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ABSTRACT

Al Aziz, Masud, M.S., Department of Electrical and Computer Enginecring,
College of Engincering and Architecture, North Dakota State University, May 2011.
A New Printed Quasi-Landstorfer Antenna.  Major Professor: Dr. Benjamin Davis
Braaten.

fu this thesis, a new type of printed quasi-Landstorfor antenna is presented. The
proposcd antenna utilizes parasitic radiators to realize a higher gain. The antenna is
measured to have a resonant frequency of 2.45 GHz with a return loss of -43 dB3. The
gain of the antenna is measured to be 7.2 dI3i and can be increased to 8 dBi with the
design of a partial folded slot. The gain increment is achicved without increasing the
overall dimension of the antenna. Both the measured and the simulated radiation
patterns indicate that the antenna has a symmetric radiation pattern in the end-fire
direction.  Moment Method based software lias been used to siimulate this quasi-
Landstorfer anteuna and the simmulated results are shown to be in good agreement
with the measured results. The new quasi-Laudstorfer antenna presented in this
work is 44% smaller in size when compared to the previous Landstorfer antennas
and provides higher gain than that of the quasi-Yagi antenna. The antenna is well
suited for WLAN band applications. such as wireless conunuunications. phased array

antennas, and millimeter wave applications.
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CHAPTER 1. INTRODUCTION

Wireless communication systems are used to transfer information over both
short distances and long distances. Short distance wircless communication includes
remotc control for TV, remote starters for cars, and remote control for air-conditioner
units. Long distance wircless communication includes satellite communication, radar
communication, and radio communication over hundreds of meters. Today, wircless
systems have also been applied to various fields, such as telecommunications, the au-
tomobile industry, bill payments, and entertainment. These wireless conmunication
devices need antennas to communicate with each other. Recently, there have been a
lot of developments in the wireless communication system which demand more devices
to be integrated in a single compact module. Printed antennas are drawing a lot of
attention due to their small size, case of fabrication, and light weight. These printed
antennas arc employed in the Ultra-High Frequency (UHF) band and above, which
leads to small antenna size. Morcover, printed antennas arc casy to fabricate on a
single diclectric substrate using a lithographic technique. The impedance matching
and the phase adjustment of the antenna arc done with a microstrip feed structure
that can also be printed on the same substrate using the lithographic technique.

A recently developed printed antenna was the planar Yagi-Uda antenna that
consists of one driver, one reflector, and one or more director elements [1]. The
driver element is excited directly by the feed transmission line. However, the currents
in the director and the reflector elements are induced by mutual coupling. Another
development based on the planar Yagi-Uda antenna was the quasi-Yagi antenna which
uses a truncated ground plane as the reflector and thus eliminates the reflector [2]-
[3]. The quasi-Yagi anteuna reduces the overall dimension of the printed Yagi-Uda
antenna. Iowever, the antenna suffers from a lower gain than that of the Yagi-

Uda antenna. A printed Landstorfer design was proposed in {4]-[5], where sweeping




clements were used instead of dipoles as the antenna elements and this resulted to
higher gain. However, by the introduction of the sweeping elements, the overall size
of the Landstorfer antenna was larger than the printed quasi-Yagi antenna.

In this thesis, we present a new printed quasi-Landstorfer antenna for the 2-
4 GHz (S-band) wireless communication applications. The antenna comprises of
two sweeping clements with one of the elements being the driver and the other
clement being the director. In this design, a truncated ground planc is used as
the reflector. The antenna has been analyzed both theoretically and practically.
Different paramecters, such as return loss (S1), far-field radiation patterns, and the
gain of the antenna have been simulated and measured. The design criteria of the
antenna has been deseribed by four parameters, such as the length of the driver, the
distance between the driver and the director, the length of the director, and the distance
between the driver and the ground plane. The impact of cach of the parameters on the
antenna performance has been examined to find the optimum values. A prototype of
the antenna has also been printed and the measurements were taken in an anechoic
chamber using an 8.5 GHz Agitent 8057 ENA scrics network analyzer. The measured
results are shown to be in good agrecment with the simulated results.

