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ABSTRACT

This thesis presents an analysis of a bidirectional rectangular ring antenna. It is
very simple structure with a feeder surrounded by a rectangular ring. In this thesis, the
radiation characteristics of a probe-excited rectangular ring antenna are analyzed by
the dyadic Green’s function approach providing a closed form. Its impedance
characteristics and gain are determined by using the Method of Moments (MoM) with
the Rao-Wilton-Glisson (RWG) basis functions that obtain more accurate current
comparing with the dyadic Green’s function approach (which used in this thesis). The
parametric effects of the rectangular ring and excited probe, such as ring width, ring
length, ring height, probe length and probe position, to its characteristics are
investigated. Consequently, the optimum parameters, which provide bidirectional
pattern, are obtained. In addition, the bandwidth-enhancement of a bidirectional
rectangular ring antenna is presented by using an ultra-wideband rectangular ring fed
by stepped monopole antenna. The initial parameters of rectangular ring are first
considered to obtain the bidirectional pattern with a desired resonant frequency.
Subsequently, the parameters of stepped-monopole excitation for enhancing
impedance bandwidth are investigated. To study the impedance characteristic,
radiation pattern and gain, the simulations of the proposed antenna have been carried
out using the CST Microwave Simulation. Furthermore, the prototype antenna was
fabricated and measured to verify the theory and simulations. Obviously, the

simulated and measured results are reasonably in good agreement.
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CHAPTER 1
INTRODUCTION

1.1 Rationale

Recently, the wireless communications become essential in human activity.
Therefore, the demand for using a mobile telephone is increased everywhere. Mostly,
the omnidirectional antennas [1]-[3] are widely employed to cover the communicable
cell around it. Generally, the base station antennas in microcellular system for the
urban areas are located lower than the surrounded buildings along the streets and
sometime they located in the underground areas. Many base stations are placed in
doors such as in the building, underground shopping areas, subway station; the
communicable cell is formed along the street. For these environments, the
omnidirectional pattern is degraded when it places closed or attached to the wall or
metal. If a bidirectional antenna is applied, the deterioration on the omnidirectional
antenna performance can be avoided. In addition, bidirectional antennas have been
developed to enlarge the cell size in the street microcell environment [4], [S].
Therefore, many researches and developments on bidirectional antenna have been
extensively conducted [6]-[13]. It was found that a bidirectional pattern can be
achieved from a bidirectional rod antenna (BIRA) comprising a collinear antenna and
parasitic wires [6] by adjusting the spacing between the collinear antenna and the
parasitic wire, and the length of the parasitic wires. However, its bidirectional
properties are sensitive to the length of the parasitic elements. Therefore, it may not
be suitable for mass production. A bidirectional rod antenna comprising a narrow
patch (BNPA) and parasitic elements placing on both sides of radiation patches was
presented in [7] providing a bidirectional pattern without degrading the efficiency.
Nevertheless, adding parasitic elements makes the antenna structure in [7] even more
complicated. Moreover, a dual-band bidirectional reconfigurable antenna by
controlling switchics in the slots etched on the koch patch, different far field
bidirectional patterns at the dual-band around 60 GHz/80 GHz could be achieved [8].
In the work by [8], an electronically controlling the switches in the slots of the patch
is required which involves more complication. From the aforementioned researches, it
is evident that the development of a bidirectional antenna which has suitable

characteristics for the applications of the base station antenna in microcellular system,



especially for the confined areas, is desired. Moreover, the low cost must be
considered since the number of cell is very large. Therefore, a series of probe-excited
different shapes of rings, such as rectangular, circular, elliptical rings, are introduced
[9]-[13]; the omnidirectional pattern of linear probe is forced by the surrounded rings
to provide a bidirectional pattern. Because of the simple structure, the bidirectional
rectangular ring was presented in [9], [11]-[12] to be used as a base station antenna at
the narrow and long part serviced areas. Furthermore, a bidirectional antenna using a
linear probe-excited circular ring was also proposed [10] to serve these demands.
Although the circular ring provides the slightly higher gain than the rectangular ring,
its beamwidth cannot be easily adjusted due to the symmetrical structure. Also, a
bidirectional antenna using a linear probe-excited elliptical ring was proposed [13].
However, it is noted that rectangular ring is more simple structure compared to an
elliptical one. It is also possible to adjust the beamwidth of the antenna corresponding
to the applications by changing the ring width and ring height. Furthermore, the
desired directivity is easily obtained by varying the ring length.

A probe-excited rectangular ring antenna was proposed in [9] to be used as a
base station antenna of a Personal Communication Telephone (PCT). To simplify the
analysis in [9], only equivalent magnetic current density on the aperture was
considered for determining the electric and magnetic far fields excluding a probe
excitation, since the aperture is assumed to be placed on the infinite ground plane. In
this thesis, the aperture is assumed to place in free space and, a probe-excited is
included to analyze by taking into account the equivalent electric and magnetic
current densities on the aperture. Furthermore, the mode distributions in the
rectangular ring are- expressed to consider its influence to the radiation fields.
Theoretically, there are many techniques to analyze the radiation from the aperture
fed by probe in open literature [14]-[20]. Each method possesses its advantages and
disadvantages. In this thesis, the dyadic Green’s function approach [19]-[24] is used
to analyze the radiation characteristics of the proposed antenna since it is
straightforward, and the closed form solution can be obtained. The rigorous analysis
for determining the fields inside the rectangular ring, equivalent electric and magnetic
current densities on the aperture, and far fields radiation is expressed in detail.
Nevertheless, the analysis is performed under the assumption that the current is
assumed to be sinusoidal distribution, the mutual coupling between the two aperures

and the diffraction at the edge of the ring are neglected. Hence, this solution provides



a less correction of input impedance under those assumptions. The Method of
Moments (MoM) with the Rao-Wilton-Glisson (RWG) basis functions [25]-{26],
which is probably the most popular choice when using the MoM to solve surface
integral equations for arbitrarily shaped objects, is applied to determine the impedance
characteristic and gain of the antenna. For this method, the basis functions include not
only for each member of patch which contains an edge lying on the boundary of the
unit cell, but also the adjacent face-pairs of the triangulated surface. Therefore, the
more accurate solutions can be obtained from this technique comparing with the
previous solution (the dyadic Green’s function approach). However, the computation
time for RWG-MoM is longer than the dyadic Green’s function approach, and the
closed form is not available for RWG-MoM.

