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Student : Wen-Tou Chiu Advisors : Dr. Christina F. Jou

Degree Program of Electrical and Computer Engineering
National Chiao Tung University

ABSTRACT

In this paper, We propose a compact leaky-wave Antenna array to reduce side lobe level. Since
the travelling wave propagating on the-antenna will leak out the energy to the free space. But due to
the discontinuity at the end of the antenna that will cause the reflected wave and propagate opposite
direction. Then radiate unwanted side lobe. We reuse the reflected power due to the reflected power
from the end of the microstrip line can reduce the side lobe level.

The antenna array consist of 3 elements, each one has 1A long. We guided the remained reflected
power and split the power equally with the same phase difference into 2 paths then inject into each
antenna elements. This antenna is fabricated on FR-4 PCB and operating at 4.4GHz. And the
measurement results shows gain +8.5dBi, main beam angle is about 30°, beam width is about 40°
and side lobe level is -13dB.

This design can reduce side lobe level effectively which may reduce the interference and utilize
the array structure to improve the directivity. It is suitable for vehicles avoidance collision system,

point-to-point radio communication and millimeter-wave applications.
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Chapter 1

Introduction

1.1 Motivation

Recently, there is much interest in vehicle collision avoidance system to enhance
the traffic safety issues. Conventional Microstrip Leaky-Wave Antenna (MLWA) has
many advantages for these applications such as low profile, less weight, easy to
fabrication, simple impedance matching and beam scanning features. In 1979, Menzel
first constructed the LWA on the microstrip line [1]. Compared to resonant antennas,
the MLWA has the wider bandwidth%due'to_the, traveling wave characteristic. The
advanced researches on its natiire” of-the/ledk§ from Higher order mode are describes
by Oliner [2]. Subsequently,Olifier and Lee elarfied the confusion of properties and
divided the leakage modes into|formssthe surface waye.and the space wave. And the
radiation characteristic is distributed.by the space Wave.

One important feature of the MLWA"iS that the capability of frequency scanning
operation. The radiation pattern of narrow beam of MLWA can sweep an angle region
by changing frequency. Based on this capability, the MLWA is very suitable for
antenna scanning systems. But in practical, there is a serious problem about the long
length of the MLWA. Usually, the MLWA needs more than five wavelengths to radiate
efficiently, or a reflected wave at open structure end would propagate backwardly in
the microstrip line. A large back lobe would be produced by this reflected wave.
Hence, there has been a lot of research devoted to study this issue with the hope to
reduce the MLWA length without the reflected wave.

The microwave leaky-wave antenna integrated here also cause the main beam

narrow as a pencil beam and scanning in the elevation direction. Due to the beam
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steering capability, the active aperture-coupled leaky-wave antenna could be used in
Global Positioning System (GPS). The GPS can aid to fix position in air traffic
control, collision avoidance system, or radiolocation, etc. Thus, it will have a great

potential in the future.

1.2 Literature survey

There are so many methods to reduce the side lobe level in MLWA design.
Conventionally, place a resistive terminated load at the end of the LWA to absorb the
reflected power, but the will get poor radiation efficiency due to waste remained

power. The aperture-couple structure has first proposed by Pozar in 1985, and is used

— Faiaton pattem of e procossd stuchue
- - - Radabon patier of conventional LA

Figure 1 The structure of the aperture-fed patch antenna connected 0

Figure 3 The radiation pattierns of the psed and conventional LW As
the LWA a “ o

Fig. 1.1 The aperture-coupled and patch antenna [3]
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Fig. 1.2 The aperture-coupled and patch antenna array [4]

Methods Pros Cons

Encounter size issue

Increase the length of the

antenna
Terminated[1] o ’@ E ! p E&V“\ Poor radiation efficiency
Backside M: e 4 | =Extra side lobe under the

aperture-coupled[3] ground plane

Add directive elements[4] Gain as the same as origin

Combined with array (this Larger the area

work) but also inérea e gain

Table 1.1 Comparison between different methods




1.3 Chapter Organization

This thesis is organized as follows. In chapter 1, include motivation and
introduction at beginning. In chapter 2, we will present the basic theory of LWA
structure. And before that, we will review some basic theories such as, travelling wave,
leaky mode, and frequency scanning mechanisms. In chapter 3, we will show the
design methodology of a novel structure for the reduce side lobe level. And then, we
will show the experimental results of this design. in chapter 4, the results and
discussion antenna has been presented. The last, chapter 5, we will give the summary

and the conclusion and the future study.