The simulated and the measured results indicate that the proposed quasi-
Landstorfer antenna provides a high gain of 7 dBBi over a 10 dB bandwidth. The
gain of the antenna can be further augimented by introducing a partial folded slot in
the design. The antenna has a symmetric radiation pattern in the end-fire direction
and is measured to resonate at 2.45 GHz with a return loss of -43 B.

The rest of the thesis is organized as follows. Chapter 2 presents a brief literature
review of the Yagi-Uda antenna, the quasi- Yagi antenna, and the Landstorfer anteuna.
A review on antenna concepts for the design of the quasi-Landstorfer antenna is

presented i chapter 3. This is then followed by presenting the layout of the quasi-




Landstorfer antenna, simulated and measured results, and design guidelines. In

chapter 4, a gain enhancment design for the proposed quasi-Landstorfer antenna
is presented. Simulated S-parameters, far-field radiation patterns, and the gain of
the antenna are also presented at the end of this chapter. Chapter 5 concludes the

thesis.







clements at the back and in front of the driver clement. The elements that arc

placed in front of the driver are called the directors. Morcover, the elements that are
placed at the rear of the driver are called the reflectors. The length of the driver is
chosen to be 3¢, where A, is the {ree-space wavelength at the resonant frequency. The
length of the reflector elements are chosen to be slightly larger than that of the driver
clement. Howcever, the lengths of the director elements are chosen to be slightly
shorter than that of the driver element. Therefore, the immpedance of the reflector
element is inductive and the induced emf leads the current on the reflector. However.
the impedance of the director element is capacitive and the phase of the current leads
the phase of the induced emf. Thercfore, the Yagi-Uda antenna structurc supports
a traveling wave propagation along the y-axis of the antenna and the antenna has
an end-fire radiation pattern. Moreover, the phase of the current in the parasitic
clements also depends on the spacing between the clements.

Among the reflector elements, the nearest reflector element to the driver plays
the most significant role on the antenna performance [6]. Besides, the other reflector
clements arc measured not to have a significant effect o the overall performance of
the antenna. However, the addition of the director clements increases the gain of
the antenna. Therefore. Yagi-Uda antennas with one reflector element aud multiple
dircctor elemments are connnon.

The characteristics of the radiation pattern of the Yagi-Uda antenma arc ex-
pressed by five parameters: forward and backwaord gains, input impedance, bandwidth,
front-to-back ratio, and magnitude of the minor lobes. The length of the parasitic ra-
diators and the relative spacing between them determine the antenna characteristics.
Antenna impedance is the ratio of voltage to current at the antenna terminal. The
front-to-back ratio is the ratio of the gain of the antenna in the maximum direction

to the gain of the antenna in the opposite direction. The performance of the Yapgi-
£,
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Uda antenna is based on the reflector-feeder arrangement, the feeder, and the rows of

directors. It has been found numerically and experimentally that the length of the
reflector and the relative spacing have a negligible effect on the forward gain but have
a significant effect on the backward gain and the input impedance [7]. Moreover, the
length of the feed and the radius of the feedline have more impact on the backward
gain and the input immpedance than on the forward gain. However, the length and the
spacing of the directors have a significant effect on the forward gain, the backward
gain, and the input impedance. Therefore, the size and the spacing of the director
elements are considered to be the most critical elements for the design of the Yagi-Uda
antenna.
2.1.2. The printed Yagi-Uda antenna

A printed Yagi-Uda is shown in Fig. 2. The Yagi antenna is designed on a Rogers
4003 substrate with ¢, = 3.38 and thickness of 0.508 mm. The outside dimensions of
the antenna are 8 mim x 78 mm x 0.508 mm,

