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ABSTRACT

This thesis concerns about the study of characteristics of structures
consisting of a probe that is used to excite rectangular and circular rings.
Radiated field of the rectangular ring is analyzed from the Fourier transform
of the aperture field which is derived from the field inside the ring by using
Dyadic Green’s function. The impedance of this antenna is derived by using
induced EMF method. For the circular ring, the aperture field is determined
by a proper distance from the probe that provides only the field distribution
of dominant mode. Then, the radiated field can be obtained. From the
numerical results, it was pointed out that, at an optimal dimension, these
antennas yield the bidirectional pattern with directivity in excess of 6 dBi
over 10% bandwidth. This characteristic is validated by experiments and
found that it is essential for being employed as a base-station antenna of a

mobile communication system in a narrow service area.
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Chapter 1

Introduction

1.1 Rationale

At present, cellular mobile system has played a vital role and it has
become an important part of daily life [1]. The number of subscribers have
been increased drastically, and microcellular systems have been applied
successfully. Hence, the number of base stations are very large. Therefore,
developments of the cost-effective base-station antennas are of importance.
Generally, the omnmidirectional antenna is employed to cover the
approximated circular area. However, on the long and narrow path service
areas such as highway, tunnel, and corridor; the bidirectional antenna is
installed in place of the omnidirectional one. If the antenna pattern can be
restricted to the narrow path, the coverage area can be enhanced. The
conventional bidirectional antennas are made by combining two
unidirectional antennas, such as Yagi, pointed in opposite directions or the
omnidirectional antennas such as monopoles excited by appropriate phase
[2]. The antenna constructed by this technique suffers from feeder loss and
complicated structure that makes it expensive. Thus, many researches and
developments on bidirectional antenna have been continuously conducted.
Some of works are cited as the following literature. .

The bidirectional narrow patch antenna (BNPA), ‘which has narrow
patches on both sides of a narrow dielectric substrate fed by a parallel
striplines, is easily fabricated by printing patches and feeding network on a
substrate. Unfortunately, it has low radiation efficiency. By adding two
opposing parasitic patches to a BNPA to form the so-called BNPA-A, the
radiation efficiency can be improved [3]. It was found that gain is higher

than a collinear antenna of the same length. For a wide street about the width



ranging from 30 to 60 meters, the BNPA element is developed to be a
bidirectional rod antenna (BIRA) that possesses an optimum beam shape [4].
Another development of a bidirectional antenna is to use two notch antennas
cut in a sheet of conductor above a ground plane. It was proposed to extend
the coverage of a relay station in booster system inside tunnel [5]. Cross
polarization is undesirable-and it needs to be suppressed in the H-plane of
this notch antenna. It can be carried out by using the crank shaped antenna,
which is modified from the original notch antenna [6]. It was found that the
radiation patterns of these antennas are tilted up from the mounting wall and
they should be tilted downward in order to cover the service area. This was
accomplished by using the crank shaped antenna with the parasitic elements
for gain enhancement [7]. From these aforementioned literatures, it is
evident that development of a bidirectional antenna that has suitable
characteristics for a particular application is desired. Moreover, cost
effectiveness must be considered since the number of cells are very large.
According to the requirement of cost effective bidirectional antenna,
the use of a ring to surround a monopole is proposed. In this regard, it is
expected that an omnidirectional pattern can be modified to a bidirectional
one. However, it is necessary to know an appropriate dimension of the ring
that provides the desirable characteristics, i.c., maximum gain, compact
structure and particularly low cost. Therefore, investigation from a simple
mathematical model was initiated. A monopole surrounded by a rectangular
ring was modeled to investigate its characteristics by using Dyadic Green’s
function. Once the radiated field from this structure is obtained, radiation
characteristics can be analyzed. Then, the optimum dimension that provides
maximum gain with compact size is achieved. Furthermore, impedance
characteristic is investigated to match the antenna with the transmission line.
Although the rectangular structure is simple for modeling, practically it is

found that the circular structure is more interesting. It can be mass produced



conveniently. Hence, the second approach is to apply the principle from the
rectangular structure to investigate the circular structure. It is evident that the
bidirectional antenna using a probe excited circular ring can be designed and
it provides the satisfactory characteristics, both technically and

economically.

1.2 Scope of the Thesis

To fulfill the purpose of this thesis, numerous works must be carried
out both theoretically and experimentally. They are summarized as follow:

Chapter 2 introduces the model of the bidirectional antenna using a
probe excited rectangular ring. The aperture field at the two ends of the ring
is derived from the field inside the ring, with the feed probe excited in it.
This is carried out by integrating the Dyadic Green’s function and the probe
current. Then the radiated field is calculated from the apertures using
Huygen’s principle. Finally, superposition of the fields from the two
apertures are performed to investigate the radiation characteristics, i.e.,
radiation patterns and directivity. Input impedance of the probe excited
rectangular ring is - derived by using induced EMF method. The input
impedance of this antenna is represented as the reciprocal of a shunt
admittance of the probe in a ring, regardless of reflection, and two aperture
admittances. Then VSWR of this antenna is calculated to estimate its
matching condition.

Chapter 3 presents the analytical results of a bidirectional antenna
using a probe excited fectangular ring. Aperture distribution, radiation
patterns, directivity and impedance are analyzed in terms of antenna
parameters, such as ring width, ring height, ring length and probe length.
These results are shown in figures and variations of their characteristics on

frequency are also discussed.



Chapter 4 applies the analytical results in chapter 3 to design a
bidirectional antenna that maximum gain can be achieved by using the
shortest ring length. The appropriate probe length is chosen to obtain the
lowest VSWR. Validation of the model of the antenna was conducted by
comparing the calculation with the measured results. Experimental results
such as radiation patterns, impedance and gain are illustrated.

Chapter 5 introduces a bidirectional antenna using a probe excited
circular ring by applying the principle of a rectangular structure one. Its
characteristics are also illustrated in this chapter.

Chapter 6 addresses the design procedure of the bidirectional antenna
using a probe excited circular ring in addition to the experimental results.
Experimental data when the antenna is used as a base station of a Personal
Communication Telephone (PCT) on an elevated high way are shown.

Chapter 7 summarizes the consequence of the preceding chapters

together with the discussion of the future studies.



Chapter 2
Formulations of a Bidirectional Antenna Using a

Probe Excited Rectangular Ring

2.1 Introduction

Radiation characteristics such as radiation pattern and directivity are
essential in wireless communication. The former is used in antenna
installation whereas the latter contributes to the communication range. To
investigate radiation characteristics of a bidirectional antenna using a probe
excited rectangular ring, the aperture fields at both ends on the ring are
derived from the field inside it by using the Dyadic Green’s function. This
function is derived in the series from. Then, the radiated field is calculated
from the aperture using Huygen’s principle. Finally, superpositions of the
fields from the two apertures are performed. Furthermore, impedance of the
antenna must be matched to the transceiver system. Hence, it must be
clarified. This chapter describes the procedure to analyze the radiation and

impedance characteristics of this antenna.

