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Abstract

This thesis presents five different antennas using the SIW technique and
each individual proposed antenna has features allowing it to work in different
applications. All proposed antennas are simulated using the FR4 substrate with a
dielectric constant of 4.3, a thickness of 1.5mm, and a tangent loss of 0.02 and one
design used Roger substrate with a dielectric constant of 2.2, a thickness of 1.5mm,
and a tangent loss of 0.0009 . The adopted substrate is used because it is widely
available in markets and affordable. All antennas are excited using either the
microstrip or the Coplanar Waveguide CPW where the transition junctions are
required to transfer from the Transverse Electromagnetic Mode TEM into
Transverse Electrical TE modes which are the fundamental modes in Rectangular
waveguides. The proposed antennas are evaluated using the computer simulation

technology CST program.

The first proposed design is a square SIW cavity with two-curved slots
having different lengths to make the design working at dual frequency bands. The
first band is obtained at a resonant frequency of 11.34GHz with a bandwidth of
502MHz gain of 6.28dB, while the 18.42GHz is the resonant frequency of the
second band with a bandwidth of 4.48GHz and a gain of 3.9dB.

Next, a square slot surrounded by rows of vias working as a SIW cavity is
presented. This design also have dual bands at central frequencies at 12.47GHz and
17.82GHz with maximum gain about 4.89 dB with bandwidth about 805.7MHz
and 921.8 MHz for the dual bands.

The third design is different from other previous works because it has both

active and parasitic elements and use Roger dielectric material as a substrate.



Single band is obtained in this design working at frequencies of 18.3GHz. Gain
7.8dB and total efficiency 98%.

Eventually, two other designs are introduced where the first design is a
rectangular patch antenna shielded by two rows of vias and the second one is a
rectangular SIW which is open-ended. two concentric circular slots are carved
from the top wall of the SIW. Both designs have wide bandwidth with high gains.
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CHAPTER ONE
INTRODUCTION AND LITERATURE SURVEY

1.1 Introduction
In the past decades, wireless communication systems witnessed

considerable expansions. The backbone and driving force beyond the latest
developments in wireless communication technology appeared due to the
antenna.

All devices that transmit information across a free space need to
switch their signals from the device to free space in the form of
electromagnetic waves, otherwise, they need to use an antenna. The antenna
has an essential role in the successful design of any wireless instrument
because its features has a high effect on the wireless systems [1][2].

Wireless and satellite communications have rapidly developed in the
past decades. Today the world depends on wireless links in the
communication. Recently, one of the principal interests in the information
and communication field is the development of wireless local area network
WLAN. Thus, the current trend is to develop minimal weight, low cost, low
profile antennas in communication systems to be capable of maintaining
high performance over a wide spectrum of frequencies [3].

Wireless communication has become more popular recently due to the
fast revolution in wireless technology. This revolution is due to an increase
in customers [4]. With all this revaluation in communications, there is a real
need to replace the traditional waveguides see Fig (1.1), because of a
waveguide's physical structure is huge, and it requires complicated

transitions to interface with planar circuitry.

2
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Fig. (1.1): traditional waveguide types.

The transitions required to integrate rectangular waveguides with the
planar circuitry are costly and bulky. The Substrate Integrated Waveguides
(SIWs) are relatively new forms of planar transmission line incorporating
the waveguide into a flat circuit like a printed circuit board or a ceramic that
is co-fired with low temperature.

SIW provides the advantages of the rectangular waveguides, such as
high power handling, high Q-factor, and low losses in flat circuitry. It also
provides the advantages of low profile, lightweight, high selectivity, smooth
or curved surface conformity and fast integration with flat circuits
(Deslandes and Wu, 2006). SIWs are used for wireless communications and
radar systems needing a narrow beam or formed beam. These developments
lead to the hugging of mobile and wireless traffic volume, predicted to
increase over a thousand times over the next years [5,6].