The dimensions of the antenna in Fig. 2 are (unit: mm): W, = Wy =21, W, =
16, W, = 2835, W5 =243.5, =5, =13, Wg =42, L) =10, Ly =28, Ly =14, Ly =
17, Lyey = 3, Ly = 2, and Ly, = 2. The Yagi-Uda antenna consists of one driver.
one reflector, two director elements, and a microstrip balun. The balun acts as an
unbalanced to balanced transformer from the co-axial feed line to the driven clement.
The length of the driver element is %Q, where ) is the free-space wavelength at the
resonant frequency. The length of each arin of the balun is *4—0 from the ground planc.
Morcover, onc of the arms of the balun is connected to the ground plane at the bottom
laycr through a via. Because of this, the two arms of the balun are 180% out of phase
with respect to each other. Furthermore, the two arms of the balun excite the two
arms of the driven element. Therefore, the two arms of the driver element are 180°

out of phase with respect to each other. The Sp; parameters and the gain of the













the clements aud the diclectric constant of the substrate. The director acts as an
impedance matching element and directs energy propagation towards the endfire
dircetion. In the bottown layer, the T Fy mode is at cut off and thus acts as a reflector
to the T Ey swrface wave that was generated on the top layer. In the design of the
quasi-Yagi antenna, a truncated ground plane was used as the reflector and thus
climinates the need of the reflector dipole. The grounded portion of the antenna
produces the endfire radiation pattern. Thercfore, no dipole element or metal plate
15 needed to produce the endfire radiation pattern.

The role of the driver element in the quasi-Yagl anteuna is different than the
role of the driver element in the Yagi-Uda antenna. The driver in the quasi-Yagi
antenna is used to generate surface wave power in a high diclectric constant substrate
on which the antenna is printed. The driver produces the T'F, (Transverse Electric)
mode surface wave that coniributes to the mutual coupling between the driver and the
director. The gronnded portion of the antenna acts as a reflector for the TE, mode
surface wave and thus produces the endfire radiation pattern. The cutoff frequency
for the radiation of the microstrip transmission line is usually higher than the S- or X-
band frequencics, as will be described later. Therefore, the TE, mode surface wave
zan be used to produce the desired endbre radiation pattern.

The quasi-Yagi antenna in Fig. 5 was simulated nsing the Advanced Design
System (ADS) software from Agilent Techuologies [8]. The S| parameters of the
anteuna are shown in Fig. 6. The antenna has a 10 dB bandwidth from 8 GHz to 12
GHz. The gain of the antenna is shown in Figure 7. The antenna has a gain of § dBi

over the 10 dB bandwidth.
2.3. The Landstorfer antenna

The traditional approach of designing a high gain antenna is to design a Yagi-
Uda antenna. It has been shown that the gain of annantenna can be further angimented
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diclectric slab. Morcover, the surface waves radiate at the edge of the substrate. The

surface waves are TE (Transverse Electric) and TM (Transverse Magnetic) waves that
propagate in the substrate and outside the microstrip antenna clement. The modes
arc characterized by waves attenmating in the transverse direction (normal to the
antenna plane) and having a real wave number in the direction of propagation. The
fringing ficlds from the metal layer to the ground plane excite the lowest order surface
wave T'My that has no cut-off frequency. The generation of higher order TM and TE
surface waves depends on the dieleetric constant and the thickness of the substrate.

The cut-off frequencies for higher order modes are given by the follwing equation [9]:

no

fe= dh+/€, — T

(1)

where ¢ is the velocity of light in free space, h is the thickness of the substrate,

€, is the relative permittivity of the substrate, n = 1,3,5.. for TE, modes, and
n = 2,4,6.. for TM, modes. Equation (1) states that the lower order surface

wave modes are generated with an increase in thickness and an inerease in diclectric
constant of the substrate. Surface wave radiation results in low-radiation cfficiency,
high cross-polarization radiation, and strong mutual coupling [9]. Therefore, surface

wave radiation does not contribute to the main beamn radiation and thus can be

considered as a loss mechanism. The radiation efficiency is defined as:

N Pmd
-P'r(ui + ])sw

whoere Pgq is the radiated power in {ree-space (main beam power) and Py, is the
power coupled to the surface wave. (P + Py,) is the total power delivered to the
antenna element. From Equation (2) it is observed that high surlace wave power

results in low radiation efliciency.
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In the quasi-Yagi antenna, the driver clement was used to generate the TE

mode surface wave power on the metal layer to obtain the endfire radiation pattern.
On the bottom layer, the TEy mode was at cut-off and therefore, the ground plane
way uscd as the reflector for the generated T'Ey mode on the top layer. The TE,
mode on the top layer was also used to couple the driver and the director clements.
However, the TEy mode surface wave power was generated using a thick substrate
with a high diclectric constant. In the proposed quasi-Landstorfer antenna, no surface
wave power was generated to contribute to the radiation pattern. The substrate was
chosen to have a diclectric constant of 3.38 with a thickness of 0.508 mum. [t was shiown
in {10]-[11] that for (A < 0.01\y), the surface wave power was negligible. According
to Equation (1) it can be shown that the cut-off frequency for the surface wave in the
substrate used for this work is 39 GHz. The proposed quasi-Landstorfer antenna is
designed to operate at 2.45 GHz. Therefore, the quasi-landstorfer antenna can realize
better radiation efficiency than that of the quasi-Yagi antenna.

In the proposed quasi-Landstorfer antenna in Fig. 13, the driver clement of the
antenua is fed by a microstrip-to-coplanar stripline transmission line. The balun for
this antenna serves as a transition [or a microstrip line and a Co-Planar Strip-line
(CPS). The microstrip lines at the input port as well as the two split arms to the CPS
are all asswned to be 50€2. The balun enploys a quarter-wavelength long, 34.5 — Q
impedance transformer, followed by a symmetric T junction for signal dividiug or
combining.

The gquarter-wave transformer, as shown in Figure 14, is a section of transmission
linc, 2 long, used to match the input impedance of the T-junction (R, = 25Q) to the
5002 input impedance of the microstrip line. First, Z;,, is found by looking into the ~’:~

scction by:
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The metallization on the bottomn layer comprises of a truncated ground plane that is

used as a reflector. The ground plane is truncated in parallel to the driven element to
reflect most of the electromagnetic waves in the y-direction. Moreover, the truncated
ground plane also serves as the ground for the microstrip feed line of the antenna.
Metallization on both the top and the bottom layers also ensures the overall structure
will be mechauically stable.

The antenna in Fig. 13 was designed to operate in the S-band at 2.45 GHz.
The antenna was fabricated on a Rogers 4003 substrate (e, = 3.38) with dimensions
133 mm x 82 mm x 0.5 mm and is shown in Fig. 16. The performance of the quasi-
Landstorfer antenna depends on carcful optimization of the lengths of the driven
element, the distance between the driven clement and the reflector, the length of the

parasitic clement, and the distance between the driven clement and the director.
3.3. Simulated and measured results

3.3.1. S-parameters

The simulated and measured S-parameters of the prototype antenna are shown
in Figure 17. It is shown in Figure 17 that the proposed antcnna has a simulated
return loss of -16 dB at 2.45 GHz. The measurcments were taken in an ancchoic
chamber using an 8.5 GHz Agilent 8057 ENA scries network analyzer. The measured
results are shown to be in a good agreement with the sinulated results. The antenna
was measured to have a return loss of -43 dI3 at 2.44 GHz. The 10 dB bandwidth of
the antenna was measured to be 60 MHz. This is also in good agreement, with the
simulated results.
3.3.2. Radiation pattern

The radiation patterns of the antenna were measured in the x-2 and y-z plawes.