2.2 Dyadic Green’s function of the Structure

Green’s function derived here is for infinite waveguide. It is assumed
that the aperture are perfectly radiated into spaée therefore the Green’s
function derived here can be applied. A bidirectional antenna using a probe
excited rectangular ring consists of a linear probe of length / aligned along
the y axis. This probe is surrounded by a conducting rectangular ring that the
surface is represented by, (-a/2 <x<a/2,y=-b/2,-c/2<z<c/2),(-a/2<x <
a2, y=b/2,-c/2<z<c/2),(x=-a/2,-b/2 <y <b/2,-c/2<z<c/2), (x=a/2,
-b/2 <y < b/2, -¢/2 £ z < ¢/2). At the ends of the ring, there are two apertures
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on the planes z = -¢/2 and z = ¢/2, respectively. The geometry of the antenna

is shown in Fig. 2.1

P(r,6,0)

- v

-0 —>]

X

Fig. 2.1 A probe excited rectangular ring

To estimate antenna characteristics, electromagnetic fields inside the
ring must be firstly calculated. The Dyadic Green’s function, a response at
an observer from the unit point source, is a powerful tool to obtain the
electromagnetic field in the source region. The vector wave equation, in

rectangular coordinate, is represented as [8]-[9]

V2E(x,y,z)+ k*E(x,,2) = jouJ (x,,7) @.1)

subject to the boundary condition that tangential electric field on the

conducting ring surface is vanished such that



E(-a2<x <a/2, y=-b/2, -¢/2 <z <c/2)
=EJ(-a/2 <x <a/2, y=b/2, -c/2 <z <c/2) =0 (2.2a)
E, (x=-a/2, -b/2<y <b/2, -¢/2 <z <c/2)
=E(x=a/2,-b/2 Sy <b/2, -¢/2<z<c/2)=0 (2.2b)
E, (x=-a/2, -b/2<y <b/2, -c/2 <z <c/2)
=E,(x=a/2, -b/2 <y $b/2, -¢/2 <z <c/2).
=E,(-a/2 <x <a/2, y=-b/2, -¢/2 <z <c/2)
=E/(-a/2 <x <a/2, y=b/2, -c/2<z<c/2)=0  (2.2¢)

‘Since the probe (in Fig2.1) is oriented in the y direction, therefore
J(x',y',2") is represented by J (x',y',2'), k is the phase constant of the field

within the ring, @ denotes the angular frequency and u is the permeability
of the medium. In this problem, free space is considered. The wave is
assumed to be a traveling wave in both +z and -z directions. The time-
harmonic variations are of e*/“, and they are suppressed.

The Dyadic Green’s function is the response from the unit point
source which can be represented by delta function &. It consists of nine
components, i.€., Guy Guv Gz, Gyne Gyyy Gyz G, G, G In case of Gy, for

instance, it must satisfy the partial differential equation
VG, (x,,2%,5,7) +KG (x,y,2X,y,7) =8(x-x)5(y-y)6(z-7) 2.3)
subject to the boundary condition

Gyy(x =-a/2, -b/2 <y <b/2, -c/2 £z <¢/2)
=Gp(x =a/2,-b/2 <y <b/2, -c/2 <2 <c/2) =0 2.4)
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where G, (x;y,z;x',y',z") denotes the y component of Dyadic Green’s
function at the observation point (x,y,z) due to the point source oriented
along y direction located at (x',y",2').

The Dyadic Green’s function derived in the series form, by assuming
its solution, can be represented by a two-function Fourier series of cosine
function in x and y. They satisfy, respectively, the boundary condition at x =

-a/2 and a/2. Thus we can express G, (x,y,2;x',',2') as

G, (xy,zx,y,2') = iigmn (z;x’,y',Z')sin(M) COSFM) (2.5)

m=0 n=0 a

gmn 18 the Fourier coefficient. It is noted that m and n cannot be concurrently

zero since the null mode will be occurred.

Substituting (2.5) in (2.3) leads to

Py

ii{_(%zj- _(%)_ & +%}8m (Z;x’,y',z')x
m=0 n=0 «

Sin(m:r(x+a/2))cos(nﬂ(y;—b/Z)) =6(x-x")6(y-y')6(z-2")
a

(2.6)

Multiplying both sides of (2.6) by sin(’"”(f’*“’ Z)JCOS("”(‘I b/ 2)),
a

integrating between -a/2 to @/2 in x and —-b/2 to b/2 in y, and using the

relation that

al2 .
Icosz (ﬂx)cbm{a/z'n#o : 2.7

- a a ;m=0

we can reduce (2.6)to
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2 ’ ’
(i.+kf)gm,, (z;x',y',z')=£l; sin(m”(x +a[2))cos(n7z(y +b/2))5(z—z’) (2.8)

dz? a b

where

gmn can be written as [10]

sin(mn(x +a/2))cos(n7z(y +b/2))e_,~k:(,'_,)
. 2 a b '
J—b' T ;2<zZ
gz Xy, 2) =] , A (2.92)
sin mm(x +a/2))cos(mr(y +b/ 2))6_ (-7
. 2 a b [
_]—b' P 222
a z

Consequently, the Dyadic Green’s function G,, can be expressed as

G”,(x,y,z;xv’y',zr):ji >3 klsin[’””(" +a/2))cos(mr(y;-b/2)J
a -z

b m=0,l,... n=0.1,. a

><Sin(m7r(x+ a /Z)JCOS(’W(});b/z))e""‘|“‘1
a

(2.10a)
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By following the same procedure described above, G,, and G;, are expressed

as follows:

G, (%, 2%y, 2) = FEs D zl_cos(mn'(x +a/2))sin(mz(y;-b/2))
0 a

©
m=0l... n=0l.,.."%;

Tab (2.10b)
y cos(mn(x+ a/Z))sin(mr(y + blz))e”"‘"""'
. a b
Gzy(x’ y’ zZ, X',y': Z,) =j% i i 7}" in(—————mﬂ(x;a/Z))Sin (—-—nﬂ(y’; b—/—zlJ (2 10 )
m=0,,.. n=0,1,. . c

xsin(m”(x+alz))sin('m(y;b/z))e"*""ﬂ
a

We have shown only three components of Dyadic Green’s function since the

problem under consideration has only the current along the y direction.

2.3 Field in a Rectangular Ring
The electric field of a probe excited rectangular ring is obtained by
integrating the Dyadic Green’s function as derived in the previous section

with the current on the probe. It can be represented as follow:

E(x,y,2) = jou H'[-_é(x, y,z;x',y', z’)-j(x’, y',z')dx'dy'dz’
v
1-b/2

= jou I (—;(x,y,z;x',y',z')..]y (»)a,a (2.11)

=-b/2

Since the diameter of the probe is small compared with the wavelength, the

sinusoidal current distribution on the probe can be reasonably assumed as

J,(x',y,2)=J,(y")=J,sin[k(I - y'-b/2)] (2.12)
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where J,(x',y',2") is the current distribution on the probe along the y axis
and J,, is the maximum current.

By substituting the Dyadic Green’s function in (2.10a) — (2.10c) and
current distribution in (2.12) into (2.11), the resultant electric field can be

expressed as

E (x,y,

LI A g

ab m=0,l,... n=0,1,.. a

Al ]

(2.132)

© © - fk,Jz-=1 n
Ey(x,y,z)=—aw—'j'"- Z Z e sin(_r%n)sin(mﬂ(x+a/2))cos(mr(yzb,L)J

ab m=0,1,... n=0,1,... k; a

e[ o2 st 22 -]

(2.13b)
o = rked]
(e ra=3 wgz{" > BDif sm(in-zf)sin(——*'mﬂ('r:a/z)jsin(_—"”(yzblz))
=0,1....n=0.1... : \
X{—l—[Sin(md)—sx (kl] 1[sm( l)+sm(k1):|}
X b Y b
(2.13¢)
B=BA B, +EL, ; (2.13d)

where X=k—5'g—z- and Y=k+%.