Chapter 2

Theory of Leaky-Wave Antenna

In this chapter, we will demonstrate the leaky phenomenon on the microstrip line,
the radiation characteristics of the microstrip leaky wave antenna and design
consideration. Based on the features of the microstrip leaky wave antenna, it is an
effective technique for providing the direction steering of the transmit/receive
modules. And the frequency beam-scanning microstrip line leaky wave antenna has
become more popular for extensive research.

A major problem of leaky-waye antenna isythe long length of the structure. The
length of leaky-wave antenna,acquires tenftimes wavelengths to radiate efficiently.
Otherwise, the open ended lSaky=wave antenfasresults.in large reflection power of
microwave signals. As a ‘resultg the “reflection power would cause undesired

interference in communication systems.

2.1 The Basic Operating Concept

There are several wave modes propagate in microstrip line on substrate. A surface
wave and space wave are two forms of leakage. One of the higher order modes that
usually used are the first higher mode (EH;, leaky mode) become leakage at the lower
frequency than dominant mode to obtain a radiation characteristics. A simple
traveling wave antenna as the microstrip line leaky wave antenna was investigated in
[1]. The leaky phenomenon was detected subsequently by Oliner and Lee [2]; the
traveling wave in a microstrip leaky wave antenna would leak power to air due to a
small attenuation constant. Comparing to resonator antenna operated in fundamental

mode, the microstrip leaky antenna has a larger bandwidth due to the traveling wave
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in the microstrip line. This leaky mode antenna also possess the advantages of having
a low profile, less weight, simple construction, being simple to fabricate and ease of
matching. In addition, narrow beam width and frequency scanning characteristics are
the extraordinary properties of the microstrip leaky wave antenna’s physical behavior.
Recently, this microstrip leaky wave antenna has attracted a lot of interests to
investigate.

A leaky-wave antenna is basically a waveguiding structure that processes a
mechanism the permits it to leaky power all along its length. Because of the leakage,
the leaky waveguide has a complex propagation wave number, with a phase constant
B and a leakage constant a; o is large or small depending on whether the leakage per
unit length is large or small. A largeyd implies that the large leakage rate produces a
short effective aperture, so thatth€ radiated béam, hasta, large beamwidth. Conversely,
a low value of a results in aJJonglefféctive aperturerand.a narrow beam, provided the
physical aperture is sufficientlylong,

A typical leaky-wave antemt@umnight be about€20 wavelengths long, so that the
beamwidth of the radiation would be about 4° or so if the beam direction is about 45°
from the leaky waveguide axis. A short length LWA may encounter with a larger side
lobe level.

Because the phase constant  changes with frequency, the beam direction also
changes with frequency, and the leaky-wave antenna can be scanned by varying the
frequency. The precise ways in which changes in frequency affect the various
properties of leaky-wave antenna are considered in detail later.

Since power is radiated continuously along the length, the aperture field of a
leaky-wave antenna with strictly uniform geometry has an exponential decay, so that
the sidelobe behavior is poor. The practice is then to vary the value of a slowly along

the length in a specified way while maintaining 3 constant, so as to adjust the
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amplitude of the aperture distribution to yield the desired sidelobe performance. This
tapering procedure is well known.

An individual leaky-wave antenna is clearly a line-source antenna; the design
produces the desired beam behavior (usually a narrow beam) in the scan plane, but the
radiation pattern in the cross-plane is just a fan beam whose detailed beam shape
depends on the cross-sectional dimension of the leaky-wave antenna, Techniques are
available for narrowing the beam in the cross-plane, such as the use of a horn or
placing the line-source antenna in an array.