The setup of the measurement systeimn is shown in Figs. 18 and 19 fov the y-z and x-«
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fixed at 1.42 m. Therefore, it is cvident that all of the measurements were taken in

the far-field of the antenna.
3.4. Discussion of the simulation and the measurement results

The design of the quasi-Landstorfer antenna was simulated using the Advanced
Design System (ADS) software that is based on the moment method [8]. The mnesh
size was chosen to be 50 cells per wavelength. The generated mesh for a simulation
establishes a geometric complexity of a circuit. A design that can be accomodated
to a set of rectangular meshes is considered to be less complex. However, the more
number of triangular meshes that are needed to cover the design, the more complex

the design becomes [17]. The complexity of a design is defined as:

numberoftriangles

(9)

Complexity = -
! Y numberofrectangles

Therefore, larger mesh size values increase the complexity of the antenna design.
However, very low mesh size values tend to cover even geometrically non-linear
shapes, such as circles, ellipses, and parabolas with rectangular meshes. Therefore,
to provide accurate results, it was experimentally determined that the mesh size for
the simulation of this design should be 50 cells per wavelength.

Another important parameter in the simulation process is the selection of the
ports. The ports are inserted at the end of the transmission line to excite the antenna.
Two types of ports, such as single mode and internal ports can be used in ADS. The
internal ports can be inserted anywhere into the design. The internal port assumes
a lumped voltage source at the place of insertion and docs not calibrate out the
effect of the voltage source in the calculation of the S-paramcters.  However, the
single mode port has to be inserted at the end of the transmission line feeding the

antenna and it assumes a voltage source at a distance of a half wavelength from the
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feeding transmission line. Excitation by the single mode calibrates out the effect of

thie voltage source in the calculation of S-paramcters. Thercfore, in the simulation of
the quasi-Landstorfer antenna, the single-mode port was used to excite the antenna
and the transmission line network feeding the antenna.

In Figs. 17, 20, 21, and 23, it is shown that the siimmulated and the measured
results agree very well. However, some of the differences may be due to the effect of
parallel-plate modes. A parallel-plate mode is a special case of surface-wave modes
[17]. Parallel-plate modes exist between printed conductor and ground plane. The
fundamental parallel-plate mode has no cut-off frequency and is excited by any
current source. The higher order modes have a cut-off frequency and the modes
decay exponentially below this cut-off frequency. The fundamental mode generates an
clectric ficld around the plates and thus establishes a potential difference between the
two plates. The generated electric ficld behaves as a cylindrical wave that propagates
along the z-axis to infinity. The reason for propagating to infinity is that ADS assumes
the plates to be short-circuited at infinity. Therefore, the clectric ficld generated by
the fundamentel parallel-plate mode assumes no reflection in the simulation. However,
practically, the two plates arc tied together at the edge of the substrate and not at
infinity. Therefore, the clectric fields of the fundamental parallel plate modes generate
reflection of the cylindrical waves from the edge of the substrate. The reflection of the
waves from the edges of the substrate might create differences between the simulated

and the measurcd results.
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3.5. Design guidelines

The design guidelines of the quasi-Landstorfer antenna is based on four different

paramcters:

e The length of the driver
e The spacing between the driver and the director
e The length of the director

e The spacing between the driver and the ground planc

The effect of each of the aforementioned paraneters is discussed below.
3.5.1. The length of the driver

The length of the driven clement was chosen to be % The linear portion of
the driver was chosen to be A, and the sweeping portion was chosen to be % where
the phasc of the currents at the two arms cancel cach other. Different lengths of the
driver clement is examined in ADS and is shown in Fig. 24.

It is shown in Figure 24 that the antenna with a driver length of 170 nun has a
return loss of -18 dB3 at 2.45 GHz. The antenna with a driver length of 160 mm has
a greater return loss but the resonant frequency goes beyond our desired frequency
band. Thercfore, the driver length of 170 min is the optimnun value in this case and
is also cqual to %—

3.5.2. The spacing between the driver and the director

The spacings between the driver and the director clement hias an impact on the
forward gain, backward gain, and the input impedance [7]; this effect is investigated
in the next section. Different spacings between the two elements have been examined
as shown in Figs. 25 and 26.

