polarization The measured resonant
frequency for the antenna is about 0.8 times the resonant frequency of the unloaded disk.
A simple mechanical funing mechanism for the axial ratio is also discussed. A square
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ring anfenna is designed for orthogonal polarizations, like a square patch, in [83]. The
size of this antenna is smaller because the average circumference of the anfenna equals
one wavelength. This square ring antenna [83] is loaded with a narrow slit in one of the
arms in [84]. The center frequency of the antenna is 2180 MHz with the 3 dB axial ratio
bandwidth of 21 MHz. In [83], the square microstrip antenna is loaded with two pairs of
slits to reduce the size of the antenna. The resonant frequency is decreased from 2318
MHz to 1849 MHz (1.e. 20 % reduction) and the size of the antenna is reduced by 36%. A
similar antenna with a superstrate loading is described in [86]. In [87]. the rectangular
patch is loaded with four symmetric shorts. This antenna resonates at two resonances near
2.5 GHz. In [88]. a circular microstrip antenna is loaded with a cross slot of unequal slot
lengths. The slots cross each other orthogonally at the center of the circular disk. The
degenerate modes of the cireular disk experience unequal loading due to unegqual slot
lengihs. The resonant frequency of the anfenna decreases monotonically with increasing
the slof length. Therefore, the resonant frequency can be confrolled by changing the slot
length. The size of the anfenna was reduced by about 36% compared to the circular
microstrip antenna without slots. In [89]. an equilateral triangular microstrip antenna is
loaded with a cross slot. This loaded triangular antenna supports two degenerate modes.
In many applications, operation in more than one discrete band with an arbitrary
separafion of band is desired. In such cases, a microstrip antenna capable of operating in
multiple bands is highly desirable. This may be done using shorfing pin and slots
combined [90], only slots [O1], step slots [92] etc. A dual-frequency. dual-linearly
polarized microstrip antenna is an increasingly important requirement. Such an anfenna
can be made using a rectangular patch with inclined slot in the ground plane for
impedance matching [93]. An unslotted circular patch with two input ports, for dual-
frequency or dual-polarization operation, has been reported by Murakanu et al [94]. The
slot dimensions are selected for maximum isolation between the two modes of operation.
Pozar [95] has used stacked square patches to obtain dual-frequency operation. Circular
polarization 1s achieved by aperture coupling of the lower patch bv a crossed slot.
Loading by cross slofs has been used to obtain dual-frequency dual-polarization operation
of a rectangular patch [96]. The antenna size reduction at the lowest frequency is about
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4(% and the cross-polar performance is better than that of pin loaded antennas. A simular
antenna with probe feed has also been studied in [27]. In another report, a square slof has
been cut at the center of the rectangular patch [98]. The ring antenna has lower resonant
frequencies because the surface currents have to travel along the slot perimeter to reach
the other end, which is a longer distance. The first two modes of the ring are excited by
feeding along the diagonal of the ring.  Another variation of the ring antenna is obtained
when the central square slot is rotated by 45° [99]. This anfenna can accommodate a
larger slot size therefore larger reduction in size. The radiation pattern remaimns same with
the rotation of slot. In [100], by efching the mucrostrip pafch as the Sierpinski carpet, the
size of the microstrip antenna is reduced up to a maxinmm of 33.9%.

High dielectric pernuftivity will also maintain the compactness of the structure
whereas low dielectric permittivity will provide more efficient result. The bandwidth of
microstrip patch antennas can also be increased by increasing the thickness of the
substrate material [101, 102]. The major disadvantage of increasing thickness is the
reduced efficiency since the large portion of the input power is dissipated in the resistor
which takes away the available power that can be radiated bv anfenna. Further more,
reducing the height of the stucture may appear to be a suitable solution, but it may lead
to a reduced impedance bandwidth and lower radiation efficiency. This is often a tradeoff
in realizing compact antennas while maintaining performance characteristics. A high
permuttivity substrate is a poor choice for widening the antenna bandwidth, since the
bandwidth of a microstrip antenna 1s best for low dielectric constant substrates and if
substrate thickness is increased in an attenpt to improve bandwidth, spurious feed
radiation increases and surface wave power increases. As a patch antenna radiates, a
portion of the total available power for direct radiation becomes trapped along the surface
of the substrate. This trapped electromagnetic energy leads to the development of surface
waves. In fact, the ratio of the power that radiates into the substrate compared to the
power that radiates into air is approximately (£°° - 1). The power launched into surface
waves is power which will eventually be lost, hence the excitation of surface waves
lowers the overall radiation efficiency of the antenna. The surface waves are spread out in
a cylindrical fashion around the excitation point with field amplitudes decreasing with
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distance. They are incident on the ground plane, get reflected from there and then meet
the dielectric-air interface, which also reflects them Following this zigzag path, they
finally reach the boundaries of the microstrip structure where they are reflected back and
diffracted by edges giving rise to end-fire radiation. For microstrip patch antennas.
reduction in thickness of substrate, in general, will lower the efficiency and bandwidth
[103].

By loading of a microstrip antenna with a shorting post, the size of the nucrostrip
antenna can be reduced as well as multi-frequency operation, change of polarization etc
can be achieved. Depending on the application, the shorting pin may be located at the
edge or af the center of the patch. The analysis of the post loaded microstrip antenna has
been carried out using the transmission line model [104, 105], cavity model [106, 107],
nmultiport network model [108], mtegral equation approach [109] and FDTD technique
[110, 111]. In[112]. rectangular and circular microstrip antennas are loaded with shorting
pin/post. The antenna is fed by probe feeding. Two resonant frequencies are observed for
loaded rectangular microstrip antennas. The computed values are 461.5 MHz and 1.701
GHz and the measured values are 462 MHz and 1.677 GHz [108], when the antenna is
loaded at the nud point of the edge. When the shorting post is moved to the corner of the
patch. the computed resonant frequency changed to 360.5 MHz and 1.708 GHz. The
measured frequencies are 381 MHz and 1.717 GHz [110]. The decrease in the resonant
frequency for the lower resonance 15 about 20 %. The variation of the lower resonant
frequency with the location of shorting post 15 also shown. The resonant frequency
decreases as the shorting post moves from center to the comer, ie. the maximum size
reduction is achieved in this position of short. In [113]. the rectangular microstrip anfenna
15 loaded with a shorting post at the center line of the patch. This type of loading
produces two lowest resonant frequencies with the same polarization. The size reduction
of the antenma at the lowest frequency is roughly 2.6. In a recent work [114], an
analytical theory for the eigenfrequencies and eigemmodes of shorfing post loaded
microstrip antennas is presenfted. It is shown that the zero mode of the unloaded
microstrip anfenna plays a central role for reducing the lowest operating frequency of the
loaded microstrip antenna. For a circular patch loaded with single post, it was shown that
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a larger shorting post radii lead to stronger suppression of the inductive part of the
shorting-post impedance and, therefore, resonates at higher resonant frequencies. The
lowest values for the resonant frequency are obtained when positioning the shorting post
at the edge of the patch In general, the resonant frequencies obtainable from a loaded
circular patch are larger than those of a rectangular patch of equal cross section. It 1s also
seen that the sensitivity of the resonance frequency against variations of the shorfing-post
position of the circular patch is stronger than in the rectangular patch.

A dual frequency compact antenna capable of receiving both linearly and circularly
polarized radiation has been reported in [115]. It generates linear polarization at the lower
frequency and circular polarization at the upper frequency. It consists of a square patch
with two symmetrical shorting pins. A reduction factor of 5 in area has been achieved at
the lower frequency end. In [116]. the shorting post 1s used in rectangular microstrip
antennas to generate the triple frequency operations.

1.6 Organization of Thesis

The organization of the present thesis is as follows: In chapter 2, an expression for the
resonant frequency of two gap-coupled circular microstrip patch antennas is denived by
using the concept of cavity model and circuit theory. The overall structure is divided into
two regions and fields in each region are evaluated from the solution of the appropriate
Helmholtz equation for T modes. Evaluation of the constants using the bhoundary
conditions leads to a transcendental equation and the resonant frequencies for different
modes are determined from the solution of the transcendental equation. In the proposed
model, the equivalent circuit for the gap distance has been wtilized However, to
compensate for the edge effects, an empirically generated correction factor has also been
incorporated. It is shown that such a combination leads to a very accurate model of the
gap-coupled circular microstrip antenna and it leads to dual frequency operation with
closely spaced resonances. The computed results are compared with the sinulated as well
as previously reported liferatures. The simmulation 15 performed by using the Mol based
commercially available sinmlator IE3D.
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In chapter 3, an expression for the resonant frequency of two gap-coupled circular
microstrip patch antennas loaded with shorting post is derived by using the similar
approach as in chapter 2. It is shown that such combination leads fo a very accurate
model of the two gap-coupled circular microstrip antenna loaded with shorting post. The
variation of resonant frequency with the gap distance between adjacent edges as well as
with the diameter of the shorfing post is also analvzed.

In chapter 4, the theoretical analysis of the input impedance of two gap-coupled
circular microstrip patch anfennas has been carned out using circuit theory approach. The
concept of coupled microstrip lines is applied to the gap-coupled circular microstrip
antennas and the input impedance is calculated. The frequency characteristics of the input
impedance of the gap-coupled circular microstrip patch antenna with the gap distance
between the feed patch and parasitic patch as well as the feed position in the feed patch
has been studied. The theorefical results are compared with the simmlated results as well
as other reported literature.

In chapter 5, the theoretical analysis of the input impedance of two gap-coupled
circular microstrip patch anfennas loaded with shorting post has been carnied out using
circuit theory approach as in chapter 4. The frequency characteristics of the input
impedance of the gap-coupled circular mucrostrip patch antenna with gap-distance
between the feed patch and parasitic patch as well as the diameter of shorting post has
been studied.