There are two different basic types of leaky-wave antennas, depending on
whether the geometry of the guiding structure is uniform or is periodically modulated
along its length. These two types areYdctuallyfsimilar in principle to each other, but
their performance properties differ in_severaliways afid they face somewhat different
problem in their design. All leaky=wave line-sources”of.the uniform type radiate into
the forward quadrant and cdn/Scanginfprinciple from/broadside to end fire, with the
beam nearer to end fire at the highee frequencies I@ractice, however, one cannot get
too close to end fire or to broadside. But"how near those limits can be approached
depends on the specific structure. For example, suppose the cross section of the
guiding structure contains dielectric material in part and air in part, and has a
slow-wave range( > ko) and a fast-wave range(p < ko), where ko is the free space
wave number in air. Then, the transition between the two ranges is usually a rapid one,
occurring at end fire (when B = ko), and the beam can be scanned very close to end
fire. In the second type of leaky-wave antenna, the periodic type, some periodic
modulation of the guiding structure is introduced, and it is this periodicity that
produces the leakage. The periodic modulation itself is uniform along the structure’s
length, again except for the small taper of periodic properties along the length to

control the sidelobes. An important difference between uniform and periodic
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leaky-wave antennas is that the dominant mode on the former is a fast wave that
therefore radiated whenever the structure is open. On the other hand, the dominant
mode on the periodic leaky-wave antenna is a slow wave that does not radiate even
though the structure is open.

Surface-wave antennas, leaky-wave, and slot arrays are all members of the
family of travelling-wave antenna. They are similar to each other in some evident
respects, but they all differ from each other in important ways that lead to different
design procedures and to different performance expectations. Surface-wave antenna
are purely end-fire antennas, whereas leaky-wave antennas and slot arrays do not
radiate well in the end-fire direction and, in fact, are designed either to radiate in some
other direction or to scan a rangeW\of-angles, The basic guiding structure for
surface-wave antenna is an op&n/wavegid@¥whoesc\dominant mode is purely bound,
so that the surface wave willlradiate'only at-discontinuities, such as the very end of
the waveguide. It does not radiate @lofigsthe Iength ofithe guide because the surface
wave is slow wave, whereas astmiform leaky-wav€vantenna, which supports a fast
wave, leaks power all along the length of the'waveguide.

A major problem of microstrip leaky wave antenna is the long length of the
structure. We design the feeding network by using the asymmetric feeding structure.
For the LWA design, there are two major current paths to radiate.

At this work, the simulator is based 3-D full-wave EM solver (Ansoft HFSS).

Later, we will show the simulation result of this design.

2.2 Propagation phenomenon on MLWA
In the microstrip line, there exist several modes while electromagnetic waves
travel in the line. Uniform is operated in the fundament mode to transmit power. To

perform a leaky wave we employ a high order mode in an appropriate region of
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operation frequency.

The dominant mode traveling in a uniform microstrip line is a slow wave relative
to traveling in free space. As a result, the dominant mode cannot be employed to a
uniform leaky-wave antenna. To perform a uniform leaky-wave antenna, we employ a
high order mode in an appropriate range of operation frequency. Among the higher
modes, the first higher mode is the most practical mode to excite. Compare to the
dominant mode, the higher mode has a nonzero cutoff frequency. The cutoff
frequency of the antenna is determined by the guided width. The leakage wave can be
distinguished into two forms surface wave and space wave. Fig. 2.1 shows the top

view of the strip line.

Fig. 2.1 The surface wave and space wave
k2= k2 -k (2-0)
k.=f-ja
For actual leakage, the ky must be real so that f < k.

The values of B and a will depend on the precise cross-sectional geometry of the



leaky waveguide, and the determination of B and o, whether theoretically or
experimentally, is in most cases the most difficult part of the design. Their knowledge,
however, is essential to any systematic design procedure.

Once B and o are known as a function of frequency and cross-sectional geometry,
the principal behavioral features of a leaky-wave antenna follow very quickly. Such
features include the beam direction, the beamwidth, the radiation efficiency, the
variation of the scan angle with frequency, and the taper in of a required to control the
sidelobes.

The major behavioral features follow directly once the values of B and o are
known, and they are given to a good approximation by a set of very simple relations.