It should be pointed out that the proposed structure has E, and E,

which contribute to the radiation, but E, has very low coefficient compared

to E,. Hence, it is obvious that only E, is the component that radiates. E,
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does not contribute to the radiation since its direction is normal to the

aperture.

2.4 Aperture Distribution
Electric field distribution in a rectangular ring is expressed in (2.13d) in
the above section. In order to calculate the radiation field from the apertures

of the rings, the aperture field must be known. It can be obtained by

calculating the field at the apertures (z = i%)' Hence

e ;sin(_r_n_z_z_)sin(m7z(x+a/2))cos(nrc(y+b/2))
ke ¢ b (2.14)

ot

2.5 Radiated Field

According to the antenna structure shown in Fig.2.1, the field is considered
to be radiated from the apertures at the two ends of the ring. On these
apertures, the radiated field is equal to the aperture tangential field. If the
apertures are assumed to be on the z = 0 plane, the radiated field, which is a
two-dimensional Fourier transform of the aperture field [11], can be

expressed as

— jkr
e’

E(r)=jk

[(fx cosg+ f, sin¢)&o +(fy cosg— f, sin¢)cos¢&¢:| (2.15)

nr

where f, and f, are the x and y components of the Fourier transform of the
aperture field. Since the probe is oriented along the y axis, there is only the f,
existing in (2.15). Therefore, (2.15) becomes
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e
;nr [fy sindd, + f, cos ¢&¢] , (2.16)

E(r)=jk

where

fy(k.nky)=—jmzjm i i 2 P sin? (%E)cos(%{){(X;YY][cos(%ﬂ)—c08(kl):|}

and Sa(x)= snx ok, =ksinfcosg, k, =ksinfsing.
x

The radiated field in (2.16) was derived when the aperture 1s located

on the z = 0 plane. When the apertures are removed from the z = 0 plane to
z = +¢/2, the radius r is substituted by r; and r;, respectively as represented

in Fig. 2.2 These radii, r; and r,, can be approximated [12], respectively, as

c c X,
follows: r; ~r — Ecose and ry =1 + —2—c0s9 for phase variation and r; ~r; =

r for amplitude variation.

/)a;(r,aw

X

Fig. 2.2 Far-field observation of the two apertures
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The far field pattern of the antenna can be expressed by neglecting

mutual coupling, as a superposition of the fields from these two apertures.
Since the fields radiated from the two apertures have the same phase but in
opposite directions; therefore, as they are combined, the resultant field can

be written as

E;(r)= E(;)- 28in[—;- (kccosf + kzc)] (2.18)

In the far field region electric field and magnetic field are related by the

intrinsic impedance (77) such that
n = 1= (2.19)

2.6 Directivity

Directivity is a Figure of Merit which presents the ability of the
antenna that can direct electromagnetic wave to a particular direction. It is
expressed as a ratio of maximum radiation intensity of the unknown antenna

to that of an isotropic one. Directivity can be written in mathematical form as

il (2.20)

where D, is directivity (dimensionless), U, is maximum radiation intensity
U, is radiation intensity of isotropic radiator and P,,, is radiated power.

Since U is calculated from average power density (#,,) by using [12]
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U=r'w, (2.21)

where r is the radius distance from the antenna to the observation point and

W,, is average power density. It can be expressed as

Way =W, 8, = %Re(f xH ) 2.22)

E and H in (2.22) are the electric field and magnetic field radiated from the

antenna and asterisk (*) indicates the complex conjugate of the field. For the

proposed antenna, E can be calculated from (2.18) whereas H is obtained

from (2.19), 4, is the unit vector of the wave.

Radiated power (P,.q) is represented as the close surface integral of the

average power density over any closed surface enclosing antenna such that
RN %che[E xH 1-dS (2.23)

By substituting the maximum value of radiation intensity and radiated
power into (2.20), the directivity of the probe excited rectangular ring can be

expressed as

D= Az (IEﬁl2 +IE,| )mx (2.24)
(1o +1E, [)sin6dddg

0

© ey i
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2.7 Input Impedance and VSWR

Input impedance of the antenna is considered to be the reciprocal of

shunt admittances consisting of admittance of the probe and two aperture

admittances.

—— 2 »le c/2 >

L 1 T
Y::I Yp Ya2
: : :

Fig. 2.3 An equivalent circuit.

To find the input impedance of a probe of radius p, excited
rectangular ring, the tangential electric field component on the surface of the
probe is calculated from (2.13b). Based on the current distribuﬁon and
tangential electric field along the surface of the probe, the induced potential

developed at the terminal of the probe based on maximum current (V) is

given by

1-b/2

Vo= | av,
-b/2
] 1-b/2
=== [ 1,(p=puy=E(p=puy=I) Y  (225)
m b/2

The input impedance (referred to the current maximum /,,) is defined as

z =Vn (2.26)

A
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and can be expressed as

1 1-b/2 , ' ’
Z,=== | Jp=ppy=2E(p=p,y=y)dy  (227)
m -b/2
I, 1s the same as J,, in (2.12)

By substituting electric field from (2.13) and current from (2.12) into

(2.27), the input impedance of the probe excited rectangular ring is

wnin 3 S o]l ] oo

The input impedance of the probe excited rectangular ring in (2.28) is
calculated based on the maximum current (at the input terminal since
maximum current takes place at the input terminal). It is the impedance
calculated by assuming that the field is totally radiated from the apertures at
the two ends of the ring. However, since there exist the two apertures, they
must be taken into account in investigating the input impedance of the

antenna.

Aperture admittance (Y,) can be calculated by using the relation [13]

g =
Y,=—: [ (E <H, ).&,dydx (2.29)

_a b
2 2

where E/ is the tangential electric field on the apertures. It can -be

considered from (2.14) whereas H,' is the aperture magnetic field which can
be derived by substituting E, from (2.13) into Maxwell’s equation (Ampere’s
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Law). V 1s the dominant mode voltage coupled to the aperture. After

manipulating as described, Y, can be expressed as

% 2 o o _._k_i
o) £ B (ot g

b

|55 S i e B b1, (230)

By transforming these admittances, from the ends of the both
apertures (z = *¢/2), along the waveguide to the probe position (z = 0), the
combination of these to apertures admittances and the probe admittances
provide the input admittance of the probe excited rectangular ring. Then, the

input impedance of this antenna can be found by inversion of this input

admittance.

2.8 Conclusion

This chapter introduces the radiation theory of a bidirectional antenna
using a probe excited rectangular ring. Starting from the Green’s function,
the field in the antenna’s structure can be investigated. Then, the aperture
field can be obtained and is employed to calculate the radiated field and
directivity. Finally, directivity is derived. Input impedance is derived by
using the induced EMF method. The results from this derivation can be

applied in investigation of radiation characteristic of this antenna.



Chapter 3
Analysis of a Bidirectional Antenna Using a Probe

Excited Rectangular Ring

3.1 Introduction

Based on the formulations derived in chapter 2, this chapter describes
characteristics of a bidirectional antenna using a probe excited rectangular
ring. Numerical results to be discussed in this chapter are aperture
distribution, radiation pattern, directivity, input impedance and Voltage
Standing Wave Ratio (VSWR). From these characteristics, it is possible to
find parameters such as probe length, a ring length and so on in order to

design and fabricate this antenna.