In addition to a bidirectional rectangular ring fed by linear probe, a technique to
enhance the antenna bandwidth is also introduced. In this thesis, to enhance the
impedance bandwidth, a stepped-monopole excitation is used instead of linear-
monopole (probe) excitation [27]. This antenna can be applied in an ultra-wideband
(UWB) application [28] which is gaining prominence and becoming very attractive in
modern wireless and mobile communication systems. In the analyses, firstly, the
initial parameters of rectangular ring are considered to obtain the bidirectional pattern
with the desired resonant frequency. Subsequently, the parameters of stepped
monopole for enhancing impedance bandwidth are investigated. To study the
impedance and radiation behaviors, the CST Microwave Simulation [29] based on
finite integration technique (FIT), which is a well know as the simulator for
electromagnetic fields (EM), is used. Because it is very convenient for varying several
parameters with less time consume. The simulations of the proposed antenna have
been carried out. Finally, the appropriated parameters are provided. Furthermore, to

verify the simulation, the prototype antenna was fabricated and measured.

1.2 Scope of the Thesis

This thesis is organized as follows. Chapter 2 presents the theory of the antenna
including the antenna structure and the derivation expressions by using the dyadic
Green’s function approach. The normalized magnitudes of the equivalent electric and
magnetic current densities in the rectangular ring for various modal distributions are

shown. The radiation characteristics as the function of antenna parameters are studied.



In Chapter 3, the RWG-MoM is introduced to determine impedance characteristic,
gain and radiation pattern of a probe-excited rectangular ring antenna. In addition, a
technique for improving a bandwidth of the antenna for wideband application is
presented. Therefore, a bidirectional UWB antenna using rectangular ring fed by
stepped monopole is shown in Chapter 4. Then, the fabrication and measurement for
validity of the theoretical and simulated results are provided in Chapter 5. Finally, the

conclusions and discussions are presented in Chapter 6.



CHAPTER 2
ANALYSIS OF RADIATION CHARACTERISTICS BY
THE DYADIC GREEN’S FUNCTION APPROACH

2.1 Introduction

In this chapter, radiation characteristics of a probe-excited rectangular ring
antenna are investigated by using the dyadic Green’s function approach. The radiation
characteristics, such as radiation pattern, beam-peak direction, half-power beamwidth
and directivity, are analyzed. In addition, the effects of the excited probe and
rectangular ring to the modal distributions are described. This chapter is organized as
follows. Section 2.2 presents the theory of the antenna including the antenna structure
and the derivation expressions. In Section 2.3, the radiation characteristics as a
function of antenna parameters are shown. Finally, the summary is addressed in

Section 2.4.

2.2 Theory

The proposed antenna consists of a linear electric probe of length / aligned along
y direction at the position of (x = s, y = -b/2, z = 0). The probe is surrounded by
rectangular ring of width a, height b and length c, respectively, as shown in Fig. 2.1.

P(r,69

>
\
N
\
.
\

»
»
’

Fig. 2.1 Antenna structure.

The rectangular ring is considered as a part of rectangular waveguide that is
truncated at z = +¢/2 and z = -¢/2, where the mutual coupling between the two

apertures and the diffraction at the edge of the aperture are omitted. In this thesis, the
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Fig. 2.7 Normalized magnitudes of M; and 7J, for various s (where probe is located

at (x=s,y=-b/2,z=0): (a) M; (b) nnJ, (cont.).

Following (2.20)-(2.25) and (2.30)-(2.34), the equivalent current densities of the
antenna are determined. It is revealed that a short ring length contains several modes
in the vicinity of the probe and the evanescent waves of the higher order modes near
the probe have been strong at the aperture as shown in Fig. 2.6. Furthermore, the TE}
mode keeps the constant value for any z; (where z; is the distance of ¢/2 away from
the probe position), whereas the higher order modes are lower as the further distance
to the aperture. They reduce rapidly when z, = 0.75 1. In addition, it is found that
some modes do not exist especially the number of modes with even m, that is different
from those in the rectangular waveguide [31]. However, the number of modes with
even m are induced and strengthen when probe is shifted from the center (x =5 =10, y
= -b/2, z = Q) whereas the number of modes with odd m are decreased as shown in
Fig. 2.7. The number of modes with odd m is vanished at s = 0.175 1 and then it is
increased again. The dominant mode TE)y is still stronger than the others. It should be
noted that modal distributions inside a probe-excited rectangular ring antenna have
been strongly influence on the input impedance of the proposed antenna shown in the

next chapter.
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(d)

Fig. 2.8 Radiation pattern for various c: (a) yz-plane of +z aperture (b) xz-plane of +z

aperture (c) yz-plane of two apertures (d) xz-plane of two apertures.

According to (2.35)-(2.46) in Section 2.2, the electric fields are plotted as a
function of ¢ as shown in Fig. 2.8. The radiation pattern of a single aperture in +z and
—z directions at z; = £¢/2 is shown under the condition that, field radiates only toward
+z and —z directions and there is no coupling between the apertures. Then, radiation
pattern from two apertures is displayed from the combination of a single aperture in
+z and —z directions with the same phase. On the other hand, the antenna acts as the
array of two apertures separated by the distance between the apertures (the ring
length), that contribute to the radiation pattern. As the results, the bidirectional pattern
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can be produced. It is observed that, the radiated field for the c shorter than 0.054 is
the same as the radiation pattern of a dipole antenna. Moreover, by increasing c, the

pattern in yz-plane is wider and then split. The side lobe formed on each side of the

main lobe is the result of ring length greater than A . Then it becomes a bidirectional
with side lobes. The xz-plane pattern has wider beam for the shorter ¢ because the

aperture separation affects the radiation patterns. In addition, the yz-plane pattern has

null and the xz-plane pattern broadens at 6 = 90" due to the effect of the ring edge.
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Fig. 2.9 Beam-peak direction and-halfspower beamwidth for various ring lengths.

In addition, the beam-peak direction of yz-plane will be slightly tilted from z

axis (@ =0" and § =180") due to the influence of asymmetrical probe position at the
upper and lower side (i.e., it is located at the lower side) as shown in Fig. 2.9. For
0.1 <c <1.54, it is found that a bidirectional pattern is obtained at ¢ <0.64 and
occurred again with existed side lobe at ¢ >1.254 (for the beam peak directs +5 and -
5 degrees tilted from z axis). Furthermore, in Fig. 2.9, the half-power beamwidth in
yz-plane and the xz-plane have the opposite curve, viz., a wider beamwidth and a
narrower beamwidth in yz- and xz-planes respectively, as the longer ring length until

at ¢=1.251 (which the bidirectional pattern with side lobes is occurred), then they
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are increased. These result to the directivity of the antenna that will be then described.
Note that the narrow beamwidth is required for the high directivity.