We first consider the beam direction aniid\the'beamwidth:

sin 6m ~ s 2-1)
ko

0~ 1
(L/ Ao)cosOm

(2-2)

Where 0, is the angle”of\the? maximum of/the beam, measured from the
broadside direction, L is the length of thepsWATAD is the beamwidth, and the kg is the
free-space wave number (=21/)¢), Both 6, and AO are in radians in Egs. (2-1) and
(2-2). The beamwidth A is determined primarily by antenna length L, but it is also
influenced by aperture field amplitude distribution. It is narrowest for a constant
aperture field and wider for sharply peaked distributions. For a constant aperture
distribution, the unity factor in the numerator should be replaced by 0.88; for a
leaky-wave structure that is maintained uniform along its length, consistent with 90
percent radiation, the factor should be 0.91; for tapered distribution that is sharply
peaked, the factor could be 1.25 or more.

The antenna length L is usually selected, for a given value of o, so that 90

percent of the power is radiated, with the remaining 10 percent or so absorbed by a

10



matched load. Attempting to radiate more than 90 percent or so creates two problems;
First, the antenna must be made longer, and second, the variation in a(z) required to

control the sidelobes becomes extreme. For 90 percent of power radiated, we find

L_ 018

—= 2-3
A alko 2-3)
This simple but useful relation follows from writing

P(L)

——==exp[-4r(a/ko)(L/ Ao 2-4
(0) p[-47(a/ko)(L/ A0)] (2-4)

where P(L) is the power remaining in the leaky mode at z=L and P(0) is the
power input at z=0. In both L and a are specified independently, the percentage of
power radiated can deviate significantly from the desired 90 percent. In fact, the ais a
function of frequency, so that the radiation, efficiency will change somewhat as the
beam is frequency scanned. They90"percent figuresissusually applied to the middle of
the scan range.

The radiation pattern €an be founddby taking) the Fourier transform of the
aperture distribution. When the\geometry-of the" l¢aky-wave antenna is maintained
constant along the antenna length, the aperture field distribution consists of a traveling
wave with a constants f and o , meaning that the amplitude distribution is
exponentially decaying. If the antenna length is infinite, one finds that the pattern R(0)

is given by

cos’ @

R(0) = 3 —
(a/ko)” +(f/ko—sin@)

(2-5)

Which does not exhibit any sidelobes. If the antenna length is finite, the
expression for R(0) becomes more involved, and the pattern possesses sidelobes that
modify the basic shape for infinite length.

Where is the angle of the maximum of the beam, measured from the broadside
direction, L is the length of the LWA, A0 is the beamwidth, and the kO is the

free-space wave number (=271/A¢), Both 0,, and AO are in radians in Egs. (2.1) and
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(2.2) the wavelength of the operating frequency of the antenna.

2.3 Discussion on Leaky mode

Microstrip guided-wave structure usually operated in the fundamental mode
(EHp) which is quasi-TEM mode which does not radiate. The electric and magnetic
fields of such bound mode are shown in Fig. 2.2 it is even symmetry about the axial
centerline.; However, if the fundamental mode is blocked (or suppressed), the 1%
higher order mode can radiate and thus, the microstrip line can utilized as leaky
traveling wave antenna. But the 1* higher order mode is one such radiating mode, and
exhibit odd symmetry about the axial centerline the fields. This is due to phase
reversal in the center at the center of ¢thé.structiive,allowing the fields to decouple into
the substrate and free space d€gions.—JThe leaky wave region begins when o = 3
(cut-off frequency) and continugsiastlong as#B= kg (Lhe width of the antenna was
increased, the cutoff frequercy\of thesleaky region decicased. As the permittivity of
the substrate was decreased, theduteff frequency efithe leaky region increased, as did
the bandwidth of the leaky region.

The lowest mode on microstrip line is always purely bound mode. Then the
higher order modes will leak the power away when the frequency is lowered below
some critical value. When the open microstrip line is operated in first higher order
mode, the electric field are roughly sketched in Fig. 2.2. From the horizontal electric
field polarization configuration on the top of the strip, it is obvious the radiation will
occur above the strip for the first higher mode. The leakage power is in the form of
surface wave. As in microstrip patch antenna, the structure can be used to be a
practical antenna. In the next section, we will extract the main factors of the radiation

characteristic by utilizing B and a of the leaky mode.
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The surface wave number form of B-jo, where B is phase
constant and o is attenuation constant. employed the rigorous (Wiener-Hopf)
solution mentioned in [5] to obtain the normalized complex propagation constant. Fig

2.3 shows the variation of the normalized phase constant (B/ko) and normalized

attenuation constant (o/ko).