In chapter 6. the numerical computation of the mufual coupling between two gap-
coupled circular microstrip patch anfennas has been presenfed. The nwitual adnuttance 1s
computed by using the cavity model and reaction theorem for two circular patches and
the computed results are compared with the reported literature. The muitual admittance of
the two gap-coupled circular microstrip antenna loaded with shorting post is analyzed.
The analyzed results are compared with the simulated results.

In chapter 7, an innovative design of the cross patch antenna on the substrate with
ground plane partially removed is presented. The antenna 1s fed by a microstrip line and
vields an omnidirectional pattern. Two antennas with different dimensions are presented.
Optimization of design leads fo a bandwidth of 28% with sufficient directivity. The
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proposed antennas can be used for wideband commmumication applications. Finally,
chapter & concludes the thesis and explores its future scope.
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CHAPTER 2

NUMERICAL COMPUTATION OF RESONANT
FREQUENCY OF GAP-COUPLED CIRCULAR
MICROSTRIP ANTENNAS

2.1 Introduction

As discussed in the previous chapter. one of the major disadvantages of microstrip patch
antennas is their narrow mmpedance bandwidth [117] and the gap-coupling is one of the
potential methods by which the bandwidth of microstrip antennas can be increased [118,
119]. In many applications, nwmlti-operating frequencies are desired which can be
achieved by using the gap-coupling. In gap-coupled microstrip antennas. two patches are
placed nearby with some small gap. One patch is fed by any appropriate feeding
technique and the other patch, that is the parasitic patch, is excited by gap-coupling. The
two gap-coupled microstrip structure generates two close resonances. The frequencies of
the two resonances can be adjusted by changing various parameters like the gap distance
between adjacent edges of patches, the radius of feed patch and the radms of the parasitic
patch and the resulting impedance bandwidth can be enhanced. As shown in Fig. 1.3, the
overall bandwidth of the gap-coupled microstrip structures can be enhanced as compared
to individual patches. The gap-coupled microstrip structures can be used for dual
frequency operation and by adjusting different parameters the desired two resonant
frequencies can be obtained.

In this chapter, a numerical model for computing the resonant frequency of the two
gap-coupled circular microstrip antenna is presenfed. A similar structure has been
reported in [78], Dut the reporied literature has been presented only on experimental
results. In [78] gap-coupled circular patches with different radii in a small gap distance
are fabricated. For increasing the coupling the circular patches are shorted.
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2.2 Antenna conficuration
The geometrical configuration of a two gap-coupled circular microstrip antenna is shown
in Fig. 2.1. The patch of radius 5 =15mm is the feed patch and other patch of radius

I, =15mm is the parasitic patch The parasitic patch is excited by the gap-coupling

whereas the feed patch is excited by the probe feeding techmique. The parasitic patch
introduces another resonance near the main resonance and by proper adjustment of the
structure parameters, the bandwidth can be enhanced. The height and relative permittivity
of the substrate is h=15%mm and g =22 respectively. The gap distance between the
adjacent edges of the feed patch and parasitic patch is s. The thickness of the patches is

neglected.
Feed patch Paraeitic Patch

AN /
Feed location K\@ @

3
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Fig. 2.1 Geometrical configuration of the two gap-coupled circular microstrip patch
antennas.

2.3 Analysis

The analytical configuration of the proposed gap coupled circular patch microstrip
antenna is shown in Fig. 2.2, The central patch of radivs *ry” is the feed and a parasitic
patch of same radius is placed around the central patch as shown in Fig. 2.2
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Fig. 2.2 Analytical configuration of the two gap-coupled circular mucrostrip patch
antennas (without feeding system).

We consider two concentric regions region I and region IT as shown in Fig. 2.2. The
radius of region I is ° . The inner radius of region ITis “a * and the outer radius is b’
The separation between region I and region I1 is denofed by “s°. We now consider the
field expressions for a given Ty mode in these two regions [120].

Inregion I (0=r=g). the wave equation for the electric field between patch and ground

plane can be written as:

(V2+k2[E=0 (2.1)

27 e
where k=¢
0

The above wave equation can be written m the cylindrical co-ordinate system as

lc 1% 20 _q

= 232
E|+r- c¢ (2.2)

The electric field in the cavity must satisfy the above wave equation and the magnetic
wall boundary condition. The solution of the above equation in cylindrical coordinates is

EL = —jopC;Jn(kr)cosng (2.3)
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where Ek 15 the axial electric field for region I, @and kare the angular frequency and
propagation constant for the TMy mode, respectively. Jp(x) is the Bessel function of
first kind of order nand C is the amplitude constants for region I

The azimmithal magnetic field for region I can be calculated as [120]:
i g

Hl - 24
b or s 24)
Hﬁ}=—kClJn'{l:r}cusn¢ (2.5)
where J,'(x) is the first derivative of Jp(x) with respect tox.
The radial magnefic field component H} can be calculated as:
Hl-_1 Fz (2.6)
oup &
in ]
=~ 2 CpJa(ksinng @7

Inregion IT (a<r<b) . the solution of the equation (2.2) in cylindrical coordinates is
E = —jou[C,Jn (kr)+ CNy (kn)]cosnd 238)

Using equation (2.4) the expression for H,% can be written as
H% =—K[C,Jp'(kr) + Cy Ny ' (kr)]cosnd 2.9
Using equation (2.6) the expression for Hr2 can be written as
7 (] . . ]
Hf = = [Cyla'(kn)+ C3Ny'(kn)Jsinng (2.10)

where Np(x)is the Bessel finction of second kind of order n. and Ngp'(x) 1s the first
derivative of Np(x) with respect to x. €5 and €3 are the amplitude constants for the
region IT
Considering the parasitic patch in isolation the boundary condition of vanishing H% can
be applied as:

H£=[I for aZr=b and oy=é=a, (2.11)
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Similarly, the field expression for the region I 1s:

where C]:l 15 a constant and

vsing the following equation

b
S :JiJﬂ (o _h 212
ST &1
E{I'*Tﬂ (kr)rdr
Therefore, the field expression in region I can be rewritten as:
E =—jouCqFg(kncosnd (2.13)
H£=—kC%Fﬁ1'{kI)cosn¢ (2.14)
where Cﬂ is a constant dependant on the given mode ‘n” and
Fg (k) = I (k)1 ~ 1y Np (kr) (215)
E} = —jonChEh (kr)cosng (2.16)
Hﬁ}=—kC111F111'(kr}coﬁm1a (2.17)
F (r) = T (k) (2.18)
If we consider the central patch to be isolated, then its resonant frequency is obtained
Iy'(kag) =0 (2.19)

where apis the effective radius of the feed circular patch. We now consider the gap

between the two regions at the point of coupling between the two patches as a m-fype
network [121]. It is shown in Fig. 2.3,
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Fig. 23 Equivalent circuit diagram of the gap-coupled microstrip anterma.

In Fig. 2.3, v} (a/b) are the wall admittances of individual patches and y1'(a.b)is the
mutual admittance between the two patches.

Here, j.iﬂl=—l

joob
where M denotes magnetic coupling and is given by

hh uag
M=ﬁ[ﬂ[id11d12

dmxs

where h is the substrate height and q is a correction factor. The expression for magnetic
coupling is derived for infinitely thin cyvlindrical lines. However, to take account for
substantial area of each cylinder the empirical comrection factor q is utilized. This varies

from 3 for tight coupling to 0.1 for loose coupling. From the condition of discontinuity of
current in these two regions we can write:

rlHa]r_'rl}—aH%{a} = El@p)v-Ez@)Y, (2.20)

using this expression, we obtain

]
L]
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> gFy (k) + SO Yy
= (2.21)

G afgta)-2LR )Y,

C

The small gap normal component of the electric field is continuous atc . where ¢ _b_;—a

Therefore EL(r)=E2(r) at r=c
From this

g _F
(2.22)
d E ﬂ{kc)

Equating expression (2.21) and (2.22) we get

1, jop 1
Fi(ke) ffa ()= —Fln)Y

iy (2.23)

ko aFy am)—%rfamwz

The above transcendental equation for gap-coupled circular microstrip patch antennas
gives the resonant frequency of a given Ty, mode.

1.4 Results and Discussion

Fay and Kumar [78] have demonstrated a schematic of a central patch of diameter 31
mm gap-coupled to two circular patches of diameter 30 mm and 32 mm, respectively.
The patches are etched on a substrate of £.= 43 and height h= 159 mm Using

experiments, the authors have demonstrated that impedance loops are being formed at the
frequencies 242 GHz and 2.58 GHz. Table 2.1 compares the results with the present
approach. The percentage of error shown by the present approach is within = 3 48%. For
further validation of the proposed model the results for two gap-coupled patches as
shown 1o Fig. 2.1, are compared with the MoM based software IE3D from M/'S Zeland
Software in table 2.2.
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Table 2.1: Comparison of the resonant frequency of the two gap-coupled circular
microstrip patch antenna between experiment [78] and proposed approach, (gap distance

s=10mm g =43 h =159 mmj

Experiment [78] Present approach
242 GHz 258 GH=z 248 GH=z 1 267GHz (2

Table 2.2: Comparison of the resonant frequency of the two gap coupled circular
microstrip patch anfennas between sinmlated and proposed approach (radius = 15 mm
(both), gap distance s=05mm. g =2.2. h =159 mm).

Mode number Simmulated | Computed
=1 3.68 GHz 3.66 GHz
=2 376 GHz 3.80 GHz

Further. the resonant frequency for given ‘n” is computed for different gap sizes. A
comparison with the sinmlafion is also made in table 2.3. The agreement is excellent.