3.2 Aperture Distribution

According to the total ﬁeid radiated by this antenna as shown in
(2.13)-(2.18), it is obvious that the radiation characteristics of the antenna
depend on the following parameters, i.e., the probe length (/), the ring width
(@), the ring height (b) and the ring length (c). Since the antenna structure is
the same as a rectangular waveguide, in this circumstance the width and the
height of the ring are chosen to be the dimension of a standard waveguide
operating at a dominant TEo mqgle. However, if the ring length is short, the
field at the aperture which is close to the probe will 'consist of several modes
and the evanescent wave of the higher order modes near the probe still have
a significant level. Therefore, they contribute to the aperture field and,
consequently, the radiated field. For the waveguide dimensiou of a = 0.694,
b = 0.35A, I=0.282, the aperture field distribution of TE,o (Ey component),
TEo; (E, component) and TE;, (E, component) wave are illustrated in Fig.3.1

(a) —(c) respectively. Also, Fig.3.2 shows the power distribution of each

-
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mode within the ring. As the length c is increased, these higher order modes

attenuate rapidly. When the ring length is increased to 0.254 these higher

modes vanish at an expense of the long aperture separation.

b
21K
A‘—
_bi] "
2
a a
2 X 2

(c) TE3q
Fig.3.1 Aperture power distribution
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3.3 Radiation Pattern

It is noteworthy that the antenna acts as the array of two apertures and
the distance between the apertures contribute on the radiation pattern.
Radiation patterns of the antenna with different ring lengths are compared in
Fig.3.3. The E-plane (¢ = 7/2) and H-plane (¢ = 0) patterns are depicted in
Fig.3.3(a) and Fig.3.3(b), respectively. The long ring antenna, i.e., ¢ equals
0.754 possesses the wide-beam pattern according to the too long aperture

separation. This results in the decreased directivity. On the other hand the

shorter ring length provide narrower beamwidth.

120° 60°
0dB
/“ i “
2 / "'..'4.‘.‘q.
156 7, \ \ / \\.\
) I~ \ 30°
L/ i y /_2 I. \ 3
~ ¢ o\ > : 8
. / N \
3, .
\\ /46 B> \ :
; S/
180%% 75 ) 0°
\ A R\ z Ay
X e ’
= X [\ 14 ‘
210° %% TN A\~ A
240° 300°

270°

c=0.20) -o—e—e-c=0.501

............ c=0_25/1 A——A——A- 0=(), 75/1

(a) E-plane

Fig.3.3 Radiation Pattern
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120° 60°

180°

270°

——— ¢=0.201 o—o—e-c=0.504
} ........... ¢=0.25 +—a—a-c=0.751

(b) H-plane

Fig.3.3 (continue)

3.4 Directivity

The optimum ring length that provides the highest directivity must be
clarified. Fig.3.4 shows the directivity as a function of the ring length when /

is fixed at 0.284, a=0.69A and b=0.35A4. We can observe that at the ring
length of 0.25A, the highest directivity of 6.6 dBi is achieved. Radiation
patterns of the antenna when the ring length is 0.25A that illustrates the

bidirectional pattern, in E-plane and H-plane, are also posed in Fig.3.3(a) and
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Fig.3.3(b), respectively. The beamwidth in the E-plane and H-plane are 80

degree and 56 degree, respectively. From this investigation, it is realized that

we have to choose the ring length of 0.254 as a design parameter.

7
6.5 F
6
5.5 +
5
45 ¢
4 1
3.5 4

Directivity (dBi)

Fig.3.4 Directivity versus ¢/4

3.5 Input Impedance and VSWR

To investigate impedance characteristic of this antenna, the ring
dimension was fixed at the one which provides the highest directivity, 1.e., a
equals 0.691, b equals 0.354 and c equals 0.254. Then the input impedance
was calculated by using (2.28)-(2.30) and plotted for various probe lengths
on the graph in Fig.3.5(a). When the probe length is short, / equals 0.24, for
instance, the antenna acts has impedance with low resistance and inductive
reactance. The longer the probe length, the higher the resistance and
reactance. It is noted that, in Fig.3.5(b), the lowest VSWR takes place at the
probe length of 0.284. Therefore, this length is employed as a design

parameter.
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3.6 Conclusion

This chapter shows numerical results of characteristics of a
bidirectional antenna using a probe excited rectangular ring. The ring length
must be appropriately chosen to let only a single mode appear at the
apertures. It is equal to 0.25 4. Radiation' patterns of the antenna having too
long ring length are wide beams whereas that of the 0.25 1 long possesses a
narrowest single beam. It was found that as the ring length is varied, the
maximum directivity of 6.6 dBi could be achieved when the ring length is
equal to 0.25. This antenna possesses an impedance which its resistance
and inductive reactance increase as the probe length is increased. The probe

length of 0.28 4 provides the lowest VSWR.



Chapter 4
Design of a Bidirectional Antenna Using a Probe Excited

Rectangular Ring

4.1 Introduction

In this chapter the design of a bidirectional antenna using a probe excited
rectangular ring are described. Prototype of bidirectional antenna is fabricated
according to appropriate antenna parameters to obtain maximum directivity and
matched impedance. Characteristics of the antennas are measured and compared

with theoretical results.

4.2 Design Procedure

Design criteria have already been presented in Chapter 4. The parameters
are appropriately selected so that maximum directivity and matched impedance
can be obtained. In acidition, a smallest dimension is restricted. To carry out this
requirement, analytical results as illustrated in chapter 3 must be obtained. The
width and the height of a ring are firstly chosen to let the dominant wave
propagate in this ring. It can be made from either standard waveguide or the
rectangular tube available in the market. Then the ring length that attenuates all
the higher modes will be calculated by calculating aperture field or radiated
field as described in chapter 3. One of the appropriate dimensions we obtained
by the procedure described above is thé\t a=0.69, b=0.354 and ¢=0.25A. (For
the ring of the .other size, calculation must be done to obtain the appropriate
length.) Once the ring dimension is obtained, the probe is designed by choosing
its length at 0.284. It should be pointed that this antenna can be easily designed.
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Fig.4.1 Photograph of the fabricated antenna

4.3 Experimental Results

To verify the theoretical results, a probe excited rectangular ring was
fabricated to operate at the frequency of /.9 GHz. The dimensions are as
follows: a equals 10.92 cm, b equals 5.46 cm, ¢ equals 3.93 cm and / equals
4.41 cm. The probe diameter is / mm. The fabricated antenna is shown in
Fig.4.1. The radiation patterns were measured and plotted on the same graph of
the calculated results in Fig.4.2 (a) and (b). It is obvious that the beamwidth is
almost the same in E-plane at which this pattern is similar to the elevational
pattern of the probe exhibited as the monopole antenna. On the other hand, the
beamwidth of the pattern in H-plane of the measured results is wider than that
of the predicted one. The reason is the notable effects of the ring to the radiation
pattern of the probe. Since the prediction was done by approximating the total
radiated fields of the antenna with the combination of the pattern from
individual aperture disregarding the mutual coupling and edge effect, the
predicted results exhibit narrower beamwidth than the experimental ones.

However, nulls of the measured results are shallower than the prediction
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counterparts due to the neglecting of edge effect and mutual coupling between
the two apertures. When this antenna is investigated by using Numerical
Electromagnetic Code (NEC2) based on Method of Moment at which the
mutual coupling is taken into account, the pattern is similar to the measured
one. Some errors take place at the null positions. This might be due to the edge

effect. The detail of this matter is left for further study.