The directivity is a figure of merit that quantifies the antenna directive
properties comparing with an isotropic antenna. The maximum directivity is defined
as the maximum radiation intensity of that antenna (Unax) over the radiation intensity
of isotropic radiator (Pg/4 7). The high radiation intensity with the low radiated
power is required to enhance directivity. The maximum radiation intensity is obtained
from combining of the maximum amplitude of electric field that radiates from +z and

—z apertures as

IEIZ =B+ By, ’ +|E, .. +E,_. :
= ( E,.. i +IE0,—2 ‘4 2|Ea,+z E,_,|cos (‘fo,n — oz )) (2.48)
+(|E¢’+z 2 +[E - 2 +2[E,'+z E, _,|cos (‘f¢,+z -&, ., ))

The ring length that provides the maximum directivity must be clarified. Figure
2.8 shows the maximum directivity as a function of ring length when /=0.254,a =

0704 and b = 0.35A4. In Fig. 2.10 (a), it is found that the maximum radiation

intensity is provided at §=0" and ¢ =90" by combining the square of magnitude of

? ) respectively, with the

2) and —z directions ( IEg,_z

electric field aperture at +z ( ]Egﬁz

phase difference (£,, —¢&_,) between +z and —z apertures, as defined by subscript +z
and —z, respectively. Equation (2.48) shows that E; is null in this direction.

Therefore, only a component of E, is shown in Fig. 2.10 (a). The phase-difference

has more impact on radiation intensity. Nevertheless, at the maximum intensity (¢ =
0.5 1), the radiated power is rather high. Hence the maximum directivity does not
occur as shown in Fig. 2.10(b). Furthermore, the mode distributions inside the ring
also affect to the directivity; i.e. the shorter ¢ provides the high magnitude of higher
order mode, and the directivity is decreased. Furthermore, the aperture separation also
influences to the directivity. As the results, the maximum directivity of 4.60 dBi for ¢
= 1.451 is achieved because this length provides the narrower beamwidth with
existed side lobe. For the bidirectional pattern with no side lobe, the ring length of

0.4 A provides the maximum directivity of 4.43 dBi.
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Fig. 2.10 Directivity, radiated power and radiation intensity for various ring lengths:

(a) Magnitude of radiated field (b) Directivity, Praq and Ugax.

2.4 Summary

This chapter presents the investigations of a bidirectional antenna using a probe-
excited rectangular ring by applying the dyadic Green’s function approach. The
analysis begins with the field derivation of a probe-excited rectangular ring which is

considered as a part of rectangular waveguide truncated at the ends by the aperture. It
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is' found from the closed-form solution that the antenna characteristics depend on the
ring width, ring height, ring length, length probe and probe position. For the
derivations, the electromagnetic fields are expressed as a superposition of the field
from two apertures, by neglecting the mutual coupling and disregard the diffraction at
the edge of the antenna. The effects of the probe on the features of rectangular ring
are illustrated as normalized equivalent magnetic and electric current densities with
respect to the equivalent magnetic current of the dominant mode (TE0). It is obvious
that the number of modes with even m do not exist when the excited-probe position is
at the center (x = s = 0, y = -b/2, z = 0), and they are induced and strengthen when
probe is shifted from the center (s#0). In addition, the radiation pattern becomes
bidirectional pattern for the appropriated ring length ¢ from 0.104 to 0.651 and
occurred again with the side lobe when ¢>1254. Furthermore, the beam-peak
direction in yz-plane is slightly tilted from z-axis because of an asymmetrical view in
this plane; probe is located at the lower side of ring. In xz-plane, it always directs in
+z and —z directions for any ring length of interest due to the symmetrical geometry in
this plane. To obtain the antenna parameters, the ring width and ring height are
selected as same dimensions of rectangular waveguide operated at the dominant
mode. The ring length is varied to achieve the optimum radiation characteristics.
Furthermore, the polarization of this antenna at the directions along the street cell (+z
and —z directions) is linear because there is only an elevation component of electric
field. Since, the results in this chapter are obtained under the assumption of current.
Therefore, impedance characteristics are less correction. In the next chapter,
impedance characteristics are investigated by using the Moment Methods, which use
more accuracy current in the analysis compared to the dyadic Green’s function
approach that used in this chapter. The validity of this approach is verified by the

measurement in chapter 5.
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CHAPTER3
ANALYSIS OF IMPEDANCE CHARACTERISTIC BY
MOMENT METHOD WITH RWG BASIS FUNCTIONS

3.1 Introduction

The art of electromagnetic engineering design partly relies on the ability to properly model
the physical structure under consideration. Electromagnetic field models are predominantly used
by antenna and microwave engineering. The analysis starts from the physical structure (i.e., the
geometry and electrical properties of materials involved), and it gives a full insight into the
electrical properties of devicés and circuits (including propagation, radiation, parasitic effects,
etc.). Most electromagnetic field problems do not have an analytical solution; therefore a
numerical approach is required. Various numerical techniques have been developed to carry out
the electromagnetic field simulation [14]-[21]. The most notable approaches for treating that
problem have used integral solution formulations in conjunction with the Moment Methods [32].

Generally, the integral equations are categorized as electric field integral equation (EFIE)
and magnetic field integral equation (MFIE) [33]. The EFIE has advantage of being applicable
to both open and closed bodies, whereas the MFIE applies only to closed surface. The body
surfaces in these approaches is generally modeled either as a wire mesh called wire grid model
or as a surface partitioned into smooth or piecewise-smooth patches called surface patches
model. The wire-grid modeling approach has been remarkably successful in treating many
problems, particularly in those requiring the prediction of far field quantities such as radiation
pattern [25]. It also has the advantage that all numerically computed integrals in the moment
matrix are only one dimension. However, it is not well suited for calculating near field and
surface quantities such as surface current and input impedance. Some of problems encountered
include the presence of fictions loop currents in the solution, ill-conditioned in the matrices and
incorrect currents at the cavity resonant frequency of the scatter and difficulties in interpreting
computed wire currents and relating them to equivalent surface currents. Most of these
difficulties can be either completely or partially overcome by surface patch approaches [25].
Several approaches to surface patch modeling have been reported in the literature [34]-[38]. In

[37] stated that the use of rectangular patches limits the approaches to structures with curvature
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in one dimension only. For modeling arbitrarily shaped surfaces, planar triangular patch models
are particularly appropriate. Some of the advantages of the triangular patches are capable of
accurately conforming to any geometrical surface or boundary, the patch scheme is easily
specified for computer input, and a varying patch density can be used according to the solution
required in the surface current. Although planar quadrilateral (non rectangular) patches share
some of these feature, it is difficult to construct basis functions defined on them which are free
of line charges. Furthermore, the vertices of planar quadrilaterals cannot be independently
specified; a restriction that is a sever inconvenience to the modeler. In this thesis, the RWG basis
function using triangular patches, which is widely used in MoM analysis [25], [38], is applied.
This chapter is organized as follows. The electrical field formulations are expressed in
Section 3.2. In Section 3.3, antenna structure and numerical results are shown. Finally, summary

is reported in Section 3.4.