In this thesis, used CST program to design five SIW antennas that
work in wireless applications with reasonable directivity and gain with
enhanced bandwidth. In all of the presented SIW antennas, the substrate
layer (middle layer) utilized are made from the FR4 with a relative dielectric

constant of er= 4.3 and there is one design used Roger dielectric martial

3
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with er= 2.2 . With different slot shapes etched on one top of the conducting

material and sizes.

1.2 Aim of the work
The major aim of this work is to design antennas based on SIW

technology in wireless communication systems. This aim can be

accomplished through the following objectives:

1. Design of the SIW antenna and etching slots with different shapes in a
square (or rectangular) patch with specific dimensions according to the
required operating frequency. Also, the offset feeding on one of the designs

can be used.

2. Applying the fundamentals of a well- known antenna named Yagi-Uda
antenna in the design of a microstrip antenna with SIW technology to get

high directivity and high gain.

3. Suggesting different parameters for each design and testing each one to
determine the role that each parameter may play in the behavior of the

antenna, and then evaluating the obtained results.

1.3 Literature Survey
Many papers that have been published deal with the design of
antennas based on the technique of SIW. SIW technique is more attractive in

antennas design for wireless communication systems.

this literature survey presents previous work in the case of the SIW
antenna. These references will be in terms of the used substrate and the
shape of the used antenna. Then, review the results obtained from the

references.
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eIn 2008, G. Q. Luo et al [7] presented an antenna including backed cavity
and feeding element that is completely constructed at a single substrate by
using substrate integrated waveguide technique and grounded coplanar
waveguide. The center frequency at 10 GHz with 1.7% fractal bandwidth
which has a gain of about 5.4 dBi. Substrate thickness h is 0.5 mm.

eIln 2010, Mohamed H. Awida et al [8] presented SIW cavity-backed
antenna, print patch on a substrate using PCB process, to operate at Ku-
band range with center frequency about 12.5 GHz which has a gain of
about 8 dBi with a substrate thickness h is 1.575 mm. It is selected to
achieve larger than 9% fractional bandwidth.

eIn 2011, D. Y. Kim et al [9] presented antenna with two circular-polarized
with circular patch antennas which have a cavity-backed resonator based
on SIW with two different feeding transitions. Center frequency is 10GHz,
bandwidth is 2.06 GHz (14.42 %) and maximum gain is about 7.79 dBi.
The results indicate that the microstrip-to-SIW transition case is better
feeding than the coax-to-SIW transition.

eln 2012, G. Q. Luo et al [10] presented an antenna including backed
cavity and feeding element that is completely constructed at a single
substrate by using SIW and grounded coplanar waveguide with center
frequencies at 9.84 GHz and10.27 GHz with 6.3% fractional bandwidth
which has a gain of about 6 dBi.

eln 2012, A. Elboushi and A. Sebak [11] offered an antenna which
consists of a circular patch radiator used to feed a surface mounted circular
SIW. This antenna resonates at 30.5 GHz with a return loss equal -37 dB.

The gain enhancement of this antenna is 3.5 dBi and fractional bandwidth
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8.6% substrate using two layers €. =10.2, hi=0.635mm and €.» =2.33, h. =
0.7874mm.

eIn 2013, S. Moitra et al [12] introduced an antenna with multi slots at the

upper ; they studied the effect of increment number of slots. The return loss
of the two slots antenna structure has been found to resonate at 15.75 GHz
is -15 dB. The two-slot structure has been modified into four slot structure
and the antenna has been found to resonate at 16.16 GHz with a return loss
of -16 dB. The four slot structure has been modified to six slot structure to
obtain a resonance frequency equal to 15.5 GHz with a return loss of -16
dB. The gain of two slots, four slots, and six slots are 3.7dBi, 5.7 dBi, and
6.3 dBi respectively.

eIn 2014, S. Mukherjee et al [13] presented bow-tie slot antenna. The slot
Is etched at the upper metallic plate and the four sidewalls of a cavity are
formed by four rows of metallic vias. The antenna is fabricated by standard
PCB technology. The first and second resonances are at 9.98 GHz and 10.6
GHz respectively. The bandwidth of the proposed antenna is 1.03 GHz
(9.43%) which gain of 3.7 dBi.