To validate the presentation of mode mumbers the simmlated current density on the
patches are presented in Fig. 2.4 and in Fig. 2.5. It 1s seen that the mode oumbers are
predicted accurately. In this case. the colour of current density fowards ‘Red” is higher
and towards ‘Blue’ is lower. The cumrent density of “Yellow’ is in between ‘Red’ and
‘Blue’. The right hand side patch is the feed patch of circular cross-section. In Fig 2.4 it
15 seen that on the feed patch a small vellow region and a blue region exists. This
accounts for the Thi;; mode. The two blue regions in Fig. 2.5 convey the existence of the
Thiy; mode. From the current distribution dafa it is also observed that the parasitic patch
15 excited when the resonant frequency of the combined structure is close fo its self
resonance which is 3.7 GHz for the ThMy; mode.
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Table 2.3 Variation of the resonant frequency of TMy modes of the two gap-coupled

circular microstrip antennas with the gap distance between adjacent edges of feed patch

and parasitic patch.

Gap distance between the adjacent

edges of feed and parasitic patch

=1

Resonant frequency

=2

Fesonant frequency

(s) (mm) (GHz) (GHz)
computed | simulated computed | simulated
0.2 3.70 3.70 39 -
0.5 3.66 3.68 38 3.76
0.75 363 3.65 3.78 375
1.0 3.0 3.04 3.76 374
15 3.67 3.63 374 374
20 363 358 3.72 373

Fig. 24 Simulated current density distribution of the two gap-coupled circular microstrip

patch anfenna at 3.66 GHz.
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Fig. 2 4 Simlated current density distribution of the two gap-coupled circular microstrip

patch anfenna at 3.77 GHz.

1.5 Conclusion

A mumerical model for gap-coupled circular microstrip patches has been developed. The
comparison between the computation and sinmlated results as well reported literatuse
shows good agreement for the resonant frequency. Since the cavity model analysis is
used in conjunction with circmt theory, the mode number prediction is also done. The
same 15 validated through obtaining the current distribution for full-wave solutions. The
proposed model can be extended fo multiple resonators as well as the analysis with

different patch sizes.



Computation of Resonant Frequency of Shorting Post Losded Gap-ooupled Cincular Microstrip Antennas

CHAPTER 3

COMPUTATION OF RESONANT FREQUENCY OF
SHORTING POST LOADED GAP-COUPLED
CIRCULAR MICROSTRIPANTENNAS

3.1 Introduction
Microstrip patch antennas are resonant antenmas with many favorable characteristics,
such as low cost, light weight and low profile [122-125]. The main linutation 15 the
narrow impedance bandwidth, which is known to be approximately proportional to the
volume of the antenna measured in wavelength. Thus the impedance bandwidth of a basic
patch anfenna can be optimized by selecting a low permittivity substrate, which
maximizes the resonant length of the patch, and by maximizing the patch width and the
substrate thickness. However, many applications. such as inside portable radio devices,
the space allowed for the antenna is limited, which restricts the antenma size
Furthermore., the size may be limited by feeding technique. radiation pattern and
efficiency related constramnts [16]. Besides increasing the size, the bandwidth of
microstrip antennas can be increased by artificially decreasing ifs efficiency. In many
cases, if 15, however, unacceptable. Although, as pointed out in [16]. the manufacturing
simplicity of this technique has a definite appeal. In some applications, it can outweigh
the disadvantage of decreased gain. One of the methods of miniaturization of microstrip
antennas is loading the microstrip patch with a shorting post [116, 126-129]. Microstrip
antennas loaded with a shorting post can also be used for multiple frequency operation
[130] and it generates one more mode as compared o mucrostrip antennas without
shorting post. It 15 shown in literature that a circular microstrip antenna loaded with
shorting post has two modes that 1s Ty and TMy [131, 132].

In this chapter, the two gap-coupled circular microstrip antennas loaded with a
shorting post is analyzed. It generates three modes that is the Thgy. TM;; and Thy
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modes. The numerical computation of the resonant frequency of the shorting post loaded
gap-coupled nucrostrip anfenna is analvzed and the results are compared with that of
simulations. The sinmlation work 15 carried out by using the commercially available
sinmilator IE3D based on MoM.

3.2 Antenna Geometry

The geometrical configuration of two gap-coupled circular microstrip antennas loaded
with a shorting post is shown in Fig. 3.1. The patch of radius ; = 15 mm is the feed
patch and the other patch of radius 1, = 15 mm is the parasitic patch. The parasitic patch

15 excited by the gap-coupling whereas the feed patch is excited by the coaxial probe
feeding technique. The feed patch is shorted by a shorting post of diameter p as shown in

Fig. 3.1. The height and permuttivity of the anfenna substrate is b = 1.59 mm and = =

22, respectively. The gap distance between the adjacent edges of the pafches is s. The
thickness of the patches is neglected.

Feed patch Parasitic patch

Feed ll:u:aiil:ln\\ \\: /I

T e T

Sheoriing post — ]
"ECI-I boep
e =

o

Fig. 3.1 Geometrical configuration of the two gap-coupled circular microsinp anfenna
loaded with a shorfing post.

k)|
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3.3 Field Expression and Mode Prediction

The analytical configuration of a shorting post loaded gap-coupled circular microstrip
antenna 1s shown in Fig. 3.2 The structure is divided into two concentric regions; region
I and region IO as shown m Fig. 3.2, The mner radins of region IT is “a" and the outer
radms of region IT is “b°. Now we consider the field expressions for a given Thiyy, mode
in these two regions. In region I (0=r=g). we apply the wave equation in cylindrical

coordinates that is equation (2.2). The solution of equation (2.2) in region [ 15:

E} =—jop[CyJn (k) + C;Np (kx)cosng G.1)
From equation (2.4),

H}, =—K[C;Tn '(kr) + C,Np (kn)]cosng (32)
From equation (2.6).

Hf = 2 [Cyl (k) + CyNp (kn)sinng (33)

The terms incorporated in above expressions have their usual meanings. Cyand C, are

the amplitude constants for region I

Fig. 3.2 Analytical configuration of the shorting post loaded gap-coupled circular

microstrip antennas.

£
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Inregion I (a=r=0b). the solution of equation (2.2} is

E2 =—joulCyln (k) +C yNp (kn)]cosnd G4)
From equation (2.4).

B =—K{C3ln (k) + CyNy (kr)cosnb 33)
From equation (2.6).

B = 2 [Cyla )+ CN (k) sinad (.6)

where Cyand C, are the amplitude constants for region II. Considering the parasitic

patch m isolation the boundary condition of vanishing H% can be applied as in equation

(2.11).
EJ "(ker)rdr
n
3 [Np'Gordr 1
b
Therefore the field expression in region IT can be rewritten as:
Ez = —jonCaFg (kr)cosng (3.8)
H$=—kC&FE'{kI)cosn¢ (3.9)
where C,zl 15 a constant dependant on given mode ‘n’ and
F (kr) = T (k)1 -1, Np (kr) (3.10)

Similarly,
E£=ﬂ for 1=p/2
C Nplkp/2) _ 13 (3.11)

T, Takp)) 14

Thus the field expression in region [ 1s:
Eb - - jopChE) (kr)cosng (3.12)
Hy =-kChE (kn)cosag (3.13)

i3
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where CL 15 a constant and

i (kr) = T (kn)I; — Np (kr)1L (3.14)
Now we consider the gap between the two regions at the point of coupling between the
two pafches as a 7-type network as shown in Fig. 2.2. From the equation of disconfinmity
of cumrent in these two regions, that is equation (2.20), the following expression can be

obtained:

1, JOM 1
E% =I]_Fﬂ {]{1’1}+TFﬂ{h'1)Yl

= . ,
Ca  aF] {ka)—%ﬂf (ka)Y,

(3.15)

For small gap distance, the normal component of electric field 1s contimions at ' where

pob+a

2
Therefore EL(r)=E2(r) at r=1'

From this
1
G _Fy) a.16)
Cn F2(kr)
Ecuating expression (3.14) and (3.15) we get
1 5E; (k) +—F; (kr, )Y,
F, 170 ™1 i E |
n(0) k =0 (3.17)

Fa(kr) oF. '{lm}—ﬁﬂT“Fr%{ka)Yz

The above transcendental equation gives the resonant frequency of a given TM,, mode.

3.4 Results and discussion

For sinmlation, we consider a schematic of feed patch and parasitic patch of the same
diameter as shown in Fig. 3.1. The patches are placed on substrate of relative permitfivity
gr=22 and height h=1.59 mm. Fig 3.3 to Fig. 3.8 compare the analyzed results with

that of simmlations with IE3D. In Fig. 3.3, the vanation of the resonant frequency of the
Th mode with the radius of shorting post is shown. In Fig. 34 the variation of
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resonant frecquency of the TMi mode with radius of shorting post is shown. In Fig 3.5,
the variation of resonant frequency of the TMy mode with radius of shorting post is
shown. The resonant frequency increases on increasing the radius of shorting post. In Fig.
3.6, the variation of the resonant frequency of the ThMy mode with the gap distance
between adjacent edges of the feed patch and parasitic patch 1s shown. In Fig. 3.7, the
variation of the resonant frequency of the TM;; mode with the gap distance befween
adjacent edges of the feed patch and parasitic paich is shown. In Fig. 3.8, the variation of
resonant frequency of the Thx mode with the gap distance between adjacent edges of
the feed paich and parasitic patch is shown The resonmant frequency decreases on

increasing the gap between adjacent edges. The analyzed results show good agreement
with sinmlated results.