3.2 Electric Field Formulations

In this section an integral equation for the surface current induced on the conducting
scatterer deriving from boundary conditions on electric field is shown. To solve the integral
equation by moment method, a set of basis function and testing function is used to derive the

element of moment matrix.

3.2.1. Electric Field Integral Equation
Fig. 3.1 shows the equivalent source for the electric and magnetic fields out side S. Let S

denote the surface of an open or closed surface perfectly conducting scatterer with unit normal
. An electric field E', defined to be the field due to an impressed source in the absence of the
scatterer, is incident and induces surface current J (with may regard to the equivalent electric
(Jes) and magnetic surface currents (j,,., )) on S. If S is open, we regard J as the vector sum of
the surface currents on opposite sides of S; hence the normal component of J must vanish on
boundary of S. The scattered electric field E* can be computed from the surface current by

E' =—jod-VO (3.1

with the magnetic vector potential defined as
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Fig. 3. 1 The equivalent source for the electric and magnetic fields out side S.

A harmonic time dependence e’” is assumed and suppress, k = @\/y,8, =27/ A, when 4 is
the free space wavelength. The permeability and permittivity of the surrounding medium are
and g, respectively, and R =|F —F'l is the distance between an arbitrarily located observation

point 7 and a source point ¥ on S. Both ¥ and ¥ are defined with respect to a global
coordinate origin. The surface charge density o is related to the surface divergence of J
through the equation of continuity,
V,-J=—jwoc. (3.4)
An integrodifferential equation for J is derived by enforcing the boundary condition
Ax(E'+E*)=0 onS§, then
~E,, =(-jod-V®) ,7 onS (3.5)
Equation (3.5), with (3.2)-(3.4), constitutes the electric field integral equation. Note that the
presence of derivatives on the current in (3.4) and on the scalar potential in (3.5) suggests that

care should be taken in selecting the expansion functions and test procedure in the MoM.
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3.2.2. Basis Function

boundary edge

1

vertex

Fig. 3. 2 Triangle pair and geometrical parameters associated with interior edge.

In this section, a set of RWG basis function, which is suitable for EFIE and triangular
patch modeling, is introduced. To assume that a suitable triangulation, defined in terms of an
appropriate set of faces, edges, vertices, and boundary edges, as illustrated in Fig. 3.2, has been
found to approximate S. It is convenient to start by noting that each basis function is to be
associated with an interior edge (i.e., non-boundary edge) of the patch model, and it is to vanish

everywhere on S except in the two triangles attached to that edge. Fig. 3.3 shows two such

triangles, 7" and T, corresponding to the nth edge of a triangulated surface modeling a
scatterer. Points in 7" may be designated either by the position vector 7 defined with respect to
0O, or by a position vector 5 defined with respect to free vertex of T, . Similar remarks apply

to the position vector p, except that it is directed toward the free vertex of 7, . The plus or
minus designation of the triangles is determined by the choice of a positive current reference
direction for the nth edge, the reference is assumed to be from T, to T, . The vector basis
function associated with the nth edge as
(,/24)p;(F), F in T’
5,()=10, 1245, (), 7 in T, (3:6)
0, otherwise
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where I, is the length of the edge, p; is the vector between the free vertex points, and A* is the
area of triangle T*. (Note that, followed throughout this chapter, the subscripts refer to edges
while superscripts refer to faces.) The basis function 7, is used to approximate represent the

surface current. Some properties which make basis function £, uniquely suited to this role are

shown as below [37].

(1) The current has no component normal to the boundary (which excludes the common
edge) of the surface formed by the triangle pair 7, to 7, , and hence no line charges

exist along this boundary.

(2) The component of current normal to the nth edge is constant and continuous across

the edges as maybe seen in Fig. 3.3, which shows that the normal component of o
along edge # is just the height of triangle T.*, with edge » as the base and the height
expressed as 247 /1 . This latter factor normalizes f, in (2.6 ) such that its flux
density normal to edge » is unity, ensuring continuity of current normal to the edge.
This result, together with (1), implies that all edges of T' and 7, are free of line

charges.
(3) The surface divergence of £, » which is proportional to the surface charge density
associated with the basis element, is
L/4, rinT
V,-f,=1-1,/4, FinT,

0 otherwise,

since the surface divergence in T is (il / p:)a( p,f?")/ap: . The charge density is

thus constant in each triangle, the total charge associated with the triangle pair T,

and T is zero, and the basis functions for the charge evidently have the form of
pulse doublets.
(4) The moment of £, is given by (A; +4; ) S.® where
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and pf is the vector between the free vertex and the centriod of I:,* with p;"‘;

directed toward an p? directed away from the vertex.

Fig. 3.3 Geometry for construction of component of basis function normal edge.

In terms of RWG basis function /7,, [39], the surface electric current density J on the

metal surface divided into triangular patches is given inform
p— N [—
J=Y 11 (F) (3.7)
n=]
where N is the number of interior (non-boundary) edges. Since a basis function is associated
with each non-boundary edge of the triangulated structure, up to three basis functions may have
nonzero values within each triangular face. But at a given edge only the basis function

associated with that edge has a current component normal to the edge; all other basis currents in

adjacent faces are parallel to the edge. Furthermore, since the normal component of 7, at the nth

edge is unity, each coefficient I, in (3.7) may be interpreted as the normal component of current

density flowing past the nth edge. Also, the basis functions are independent in each triangle
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since the current normal to the nth edge, I, in (3.7), is an independent quantity. At surface
Boundary edges, the sum of normal components of current on opposite sides of the surface is
canceled because of current continuity. Therefore, it is neither defined nor included in (3.7)

contributions from basis function associated with such edges.

3.2.3. Testing Function

The next step in the MoM is to select a testing function. Galekin solution, which, basis
function and testing function are identical [31], is chosen for testing functions. With a symmetric
product defined as

<7.5> 4s ' (3.8)

[9,5]

|7
S
(3.5) is tested with j_‘m , yielding

<Ef, > =jo<d,f,>+<VO,f, > (3.9)

If one makes use of surface vector calculus identity and properties of £, at the edges of S, the

last term in (3.9) can be rewritten as

<VO,f, >=-[0V,-f, dS (3.10)
N

From (3.6), the right hand side (RHS) of (3.10) may be written and approximated as follows:

Zl;qus—j;fjcbdstlm [0 -0 ] (.11)

", m T

[ov,-f, as =1m(
S

In (3.11) the average of @ over each triangle is approximated by the value of @ at the triangle
centroid. With similar approximation, the vector potential (the first term of RHS of (3.9)) and
incident field terms (the left hand side (LHS) of (3.9)) may be written as

El =\ |1 ¢JE]| o 1 (|E'| _
<{Z} fm>—lm[2A’:;£{Z}Pm dS+-27;‘T;{Z}pm dS}

LI[EE] o, [EG]
. H z(;;v)} o +{ Z(ﬁo_)} pm} (3.12)

where the integral over each triangle is eliminated by approximating E' (or A) in each triangle

mn

by its value at the triangle centroid. From (3.10)-(3.12), (3.9) now becomes
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jol, [Z(Fm”°*)~%"5i+2(ﬁ‘)-’%:]+lm [0G)-0E"] =1, [E'(F;“)-i’_—fi@‘ﬁ;"‘)-”g_]

(3.13)
which is the equation enforced at each triangle, m=1, 2, ..., N. The purpose of
approximations (3.11)-(3.12) is to eliminate surface integral of the potential quantities allowing

a double surface integral to be approximated by a quantity involving a single surface integral in

the numerical computation of the moment matrix elements.