eln 2014, H. Dashti and M. H. Neshati [14] presented an antenna
resonated at 8.3GHz fed by half mode SIW cavity. This antenna consists of
half mode circular SIW cavity. It offers a gain of 7.5 dBi with impedance
bandwidth of 9.6% and radiation efficiency is around 95%.

eln 2015, C. Zhang et al [15] introduced a new type of leaky, N-shaped,
circular polarization antenna cut on the top of the integrated waveguide
(SIW). The antenna resonates at 8.2GHZ frequency 8.93 dB.

eln 2016, K Nouri et al [16] proposed an antenna which consist of multi
slots at the upper layer and via holes. This antenna is constructed into one
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substrate with a thickness h of 0.508 mm and dielectric constant &, of
(2.2).The return loss of these three bands are 20 dB for 25.4 GHz, lower
than 15 dB for 29 GHz and lower than 15 dB for frequency 35 GHz.

eln 2016, O.Caytan et al.[17] proposed the first wideband semi-mode
(HM) SIW slot antenna on a cork substrate. The impedance bandwidth is
1.30 GHz (23.7 %), and the front-to-back ratio is 15.0 dB with a maximum
gain about 4.3 dBi at resonant frequency 5.50 GHz.

eln 2017, P.chaurasia et al [18] introduced an antenna with seven slot at
the upper layer and via holes. The antenna resonates at 11.8 GHz with gain
of 4.29 dBi and return loss is -17.74 dB, bandwidth (342.7) MHz which is
about (2.9 %).

eIln 2017, Hanumanthappa et al[19] proposed an antenna with SIW
technology to multiband monopole for WLAN/WIMAX applications. The
antenna resonant frequencies are 2.2, 3.8, and 5.8 and the impedance
bandwidths are 0.2GHz, 0.33GHz, and 0.35GHz, respectively. This
covers all WLAN and WIMAX groups. Thus, the gains are 1.2, 1.5 and
2.3, respectively.

eIn 2018, H. A. Ali et al [20] introduced cavity-backed antenna. It consists
of two stacked SIW cavities, linked by a slot. The design is implemented
by using two identical dielectric layers with thickness h. The antenna with
two stacked cavities resonate at 4 GHz, with a bandwidth 120 MHz and
gain about 3.24 dBi.

eIn 2018, A. Kumar et al [21] designed antenna with cavity-backed for Ku-
band applications. The presented antenna uses a modified triangular-ring-

slot etched on one top of the metallic. It is fabricated by using PCB (printed
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circuit board) process. The antenna bandwidth 2 GHz is about (13.53%)
ranging from (14.43-16.49) GHz, with gain about 4dBi.

eln 2018, H. Amer et al[22] presented a planar slot low profile antenna
design by using the SIW technique and GCPW design. The entire antenna,
including backed cavity and feeding portion, is entirely constructed on
single-substrate.
A SIW antenna is presented with a 6.35 dB gain and 7.3 dB directivity. The
reflection coefficient (S11) at 10.2 GHz is -37.23 dB with a bandwidth of
345 MHz (3.38%).

eln 2019, Mariam El Ghrabi et al [23] presented a cavity backed
triangular slot antenna with SIW technology and two feeding transitions.
This indicate that microstrip to SIW based on taper gives the best result.
The antenna operates on K-band, its resonant frequency is 21 GHz and it
is gain about 6 dBi.

eln 2020, L. Liu et al [24] presented antenna with SIW technology using
odd mode spoofing for broadside radiation. This antenna resonates at 12.8
GHz. The bandwidth is about 700MHZ (5.5%) and the gain is about 5.66
dBi.

All the previous studies of the above-mentioned references have been
cleared for some basic factors such as bandwidth and Fraction Bandwidth
(FBW), gain, resonant frequency, design shape, and the type of the substrate
material as shown in Table (1.1).
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Table (1.1): Summary of literature survey.