3.00
——Simulatad
2.50
= Computed
"
T 2.00
[
o
= f
E 1.50 —
==
o
= o100
0.50
0.00
0.2 a5 1 2z
Fadius of shorting pos (mm)

Fig. 3.3 Variation of the resonant frequency of the Thin mode with increasing radius of
shorting post with gap distance, s= 0.5 mm.
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Fig. 34 Vanation of the resonant frequency of the TM;; mode with increasing radius of
shorting post with gap distance, s = 0.5 mm.
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Fig. 3.5 Variation of the resonant frequency of the Th>; mode with increasing radius of

shorting post with gap distance, 5= 0.5 mm.
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Fig 3.6 Variation of the resonant frequency of Ty mode with increasing gap distance
between adjacent edges with radius of shorting post = 0.5 mm.
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Fig. 3.7 Varation of the resonant frequency of TMi mode with increasing gap distance
between adjacent edges with radius of shorting post = 0.5 mm.
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Fig. 3.8 Vanation of the resonant frequency of TM;) mode with increasing gap distance
between adjacent edges with radius of shorting post =0.5 mm.

To wvalidate the presentation of mode numbers the simulated current densities on the
patches are presented m Fig. 3.9 320 and 3.11. It 15 seen that the mode numbers are
predicted accurately. In this case, the colour of current density towards “Red” 15 higher
potential and “Blue is the minimum potential. The left hand side patch is the feed patch
and the right side patch 15 the parasitic patch. In Fig. 3.9, the vellow region is at the center
of the feed patch and the blue region at the surroundings of the green region conveys the
Ty mode. In Fig. 3.10, it is seen that on the feed patch a vellow region and a blue
region exists. This accounts for the TMy; mode. The two blue regions in Fig. 3.11 convey
the existence of the Th,; mode.
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Fig. 3.9 Simulated current density at 2.149 GHz (gap distance between adjacent edges =

0.1 mm. radius of shorting post = 1.5 mm).

Fig. 3.10 Simulated current density at 3.6912 GHz (gap distance between adjacent edges

= (.1 mm, radius of shorting post = 1.5 mm).

s
=
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Fig. 3.11 Sinmlated current density at 3.8474 GHz (gap distance between adjacent edges
= (1.1 mm, radivs of shorting post = 1.5 mm).

3.5 Conclusion

In the present chapter, a numerical model for the resonant frequency of shorting post
loaded two gap-coupled circular mucrostrip patch anfennas has been investigated. The
comparison between the computed and sinmlated results shows good agreement in the
resonant frequency. Since the cavity model analysis 1s used in conjunction with circuit
theory, the mode mumber prediction 15 also performed. The two gap-coupled circular
microstrip anfennas loaded with shorfing post can be used for triple frequencies
operation. The proposed model can be extended to multiple resonators as well as analysis

with different patch sizes.
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CHAPTER 4

THEORETICAL INVESTIGATION OF INPUT
IMPEDANCE OF GAP-COUPLED CIRCULAR
MICROSTRIP PATCH ANTENNAS

4.1 Introduction

The impedance bandwidth and input impedance are potenfial properties of microstrip
patch anfennas that are strongly affected by the substrate thickness. The straightforward
approach to increase the bandwidth 1s by increasing the thickness of the substrate
supporting the microstrip patch. However, limitations still exist on the ability to
effectively feed the patch on a thick substrate and radiation efficiency can degrade with
increasing substrate thickness [133]. Techniques to overcome this problem include using
parasitic tuning elements, external matching, and separating the antenna and feed [133].
Recently, more progress has been made to broaden the bandwidth of microstrip patch
antennas [133-135]. Pozar [133] listed the bandwidths for microstrip anfennas with
several shapes such as narrow rectangular, square, wide rectangular, and circular. The
ways to enhance the bandwidth of microstrip antennas are: parasitic elements [71. 136,
137], aperture coupling [138], [139], and impedance matching network [140]. A broad-
band matching design procedure with external matching has been presented in [141] to
improve the bandwidth characteristics of several microstrip patch antennas. Ray ef al
[142] have designed dual and triple frequency band operation gap-coupled microstrip
patch antennas and Ansari et al [143] have presented the analysis of a gap-coupled
stacked anmular ring mucrostrip antenna. The effects of the several geometrical design
parameters on the input impedance of stacked short circuited patch antennas have been
discussed first in [144] and more thoroughly in [145]. The design of open circuited
patches with coplanar parasitic has been presented in [146]. The effects of various
geometrical design parameters on the mput impedance of a shorted patch with coplanar
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parasitic have been studied m [147]. The impedance bandwidth of a small resonant
anterma 15 known to depend on the antenna size [148, 149]. Therefore any extra
bandwidth. obtained by optimizing the antenna performance can be trade off for smaller
size. The constraint requirements to decrease the antenna size and to increase the number
of antenna elements that can be filled info a given volume make bandwidth optimization
especially important in the case of internal mobile phone antennas, which is currently one
of the main application areas of the microstrip type small antennas.

In this chapter, the concept of coupled microstrip lines [149] is extended for the two
gap-coupled circular microstrip patch antennas to analyze the input impedance by using
the circuit theory approach and the results are compared with the simulated results.
Comparison of these results shows good agreement with simulated results. In the
analysis, the fotal capacitance of a nucrostrip patch anfenna is taken as parallel plate
capacitance and two fringing capacitances for both even and odd mode. Since there is
another patch that is the parasific element in the proposed two gap-coupled circular
microstrip patch antennas, so there 1s another finging capacitance at the adjacent edge of
the patches.

4.2 Antenna Configuration

The geometrical configuration of two gap-coupled circular microstrip antennas is shown
in Fig 2.1. The patch of radius » =15mm is the feed patch and other patch of radius
1y =15mm is the parasitic patch. The parasitic patch is excited by the gap-coupling
whereas the feed patch is excited by the coaxially probe feeding technique. The location
of probe is at distance /=4 mm from the center of the patch as shown in Fig. 2.1
Microstrip patch antennas, generally, used either microstrip line or coaxial probe feed
techmique. These two feeding techniques are very similar in operation and offer
essentially one degree of freedom in the design of the anfenna element through the
positioning of the feed point to adjust the input impedance level. Coaxially fed microstrip
antennas have two key excifing sources, namely, the probe electric cumrent and the
coaxial electric field. In the calculation of the mput impedance of probe-driven microstrip
antenmas on thin substrates, the effects of the probe results in an additional inductive
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component to the input impedance. The probe inductance has been accounted by several
authors throngh vse of a simple formula [150-153]. The parasitic patch introduces another
resonance near the main resonance and proper adjustment of the structure parameters,
bandwidth can be enhanced. The height and relative permittivity of the substrate is
h=1.59mm and =z, =2.2, respectively. The gap distance between the adjacent edges of

the feed patch and parasitic patch 1s s . The thickness t of the patches is neglected.

4.3 Formulation

Coupled microstrip structures can be characterized for two modes which are known as
odd and even modes [149, 154]. The properties of the coupled microstrip patches have
been determined by the self and nuitual inductance and capacitance between the patches.
Under the quasi-transverse electromagnetic mode approximation the self-inductance can
be expressed in term of self-capacitance by using simple relations. For most of the
practical circuits vsing symmetric nicrostrip patches the mutual-inductance and nwtual-
capacitance are interrelated to each other so it is not necessary to determine each
separately. Therefore, only capacitance parameters are evaluated for the two gap-coupled
circular microstrip patch antennas. The capacitances can be expressed in terms of even
and odd mode values for propagation [149]. The total capacitance of the coupled
structure can be determined using Fig. 4.1 and Fig. 4.2 for the even mode and odd mode,
respectively. From Fig. 4.1 the total capacitance for the even mode Cg is given by [149]:

= ' 4.1
Cg=Cp+Cp+Cy (4.1)
where Cp is the parallel plate capacitance between the metallic patch and the ground
plane and is given by

EnEcd
Cp=L— (4.2)
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Feed Patch Farastic Patch

| ot

Fig. 41 Even-mode capacitances of the two gap-coupled circular microstrip patch
antenna.

where A is the surface area of the patch, £, is the relative dielectric permittivity of the
substrate and £ is the permittivity of free-space. C is the fringing capacitance due to
edge conductor and given by

1
ii?l:=E

Veerr
Z, E‘.P] 4.3)
where c=3x10%m/s that is velocity of light in vacoum, Zo is the charactenistic
impedance and Eafr is the effective dielectric permittivity of the substrate. Cg' is the
fringing capacitance due to parasitic patch and given by:

[er (4.4)

“F
e ) Ve

Cg'=

2.53C
2h

where A=exp| ~0.1exp[233- ]] and C is the circumference of the patch. With

the help of equations (4.1) to (4.4), the even mode-capacitance of two gap-coupled
circular microstrip patch antennas is calculated. From Fig 4.2, the total capacitance for
the odd- mode (Cp) is given by [149]:
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Eleciric Wal
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Fig. 42 Odd-mode capacitances of the two gap-coupled circular microstrip patch
antenna.

where Cgi is the capacitance between the two structures through the dielectric region

and given by:

el s . (002 1
Cgi=ﬁln{cmh|kﬁ]]+{}.ﬁ::€.1:‘ s.-'ﬁT +H1-= (46)

2
Er |

L)

and Cgy is the capacitance between the structures through air and given by

Can =% @7

where K(k). K(k") are elliptic functions, kand k' are:

k= S0 ongwoy1-k2

s/h+2IC/h)
The approach of coupled microstrip lines presented in [149] is applied to the fwo gap-
coupled microstrip patch antennas. With the help of equation (4.1}-(4.7), the capacitances

of the two gap-coupled circular microstrip patch antenna for the odd and even modes are
calculated and compared with the coupled mucrostrip lines as in [149]. For this
comparison the cross-sectional area of the coupled circular microstrip patches and
coupled microstrip lines are considered same. In the present results of table 4.1, the
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height of the substrate is taken unitv. The even and odd mode capacitances of the coupled
circular microstrip patches and coupled microstrip lines are shown in table 4.1.