B>k, a =0 (RegionI) bound mode region;
ks> B > kO, small oo (Region II) surface wave leakage region;
ko> B, small o. (Region III) surface wave and space wave leakage region;

ko> B, large o (Region IV) cutoff region.
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2.5 Frequency scanning capability of LWA

Let us check the Eq. (2-1), B/ko=1 corresponds to end fire, and P/ko=0
corresponds to broadside. The B/ko variation near to cutoff(near to broadside) is seen
to be much the same whatever the filling factor of the guiding structure. The big
difference occurs near the end fire. The variation with frequency for the air-filled case
in seen to be quite slow near the B/ko=1 line because the curve asymptotically
approaches that line as the frequency becomes large. Several significant steps in
design of the microstrip leaky wave antenna depends on the plot of B and o versus
frequency. The procedures are summarized below and are only valid in leakage
condition.
1) At the onset of the space wave (3= ko eorre§ponding to f ~ GHz in Figure 2.4), the
main beam direction is theoretically parallélitothe, €nd-fire direction and the beam
moves to the broadside direction'as the frequenCy deereases.
2) As the frequency decreasés, duegtosa small ¢, a large.amount of power is reflected
from the open structure end of th&microstrip lings#id turn producing a large back lobe
at the same angle opposite to the broadside 'direction. A longer length of the antenna
can reduce the back radiation.
3) In the radiation region, corresponding to reasonable a value (roughly contained
between 4.2 GHz and 5.0 GHz in Figure 2.4), a continuous leaky wave occurs along
the microstrip line. As a result, a large radiation space wave and a small amount of
reflected wave are obtained. The beamwidth of the leaky wave is very narrow.
4) As the frequency continues to decreases, the attenuation constant of the guided

mode.
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Cr, 0, ¢)

I : Microstrip Leaky Wave Antenna

Fig. 2.5 Coordinates of the microstrip leaky wave antenna [5]

2.6 Design of LWA

According to the thegts d\€an determine the complex

the width of MLWA is designed to be 15mm. Consequently, the leaky mode region is
between about 4.2GHz to 5.0 GHz. This leaky region is calculated based on the
assumption that the infinite length of the microstrip line.

In practical, the antenna length is always not infinite. A conventional MLWA
with finite length usually has an open structure end. A finite length of microstrip line
would cause large reflection wave due to the mismatch of the open structure end. The
reflection wave also leaks power to air and produces a large back lobe. The MLWA
proposed by Menzel was mentioned in [3] that the short length (2.23%) of the

microstrip line radiated only about 65% of the power. The remainder power would be
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reflected from the open structure end, and produces a large back lobe. To radiate 90%
of the power, the length would be increasing to 4.85\.

Usually, the length of the MLWA requires about five wavelengths to suppress
back lobes and radiate out power efficiently. A rule that considers the remnant guided
wave power is applies to design the length of the microstrip leaky wave antenna. The

. 2al
remnant guided wave power (¢

) must be less than 5% when the length L of the
antenna is chosen. That is, e**" < 0.05. A rigorous (Wiener-Hopf) solution [12] is
employed to find the normalized complex propagation constant 3/k, - jo/ko of the first
higher mode, where /ko is the normalized phase constant and a/k is the normalize
attenuation constant. As the normalized phase constant /ky is less than 1, the leakage
occurs in the form of space wave.

In order to greatly reduceitht sidelobéilevel and.to control the pattern in other
ways, it is customary to appropriately taper the amplitude of the aperture distribution.
The procedure to design thé leakyswavetantenna so that it produces a final desired
radiation pattern is straightforward, though somewhat complicated. First, the final
desired radiation pattern is specified, and then the corresponding aperture amplitude
distribution is determined by standard antenna techniques. Next, by using the
expression derived below, the value of av/ky are computed as a function of position
along the antenna length in accordance with aperture amplitude distribution. At the
same time /ko must be maintained constant along the length so the radiation from all
parts of the aperture point in the same direction. Finally, from the theory that relates o
and [ to the geometry of the structure, we compute the tapered geometry as a function
of position along the antenna length.