270°

Theory
------ Experiment
NEC Simulation

(a) E- plane

Fig.4.2 Comparison of calculated and measured radiation patterns
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(b) H- plane

Fig.4.2 (continue)

For the impedance characteristics, the antenna was measured by using a
HP8720C Network Analyzer and compqred with theoretical results with TEg
mode consideration as illustrated in Fig. 4.3 (a). We can realize that the
measured impedance is more sensitive to the frequency variation than the
calculated results according to a single mode transformation of aperture
admittance in calculation. However, both of the results show the same:trend that
we can be confident that this proposed principle is reliable. Comparison of
VSWR versus frequency with the measured counterpart is depicted in Fig. 4.3
(b). It is obvious that the experimental results are slightly higher than the
theoretical ones at the frequencies higher than the designed frequency. The
bandwidth which VSWR less than 1.5 is 10%.
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Fig.4.3 Comparison of calculated and measured input impedance and VSWR.
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4.4 Conclusion

In this chapter the design of a bidirectional antenna using a probe excited
rectangular ring and its procedure were discussed. It is found that we can easily
design the antenna by selecting appropriate dimension of the ring and the probe.
Prototype of a bidirectional antenna using a probe excited rectangular ring was
fabricated. Characteristics of radiation pattern, input impedance and VSWR are
measured in order to compare with theoretical results. From those results, it is
clear that both of them are in good agreement, and we can see that the
fabrication cost is very low since this antenna consists of only a ring and a
probe. Experimental results reveal that this antenna provides a bidirectional

pattern with gain of 4.5 dBi over the bandwidth of 10%.



Chapter S
Characteristics of a Bidirectional Antenna Using a

Probe Excited Circular Ring

5.1 Introduction

Although the rectangular structure is simple for modeling, practically
it is found that the circular structure is more interesting. It can be mass-
produced conveniently. Hence, it is of interest to investigate a bidirectional
antenna using a probe excited circular ring. In this chapter, a bidirectional
antenna using a probe excited circular ring, which is simple, cost-effective
and easy to fabricate, are proposed and analyzed. Aperture fields, radiation
fields and directivity of the antenna are computed, and their results are

discussed.

5.2 Field in a Circular Ring

A bidirectional antenna using a probe excited circular ring consists of
a linear electric probe of length / protruded from a coaxial transmission line
into a circular ring. The ring radius and width are a and d, respectively. The

probe is oriented along the y axis as shown in Fig.5.1.

4

P, 6,¢)

Fig.5.1 A bidirectional antenna using a probe excited circular ring -
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Let us consider the ring as a part of circular waveguide which

electromagnetic fields propagate in both z and -z directions and they radiate
from the apertures at the ends of the ring. These aperture fields correspond to
the composite field consisting of various modes accommodating in the
waveguide. Since the ring width and radius are desired to be as small as
possible, although we choose the smallest radius that cutoff all the higher
modes but dominant mode TE,;, the field near the probe is still consisting of
composite modes. Generally, the higher modes dre evanescent and their
amplitudes are decreased rapidly as the distance from the probe is increased.
The distance is chosen such that the amplitudes of the higher modes ‘are
negligible at the apertures. Hence, the apertures radiate the fields according
to only the dominant mode. To let only the dominant mode accommodated in
the ring, the radius is chosen such that the lowest cut off frequency is the

dominant mode TE;;. The adjacent mode TE,, is cutoff. Therefore [14]-[16],
[17]

0.2934 < a < 0.4862, (5.1)

where A is the wavelength at the operating frequency.

iRelative power (%)
5
VTE,, |

i

> +z

Probe Position

Fig.5.2 Relative amplitude of the power distribution for the three lowest
modes of the ring (round copper waveguide of radius 4.75 cm with
the operating frequency of 1.9065 GHz)
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Since the structure of the antenna is a part of the circular waveguide,

in this circumstance the radius and the width of the ring can be either
standard waveguide or waveguide available in the market that is operating in
a dominant TE,; mode. Let us consider Fig. 5.1, the electric probe inside the
waveguide is parallel to the radius of the ring, therefore the TEm, mode 1S
excited. In the vicinity of the probe the field is very complex, for a given
operating frequency the possible significant modes are TE, TE,, TEq and

etc. As the waves travel along the waveguide toward the two open apertures,

they will be attenuated. The attenuation constant, &y, for TE,;, wave in dB/m

1S

ff By~ E138 [( i )2 +o.420} (5.2)
a’]\[ (1 ]2 Aty
325

where 1., denotes the cutoff wavelength of the TE;; mode which equals
3.412a, n is the intrinsic impedance of the medium and R; is the frequency-
dependent characteristic resistance of the metal walls. If the free-space
wavelength is greater than the critical wavelength of any particular mode, the

evanescent waves, TE, and TEg, are then attenuated with distance

according to the factor ¢®*. The attenuation constant a,, for TE; wave in
dB/m is

17372z Aoay

2
Oy =—7 1—( n ) (5.3)
c21

and for TEq; mode
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where Ac21 and 401 are the cutoff wavelength of TE21 and TEo1 modes,
respectively, which Ae2/ = 2.057a and Acor = 1.640a. The relative amplitude
of the power distribution for the three lowest modes of the ring at the
operating frequency of 1.9665 GHz from (5.2) through (5.4) can be

illustrated in Fig.5.2. The power flow in the TEmn mode can be expressed in

2
the form P =|A| &pf4,, in which 4., depends only on the mode indics.

The numerical results are given in table I.

Table 5.1 The coefficients 4m

A_x107
\m
n 1 2 3
1 174 553 114
2 2.87 3.19 1.56
3 0.349 0.794 0.492

It is apparent that the total maximum normalized amplitude of TEn
mode is 100%, and for TE21 and TEot counterparts, the amplitudes are
20.61% and 31.46%, respectively [18]. However, since the power is equally
divided to propa;gate in both z and -z directions the amplitude is shown "at
50%, 10.31% and 15.73%, respectively. The distance beyond the cross-over
point between the power curve of TE21 and TEo1 will be selected as the
optimum width because at this point the power of the strongest higher mode,
TE21 is attenuated by 5.32 dB or it is reduced to negligible level less than
10% of the power of the dominant TE1 mode. The other higher order mode
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power, including TEo; mode, is less than that of the TE,, one. The following

calculation is shown as a guideline to design for any other ring radii. For
example, if a = 4.7506 cm, f = 1.9065 GHz, by using (5.3) the nominal
attenuation constant of TE,; mode is 0.4378 dB/mm. It requires that the
distance of d/2 equals /2.1517 mm to reduce the power of the TE,; mode to
3.028% or attenuated by 5.32 dB. In the same fashion, by using (5.2) the
attenuation constant of TE;; mode (e,,) equals 0.0000169 dB/mm. Hence at
d/2 = 12.1517 mm, the power of the TE,, mode becomes 49.9976%. The
ratio of the TE,;; mode power to TE,; mode hower is equal to 16.5117.
Therefore, the power of the TE,; mode is more /6 times stronger than the
power of the TE,; mode. This situation results that the field distribution at
the apertures will be the dominant TE;; mode while the power of the other
higher order modes can be sufficiently negligible. To confirm the level of the
other higher modes, the attenuation constant of TEy; mode (a,) is also
calculated and found to be 0.6087 dB/mm. Therefore, at the distance of
12.1517 mm from the probe, the power of the TEq; mode becomes 2.8645%.
The ratio of the TE;; mode power to TEy; mode power is equal to /7.4524 at
which is negligently small. It is pointed that in the design, the ring width (d)
can be easily determined by calculating the distance from the probe that the
attenuation constant of TE;; mode becomes 5.32 dB because the power of

TE,; mode is the strongest higher mode.