The equivalent circuit model of the two gap-coupled circular microstrip patch antenna
for the even mode is shown in Fig. 3. From Fig. 3. the input impedance for the even mode
15 caleulated. Z; and 7; are the impedances of feed path and parasitic patch, respectively
and given as [155].

(fr_£)
. T T
Z=7,- R —+iRQT r) ; 48)
£ f, ”E _gY
1+ QT| _ Qg1

where F is the resonant resistance of the resonant parallel BLC cirenit. £y is the resonant
frequency and Qy is qualify factor associated with system loss including radiation from
the walls (Qg ). losses in dielectric (Qp). and losses in conductor (Qp). Qp can be
calculated by [4. 155]:

1
R S o

Qe Q¢ QU
an(a? -De'2 410
= ]]E(EP]O'. Jer 0

where
N

F(x) =;43 {leﬂ{zx}+ x2-1) {[}Iﬂ{t}th (411)
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Table 4.1 Comparison of coupled microstrip lines by Garg [149] and ouwr approach fo

coupled microstrip antennas. (g, =9.7 ).

Coupled microstrip lines [149] | Proposed approach for gap coupled
(L=1) circular microstrip antennas
wh |sh Ce(pF) | Co(pF) |1l/h s’h Ce(pE) | ColpF)

02 0.05 60.3 215 0.253 0.05 5790 (2223
0.2 0.20 66.1 149 0.253 0.20 623 155.2
0.2 0.50 75.7 117 0.253 0.50 7041 1225
0.2 1.00 B35 08.5 0.253 1.00 78.28 102.8
0.2 2.00 B00 872 0.253 2.00 B5.8 00.58
0.5 0.05 001 258 0.300 0.05 870 260.7
0.5 0.20 054 188 0.300 0.20 023 1009
0.5 0.50 105 155 0.300 0.50 1008 157.5
0.5 1.00 114 136 0.300 1.00 1093 1374
0.5 2.00 122 124 0.300 2.00 117.6 1247
1.0 0.05 136 313 0.564 0.05 133 in

1.0 0.20 141 41 0.564 0.20 1374 | 2397
1.0 0.50 150 207 0.564 0.50 146 206

1.0 1.00 159 187 0.564 1.00 1547 185.5
1.0 200 168 174 0.564 2.00 1634 172.6
20 0.05 223 408 0.798 0.05 2203 | 4021
20 0.20 228 334 0.798 0.20 2246 | 3301
20 0.50 237 300 0.798 0.50 2332 | 2959
20 1.00 246 279 0.798 1.00 2419 | 2753
20 2.00 255 266 0.708 2.00 2505 | 2822

F(x)= 2.666667378—1.066662519x2 +0.20953431 1x% —0.019411347x5

(4.12)
+0.001044121x% —0.000049747x10
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=tz (4.13)

where tandis the dielectric loss tangent and o is the n™ zero of first derivative of the
Bessel function of first order.

Q-3 (414)

where J; is the skin depth and given by:

- _ 1 415

g W { )
1 12k

= (4.16)
CT 32y

where GT inchedes the conductance due to ohmic. dielectric and radiation losses, and |

15 the distance of feed point from the cenfer.

G =Gg +Gp+G (4.17)
where
R= 239 (4.18)
4, frhQp
2.39tand
Gpy=—"—— 419
D™ 4 tn (+19)
239m(nf gy 32
c= 5 (4.20)
4h-Jo
rend ot (110
J1(t)=1(0.5 —0.56240085 — | +0_210935?}| =1 —1]_{}3954289| —
13 13 .3}
(4.21)
(18 (410
+0.00443319 3 | —0.0031761 3 |
¥ 1s the inductance due to probe feeding and given by [153]:
{
Xy =jp My C (4.22)
€ L0
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where dp is the diameter of the feed probe. The conductance, inductance and the
capacitance in the Fig. 4.3 and Fig. 44 are given by [156]:

1
Y- (4.23)
Li=1y= me:QT (424)
C;=Cy= EEIFR (4.25)
=
——_——— [ o
a1 H b |
| | | |
| ! I
| v, g 1, % C, ::i CE::II‘_"l::Y é L, % |
| | I
| | | |
B v | % * |
L ]
. -_/_J— o

Fig. 4.3 Equvalent circuit model of the two gap-coupled circular microstrip antenna for
the even mode.

The eguivalent circuit model of the fwo gap-coupled circular microstrip antenna for the
odd mode is given in Fig. 44 From Fig 44, the input impedance for odd mode is
caleulated. The total input impedance of the gap-coupled structures is given by [154]:

. _2E_-0
Zy, -25 +70 (4.26)

where ZiEIl and Zi?l are the input impedance for even and odd mode, respectively. Using

aforementioned equations, we can calculate the input impedance of the two gap-coupled
circular microstrip patch antennas. The gap capacitance between two structures through
dielectric {Cga) 15 directly proportional to the fringe capacitance that is increases with
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increasing the fringe capacitance and decreases with decreasing the fringe capacitance as
from equation (4.6). While the gap capacitance between the two structures through air
(Cg) is independent from the fringing capacitance as from equation (4.7). Both the gap
capacitances that is gap capacitance between two structures through dielectric (Cgd) and
through air (Cs) depends upon the gap between adjacent edges of the feed patch and
parasitic patch. The variation of these capacitances with gap distance is shown in table
42 From table 4.2, it 15 clear that both gap capacitances decrease with increasing the
Eap.
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Fig. 44 Equvalent circunit model of the two gap-coupled circular microstrip patch
antenna for the odd mode.

4.4 Results and Discussion

The input impedance is defined as the ratio of voltage across the patch and ground plane
to the feed point current. The microstrip line feeding and probe feeding methods are very
similar in operation and offer essentially one degree of freedom in the design of antenna
element through the positioning of the feed point to adjust the input impedance level. The
input impedance of the two gap-coupled circular microsirip patch anfenna is calculated
by using (4.26) and the computed results are compared with sinmlated results.
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Table 4.2 Varation of the gap capacitances of the two gap-coupled circular microstrip
antenna with gap distance between adjacent edges of feed patch and parasitic patch (r; =
rp=15mm g=22 h=15% mm)

Gap distance s | Cgz(pF) Cea(pF)
(mm)
0.1 464 28 64
0.5 3137 158
1 335 1148
2 2065 8173
4 2586 6.503

The simmlation of the proposed antenna is performed by a commercially available MoM
based simulator IE3D). The frequency characteristics of the mput impedance (real and
imaginary part) of two gap-coupled circular microstrip patch antennas are shown in Fig,
4.5 With the increase of frequency, the real part of input impedance increases and attain
an opfimum value at a particular frequency (3.77GHz) and then start to decrease, whereas
the imaginary part of the input impedance almost always decreases as shown in Fig 4.5
The comparison of simulated and computed results shows good agreement except initial
frequencies (3.7 to 3.74 GHz). Initially, in a very short range of frequency the simulated
and computed results are differing. In chapter 2, it has been shown that the gap-coupling
lead to close resomance of the TMB;; and TM,; mode. Here, we have computed the
frequency characteristics of the input impedance only for TMa mode, however, the
deviation seen in Fig. 4.5 for mitial frequencies 15 due to presence of the TM;; mode in
simulation results.

The variation of the real and imaginary part of the input impedance of the proposed
antenma with gap distance between adjacent edges of the patch is shown in Fig. 4.6 The
computed and simulated results in the particular range of the gap distance between the
feed patch and parasitic patch of the proposed antenna are well matched.
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Fig. 4.5 Frequency characteristics of the input impedance of the two gap-coupled circular
microstrip patch antenna for gap distance between the feed patch and parasitic patch =

1.5mm.
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Fig. 46 The gap distance characteristics of input impedance of the two gap-coupled

circular microstrip patch antenna with gap distance between adjacent edges of the feed
patch and parasitic patch at frequency 3.78 GHz.
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Fig. 47 Feed location characteristics of the input impedance of the two gap-coupled
circular microstrip patch antenna at 3.72 GHz for gap distance between adjacent edges of
the feed patch and parasitic patch 15 1.00 mm.

Further, the variation of the real and imaginary part of the input impedance with feed
location from the center of the patch is shown in Fig. 4.7. From Fig. 4.7, it is clear that
both real and imaginary part of the input impedance of the proposed antenna increase
when the feeding probe moves from center towards the edge of the patch. In terms of the
transmission line model. the antenna is viewed as a length open circuited transmission
line with light loading at the end to account for fringing fields and radiations. The voltage
and current on this equivalent transmission line give the input impedance variation of the
microsinp antenna. For a feed point at a radiating edge, the voltage is maximmum and
current is minimum so the input impedance 15 maximum. For a feed point at the center of
patch, the voltage is zero and current is maximmm, so the input impedance is zero. Thus
the input impedance can be controlled by adjusting the position of feed point.
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4.5 Conclusion

A simple and oumerically efficient model for the input impedance of two gap-coupled
circular microstrip patch antennas is developed Input impedance for different gap
distances between adjacent edges of feed patch and parasitic patch is shown as well as the
variation of mput impedance with feed location is also discussed. The input impedance
depends strongly on the feed location and mcreases when feed point moves from center
towards edge of the patch. The comparison between the analvtical and simulated results
shows good agreement.
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CHAPTER -5

THEORETICAL INVESTIGATION OF INPUT
IMPEDANCE OF GAP-COUPLED CIRCULAR
MICROSTRIP PATCH ANTENNAS LOADED WITH
SHORTING POST

5.1 Introduction

In chapter 3, it is shown that the size of two gap-coupled circular microstrip antennas can
be reduced by loading with a shorting post. In the present chapter, the input impedance of
the two gap-coupled circular microstrip antenmas loaded with shorting post 1s analyzed.
The concept of the analysis described in chapter 4, is extended to gap-coupled circular
microstnp patch antennas loaded with the shorting post and the input impedance is
analyzed. The analvzed results are compared with the sinmlated results.