No. | Ref.

year

Geometry

Resonant
frequencies

GHz

Substrate
material

type

Gain
in
dBi

B.W
And/or
FBW

1 | [7]

2008

10

Rogers
RT5880

=2.2
6=0.0009

5.4

1.7%

2. 18]

2010

125

Rogers
RT5880

£=2.2
6=0.0009

9%

3. | [9]

2011

10

Rogers
RT5880

=2.2
6=0.0009

7.79

14.42%
2.06
GHz

4. | [10]

2012

9.84
10.27

Rogers
RT5880

£=2.2
6=0.0009

6.3%

5. | [11]

2012

30.5

two layers
€1=10.2
€2=2.33

3.5

8.6%
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6. |[12] | 2013 15.75 Dielectric | 3.7
material
16.16 5.7
With
15.5 dielectric | 63
constant
of 3.2
7. |[13] | 2014 9.98 Rogers 3.7 9.4%
RT5880
10.6 1.03GHz
£=2.2
6=0.0009
8. |[14]| 2014 | . 8.3 Rogers 7.5 9.6%
—— RT5880
~ 4 L |
== g=2.2
6=0.0009
9. | [15]] 2015 | | ivvvivivieerseens 8.2 Rogers | 8.93
NENENEN Duroid
il 5880
I NN NN E NN NN
§=2.2
6=0.0009
10. | [16] | 2016 25.4 Rogers
RT5880
29
35 =2.2
6=0.0009
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11. | [17] | 2016 1.30 acork 4.3 23.7%
g =1.22,
0=0.0363
12. | [18] | 2017 | | sooeeonccessonsonces 11.8 Rogers 4.29 29%
020 0 0 o RT5880
i 342.7
olfooo:ooo;ooooooooio C{f 8r:2.2 MHz
L 0=0.0009
13. | [19] | 2017 2.2 FR4 1.2 ---
15
3.8 g =4.3 23
5.8 0=0.025
14. | [20] | 2018 4 Taconic | 3.24 120
TLX-9 MHz
&=25
0 =0.0022
15. | [21] | 2018 o 14.6 Rogers 4 | 13.53%
1 RT5 2.09GH
1E 15.7 880 09GHz
I g €=2.2
| E 5=0.0009
16. | [22] | 2018 10.2 FR4 6.35 345
MHz
e =4.3
3.38%
5=0.025 (3.38%)
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17. [ [23] | 2019 21 FR4 6 | 0.9GHz
g =4.3
6=0.025
18. [ [24] | 2020 | | e “ 12.8 Rogers | 5.66 | 700MHz
T J RT5880 5.5%
M “ £=2.2
L. ‘ =0.0009

1.4 Thesis layout

Chapter One: as presented an introduction about the SIW antenna, aim

of thesis, literature survey about several works of SIW antenna and thesis

layout.

Chapter Two: It includes theory about SIW structure and it is important

principles.

Chapter Three: It includes design configuration and total dimensions of the

five proposed SIW antennas.

Chapter Four: It discusses the simulation and the results which are obtained

from the proposed SIW antennas.

Chapter Five: It discusses the conclusion of the proposed SIW antennas and

the recommendations for future scope.

12




Chapter Two
Theory



Chapter Two Theory
—— T eeeee—

CHAPTER TWO
THEORY

2.1 Introduction
This chapter give an introduction to SIW technology, advantages, and
disadvantages of SIW are examined and it is applications. The important

design considerations used in the structure of SIW antennas are illustrated.

2.2 Substrate Integrated Waveguide

The traditional waveguide circuit has the minimum radiation loss as it
Is a closed structure and all the electromagnetic energy is bounded inside the
waveguide. With frequency increasing, the physical dimensions of the
waveguide decrease. However, the integration of many waveguide circuits is

still not as easy as that for the microstrip or strip-line circuits [25].

Type of transmission line called substrate integrated waveguide or
post-wall waveguide is invented. It is a low-cost realization of the traditional
waveguide circuit for microwave and millimeter-wave applications. It
inherits the merits of both the traditional microstrip for easy integration and
the waveguide for low radiation loss. In such a circuit, metallic posts are
embedded into a printed circuit board, covered with conducting sheets on

both sides, to emulate the vertical walls of a traditional waveguide [25].