5.3 Aperture Field

It was described that we have to select the ring radius so that it can
support the dominant wave to propagate in the ring while attenuate all the
highef modes. Therefore, there will be only the dominant wave at the

apértures. It can be expressed as [11]
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_ 2sing P
5, -2 (1.84 a) (5.5)
dJ, (1.843)
E, = 2acos¢ a (5.5b)

1.84 dp

where J, is the Bessel function of the first kind and order 1, 1.84 is the first
zero (n=1) of the derivative of the Bessel function of the first kind of order
one (m=1) and p is the cylindrical radial coordinate shown in Fig.5.1. In

rectangular coordinates the expression for the field distribution are given by
E, =E, cosg—E,sing (5.62)

E =E,sing+E,cosé (5.6b)

By substituting (5.5a) and (5.5b) into (5.6a) and (5.6b) and with some

algebraic manipulations, it is found that

E,=J, (1.84 P )sin 24 (5.7a)

a

E, =J, (1.84—'0—)—.]2 (1.84£)cos2¢ (5.7b)
a a
where J, and J, are the Bessel function of the first kind of the second and
zeroth order.
The expressions in (5.7a) and (5.7b) are the aperture distribution of a

bidirectional antenna using a probe excited circular ring.
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5.4 Radiated Field

Radiation characteristic of the antenna is reported in this section.
Radiation fields of the antenna from the two circular apertures are calculated
by superposing the fields that radiated from each aperture. The far-field

observation of these two apertures is shown in Fig.5.3.

P(ro.4).

.
¥

—————a

4 d

Fig.5.3 Far-field observation of the two circular apertures

If mutual coupling between the two apertures and the edge effect at the
apertures are neglected; therefore, the total radiated field is considered to be
the superposition of the field from each aperture. Additionally, since the
radiated fields from the two apertures have the same phase but in opposite
directions; hence, when they are combined, the resultant electric field due to

dominant TE,; mode, can be expressed as [14]-[15]

E,=A4,a’sing ACAENC .sme) sin(lkdcose) (5.8)
Xy kasing 2

and

J, ! . . (1
E, = 4,a* cosfcosg xlzfl(kla(irll)g)z J, (ka sm6)-sm(5kd cosB) (5.9)
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where A4,; denotes the relative amplitude of the TE;; mode field, J;(*) is the
ordinary Bessel function of the first kind of order /, k is the wave number of
free space and the prime is the derivative with respect to the argument
(kasin®). These field expressions are employed to investigate the radiation
patterns and directivity of the antenna when the width is long enough. They
cannot be épplied to the shorter ring case.

From the radiated field mentioned above, the radiation pattern of a
bidirectional antenna using a probe excited circular ring for the three cases
are illustrated. The operating frequency is /906.55 MHz. Firstly, the
generally available waveguide of the radius 4.75 cm (0.30194) is utilized as
the ring. Secondly, the standard waveguide WC451 of the radius 5.73 cm
(0.36417) is used. Lastly, the standard waveguide WC528 of the radius
6.71 cm (0.4622) is demonstrated. The radiation patterns of these three
* illustrations are plotted in the two principal planes; E-plane (E, for constant
¢=n/2) and H-plane (E, for constant ¢=0), as shown in Fig. 5.4 through
Fig.5.6, respectively. The difference of the ring width of 0.34 is used
throughout the calculation of three cases. For all of the three cases, it is
obvious that when the ring width is longer than the optimum length, i.e.,
d=0.152 (for available waveguide of the radius 0.30194), d=0.22A (for
WC451 waveguide) and d=0.354 (for WC528 waveguide), which is shown
by the solid line, the broader beam can be explicitly observed. The
bidirectional patterns are confidently achieved at the optimum ring width.
When the ring width is greater than around 0.74, the split beam is gradually
occurred. It is noted that this optimum length is shortest length that the ring
possesses only the dominant mode which the pattern can be characterized by
using (5.8) and (5.9). If the ring width is shorter than the optimum length,
equation (5.8) and (5.9) are not applicable.
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270°

(b) H-Plane

Fig.5.4 Radiation patterns of the antenna utilizing an available waveguide of

radius 0.3019A for various ring widths



270°

(b) H-Plane

Fig.5.5 Radiation patterns of the antenna utilizing the standard waveguide

WC451 (a=0.36412) for various ring widths
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270°

(b) H-Plane
Fig.5.6 Radiation patterns of the antenna utilizing the standard waveguide

WC528 (a = 0.42622) for various ring widths
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5.5 Directivity

Directivity of a bidirectional antenna using a probe excited circular
ring is calculated for various ring widths and shown in Fig.5.7. It is obvious
that the ring width of the antenna that provides the highest directivity is
obtained when d=0./5A (for available waveguide of the radius 0.30197),
d=0.224 (for WC451 waveguide) and d=0.354 (for WC528 waveguide).
Since results for smaller d not available, optimum d is not determined in this
section. The maximum directivity for these three caées is more than about 7
dBi. It is seen that for the same ring width such as d=0.494, the larger
waveguide radius (WC528) gives the higher directivity than the smaller
waveguide radii (WC451 and 0.3109A waveguide). In addition, for the same

ring radius, the longer ring width, the lower directivity.

; Z ’ — a=0.3019 A (available)
----- a=0.3641 A(WC451)

7 . ‘ i - - -| = a=0.4262 A (WC528)
=
Z 61
fn
2
8 I
=
A
4 s
3 ; . . = =
0.15 032 0.49 0.66 0.83 1.00
d/A

Fig.5.7 Directivity of the antenna utilizing the three waveguide radii versus

the ring width
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5.6 Conclusion

A bidirectional antenna using a probe excited circular ring has the
same principle as that of the rectangular one. However, the calculation of the
ring width can be achieved, by using attenuation constant of wave at various
modes, instead of aperture field calculation. This results in a simple task.
Numerical results clarified that the short ring width provides a split beam
and low directivity. On the other hand, the too long ring width makes the too
long aperture separation to result in the low directivity as well. Therefore, an

appropriate ring width must be chosen.



Chapter 6
Design of a Bidirectional Antenna Using a

Probe Excited Circular Ring

6.1 Introduction

This chapter describes the design of a bidirectional antenna using a
probe excited circular ring and the experimental results as its estimation.
The design curve is firstly constructed from the principle introduced in
chapter 5. Then, the antenna is designed at the operating frequency of
1.9605 GHz. Prototypes of the bidirectional antennas are fabricated.
Characteristics of the antenna such as radiation patterns, impedance and
gain are measured. Experimental results are compared with theoretical

results in figures. The communication range estimation is also done.

6.2 Design Procedure

According to the field expression in (5.8) to (5.9), the characteristic
curve of the antenna can be illustrated for the usable ring radius. It is
represented in Fig.6.1.

From Fig.6.1(a), the optimum ring width providing the maximum

directivity for specified ring radius is illustrated by the solid line.