3.2.4. Matrix Impedance
Substitution of the current expansion (3.7) into (3.13) yields an Nx N system of linear

equations may be written in matrix from as
[Zm )[2,]=[72] (3.14)

Elements of Z and ¥ are given by

Zm,,=1m[jw(2;,-”; +Z;n-%—J+<D;,—<D;n] (3.15)
_ pc‘o+ _ pto
V=l By P2t 52 , Et=E'(ro*); m=1,2,---,N (3.16)
where
_ -~ kRS ~ kRS
o) D (5l as+ I"_j,s;e — ds' |, (3.17)
4z| 24 " R: 247 2" R:
kR, —JAR,
A —’—je gyl 1 s, (3.18)
drjoe| 4, 7. R, A7~ R,
R =[re* -7 (3.19)

An antenna is usually fed by a conventional transmission line through two electrically closed
terminals. This means that an ideal voltage generator is connected across a gap with a small
width, along the antenna. To account for a voltage source instead of an incident wave, a feeding-
‘edge model is introduced. An alternative way is to use a numerical integration over a triangle.
The so-called barycentric subdivision [39] of an arbitrary is chosen. Any primary triangle can be

divided into 9 equal small sub-triangles by the use of the “one-third” rule. Further assuming, the
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integrand is constant with each small triangle. For the simplest way to obtain the current solution

in (3.16), the Gaussian elimination [39] is used instead of the matrix inversion.

3.2.5. Input Impedance and Far-Field Parameters

For the model of fed-probe in Fig.3.3, the feeding edge at the junction requires special
consideration. There are two edge elements that have the common edge /,. To separate these two
elements, it is convenient to “double” the junction edge, i.e. just repeat it twice in mesh code.
The model of delta-function generated is then applied, similar to that for dipole. Since the
feeding edge is double, the contribution of each single edge should be taken into account. The
input impedance is defined as the ratio of voltage to current at a pair of terminals. Therefore, the
antenna impedance is

14

P . A 3.20
g InIInI +In21n2 ( )

where indices 1, 2 label two distinct RWG junction elements.

Fig. 3.4 Model of probe feed.

Once the surface currents are known, the electric and magnetic fields everywhere in space
can be found, either using surface integrals or elegant dipole model. The dipole model assumes
that every RWG edge element behaves like a dipole of constant current, located between the
centroids of the triangle adjacent to each edge. The dipole moment, m , which is the products of
an effective dipele current is obtained by integration of the surface current, corresponding to the

edge element m, over the element surface, i.e.,

m= [ 1f,(F)dS=11,G -5 (3.21)

m
TH4T;
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between the bottom and the top of the ring in this plane; since, the feeder is located at
the bottom of rectangular ring. The beam-peak directions of the antenna fed by linear-
monopole, rectangular-monopole, T-monopole and stepped-monopole excitations,
respectively, in yz-plane are as follows: At the frequency of 3.1 GHz, they direct to 3,
3, 3 and 4 degrees, respectively. For the frequency of 6.5 GHz, they direct to 24, 25,
30 and 30 degrees, respectively. At the frequency of 10.6 GHz, they direct to 16, 23,
39 and 39 degrees, respectively. In addition, the field distributions at the aperture
trend to bend away from the center of the aperture to both sides of the edge of the ring
(as seen in Fig. 4.21). Moreover, the same trend of symmetry bidirectional pattern is
achieved from the rectangular ring fed by the different monopole-excitations in xz-
plane. The beam-peak direction of 6 = 0 degree is provided at the selected frequency
except for the T- monopole and stepped-monopole excitations at f of 6.5 GHz; they
direct to the same direction at & of 27 degree. From these results, it is observed that
the impedance and the radiation pattern are strongly affected by the feeder and
rectangular ring, respectively. Since, the impedances in terms of [Sy| of the same
dimensions of rectangular ring antenna fed by the different monopoles are
significantly different, while the radiation patterns are fairly stable. In the next
subsection, parametric study of an UWB antenna using rectangular ring fed by a

stepped-monopole is shown in detail.

............... Linear-monopole excitation
_____ Rectangular-monopole excitation

e T-monopole excitation
o Stepped-monopole excitation 4

Fig. 4.4 Radiation pattern at 3.1 GHz: (a) yz-plane, (b) xz —plane.
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............... Linear-monopole excitation
_____ Rectangular-monopole excitation

g | -—-- T-monopole excitation 9
Stepped-monopole excitation —

90° 90° 00°

Fig. 4.5 Radiation pattern at 6.5 GHz: (a) yz-plane, (b) xz —plane.

............... Linear-monopole excitation

_____ Rectangular-monopole excitation
O |- T-monopole excitation 6
Stepped-monopole excitation

Fig. 4.6 Radiation pattern at 10.6 GHz: (a) yz-plane, (b) xz —plane.

4.3.2 Parametric Study

In order to accomplish the bidirectional pattern along the UWB frequency range
from 3.1 to 10.6 GHz, the antenna design is separated into two parts for rectangular
ring and stepped monopole, respectively. It is found that the bidirectional pattern and

resonant frequency are significantly affected by the rectangular ring, whereas the
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stepped monopole influences to the bandwidth enhancement. Starting with the
rectangular ring, its initial width (a) is designed with TE;o mode to operate at the
lower edge frequency of UWB range. Therefore, the initial ring width (a) is 48 mm.
The quarter wavelength of the linear monopole at 3.1 GHz (A = 24 mm) is also
initialized for the impedance matching. Fig. 4.7 shows the bandwidth of the nearest
resonant frequency of 3.1 GHz of the rectangular ring fed by the quarter-wave
monopole for various ring parameters. From this figure, the height (b) and the length
(c) of rectangular rings are determined from the widest bandwidth. For compact size,

the ring length (c) of 15 mm and b/a of 0.7 are selected.
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Fig. 4.7 Bandwidth of the lowest resonant frequency as the function of b/a (a = 48
mm, i =24 mm).
Table 4.1 Suitable parameters that obtain the lower and upper resonant frequencies
nearly 3.1 GHz and 10.6 GHz.