It is shown in Figs. 25 that the antenna has an optimum spacing of 9.66 min

with a return loss of -18 dB at 2.45 GHz. The highest gain can also be realized with
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4.1. Theory

In this section, the theory behind the quasi-Landstorfer antenna with a partial
folded slot is presented. The discussion begins with the review of boundary conditions.
Since the antenua radiates iu the free space, boundary conditions are applied to find
the fields in the far-field. The field is created by the currents induced in the antenna.
A brief review of the Huygen’s principle is also presented in this section. Then all of
the aforementioned concepts are applied to the quasi-Landstorfer antenna with the
partial folded slot.

4.1.1. Boundary conditions

Boundary conditions explain how the tangential and normal componenets of the
ficld in one medium arc related to the componencts of the field across the boundary
in another medium. The boundary conditions at any interface of two mediums can

be expressed as

n-(Dy— Dy) = p, (10)

hoeBy=1-DB (11)
nx(Ey—E)=0 (12)
nx (Hy— Hy) = J, (13)

For the felds at an interface between two lossless dielectric materials, no charge
or surface current densities exist. Therefore, the normal components of D and B are

continuous across the interface. Morcover, the tangeutial components of £ and H
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are also continuous across the interface and the boundary conditions reduce to the

following forms:

'IA?/XEH:TALXE_'Q

'fLXleﬁ,XHQ

(14)

(16)

(17)

At an interface hetween a lossless dieleetrie and a perfect conduetor, all the field

components are zero iuside the conducting region. This then leads to the following

boundary condition:

e D = s
ne 3 =0

nxE=0

Ao H =],

4.1.2. Huygen’s principle

(18)

(19)

Let us consider electromagnetic sources be contained in a voluime V' bounded
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conditions, equations (12) and (13) give us & x (H, — 0) = J, and (E, — 0) x 2 = M,
that is identical to the equations given by (22) and (23).

Let us consider As to be the area of the partial folded slot of our antenna design.
In Fig. 32a, the medium of the partial folded slot is air (i.e. there is no partial folded
slot) whereas, in Fig. 32b, the medium of the slot is a perfect conductor (i.e. the
partial folded slot is incorporated in the design). Referring to Fig. 32a, the boundary
condition equation (14)-(17) can be applied to see that the normal components of D
and B are continuous across the interface and the tangential component of £ and H
are equal. Moreover, refering to Fig. 32b, the boundary condition equations (18)-(21)
can be applied to find the fields and the currents. In the presence of a partial folded
slot, all the field components inside the slot are zero. Therefore, from the Huygen’s
principle, we can place J, and M inside the partial folded slot. It can be observed
that this J, and M, will eventually create an F and H ficld and thus the gain of the

antenna will further increase.

. Antenna . Antenna
Electric A Electric
flux  Slement s flux  ©lement
-—— -— — -«
-— «— -— -—
-—— -— -— «-—
0) (b)

Figurc 32. Partial folded slot in two different media (a) The medium of the
partial folded slot of the antenna is air (b) The medium of the partial folded
slot of the antenna is a perfect conductor.
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4.2. Simulated results

The S); values of the quasi-Landstorfer antenna with a partial folded slot are
shown in Figure 33. The antenna has a simulated return loss of -18 dB at 2.45 GHz.
Therefore, the introduction of a partial folded slot does not affect the resonance of
the quasi-Landstorfer antenna in Fig. 13 without a partial folded slot. The radiation
pattern was simulated for the x-z and y-z planes. Figs. 34 and 35 presents the

radiation pattern for the x-z and y-z planes, respectively.
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o 0.5 1 1.5 2 2.8 3

Frequency (GHz)

Figure 33. Simulated Sy; with partial folded slot.

The quasi-Landstorfer antenna with a partial folded slot follows the end-fire
radiation pattern. Moreover, the gain of the antenna increases from 7 dBi to 8 dBi

by adding the partial slots as shown in Figure 36.
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Figure 36. Simulated gain with partial folded slot.