2.2.1 Advantages and disadvantages of SIW

SIW has the advantages of the traditional waveguide circuit, such as
low radiation loss, high Q-factor, and high power capacity. Besides, the
integration of many substrate integrated waveguide circuits into a single-

board sub-system is also possible [25].

14
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One possible drawback of SIW is that the loss of leakage can be
significant. It has to do with the close spacing of the vias. This means that
radiation losses is not zero. Another drawback is dielectric losses are
incorporated, by adding a dielectric into the guide comparing to air on

standard rectangular waveguide [26].

2.2.2 Applications of the SIW antenna

SIW antennas have several applications. Such as as radar, satellite,
mobile network like Global System Mobile (GSM), Bluetooth, Wi-Fi, direct
broadcasting, 10T and 5G, etc.[19],[21][22][23]. The applications of the five
proposed antennas in this thesis are for wireless communication systems
such as radar, satellite communications, direct broadcasting, astronomical

observation and fifth generation (5G).

2.2.3 SIW Structure and Performance
The traditional waveguides are low loss structures but are expensive
to be fabricated. The planar transmission lines have low Q-factor, but are

lightweight and have cheap fabrication process.

Substrate Integrated Waveguide, as shown in Fig. (2.1) combines
advantages from both technologies and hence it is put forward by the

academics as described in [27,28].
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Top Metal Layer

Unit Cell
Metal Post
p

Dielectric Substrate

Fig. (2.1): Geometry of SIW.

The geometry of SIW is close to the rectangular dielectric waveguide.
However, by adopting the Printed Circuit Board (PCB) fabrication process,
the height is reduced drastically to the thickness of the PCB substrate.

The two metallic broad walls are substituted by two copper sheets and
the narrow walls are replaced by two rows of plated vias that are drilled
through the substrate. If the vias are close enough, the two rows become
equivalent to two electrical walls for the electromagnetic waves. Hence, a

pair of via in the cross-section can generate a current loop [28].

As SIW inherits largely properties from the metallic waveguide, a cut-
off frequency shown below in which there is no propagation. Therefore, by
adjusting correctly the space between vias, the diameter, and the width, the

leakage loss from SIW structure are negligible and a design procedure is
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proposed. It can be noticed that one of the major changes in the behavior of

a SIW compared to a rectangular waveguide is the surface current [29].

In a conventional waveguide, the current surface circulates freely in
any direction but in the case of SIW, due to via holes, the current flow is
limited to the vertical direction. As the structure of via holes is periodically
spaced, the sidewall current cannot circulate alongside the SIW across each
regular interval. That is why there is only the Transverse Electric TEmO
mode that can propagate. As a result, the first mode called dominant mode is
the TE10 mode as illustrated in Fig. (3.2) [29].

i - T
H [l 1] L . ] ' H
X i i i: & & | 4
- |

Fig. (2.2): The cross-section area of SIW view the fundamental of TE10

mode as electrical field representation[28].

2.2.4 SIW Technique and Basics Design

The SIW is a Rectangular Waveguide-like structure in an integrated
planar form which can be synthesized and fabricated by using two rows of
conducting cylinders. Vias embedded in a dielectric substrate that is
electrically sandwiched by two parallel metal plates as shown in Fig. (2.1)
[30].

The operating frequency range is defined by the monomode

propagation of quasi-TE10 wave as its cut-off frequency is only related to
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the equivalent width a,, of the synthesized waveguide as long as the
substrate thickness or waveguide height is smaller than this width. This

equivalent width will be discussed in the following section [30].

2.2.5 Equivalent width

The SIW can be modeled by a conventional Rectangular Waveguide
(RW) through the so-called equivalent width ae. This parameter is
calculated the resulting dielectric-filled rectangular waveguide has the same
cut-off frequency of the dominant mode TE10 as its corresponding SIW
structure. This determines the propagation characteristics of the TE10 mode.
Physical parameters of via-holes d and p are set to minimize the radiation (or
leakage) loss as well as the return loss. The equivalent rectangular
waveguide width can be approximated according to the geometrical

parameters illustrated in Fig.(2.1) as follows [30]:

2

095p

2.1

Aeq = ASIW —

where

asiw :width between two rows of vias.

p : pitch: distance between two vias.

d : diameter of hole.