0.46

0.42

I o038
b

0.34

0
0.15 0.20 0.25 0.30 035 0.40 045 0.50
d/2

(a) designcurve
Fig.6.1 Antenna design criterion
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Directivity (dBi)

0.15 0.20 0.25 0.30 035 0.40 0.45 0.50
d/a

(b) directivity versus the ring width
Fig.6.1 (continue)

This graph is very useful as the guideline for the antenna design.
For instance, there is a specific width for a specified ring radius that the
antenna radiates a single mode and provides the maximum directivity i.e.,
when a equals 0.364 the ring width will be 0.21A. For other ring radii in
the range of (5.1), this graph is also very convenient to find the optimum
ring width. However, it is noticed that when the ring radius is further
increased to more than 0.404, the optimum ring width providing the
maximum directivity is drastically increased. This situation results the
antenna structure to be very large and difficult to install for practical use.
In Fig.6.1(b), the directivity versus the ring width for different ring radii
is also shown by the shadow region. It is obvious that the directivity of
the antenna is in the range of 5.5-7.5 dBi. This graph is very useful to
determine the directivity for the various ring widths of the different radii.
The dash line specifying three ring radii, a = 0.42624 (WC528 or a =
6.7056 cm at f= 1.9065 GHz), a = 0.36412. (WC451 or a = 5.7277 cm at
f = 1.9065 GHz) waveguides and available waveguide when a equals
0.30192 (a = 4.7506 cm at f = 1.9065 GHz) are depicted as the guideline.

For any other waveguide sizes with the dimension among these three
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sizes, it can be evaluated by interpolating from these dash lines. For
example, if the waveguide of the radius 0.351 is available and the
directivity of 6.5 dBi is required, the ring width should be 0.444.
Alternatively, if the ring radius of 0.40A and the ring width of 0.374 are
chosen, the obtained directivity is 7.4 dBi. Eventually, among these three
parameters (ring radius, ring width and directivity) if two parameters are
first specified, the other parameter can be estimated. It is also pointed out
that for the same ring width such as d = 0.394, the larger waveguide
radius gives the higher directivity than the smaller waveguide radii. In
addition, for the same ring radius, the longer the ring width, the lower the
directivity. The directivity for the ring width larger than 0.504 is also
calculated and it is evident that the directivity is rapidly decreased due to
the split beam from the large spacing of the two apertures. Hence, for the
ring width larger than 0.504, this antenna is not suitable because the

-bidirectional pattern is not obtained.

6.3 Experimental Results
6.3.1 Radiation Pattern

According to the design criterion in (5.1) a bidirectional antenna
using a probe excited circular ring is designed to operate at the frequency
of 1.9065 GHz and it is fabricated. The probe length is fixed at 3.93 cm
(0.252). In order to design the ring width of this antenna, a curve of
Fig.6.1 is used. It is found that for the ring radius of 4.7506 cm (0.30194)
the optimum ring width is 0.154A4 (2.43 cm). The radiation pattern of this
antenna was measured in both E-plane and H-plane as illustrated in
Figs.6.2(a) and 6.2(b), respectively. These results are compared with the
approximation formulae from (5.8) and (5.9). From Fig.6.2, it is obvious

that the beamwidth is almost the same in E-plane at which this pattern is
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similar to the elevational pattern of the'probe exhibited as the monopole
antenna. On the other hand, the beamwidth of the pattern in H-plane of
the measured results is wider than that of the predicted one. The reason is
the notable effects of the ring to the radiation pattern of the probe. Since
the prediction was done by approximating the total radiated fields of the
antenna with the combination of the pattern from individual aperture
disregarding the mutual coupling and edge effect, the predicted results
exhibit narrower beamwidth than the experimental ones. However, nulls
of the measured results are shallower than the prediction counterparts due
to the neglecting of edge effect and mutual coupling between the two
apertures. When this antenna is investigated by using Numerical
Electromagnetic Code (NEC2) based on Method of Moment at which the -
mutual coupling is taken into account, the pattern is similar to the
measured one. Some errors take place at the null positions. This might be

due to the edge effect. The detail of this matter is left for further study.

Prediction by using (5.8)& (5.9)
¢ ¢ ¢ o Measurement

NEC Simulation .

(a) E-plane

Fig.6.2 Comparison between measured and predicted patterns
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60° 120°
9%°
—— Prediction by using (5.8)& (5.9)
e e oo Measurement
NEC Simulation

(b) H-plane

Fig.6.2 (continue)

To investigate the antenna characteristics, the antennas with three ring
widths are fabricated i.e., 0.0504, 0.154A and 0.450A. The photograph of

these fabricated antennas is depicted in Fig.6.3.

Fig.6.3 Photograph of the fabricated antenna
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90°

—--—-d=0.0501
——d=0.1541

180°

90°

—--—-d=0.050Mn
d=0.154A
JESREE d= 0.45()},

(b) H-plane

Fig.6.4 Radiation pattern of the antenna for various ring widths
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Then, the antenna patterns were measured and plotted to compare
with each other. The results in E-plane arid H-plane are shown in Fig.6.4
(a) and 6.4(b), respectively. The pattern of the 0.0504 ring width antenna
has larger beamwidth in both E and H planes since its width is too short
for the higher modes to die out. Hence, the aperture fields consist of
many modes. On the other hand, the beamwidth of the antenna with ring
width of 0.4502 is wide due to the ring width is too long. These results
confirm the validity of the design procedure. Moreover, the cross
polarization pattern was measured. We found that this antenna has the
cross polarization isolation of about /0 dB. It is possible to propose as a

polarization diversity antenna at which is left for further study.

6.3.2 Input Impedance

The radiation characteristics described in the previous section are
obtained from the design procedure that the ring radius is chosen to let
only the dominant mode accommodated in the ring using (5.1). Then, the
ring width 1s chosen from the graph in Fig.6.2. The probe length was set
at 0.251. However, the optimum condition for matching was not clarified
in the preceding section. In this section, we show the impedance
characteristic of the antenna which can be simply improved by adjusting

the probe length. This principle is carried out by the experiments.
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Fig.6.6 Reactance for various probe lengths

Fig.6.5 and Fig.6.6 show the measured resistance and reactance,
respectively, as a function of the probe length of the three antennas. The
dimension of these antennas are as follows; a equals 0.30/94 and d
equals 0.0504, 0.154A and 0.450A, respectively. The variations of

resistance of the three antennas are almost the same manner. They
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increase from small value of a few ohms at the short probe length (0.102)
and they have the peak value when / is approximately 0.32A. Then the
resistance is smaller as the probe length is further increased. The
reactance of the antenna of these three widths are in the same fashion.
They are capacitive reactance of around 60 Q when / equals 0./0A. This
reactance tends to resonate at / is approximately 0.254 then return to
capacitive reactance again as the probe length is further increased. These
characteristics are nominated by monopole field. The VSWR versus the

probe length is shown in Fig.6.7.

15

.......... d=0.050A
: —— d=0.1541 |
13 N7/ N ERNG,. ... d=0.450A

ll —... *“. < CXT =/ iemn®s '-—¢---—:—-.-_—__—__-_.