However, since B must not be changed, the geometry must be further altered to
restore the value of f3, thereby changing a somewhat as well. In practice, the difficulty

requires a two-step process for most leaky-wave antennas, which is not bad. Because
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of this added complexity, one seeks leaky-wave structures for which on can vary

geometric parameters that change 3 and a essentially independently.
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Chapter 3
Low Side Lobe Level LWA Design

In recent years, there several configurations which can provide the low side lobe
level design. However, traditional LWA is large in size and is not suitable for a radar
system. In addition, the large side lobe level may interfere the other circuits or
communication systems. Therefore, it is very necessary to develop a new structure
which is suitable for nowadays applications.

In this chapter, we demonstrated a new configuration of the low side lobe LWA
based on the leaky-wave antenna structure which has better gain characteristics that
will improve the system perfommarice. The propdsed structure is composed of the
conventional open end leaky Wave antenna with;addingfrray structure to reducing the
side lobe. According to th&Zmeasured fesults, the’ impedance bandwidth is about
4.4GHz. The antenna peak gain\\we obtained*1s*about's.5dBi. Furthermore, the side

lobe level of this design is better than' I3dB:

3.1 Design of the Low Side Lobe LWA

According to the mentioned above, we know that the main design idea is to reuse
the remained reflected power and spitted the power equally and the same phase
difference to other elements. In the array theory, there are many factors will affect the
radiation pattern, like the distance between the each element or the excided power of
each element. That is to say, we can change these factors to design a high gain
antenna.

This research adopts an asymmetrical feed line to excite the proposed antenna

which is similar to traditional leaky-wave antenna.
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The antenna consists of three parts which are the three radiators as an array, power

splitter, and transmission lines.

3.2 The array theory

Arrays are found in many geometrical configurations. The most elementary is
that of a linear array in which the array element centers lie along a straight line. The
basic array antenna model consists of two parts, the pattern of one of the elements by
itself, the element pattern, and the pattern of the array with the actual elements
replaced by isotropic point sources, the array factor. The total pattern of the array is
then the product of the element pattern and array factor. An isotropic radiator is a
hypothetical, lossless antenna occup§ing a./point in space and when transmitting
radiates uniformly in all directions.It-is somi€times'\r€ferred to as a point source. The
radiation fields of an isotropi¢ radiator at the-6mgimpot a. spherical coordinate system
are proportional to

e—jﬂl’

I, = 3-1
Y G-

where I is the current of point source. The array factor for the array is then the
sum of isotropic radiator antenna response weighted by the amplitude and phase shift

introduced in the transmission path connected to each element. The array factor of the

array is
AF =1 +1e + Le 7 4. (3-2)
where (o, Cj,... are the phases of an incoming plane wave at the element

locations designated 0,1,... For convenience, these phases are usually relative to the
coordinate origin. The expression in (3-2) is very general and can be applied to any
geometry.

Suppose we have a linear array of several elements. If the elements are equally
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spaced, the array factor expression (3-2) can be simplified. The angle 0 is that of an
incoming plane wave relative to the axis of the receiving array. The incoming waves
at element 1 arrive before those at the origin since the distance is shorter by an
amount dcosé. The corresponding phase lead of waves at element 1 relative to

those at 0 is fd cos@ . This process continues and (3-2) becomes

N-1
AF =1+ 1,e M0 4 e P20 4 =] eMie? (3-3)
n=0

3.3 The antenna structure

Figure 3.1 shows the structure of the proposed antenna which has three parts: a)
conventional open end leaky-wave antenna structure, b) adding the power splitter
which is connected to the end of thesEWA and.¢)fadding the two transmission lines
which connect to the other «antennas: These ‘configurations are fabricated on the
substrate, or FR-4, with a dielectric‘constant’of €, = 4.4 and substrate thickness of 4 =
1.6mm.

We add the power splitter in”otderto.getret@mding reflected power and divided
into two parts to improve the antenna gain and the efficiency. The transmission lines
should be equal electrically length and minimize the phase difference. The slight of
the tapered structure in the LWA is to improve the impedance matching.