5.2 Antenna Configuration

The geometrical configuration of two gap-coupled circular microstrip antennas loaded
with shorting post is shown in Fig 3.1. The patch of radius f; = 15 mm is the feed patch
and the patch of radius 1, = 15 mm is the parasitic patch The parasitic patch is excited
by the gap-coupling. The feed patch is shorted by a shorting post of diameter p as shown
in Fig. 3.1. The height and permittivity of the substrate 13 b = 1.59 mm and & =22,

respectively. The gap distance between the adjacent edges of the feed patch and parasitic
patch is s. The thickness of the patches is neglected.

5.3 Analysis
Coupled microstrip structures can be characterized for the two modes as in chapter 4.
These modes are known as even and odd modes. The capacitances can be expressed in
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terms of even and odd mode values for the two modes of propagation. The concept of
coupled microstrip lines has been applied to the two gap-coupled circular microstrip
antennas in chapter 4. The total capacitance of the two gap-coupled circular microstrip
antennas can be determined for even mode and odd mode as in chapter 4.

The equivalent circuit models of two gap-coupled circular microstrip antennas loaded
with shorting post for even mode and odd mode are shown in Fig. 5.1 and Fig. 52,
respectively. From Fig. 5.1 and Fig. 5.2, the mnput impedance for the even mode and odd
mode is calculated. In Fig 5.1 and Fig 5.2, Yl, LL Cl aﬂdYQ. LQ ,CQ are the

conductance, inductance. capacitance of the feed patch and parasitic patch, respectively,
Cg and Cp are the capacitances for the even mode and odd mode, respectively. The

feed patch is shorted by a shorting post, which is in shunt fo the patch as shown in Fig.
5.1 and Fig. 5.2. The impedance per unit length due to shorting post is given by [157]:

iy _
Xp =ﬂ§[1—Jgﬂﬂcrd:wJ{;m{,r%}+1gﬂcrdmg{hd)}ﬁ] G.1)
where 1415 the radial distance of the post from the center of the patch.

p 1
sin) Iy ()1

(1_ kT fl_ K
dlyp187d
1 IJ“ I
Ve

e
where Jo. N are the Bessel function of first and second kind. respectively of order zero

1.3

Ty

and 1, is the effective radius of the patch due to fringing fields and is given by [158]

&

=1 |1+ 2h A
]'DEi-l—l |
here ﬂ.=1ﬂ%ﬁ+1_mﬁ and the thickness of patch metallization is negligible.
A !

The total input impedance of the gap-coupled structure 1s given by
zZ, = ZE - Zﬁ (32)

where ZEI and ZE are the inpuf impedances for the even and odd mode. respectively.
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Fig. 5.1 Equivalent circuit of two gap-coupled circular nuicrostrip antennas loaded with

shorting post for the even mode.
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Fig. 5.2 Equivalent circuit of two gap-coupled circular microstrip antennas loaded with
shorting post for the odd mode.

5.4 Results and Discussion

The simulation has been performed using the method-of-moment based commercially
available simmlator IE3D. For the sinmlation, two circular patches are placed close to
each other and the feed patch is shorfed by a post as shown in Fig 3.1. The input
impedance 15 calculated uwsing (5.2) and the computed results are compared with
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simulated results. The frequency characteristics of the real and imaginary part of the input

impedance are shown in Fig 5.3. The variation of real and imaginary part with gap
distance between adjacent edges of the patches is shown in Fig 5 4 Further the variation

of real and imaginary part of impedance with diameter of shorting post is shown in Fig

5.5. The companson of simulated and computed results shows good agreement except
real part for initial frequencies; if 1s due to presence of another mode in sinmlated results.
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Fig 5.3 Frequency characteristics of the input impedance of the two gap-coupled circular
microstrip antenna (diameter of shorting post=04 mm and gap distance between adjacent

edges=1 mm).
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Fig 54 Varation of the input impedance of the two gap-coupled circular microstrip
antenna with gap distance between adjacent edges at 3.74 GHz (diameter of shorting post
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Further, the sinmlation results of input impedance are shown for the ThMp mode. The
real and imaginary part of the mput impedance of the antenna for different gaps between
the adjacent edges of the patches and for different shorting post radius is shown in Fig.
3.0 and in Fig. 5.7, respectively. The variation of the real and imagmary part with gap
between adjacent edges at different frequencies is shown in Fig. 5.8 and Fig 3.9,
respectively. Further the variation of the real and imaginary part of the input impedance
of the antenna with radivs of shorting post is shown in Fig. 5.10 and in Fig. 11,
respectively. From Fig. 510 and Fig. 5.11, it is clear that the real and imaginary part of
the input impedance decreases on increasing the radius of shorting post.
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Fig. 5.6 Input impedance of the two gap-coupled circular microstrip antenna loaded with
shorting post (gap distance between adjacent edges = 0.5 mm, radius of shorting post =
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Fig. 5.7 Input mmpedance of the gap-coupled circular mucrostrip antenna loaded with
shorting post (gap distance between adjacent edges = 1.00 mm, radivs of shorting post =
1.00 mm).
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Fig. 5.8 Variation of the real part of the input impedance of the two gap-coupled circular
microstrip antenna loaded with shorting post with gap distance between adjacent edges
(radius of shorting post = 2.00 mm).
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Fig. 5.9 Variation of the imaginary part of the mnput impedance of the two gap-coupled
circular microstrip antenna loaded with shorting post with gap distance befween adjacent
edges (radius of shorting post = 2.00 mm).
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Fig 5.10 Variation of the real part of the input impedance of the two gap-coupled circular
microstrip antenna loaded with shorting post with radius of shorting post (gap distance
between adjacent edges = 0.5 mm).
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Fig. 5.11 Variation of the imaginary part of the input impedance of the two gap-coupled
circular microstrip antenna loaded with shorting post with pin radivs (gap distance
between adjacent edges = 0.5 mm).

5.5 Conclusion

In this chapter, a numerical model for the two gap-coupled circular microstrip anfenna
loaded with shorting post has been developed. The input impedance of the two gap-
coupled circular microstrip antennas loaded with shorting post for different gap distances
between adjacent edges of feed paftch and parasitic patch is shown The effect of the
diameter of the shorting post in the proposed configuration is also studied. The analysis
presented above can be easily programmed to determine the input impedance of the two
gap-coupled circular microstrip patch antenna loaded with shorted post.
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CHAPTER -6

COMPUTATION OF MUTUAL COUPLING
BETWEEN TWO GAP-COUPLED MICROSTRIP
ANTENNAS WITH AND WITHOUT SHORTING
POST

6.1 Introduction

The previous analysis of two gap-coupled microstrip patch antennas for the prediction of
radiation properties was based on the assumption that the antenna elements are freated as
1sofropic sensors isolated ffom one another [139-160]. The electromagnetic influence of
one patch on the other that is mufal coupling was ignored hence resulting the
disagreement in predicted and measured results [160-161]. The mwiual coupling
influences the radiation mechanism of the antennas in both ways, namely, constructive
and destructive [162]. In the former case, such coupling is helpful and in the latter case,
attempt is to be made to reduce the same effect. Thus in all cases the estimation of the
muiual coupling is important. Different anfenna parameters like antenna element
separation, frequency, substrate thickness, patch thickness, dielectric constant, near field
scatters and direction of arrival of incoming wave are key parameters affecting the mutual
coupling resulting in the change of anfenna characteristics like gain. beanrwidth and input
impedance. The consequences of the mwitual coupling can not be overlooked; in fact the
affects on the gain influence the pattern directivity which can be exploited for
decorrelating antenna elements. Several approaches like cavity model and equivalence
theorem [163-164]. network model [150], moment method [165]. and full-wave methods
[166] have been used on different geometries fo estimate the mutual coupling between the
elements of the antennas. The performance of adaptive array antennas [167, 168] and non
linear arrays [169] under the effect of muitual coupling has also been the point of inferest
for authors [170]. In each analysis the important observation is that the estimation of the
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coupling is mandatory and on the basis of this estimation other analyses like
compensation of coupling [171] are being camed out.

In this chapter, an estimation of the nmiual coupling between the two gap-coupled
circular microstrip anfennas with and without shorting post is carried ouf.

6.2 Mutual Coupling between Twe Gap-Coupled Circular Microstrip Patch
Antennas

The geometrical configuration of a two gap-coupled circular microstrip antenna is shown
in Fig. 2.1, The magnetic current model 15 used to determine the wall admittances of a
patch antenna. In this model, the patch is replaced by the equivalent magnetic current
source at its periphery. The wall admittances of the patch are equivalent to the radiation
admuttances of the comesponding magnetic currents [4]. However, the mutual admittance
between two edges at u =1, and u=1, can be calculated accurately as:

":ul,l.]-z:}
W =—vv, 6.

where (’ul.u2> is the mutal reaction between the sources at u =1y and u = w. The
mutual reaction {ul__ (1 ) 15 given by [172]:

U | P i1 u

<upuy >=[[JE 112 —H 1M 2)dr (6.2)
where J and M are the surface and magnetic current. respectively. We consider that uy
and u, represent the two circular patches hitherto called simply as “a’ and b’ only. Here
F is the impressed (source) current and E” is the electric field generated in “b” due to I.
For computation of the nmitual admittance of the two circular patches, we consider only
the first term of expression (6.2). Fig 6.1 gives the geometry of two gap-coupled circular
microstrip patches. A patch of radius 11 15 placed at the center and another patch of radius
r; is placed around the central patch as shown in Fig 6.1. Here, we have segmented the
structure into two regions with origin at the center of region I. The inner radius of region

IT is *b" and outer radius is “c’. The distance between the centers of the patches is “po’. In
the proposed analysis thickness of the patch 1s not considered.
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Fig. 6.1 Analvtical geometry of a two gap-coupled circular microstrip patch antenna.