4.3. Discussion

In this thesis, we presented a new printed quasi-Landstorfer antenna. The
proposed antenna resembles the geometry of the quasi-Yagi antenna and the Land-
storfer antenna. However, the operation of the quasi-Landstorfer antenna is different
than those of the aforementioned antennas. The quasi-Yagi antenna utilizes the T E,
surface-wave mode to couple the director and the driver. The T Ejy mode is generated
by using a thick and a high dielectric constant substrate. Moreover, the TE, surface
wave mode also contributes to the radiation of the quasi-Yagi antenna. The quasi-
Yagi antenna has a relatively low gain and low radiation efficiency. Furthermore,
the utilization of the TEy mode surface wave also restricts the quasi-Yagi antenna
to be used cfficiently in only the higher frequency bands and can be an inherently
poor radiator at lower frequencies. The proposed quasi-Landstorfer antenna utilizes

only TEM modes for free-space radiation. The antenna eliminates the TE surface
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wave mode radiation by using a low diclectric constant substrate. Morcover, the

radiation efficiency of the antenna also increases due to only the TEM mode free-

space radiation. The gain of the quasi-Landstorfer antenna is also higher than that

of the quasi-Yagi antenna. This is because the quasi-Landstorfer anteuna consists of

sweeping clements whereas the quasi-Yagi antenina consists of linear dipole elements,

The incorporation of the sweeping clements in the quasi-Landstorfer antenna design

permits the current to travel for a longer path that cventually leads to higher gain. ‘
Therefore, the proposed quasi-Landstorfer antenna has a higher gain and higher radi- |
ation efficiency than that of the quasi-Yagi antenna. Moreover, the quasi-Landstorfer

anteuna is also more suitable for wircless applications at lower frequencics than the

quasi- Yagi antenna.

The other antenna design that used sweeping or curved clements as the antenna
elements was the Landstorfor antenna. The principle of the Landstorfer anterma
is to chose tlic driver length to be greater than Aq and then shape the conductor
so that the fields from the currents in the Ay portion add to each other whercas
the ficlds from the currents in the additional portion cancel each other. In the
proposcd quasi-Landstorfer antenna, a similar concept was employed for the antenna
clements. However, in the Landstorfer antenna a sweeping clement was employed as
the reflector to get the end-fire radiation pattern. In the quasi-Landstorfer antenna
the reflector clement was removed and the ground planc that was used as the reference
for the microstrip input was utilized as the reflector. Therefore, the overall size of the
proposed antenna is 44% smaller than that of the Landstorfer antenna. Also, in the
foed network of the Landstorfer antenna, a balun with a via was used. However,
the proposed quasi-Laudstorfor antenna incorporates the balun in a single layer
transmission line and thus climinates the need for a via. The single-layer transniission

line in the feed network simplifies the overall design of the antenna.
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In this thesis, a partial folded slot is introduced in the design to enhance the
gain of the antenna. To the best of the author’s knowledge, the concept of adding
a partial folded slot in the antenna design to increase the gain was uever studied.
Accordingly, the incorporation of a partial folded slot in the antenna design results
in an increase of 1 dBi gain where keeping the overall size of the antenna constant.
The operation of the partial folded slot in the design has been studied extensively.
Furthernore, the partial folded slot can be introduced in other antennas that have

an end-fire radiation pattern.
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CHAPTER 5. CONCLUSION

In this thesis, the design of a compact quasi-Landstorfer antenna has been
presented. The antenna is measured to have a return loss of -43 dB at 2.45 GHz.
Moreaver, the size of the antenna is 44% less than that of the previous Landstorfer
antennas. The antenna also cxhibits a symmetric radiation pattern in the end-
fire direction. The gain of the antenna was measured to be 7 dBi. Moreover, a
gain enhancement design has also been presented with the overall dimensions of the
antenna remaining the same. The gain enhancement design introduces a partial
folded slot in the design that contributes to achicve a gain of 8 dBi. The theory of the
proposed quasi-Landstorfer antenna witl and without the partial folded slot has been
studied extensively. The partial folded slot can also be employed in other antenna
designs that have an end-fire radiation pattern. With compact size and moderate
gain, the quasi-Landstorfer antenna can be widely used in WLAN applications, such
as wircless communications, phased arrays, and millimeter wave applications.