The proposed antenna is printed on an FR4 substrate of the dielectric constant of
4.4, the conductor loss (tan 6 ) of 0.02, and the thickness of 1.6 mm. The structure of
the antenna is shown in Fig. 3.1.

Detailed dimensions are listed in Table 3.1. Figure 3.2 shows the structure of the
convention open end leaky-wave antenna of which the length L is 70 mm, the width
W is 15mm and the ground plane on the back side of the substrate is 110 mm x 120

mm.
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The antenna structure and dimensional parameters values are as follows:

Flg 3.1 Config
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Fig. 3:2 Top view of LWA
L 110 mm
w 120 mm
Lleaky 70 mm
w1 15 mm
w2 14 mm
S 40 mm
Wstrip 3 mm
h 1.6 mm
& 4.4 -—-

Table 3.1 Dimension of the proposed antenna structure
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3.4 Simulation and Measurement Results

In our study, for the original configuration which is similar to the conventional
open end leaky wave antenna but the ground plane is reduced, we can see the current
distribution which demonstrates that most of the current distributes at the bottom side
of the antenna body and the current flows along the x-axis. Meanwhile, the length of
antenna body is about a wavelength for the operating frequencies so the wave will
travel on antenna body but there still has slight current which distributes on the center
of the antenna body. Based on the current distribution mentioned above, the radiation
pattern of this configuration will be near to the end-fire pattern in yz-plane. We first

proposed the solution which is addingishert=Cifeuited stubs to couple the current and

the fields to achieve our purpese! Fo-im e iMpedance bandwidth, we make a
slightly taper on LWA.
The current distributiofs0

4.4GHz. And the 3D radiation o’\~

24



I
B AAA
o F | b Frrer
F 3 4, ‘ﬁ FVEY
F )
i« v o
Smele e
e Ix o
e 'V
i e
/| z.'
v = =
A
| ¥4 ¥ ¥ )
1Y L/
- o :
“H L N
44
Fr
oo R 444 a2

(b) Log scale vector field

Fig. 3.3 The current distribution of the LWA
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Fig. 3.4 The simulated radiati ne @ L=35, 70 and 105 mm
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Fig. 3.6 The simulated radia GHz YZ plane
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Fig. 3.8 The radiation efficiency
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(c)
Fig. 3.10 Simulated 3D radiation pattern at 4.4 GHz (a) Top view (b) Side view (c)

Angle view

3.5 Conclusion

Here, a low side lobe level antenna array is designed and tested. This structure
provides good impedance bandwidth which is better than the conventional symmetric
position antenna. Meanwhile, it shows good radiation characteristics and can provide

the average value of the antenna gain about 8.5 dBi. In the operating band, the side
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lobe level exceeds the level of 13 dB which achieves the purpose that is improving the

unidirectional radiation pattern.

The return loss is computed using Ansoft HFSS and measured using an 8720
vector network analyzer and is shown in Fig. 3.14. There are some small
discrepancies between the simulated results and the measured results, which may
occur due to the effect the SMA connector and fabrication imperfections. Both the
simulation and the measurements show that the antenna operates over the range which
extends from 3.0 GHz to 6.0 GHz.

The simulated and the measured radiation patterns at the operating band center
frequency, or 4.4 GHz, are shown ingRig!.3.114 Fhe antenna has the 3-dB beamwidth

that ranges from 14° to 46 ° in the/Y Z-plafie JIk€ returfiloss is shown in Fig. 3.12.
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Fig. 3.11 Simulated and Measured radiation pattern of the LWA
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Fig. 3.12 Simulated and measured return loss of the proposed LWA

Fig. 3.13 Antenna pattern measurement environment
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Chapter 4
Future Study

This proposed antenna structure is suitable for the many applications which
require unidirectional radiation pattern such as traffic control, collision avoidance
system, radiolocation, etc. and has great potential for applications in the future.

In the Future, there still have some topics we can research. For the multiple

element of antenna array to increase the antenna gain, radiation efficiency, and how to

design the antenna structure and phase shifter to scanning the beam direction is what
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Symbols

. propagation constant

- free-space wavelength

. leakage constant

: phase constant

. free-space wave number

. beamwidth

: antenna length

: angle of the maximum of the beam
: power remaining at z=L

: radiation pattern
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