Wb 0.42 0.46 0.52 0.60
b/a 1.00 0.90 0.80 0.70

After the initial parameters of a, b and c are chosen, the iength of the linear
monopole (4) is varied in terms of A/b for different b/a to determine the suitable
condition of resonant frequencies for UWB. The lower and the upper resonant
frequencies as function of /b are shown in Fig. 4.8 and Fig. 4.9, respectively.

Obviously, the suitable parameters that provide the lower and the upper resonant
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frequencies nearly 3.1 GHz and 10.6 GHz are tabulated in Table 4.1. For the compact

antenna size, b/a of 0.7 and W/b of 0.6 aré appropriately chosen.

Resonant frequency (GHz)

1
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Fig. 4.8 The lower resonant frequency for various /b (@ =48 mm, ¢ = 15 mm).
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Fig. 4.9 The upper resonant frequency for various #/b (a =48 mm, ¢ = 15 mm).

Moreover, the ring width (a) can be varied to adjust the lower and the upper

resonant frequencies as shown in Fig. 4.10. To achieve the lower and the upper

resonant frequencies very close to 3.1 GHz and 10.6 GHz respectively, the ring width

(a) of 40 mm is chosen. Therefore, the suitable parameters of rectangular ring fed by

linear monopole that obtains the resonant frequencies proximity to 3.1 GHz and 10.6
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GHz are as follows: =40 mm, b = 0.7a=28 mm, ¢ = 15 mm and » = (.66 = 16 mm.
These parameters will be used throughout this chapter.
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Fig. 4.10 Resonant frequency for various a (b = 33.6 mm, 4 = 0.6 = 20 mm).

It is noted from Fig. 4.10 that other ring widths (a) rather than 40 mm can be
also selected as required. In this chapter, the ring width (a) of 40 mm is chosen due to
available and compact sizes in the fabrication. The smaller ring width yields more
compact antenna size at the expense of slightly gain degradation. By following the
guidelines of antenna design as mentioned above, other parameters such as b, ¢, 4 and
w; can be determined. After that, A;, w, and w; are subsequently obtained. The
parameter A, can be used to improve the |Sp|.

To achieve the UWB characteristics, the |S;;] along the lower and upper
resonant frequencies must be less than -10 dB. Thus, the stepped monopole is
introduced to excite the rectangular ring instead of linear monopole. To design the

stepped monopole, the dimension should be related with multiple A, /4 sections
(nA, 14) [27], where A, is the free space wavelength of the upper edge frequency of
UWB (10.6 GHz) and n is positive integer number. This is due to the fact that the

current distribution will be dense at the stepped monopole excitation rather than the

rectangular ring at the high frequency. Fig. 4.11 shows |S;;| versus frequency for
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various A;. For impedance matching, the choice of A is approximately to n4, /4, and

it is geometrically restricted to be shorter than A. For A= 16 mm in this case, n can be
either 1 or 2 that corresponding to A; of 7 mm and 14 mm, respectively. However, A;
of 14 mm is very close to 4 (k= 16 mm), and it is difficult to adjust the parameters for
further bandwidth improvement as seen in Fig. 4.11. Therefore, A of 7 mm is selected
because of the flexible design; #; of 6 mm and 10 mm can be used also but /#; of 7 mm

provides the better |S;;| at the higher frequency.

RS SN DU

[Sul (4B)
S

eee-hp=5mm..-h =A6mm

______________________

—h=7mm ... h;=10mm
------- :— --‘D—--hl= ]] mm

______________

5 6 7 8 9 10 11
Frequency (GHz)

Fig. 4.11 |Sy,| for various A;.

To further improve the |S;)|, additional step is introduced in term of A;. From
Fig. 4.12, h, is varied to observe its influence to |Sy;| versus frequency. It is apparent
that 4, of 3 mm and 5 mm can be selected because the |S;,| <-10 dB along the UWB
range. Comparing between A, of 3 mm and 5 mm, it is preferable to choose A, of 3
mm because the |Sy,] at 3.1 GHz and 10.6 GHz is lower.

Furthermore, the widths of stepped monopole are designed in terms of nA4, /4

with the condition that w; > w, > ws. Fig. 4.13 shows |Sy;| for various w; of 14 mm,
16 mm, 21 mm, 28 mm and 30 mm. It is found that w; of 21 and 28 mm provide |Sy|
< -10 dB covered the frequency range from 3.1-10.6 GHz. However, w; of 21 mm
yields |Syy| better than w; of 28 mm; thus, w; of 21 mm is selected. Moreover, the
influence of w, and ws are also investigated as shown in Figs. 4.14-4.15. From the

plot of |Syy| for w, of 7 mm, 11 mm, 14 mm, 15 mm and 21 mm as shown in Fig. 4.14,
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it is found that |S;| < -10 dB is obtained for w2 of 11 mm, 14 mm and 15 mm; w, of
14 mm is chosen related with n4, /4 where n = 2. In addition, w; of 3 mm, 5 mm, 7
mm, 9 mm and 14 mm is plotted in Fig. 4.15. Obviously, w3 of 5 mm, 7 mm and 9
mm provide |Sy;] < -10 dB. In this work, w3 of 7 mm is selected because the better

matching condition compared to those three values is obtained.

[S11] (dB)

3 4 5 6 7 8 9 10 11
Frequency (GHz)

Fig. 4.12 |Syy| for various 4.

It should be pointed out from Figs. 4.11 through 4.15 that w; is limited by the
ring width (@) and its ranges must from 0.5a to 0.7a. From the design criteria, w; of
21 mm, w, of 14 mm and w3 of 7' mm are chosen 'according tonof3, 2and 1,
respectively. The influence of these parameters to the |Sy)| along the frequency is
described. It should be noted that if one parameter is varied, the remaining parameters
are fixed. Apparently, the stepped monopole can improve the |S;;| along the
bandwidth of 3.1-10.6 GHz. The designed parameters are ultimately tabulated in
Table 4.2.

Table 4.2 Designed parameters.

Parameters a b c h | h | ha|w {w|ws| d]| S

Physical size(mm) |40 {28 [ 15|16 | 7 |3 (21 |14 | 7 1 1




1S11] (dB)

[S1;] (dB)

Frequency (GHz)

Fig. 4.13 [S,,| for various w;.

) —wy=I14mm..a--wy =15 mm
————————— g---Wr— 21 mm

———Wy = 7mm-—+-—- Wy = 11 mm)|’

5 6 7 8 9
Frequency (GHz)

Fig. 4.14 |S;,| for various wy.
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Fig. 4.15 |S| for various wj.