In the future, particle resonators could be used in the antenna clements to reduce

the overall size of the anteuna. The reduction in size of the antenna will allow the

antenna to be used in the array environmert.
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APPENDIX. MATLAB CODE

The following
S 11.m

code was used to produce the Syp vs. Frequency plots that is presented in this
dissertation.

The following
Rad_pat.m

code was used to produce the Radiation pattern vs. Frequency plots that is prescuted
in this disscrtation.

The following

Gain.m

code was used to produce the Gain vs. Frequency plots that is presented in this

dissertation.

5_11.m file

cle

clear all

541 _meas=[daktn...];

S11_sia={data...};

tigurs
plot(SlI,sim(:,1},/1&9,511,sim{:,7),’—’,S)x_meas(;‘1)./109,511_meas(i.2),'.-‘)
xlabel (1 (GHz) ")

ylavel(*{§ {11} (dB}")

% axis({1.5 3,5 -25 0]}

grid off

legend(’simu]atad"'Mausnred’)

Rad_pat.m file
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cle

clear all

E_phi_xz_meas=f{data...J;
E_theta_xz _meas={data...];
E.phi_yz_meas={data...]:
E_theta_yz meas=[data...];
E_phi_xz_sim={data,..];
E_theta_xz_sim=[data...];
E_phi_yz_sim=[data...];
E.theta_yz siz=[data...};
E_phi.yz_meas.botrom=[data...}:

E_theta_yz_meas_bottom={data...];

tigure

polar{E_phi_yz_sim{:,1)*p1/180,E_pbi yz_sim(:,2). fmax{E_phi_yz_sim(:,2)},”-"}

held on

polar([[-80:3:90] {-50:-3:-180] [177:-3:901]'+pi/180, [[E_phi_yz moas}; [E.phi_yz_meas_bottom}}/max(E.phi_yz_meas),’»’)
polar(E_thera_yz_gim(:, 1)+pi/180,E theta_yz sim{:,2) . /max{(E_phi_yz_sim(:,23),’~’}

polar{{[-90:3:907 [~80:~3:-180} [177:-3:901] *pi/180, {[E_theta_yz_meas}; [E_theta_yz_meas_bottom]}/max{E_phi_yz_meas),”.’)

legend (*E_{\phi} - Simulated’, *E_{\theta} - 3imulated’,’E_{\phi} - Measured’, *E_f\theta} - Measured’)
xlabel{'f’)
ylabal{’[E{*}

title{'y - z plame’)

figure

polar(E_theta xz saim(:, 13%pi/1B0,E_theta_xz sim{: 2} /max{E_theta_xz_sim{:,2)),’~"}

hold on

polar(E_phi_xz_giz(: ,1)#pi/180,E_phi_xz_sim(:,2} . /maxiE_theta xz sim(:,2)3,°—%)

polar ([(:3:360) > »pi/ 180, E_phi_xz.meas/max(E_theta xz.meas),’. '} |

polar{[0:3:360] *pi/160, E_thota_xz_meas/max{E_theta_xz.meas}, Tar)y

legend (CE_{\phi} - Simulated’,’E_{\theta} - Sipulatad’, E_{\phi} ~ Measured’, 'E_{\theta} - Measured’)

xlabelf’ )
ylabel(’ 1E1") l

title{’z - z plane’)

% axis{[-90 90 10e-5 11}

Gain.m file

cle \

clear all

¢ _aim=[data,..];

g sim=[data.. .};

1_measwidata...l;

g meas={data...]};




xlabel{’f (GHz)’)

ylabel{’Gain (4B)?)

plot{f_sic,g.sim,f_meas,g_meas,’~’)
legand(’simulated®, ‘measured’)
axis{(2.4 2.5 0 8]}

xlabsl{’f (GH2}")

ylabel{’Gain {dB)'}

title {’Gain V&. Frequency plot’}
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