VSWR

Fig.6.7 Voltage Standing Wave Ratio for various probe lengths

From Fig.6.7, it is obvious that the minimum VSWR in all cases
_ occur when [ equals 0.24A. Therefore, this value is specified as a design
parameter. According to the aforementioned that the optimum antenna
parameters i.e., a equals 0.30194, d equals 0.1544, and [ equals 0.244, the

antenna for this specified dimensions was fabricated. The probe diameter
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of 1 mm is used. The impedance and VSWR versus the ﬁequeﬁcy of the
antenna were measured as shown in Fig.6.8 and Fig.6.9, respectively. The
antenna has the capacitive reactance at the frequency below and above
the design frequency as shown in Fig.6.8. It is almost resonance (Z = 50.9

-j3.5 Q) at the design frequency.

CH1 S11 1 UFS l: 5.922 9 ., -3.5 n 23.851 pF
w 1.90865 GHz

2: ga agg 0

- a

Cor MARKER 1 758 °8E
1.9eg6 GHz 2 ~ g%a&g

START 1.5888 GHz STOP 2.5088 GHz

Fig.6.8 Measured impedance of the antenna

CHL Sy3  SWR 1 + REF 1 1: 1.08@9
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& 1
Cor léség §Hz

De} [MARKER 1

H 9183
1.bess Hz 7 toit e
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N
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\ L~
Ar’/F/-
[’
,_r—"’j
START 1.5808 GHz STOP 2.50080 GHz

Fig.6.9 Measured standing wave ratio of the antenna



55

From Fig.6.9, it is relevant that the bandwidth of VSWR < 1.5 is
17.8% which is excessively wide for practical use in mobile

communication system.

6.3.3 Gain

Two identical comer reflector antennas were fabricated and
measured the gain using the Friis transmission equation [12]. The gain of
7.1, 7.3 and 7.5 dBi at the frequency of 1.7000, 1.9065 and 2.1000 GHz,
respectively, were measured. By using the substituting method, the
bidirectional antenna using a pfobe excited circular rings designed to
operate at the frequency of 1.9065 GHz were measured. It is found that
the designed antenna has the gain of 5.4, 5.6 and 5.4 dBi at 1.7000,
1.9065 and 2./000 GHz, respectively. The results in this section verify
that this antenna provides a bidirectional pattern of gain about 5.4 dBi in
the bandwidth of about /7%. We also measured the patterns in this
bandwidth and found that they are not significantly changed.

6.4 Communication Range Estimation

When the antenna was installed on the roadside, its pattern will
cover the road as shown in Fig.6.10. If the space is free of reflection and
scattering from objects, the free space is considered. We can estimate the
communication range by calculating the power received by the mobile
unit when the bidirectional antenna using a probe excited circular ring is
employed as a base-station antenna. In this demonstration, the operating
frequency is chosen to be 1.9065 GHz that is the center frequency of the
PCT (Personal Communication Telephone) system. When the transmitted
power from the base station is fixed at 20 mW, and the gain of the mobile

antenna is assumed to be unity in dimensionless, by utilizing the well-
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known Friis transmission equation [12], the relationship of power

received by the mobile antenna (P,) is
r " “4zR’’

where EIRP stands for Effective Isotropic Radiated Power which is the
product of the transmitted power and the directive gain of the base-station
antenna, G, is the gain of the mobile antenna (unity in dimensionless), 4
is the operating wavelength (m) and R is the communication range (m).
As the mobile unit moves along the road from 4 to B and so on

until to F as shown in Fig.6.10 (not to scale).

Fig 6.10 Antenna coverage on the highway (not to scale)

The directive gain is slightly changed; however, the received signal
is considerably changed according to the different distances. Table II

show received signal at those different positions.
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Table 6.1 Estimation of communication range

Position | Directive Gain | Distance EIRP Field Strength (dB,v)
(dBi) (m) (dBw)

A 0 - - -

B 5.3 100 -11.7 25.1
C 5.8 300 -11.2 20.6
D 6.2 600 -10.8 17.8
E 6.5 1200 -10.5 14.9
F 6.7 2400 -10.3 12.0

We can realize that, for a conventional receiver with /2 dB,y sensitivity,
the maximum range is around 2.4 km. The maximum range in case of the
2.15 dBi omnidirectional antenna is employed in place of the
bidirectional one is also calculated. It should be pointed” out that the
maximum range of the proposed bidirectional antenna is twice longer
than that of the system that employs the omnidirectional antenna. In order
to yield more accurate result, at least 2-ray model considering ground

reflection shall be considered, that is left for further study.

6.5 Conclusion

According to the design curve, the ring width can be designed for a
specific ring radius and directivity. This designed curve shows that this
antenna can provide directivity in excess of 7 dBi. Experimental results
indicate that the antenna has radiation characteristics as proposed.
Radiation patterns in E-plane have good agreement whereas those in the
H-plane have some different due to neglecting mutual coupling and edge
effect in calculation. This result in slightly reduced in antenna gain. It was

shown that this antenna could be matched simply by choosing appropriate
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probe length. It enhances the communication range in the PCT system to

twice of the system employed a conventional omnidirectional antenna.



Chapter 7

Conclusions and Discussions

A simple, compact and low cost bidirectional antenna with
moderate gain to be used in a specific narrow region in a mobile
communication system such as express way, corridor, tunnel and etc., is
required. It can reduce the number of base stations and the installation
budget.

The author proposed a bidirectional antenna using a probe excited
ring to support the above requirement. The principle of the antenna is to
employ a ring to compress electromagnetic energy from an
omnidirectional pattern of a probe to two opposite directions. It is initially
described theoretically in term of a bidirectional antenna using a probe
excited rectangular ring. Radiation characteristics of the antenna can be
considered from the Dyadic Green’s function to find electric field inside
the ring, on the apertures and radiation from the antenna, respectively.
Then input impedance is investigated by using induced EMF method.
This principle is summarized in chapter 2.

Numerical results which describe the analysis of a bidirectional
antenna using a probe excited rectangular ring are addressed in chapter 3.
They confirm that the bidirectional pattern can be achieved simply when
the proper antenna dimensions are chosen. It was pointed out that this
antenna could provide directivity in excess of 6 dBi.

Chapter 4 mentions about the design of a bidirectional antenna
using a probe excited rectangular ring. Characteristics of a prototype
antenna are illustrated and proved to be satisfactory. However, in a
viewpoint of manufacturing process, a circular ring can be easier

fabricated. Therefore, it is significant to investigate a bidirectional
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antenna using probe excited circular ring. To carry out this investigation,
a principle of a bidirectional antenna using a probe excited rectangular
ring is applied.

Chapter 5 describes principle of a bidirectional antenna using a
probe excited circular ring. Its ring radius and length are properly chosen
to let only the dominant wave accommodates inside the ring and the
maximum directivity is achieved.

The design and prototype fabrication at the frequency of 1.9 GHz
. (the operating frequency of the PCT system) is shown. Measured results
show that this antenna possesses gain of 5.4 dBi over the bandwidth of 17
%, which is sufficient for the system requirement. Furthermore,
communication range estimation is conducted. It was found that this
antenna can extend the twice range than that of the conventional
omnidirectional antenna. The materials related to these topics are shown
in chapter 6.

As the aforementioned earlier, it is obvious that a bidirectional
antenna using a probe excited ring is satisfactorily developed. It is.
significant to the mobile communication in narrow space such as express
way, corridor, tunnel and etc. However, there are many interesting topics
to be considered such as edge effect and mutual coupling at the apertures,
development of polarization diversity of this antenna to mitigate
multipath fading, array of this antenna with simple feed to increase its
gain, etc. These topics are left for further study. The proposed antennas

about 1,000 pieces have been installed on the elevated highway in the city
of Bangkok.
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