In addition, considering the effect of the ring length ¢, Sy, beam-peak
direction, gain, and polarization are investigated. Fig. 4.16 shows the |Sy;| for various
¢ of 10 mm, 15 mm, 20 mm and 25 mm. It is found that they provide |S;;/ <-10dB
along the frequency range of 3.1-10.6 GHz with |S;;| between -25.76 to -12.67 dB, -
33.45 to -12.75 dB, -23.55 to -13.46 dB, and -18.97 to -11.02 dB for ¢ of 10 mm, 15
mm, 20 mm and 25 mm, respectively. The ring length ¢ of 15 mm provides the better

|S11| along the UWB frequency range.

ee.c=10mm ___c=15mm|
SH__ec=20mm _,_c=25mm} """

S| (dB)

3 4 S 6 7 8 9 10 11
Frequency (GHz)

Fig. 4.16 |Sy] versus frequency for various ring lengths.
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Figures 4.17 (a) and 4.17 (b) show the beam-peak directions for various ¢ in yz-
and xz-planes, respectively. It is found that the increasing deviated angle is obtained
as increasing ¢ in both yz- and xz-planes at the higher frequency as shown in Fig. 4.17.
In xz-plane, the beam-peak directions alter from z-axis at the frequency about 4.5-7
GHz for ¢ of 10 mm, 5-7.5 GHz for ¢ of 15 mm and 20 mm, and 5-7 GHz and alter
again at 10-11 GHz for ¢ of 25 mm. On the other hand, the smaller altered angles

from z-axis are obtained as the smaller c.
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Fig. 4.17 Beam-peak directions: (a) yz-plane, (b) xz-plane GHz.
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In addition, gains for ¢ of 10 mm, 15 mm, 20 mm and 25 mm are shown in Fig.
4.18. Apparently, gains between 2.58-5.52 dBi, 2.33-5.21 dBi, 1.82-4.65 dBi, and
1.17-4.45 dBi, respectively, for ¢ of 10 mm, 15 mm, 20 mm and 25 mm. The
maximum gains are provide at 9.5 GHz for ¢ of 10 mm and 15 mm, at 4 GHz for ¢ of
20 mm, and at 4.5 GHz for ¢ of 25 mm. The maximum gain is yielded from ¢ of 10
mm, while the ¢ of 25 mm provides the lowest gain. For polarization of the antenna,
the cross polarization discrimination (XPD) for various c is plotted showing the

polarization purity of the antenna as shown in Fig. 4.19. It is found that nearly purely

linearly polarized with XPD of better than 145 dB at §=0°,¢ =90 for all cases is

provided.

In this work, ¢ of 15 mm is selected due to its [Sy)| is better than ¢ of 10 mm

even it proves fairly lower gain comparing to ¢ of 10 mm.

6.0
c=10mm __c=15mm

——c=20mm ___c=25mm

Gain (dB))

3 4 b 6 7 8 9 10 11
Frequency (GHz)

Fig. 4.18 Gain versus frequency for various ring lengths.

The surface current distributions of stepped-monopole excitation rectangular
ring for different frequencies are shown in Fig. 4.20. It is found that they mainly
distribute in the same direction along the side walls and bottom of the ring at the
lower frequency, but they are weak along the stepped monopole. At the high
frequency, they are mostly strong along the bottom of the ring and along the stepped

monopole. These behaviors mean that the lower resonant frequency is affected by the
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measurement. Hence, the antenna prototype was fabricated and measured. It is found
that the simulations and measurements are reasonably in good agreement. These
results are very useful to design a bidirectional UWB antenna by using rectangular

ring fed by stepped monopole as well as for others wide band applications.

Table 5.2 Comparison results between the simulation and measurement of a

bidirectional UWB antenna using rectangular ring fed by stepped monopole.

Anfenna Simulation Measurement
Characteristics 3.1 f=6.5 | ~10.6 | f=3.1 f~6.5 | f~10.6
GHz GHz GHz GHz GHz GHz
| Beam-peak | yz-plane 4 30 39 10 30 30
direction
(degree) | xz-plane 0 27 0 0 0 0
Half-power | yz-plane 86 - 63 64 70 60 55
beamwidth
(degree) | xz-plane 82 112 44 60 55 35
4.58 2.67 4.53 4.51 2.57 4.47
Gain (dBi)
2.44-4.98 2.33-5.21
Without SMA connector
-17.91 | -16.41 | -19.08
Y TN T— -11.18 | -11.79 | -21.79
ISul (dB) -16.47 | -12.93 | -23.40
Without SMA connector
-33.45t0 -12.73
With SMA connector 474 10-10.61
-26.15t0-11.39
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CHAPTER 6
CONCLUSIONS AND FUTURE WORK

6.1 Conclusions and Discussions .

This thesis presents the analysis of a bidirectional pattern using rectangular ring
antenna which is very simple structure. Its structure consists of feeders that are
surrounded by rectangular ring. For the feeders in this thesis, a linear monopole
(probe) is firstly considered to achieve bidirectional pattern, and then a stepped-
monopole is used to enhance bandwidth of the antenna. A rectangular ring antenna
fed by either linear- or stepped-monopoles produces a bidirectional radiation pattern
that is suitable for applying in the confined areas such as in the building, underground
shopping areas, subway station, highway, sky train station and etc.

Chapter 2 presents the theory of the bidirectional pattern using a probe-excited
rectangular ring antenna including its structure and the derivation expressions by
using dyadic Green’s function approach providing a closed form solution. The
normalized magnitudes of the equivalent electric and magnetic current densities for
various modal distributions are shown. The effects of the excited probe and
rectangular ring to the modal distributions are described. Then, the radiation
characteristics, such as radiation pattern, beam-peak direction, half-power beamwidth
and directivity, are analyzed. It is considered that the radiation pattern of a single
aperture in forward- and backward-directions is shown under the condition that, field
radiates only forward- and backward-directions, and there is no coupling between the
apertures. Then, the total radiated fields (radiation pattern from two apertures) are
provided by combining fields of a single aperture in forward- and backward-
directions. To obtain the antenna parameters, the ring width and ring height are
selected as the dimension of a standard waveguide operating at the dominant mode,
because the cross-section of the antenna is the same as a rectangular waveguide. Thus,
the ring width of a, and ring height of b = a/R are selected, where R is the ratio of a/b
and R >1; in this thesis R = 2 is used. Then, the ring length is varied to achieve the
bidirectional pattern with high directivity. It is found that the bidirectional pattern is
provided when ring length ¢ is from 0.104 to 0.654 and c¢>1.251. The highest
directivity is obtained at ¢ equals to 0.44 with directivity of 4.43 dBi. Considering at

forward- and backward-directions, this antenna produces a linear polarization because
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-there is only one component. Due to the derivations are considered under the
assumption that current is assumed, the mutual coupling and reflection of the aperture
and the diffraction from edge of ring are neglected; therefore, impedance
characteristics including gain of the antenna are incorrect.