The axial electric field and azimuthal magnetic field expressions mregion I { 0Z£r<g)
are:

El = —jouclEl (kn)cosnd (rewritten. 2.16) (6.3)

H}, =—&CLE (ke)cosnp (rewritten. 2.17) (6.4)
where C}l 15 a constant, and

F,ll{kr) =Jp (ko) (rewritten, 2.18) (6.5)
F,ll'[k:r} 15 the first derivative of F,]i{k:r) with respect to argument. The expression for Hll-
15 omifted intentionally. The axial electric field and azinwithal magnetic field expressions
mmregion Il (b=r=c) are:

F2 = —jouCaFa (kr)cosna (rewritten. 2.13) (6.6)

H%=—kC%FﬁT{k:r}m5nq (rewritten. 2.14) (6.7)
where C;—i 15 a constant dependant on given mode ‘n” , and

B (k) = I, (k) ~ T, N, (k) 653)
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FZ (kr) is the first derivative of Fg(kr)with respect to arguement. Considering the
parasitic patch in isolation the boundary condition of vanishing qua can be applied as:

H‘%:ﬂ,fm I=pg+Tpcosct and 0<a=2n

Thus
2
1, glln'{kp{ﬂ)}dﬂ
T 7
LI)N::l''[I‘Ip(ﬂt})'ti':i

Using expression (6.2), the reaction is given by:

2;1:’1"']1 2 )
cabi= 1"3 r[ E{ {p(o-.})ﬁg (. )rdsdox (6.9)
g

where rpis the effective radius infroduced fo account for the fringe field. The effective
radius is slightly greater than the physical radius of the circular patch. The relationship
between physical radius and effective radius is given by [158]:

A (neglecting the patch thickness)

|
Ia =I1 |1+
|

TEfT )

{ T
here i'n.=]n|2—; |+ 1.7726. The voltages are evaluated at the edges of respective patches
and are given by:
Vy =-1Eb(xy) (6.10)
V, =—hE3(ry) (6.11)
Therefore using (6.2) the nwtual admittance 15 given by

7Hrj+h
T 71 EPponHY (re)rdrdo
[ 1'2 [

0
yim _ (6.12)
12 n2ED ) ED r,)

Now mmuifual admittances for individual excited modes can be computed using equation
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{6.12). The theoretical results are compared with published results [173]. In [173], the

results are presented in ferms of |E-'.12|2 (dB). Therefore, for exact interpretation we have

2
to convert 3'B 10|Su|' . This can be done by considering that the two edges of gap-

coupled circular patches form a 7- tvpe network as shown in Fig 2.2, For such m- type
network [174]:

=33 ©13)

6.3 Mutual Coupling Between Gap-Coupled Circular Microstrip Antennas Loaded
With Shorting Post

Fig 6.2 gives the geometry of two gap coupled circular patches. A patch of radius “r; " is

placed at the center and another patch of radius "1, " is placed around the central patch as

shown i Fig 6.2. Here we have segmented the structure into two regions with origin at
the centre of region [ The inner radius of region IT 15 “b’ and outer radius is "¢’ The
distance between the centers of the patches is "pj, ". The central patch is shorted by a pin

of diameter “p . The thickness t of the patches is neglected.
The field expressions in region I ( 0=r=g) are in (3.1) and (3.2). and for region II
(b=r=c), the field expressions are given in (3.3) and (3 .4).
Considering the parasitic patch in isolation. the boundary condition of vanishing
Hﬁ gives:
2n
C rgnln''Elflfi"{ﬂt]')dﬂ'- 1

AR
3 J)Nn'fkp{&)}dﬂ

NEN

(6.14)

0

where p{at)=py+1;.cosa . Therefore the field expression in region IT can be written as:

——jonCEFg (kr)cosng (6.15)

EZ
Hj =—kCqFy (kn)cosnp (6.16)
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“\

Patch

_—| Shorting pm

Fig 6.2 Analvtical configuration of the two gap coupled circular patch antennas loaded

with shorting post.

where Cﬂ 15 a constant dependant on given mode ‘n’ and

Fg (kr) = T (ko)L - I, Ny (kr)

Similarly,
- _p
EL=0for r .
kp
(SR I
)

Thus the field expression in region I is:
EE =— jmpCLFA{kI}ms nd
H} =—%ChE}'(kr)cosnf

where C}l 15 a constant and

(6.17)

(6.18)

(6.19)
(6.20)
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F (kr) = Jn (k)1 - Ny (k)L (621)
Now the mutual admiftance is computed using equation (6.12). The computed results are

compared with simulated results. The omtual coupling parameter 5(1.2) can be
calculated using (6.13).

6.4 Results and discussion
We have compared the analyzed results with that obtained through measurements
presented in [173]. Using (6.12) the nwtual admittance ¥(1.2) is calculated and using

(6.13) |f:»'-|[l,1)|2 (dB) is calculated for different gap distances between adjacent edges of

feed patch and parasitic patch. From Fig. 6.3, if can be observed that the nmiual coupling
15 stronger for smaller gap distance and it is weaker as the gap distance is increased. The
computed results show good agreement with measured data [173] for small gaps between
the circular microstrip patches. The dimensions of the antennas for this computation are
given in table 6.1.

Table 6.1 Dimensions of the antennas used for Fig. 6.3.

Radius of feed patch | Radins of parasitic | Thickness of Dhelectric
(17 )i{mmna) patch (1, ) (mm) substrate () (mum) constant { £¢)
385 385 1575 25

Using (6.12) the mutual admittance Y(1,2) is calculated and using (6.13) |S{]__EH2 (dB)

15 calculated. The computed results are compared with the simulated data. One patch 15
shorted by a shorting post at its center. Both the patches are fed and the driving point
impedance is set to approximately 50 02 by varying the feeding points. For 50 01 dnving
point impedance the mutual admittance parameter Y(1.2) is taken. The dimensions of the
antennas used here are shown in table 6.2, The comparison of computed and simulated
results is shown in Fig. 6.4 to Fig. 6.7. In Fig 6.4 and Fig. 6.5, the variation of nmifual
coupling parameter 5(1.2) with pin radivs is shown at various frequencies for the fixed
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gap distances between adjacent edges of the feed patch and parasitic patch, is shown In

Fig 6.6 and Fig. 6.7, the variation of nmitual coupling parameter 5(1.2) with gap between

adjacent edges for the fixed shorting post radius 15 shown.
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Fig 6.3 Analyzed and measured [173] values of mutual coupling parameter at 1. 44 GHz

for two gap-coupled circular microstrip anfennas.

Table 6.2 Dimensions of the two gap-coupled circular microstrip antennas loaded with

shorting post.
Radius of feed patch | Radius  of parasitic | Thickness of | Dielectric constant
( 19 )(mm) patch (r, ) (mm) substrate (h ) (mm) | (g, )

15

15

1.50
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Fig 6.4 Variation of the mutual coupling parameter 5(1.2) of two gap-coupled circular
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Fig 6.5 Vanation of the nmitual coupling parameter 5(1.2) of two gap-coupled circular
microstrip anfennas loaded with shorting post with the radius of shorting post for the gap
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Fig 6.6 Vanation of the nmitual coupling parameter 5(1.2) of two gap-coupled circular
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-0

——Simulaied [3.772 GHe)
-3 = Computed [2.772 G
) ——Simulaced [3.802 G
o —— Computed [3.502 )
‘-"\—\_
% -38 =]
- 40 — — T
) ]
d- -42 -
LT T :x;_x
-5 {?‘:__ —
e — .
-50

0.5 1 1.3 2
Giao betwesn adjacent eddes [mm)
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6.5 Conclusion

In this chapter, the numencal models for the nurfual coupling between two gap-coupled
circular microstrip antennas with and without the shorting post have been investigated.
The mminal impedance is calculated vsing cavity model and reaction theorem. For the
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gap-coupled circular microstnip antennas loaded with shorting post, the analvzed results
are compared with the sinmlated results. The comparison between the analvzed and
reported literature shows good agreement for small gap distance between circular patches
in case of gap-coupled circular microstrip patch antennas. As the gap distance between
the adjacent edges increases, the coupling is weaker and vice-versa. The present model
can be comfortably extended to the multiple patches.



DESIGN OF & NOVEL PRINTED CROSS ANTENNA FOR WIDEBAND APPLICATIONS

CHAPTER -7

DESIGN OF ANOVEL PRINTED CROSS ANTENNA
FOR WIDEBAND APPLICATIONS

7.1 Introduction

Microstrip antennas are swmitable for circuit integration resulfing in  compact
commmnication systems. The disadvantage of patch antennas, however, lies in the narrow
impedance bandwidth of operation. Vanous technicques for improving bandwidth have
been presented [4. 175]. Lee and Lim [176] have designed and fabricated a planar
wideband microstrip anfenna in which the resonance frequency is controlled. The
geometry of the antenna is coplanar wavegunide fed double-T mucrostrip antenna. An
antenna impedance bandwidth of 450 MHz i1s obtained within IMT 2000 frequency
bands. Recently a planer prnnofed triangular monopole antenna (PTMA) has been
presented for operation in ulira-wideband (UWB) communication system in the
frequency range 3.1 GHz to 10.6 GHz [177]. The structure of the antenna consists of a
tapered radiating element excited by a microstrip line. The ground plane below the
menopole is etched out resulting in omni-directional radiation.