Those problems in Chapter 2 are solved by using MoM with the RWG basis
function as presented in Chapter 3 since this method uses the more accurate current
compared to the dyadic Green’s function approach in Chapter 2. Applying this
approach, the surfaces of the proposed antenna are divided into a number of triangular
patches. It should be pointed that the criterion of convergence should be care for
selecting a number of patches. In this thesis, the criterion convergence consideration
is that the deviation of input impedance is less than 1%. Consequently, the impedance,
and gain are investigated for various probe length and probe position with different
ring length. It is found that the ring length of 0.254 with the probe length of 0.274

located at the center (x=s=0,y=-b/2,2z=0) provides the maximum gain of 5.28

dBi and the best impedance matching with |S;;| of -30.46 dB. In addition, the current
distribution is investigated. Apparently, the current distributes dense along the linear
probe rather than on the ring, meaning that the radiation fields of linear probe are
confined by rectangular ring to radiated in forward- and backward-directions.
Moreover, the antenna bandwidth is determined. It is found that the probe-excited
rectangular ring antenna provides bidirectional pattern with frequency band of 17%
(ISn| < -10 dB). Furthermore, the radiation pattern of the antenna is also plotted to
compare with those obtained from Chapter 2.

In addition to a bidirectional pattern using a probe-excited rectangular ring
antenna, the bandwidth enhancement is also presented. In this thesis, the bidirectional
UWB antenna using rectangular ring fed by stepped monopole instead of linear
monopole is introduced in Chapter 4. To study the antenna parameters, the
simulations using the CST Microwave Simulation, which is very convenient for
varying several parameters with less time consume compared to RWG-MoM in
Chapter 3 in which the convergent criterion of RWG-MoM should be taken very good
care for the accuracy when changing the antenna structure. The antenna revolutions to
enhance the antenna bandwidth are presented. In the design, the ring dimensions are
varied to obtain the desired upper and lower resonant frequencies. It is found that the

lower frequency has been strongly influenced from the ring contribution that can be
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seen from the dense currents. In addition, the impedance around the resonant
frequency can be improved using extended the linear-monopole to rectangular-
monopole excitations by spreading the width, T-monopole and stepped-monopole
excitations. It is found that the ultra-wideband operation is achieved by using stepped—'
monopole excitation. The parameter study is presented. Consequently, the optimum
parameters are achieved. As the results, the fairly stable bidirectional radiation pattern
over the frequency range from 3.1 GHz to 10.6 GHz is provided with the simulated
gain of 2.33-5.21 dBi at the desired direction. It should be noted that if the dyadic
Green’s function approach is applied in the design of the bidirectional UWB antenna
using rectangular ring fed by stepped monopole, the current distribution on the
stepped-monopole excitation is used instead of the sinusoidal distribution in (2.16) in
Chapter 2. However, the input impedance of the antenna, which is the important
characteristic in the contribution of Chapter 4, is still low correction under the same
assumptions that used in Chapter 2. An alternative choice is that the use of the RWG-
MoM to design the present antenna. However, the suitable number of triangular
patches should be care when the structure of the antenna is changed.

To verify the results from Chapters 2, 3 and 4, the fabrication and measurement
are reported in Chapter 5. The design and prototype of a probe-excited rectangular
ring antenna at the operating frequency of 1.9 GHz is shown. Subsequently, radiation
pattern in yz- and xz-planes are measured and plotted compared to the theory from
Chapter 2. It is found that the theoretical and experimental results are fairly good
agreement. Thus, the dyadic Green’s function approach can be used to predict the
radiation characteristics as well. In addition, impedance in terms of |Sy;| and gain are
also measured to compare with those simulated results from MoM with the RWG
basis function in Chapter 3. Again, they show a reasonably in good agreement.
Furthermore, prototype of a bidirectional UWB antenna using rectangular ring fed by
stepped monopole was fabricated and measured to verify the simulations in Chapter 4.
The radiation pattern at the selected frequency of 3.1 GHz, 6.5 GHz and 10.6 GHz,
gain and impedance in terms of [S;;| over the UWB frequency are plotted. It is found
that the simulated and measured results are in good agreement. Note that the SMA
connector is included in the simulation for determining the impedance because it has
an effect from the coaxial feed connector at the high frequency (over 7.2 GHz).
Therefore, the coaxial feed connector should be included in the simulation to obtain

the accurate results especially at the high frequency.
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6.2 Remarks for Future Work

In this thesis, the analysis by using the dyadic Green’s function has been omitted
the mutual coupling between the two apertures and the diffraction at the edge of the
ring. As the results, the radiation characteristics especially the radiation pattern in xz-
plane from the dyadic Green’s function widens, while the result from the RWG-MoM
deepens around the direction of 90 degree. Therefore, those mutual coupling between
the two apertures and the diffraction at the edge of the ring should be taken in to
account for the better results. In addition, the more accurate current distribution on the
probe excitation is also required [19]. The approximations on the probe may be
divided into two parts. Firstly, a filament axial-concentrated current approximation
can be used as a dipole antenna problem, while the second is the multi-filament
current approximation around the cylindrical probe. These can probably improve the
accuracy of the derivations.

Furthermore, the bidirectional UWB antenna using a rectangular ring fed by a
stepped monopole instead of a linear probe excitation is presented to improve the
bandwidth of a probe-excited rectangular ring antenna. By spreading the width of
linear-monopole to rectangular-monopole excitations, T-monopole and stepped-
monopole excitations, the impedance bandwidth of the probe-excited rectangular ring
antenna can be enhanced. However, the parameters that used in the design are the
sufficient parameters in the design for applying for UWB application. The dimensions
of the present antenna can be further minimized. For example, the ring width of the
antenna can be selected other shorter value rather than 40 mm, then, the relative
parameters such as a ring height, monopole heights, and monopole widths will be
reduced related to the ring width as the stated in the antenna design of Section 4.3 in
Chapter 4. In addition, the ring length can be also reduced. Moreover, the impedance
bandwidth of the antenna can be improved by using other shape of monopoles such as
the hexagonal-monopole and the trapezoidal-monopole excitations as presented in
Section 4.4 of Chapter 4. Furthermore, for other applications that require a
bidirectional antenna, this type of antenna can be employed to serve by designing
followed the guide line as reported in Chapter 4. Using the concept that the
dimensions of the rectangular ring effect on the radiation pattern, while, the

impedance characteristics affect by the feeder part.
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