In this chapter. an innovative design of a cross patch anfenna, on a substrate with
ground plane partially removed, is presented. The antenna is fed by a microstrip line and
vields an onmidirectional pattern. Two antennas with different dimensions are presented.
Optimization of the design leads to a bandwidth of 28% with sufficient directivity. The
proposed antennas can be used for wideband comnmmnication applications. Here, a
variation to the above structure is presented. The proposed structure ufilizes a cross type
patch on a substrate with ground plane removed. The antenna is excited by microstrip
line. A bandwidth (2:1 VSWR) of 28% has been achieved with reasonable directivity.

7.2 Antenna Configuration
A cross type printed antenna is shown in Fig. 7.1.
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Fig 7.1 Geometrical configuration of the cross patch antenna.

From the feeding microstrip line of widthw, . a vertical line of 50 €) and length L is
printed, whereL=1,+L;. It is loaded by a 50 £ line acting as a dipole of lengthL,.

The length 1s chosen be nearly 24 at the frequency of operation. The loaded impedance
15 converted to 50 Clseen by the coaxial probe using a A/4 microstrip feed line
However, the feeding line width is optimized using CST Microwave Studio a
commercially available software based on finite integral technique to obtain maximum
bandwidth around the frequency of operation. The two antennas are designed with
parameters given in table 7.1. The sinmlated results are presented mn the following

section
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Table 7.1 Dimensions of the proposed anfennas (h=1.58 mm_ £;=4.9).
L L, L3 Ly | Wy

a &

(mm) | (mm) | (mm) | (mm) | (mo) [ (mm)
Antenna 1 30 15 15 3 25 25
Antenna 2 40 20 20 25 0.45

L¥ ]

7.3 Results and Discussion

The antenmas described in above section are simulated using CST Microwave Studio. The
simulated results are presented in this section.

The retum losses for both antennas are shown in Fig 7.2 The bandwidth (2:1 VSWE) of
antenna 1 15 from 8.1 GHz to 10.9 GHz (28%). and of antenna 2 is from 6.1 GHz to 8.7
GHz (36%).
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Fig 7.2 Frequency characteristics of the retum loss (dB) of the cross patch antenna.
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The beam patterns for both antennas at different frequencies are analyzed. All the beam
patterns are almost simalar; a typical beam pattern at 8.2 GHz 1s shown in Fig. 7.3. In Fig.
7.3. it is seen that antennas behave like a dipole with a length 2 A with squint angle at 35°

from zenith and four lobes as explained in [178].
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270
Fig 7.3 Simulated beam pattern of the cross patch antenna at §.2 GHz.

The beam pattern shows an ommnidirectional nature. The cross polarization is
relatively high because of the crossed dipole structure. The main radiating element is a
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dipole with length ;. The crossed dipole structure is used for impedance matching. Fig
7.3 shows the plot of directivity. The maxinmm directivity is 4.7 dBi with a radiation
efficiency of 77%.

The theoretical beam pattern at frequency 8.2 GHz is shown in Fig 7.4, The pattern
factor (PF.) for a dipole antenna is given as [172]:

_ cos[(PLcos8)/2]—cos(BL/2)

PE sind

where [ = propagation constant, I = length of antenna. For the present case the length 1s
chosen to be 23 at 10 GHz. The computed pattern factor is compared with fill wave

simmlation results. Except for the munor lobes, the pattern agree well, thereby suggesting
that proposed theory is reasonable accurate.

180

Fig 7.4 Theoretical beam pattern of dipole of the given length at 8.2 GHz.
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7.4 Conclusion

In this chapter, a low profile antenna in cross shape for wide band application has been
presented. The impedance matching is good over the band of inferest and pattern is stable
over the frequency range. The cross struchue can be modified to operate in different
frequency ranges with suitable impedance matching. By loading more than one cross in a
single structure it is envisaged that an antenna can be developed for ultra wideband
applications ranging from frequency 3.1 GHz to 10.6 GHz.
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CHAPTER -8

CONCLUSIONS AND FUTURE SCOPE

8.1 Conclusions

In this thesis, the analytical and simmlation studies of the mmlti-frequency, compact and
broadband microstrip antennas have been camied out. A numerical mode] for the resonant
frequency of the two gap-coupled circular microstrip patch antenna has been developed.
The gap-coupled circular microstrip structure is divided in to two concentric regions. The
field expressions for these two regions are written and different boundary conditions are
applied. The gap befween the parasitic and fed patch is considered as a 7 type network
circuit and finally the transcendental equation for caleulating the resonant frequencies has
been derived. The computed results are compared with the simulated for the fwo gap-
coupled circular microstrip antennas. Since cavity model analysis is used in conunction
with circuit theory, the mode number prediction is also done. The same iz validated
through obtaining the current distnbution for full-wave solutions. The presented gap-
coupled circular microstrip antenna generates two modes that is TMy; and TMa,.

A mumerical model for computing the resonant frequencies of the gap-coupled
circular microstrip patch antennas loaded with shorting post has been developed. The
gap-coupled circular microstrip antennas loaded with shorting post generates three modes
that 1s TMg. TMn and TMx mode. The resonant frequency of the TMa mode is lower
than the Th;; and TM;; mode. So the size of the microstrip antennas can be reduced by
shorting the patch for same frequency applications. The effect of the gap distance
between adjacent edges of patches on resonant frequency for each mode has been
presented. The effect of diameter of shorting post on resonant frequency of each mode is
also studied. The resonant frequency of the two gap-coupled circular microstrip antennas
depends on both parameters that is gap distance between adjacent edges and diameter of
shorting post; it increases on increasing the diameter of shorting post and decreases on
increasing the gap between adjacent edges of parasitic and fed patch. 5o the resonant
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frequencies as well as the size of the gap-coupled circular microstrip antennas loaded
with shorting post can be controlled by varying the gap and diameter post.

The input impedance is one of the major parameters of an antenma A numerical
model for caleulating the input impedance of the gap-coupled circular microstrip patch
antennas is developed. The concept of coupled microstrip lines 1s extended to the coupled
circular microstrip antennas and the caleulated results of the two gap-coupled circular
microstrip antennas are compared with the reported literature of the coupled microstrip
lines. The even and odd mode impedances are calculated from the even and odd mode
equivalent circuits. With the help of the even and odd mode impedances the overall
impedance of the structure has been calculated. The calculated results are compared with
the simulated results. The comparison of these results shows good agreement except for
initial range of frequencies. This slightly deviation may be due to presence of another
mode in simmulated results. Variation of input impedance of gap-coupled circular
microstrip antennas with gap distances between adjacent edges of feed patch and parasitic
patch as well as the variation of input impedance with feed location is also discussed. The
input impedance depends heavily on the feed location and increases when feed point
moves from center towards edge of the patch. By varying the feed posifion, the mput
impedance of the two gap-coupled circular microstrip antennas can be confrolled.

The size of the gap-coupled circular microstrip anfenna can be muniaturized by
loading the patch with shorting post. A numerical model for input impedance of gap-
coupled circular microstrip anfenna loaded with shorting post has been developed. The
concept of coupled microstrip line is applied to gap-coupled circular microstrip antennas
loaded with shorting post and input impedance 15 caleulated. In the gap-coupled circular
microstnp antenmas loaded with shorting post, the impedance due to shorting post has
been taken in fo account and the impedance due to shorting post is shunt to the microstrip
patch. The over all impedance of the structure has been calculated with the help of even
and odd mode impedance of the structure. The comparison of computed and simulated
results shows good agreement except imifial range of frequencies. It may be due fo
presence of another mode in sinmlated results. Variation of input impedance with gap
distance between adjacent edges as well as with diameter of shorting post 15 studied.
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Further, the simulation results for TMp mode have been presented. The variation of input
impedance for Ty mode with gap between adjacent edges as well as with diameter of
shorting post 15 shown. The input impedance heavily depends on the diameter of shorting
post. 5o by varving the diameter of shorting post the input impedance can be controlled.

For analysis of the two gap-coupled structures or antenna arrays, muinal coupling is
an essential paramefer. The numerical models for omtual coupling between two gap-
coupled circular microstrip antennas loaded and without loaded have been developed.
The mutual impedance is calculated using the cavity model and reaction theorem. The
comparison between the analyzed and reported literature shows good agreement for small
gap distances between circular patches in case of the two gap-coupled circular microstrip
patch antennas. For gap-coupled circular microstrip antennas loaded with shorting post.
the calculated results are compared with the simulated results. As the gap befween the
adjacent edges increases, the coupling 1s weaker and vice-versa.

As the narrow bandwidth is the major disadvantage of the microstrip antennas. A
novel design of wideband microstrip antennas has been presented. A low profile anfenna
in cross shape for wide band application has been demonstrated. The impedance
matching 15 good over the band of interest and pattern is stable over the frequency range.
The cross structure can be modified to operate in different frequency ranges with suitable
impedance matching.

8.2 Future Scope

The proposed mumerical models of the resonant frequency and input impedance for the
two gap-coupled circular microstrip antennas can be extended to multiple resonators as
well as analysis with different patch sizes and patch shapes. The proposed models of the
resonant frequency and input impedance for the two gap-coupled circular microstrip
antennas loaded with shorting post can be extended to multiple resonators as well as with
different patch shapes and patch sizes. An asymmetric gap-coupled microstrip anfenna
configuration has an inherent capability for impedance transformation which can be used
for tapered anfenna arravs that can be modeled. By using one more cross patch antenna,
the design of cross patch antenna for wideband applications can be extended for ultra
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wideband applications. The analytical model can be developed for the proposed design of

novel cross patch antennas.
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