The cut-off frequency ( f;) of the dominant mode is defined by [30]:

c

= @)

fe (TE1)= 0.95 p

. (asiw —

supposed that a.q >>h.
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where

€, . dielectric constant of the substrate.

and for second mode by [30]:

) (2.3)

) a? a3
(asiw — ———

_ C
fe (TEZO)_\/E_T 11P 6.6 P2

2.2.6 Lossesin SIW

The energy in transmission may be lost or dissipated through different
physical mechanisms including dielectric losses, conductor losses, and
radiation losses. The main issue is to control and minimize the losses from
the transmission line, especially for the SIW structure. There are three main

loss mechanisms.

First, the dielectric loss is mainly generated by the dielectric from a
chosen PCB board like in rectangular dielectric waveguide. It depends on
the substrate height and the width of the structure as demonstrated in [31]. It
can be explained by the dielectric area contained between two rows of vias
and, the top and bottom copper sheet. If this area increases, which means
that the height or the width is raised, then the dielectric stocks more energy.
Indeed, the greatest part of this energy is transformed into heat [31].
Attenuation, because of the dielectric losses is related to the tan$ of the
dielectric substrate [30]:

k?tand
2B

Od= (24)

With
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Where :

k: free space wave number
B: phase constant

tand: dielectric loss tangent
A:wave length

The second losses are created by the conductor used in the SIW. The
ohmic loss is subject to the height of the structure and the conductivity of the

metal [43]. Attenuation because of the conductive loss [30]:

RS
Ty (2bm? + a3k?) (2.6)
With
Rs= /“;‘; (2.7)
Where

Rs: surface resistance of the conductors

n: intrinsic impedance of the medium

6. conductivity of the metal

w: permeability of the free space (4x x 107) H/m

The radiation loss can occur if conditions are not fulfilled on the
diameter and the space between two vias as expressed in (2.8)and (2.9)
pulled out [27].
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d<Z (2.8)

p <2d (2.9)
Where
Ag- the guided wavelength
with

2o
Ve

Jg= (2.10)

Attenuation because of the radiation leakage [27] :

1 d 2840 _;\6.28
_aSiw (aSIW) (d D

4.85 /(Z“f;W)Zq

It is also particularly relevant to compare losses in SIW structures and

(2.11)

OR

other traditional planar structures, for example, microstrip or coplanar lines.
A systematic comparison of SIW and microstrip components is not easy
because SIW circuits are usually implemented on a thick substrate with low
dielectric constant (which is not suitable for the implementation of

microstrip circuits) to minimize conductor losses [31].

In principle, microstrip component losses could also be mitigated by
increasing the substrate thickness. In practice, however, this cannot be
exploited due to the unacceptable increase in radiation loss and excitation of
surface waves. A detailed comparison of losses in SIW structures, microstrip
lines, and coplanar waveguides are reported in [31]. SIW structures can
guarantee comparable or lower losses as compared to traditional planar

transmission lines.
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2.3 Principal SIW Parameters

2.3.1 Substrate Materials

Low-loss material is the foundation for developing high-performance
integrated circuits and systems. This becomes more critical for power budget
as frequency increases to the millimeter-wave ranges and beyond. This is
because it is relatively difficult to amplify over those ranges. The thermal
effect, dielectric non-uniformity, and metallic surface roughness may have to
be taken into account for better and accurate design. This is especially

important for antenna developments [30].

The SIW can theoretically be constructed with any available substrate.
The most used ones are Rogers RT/duroid®5880 glass microfiber reinforced
PTFE composite and RT/duroid®6002 for conventional PCB processing.
They which are easily sheared with laser and machined to the required

shape.

The holes can easily be drilled mechanically into these machinable
materials as compared to ceramics which can only be processed by the laser
perforation and other special techniques. All these materials have excellent
dimensional stability. Indeed, the good thermal stability of the material of
choice should also be considered in the design. These selections will not just

affect the performances but also defines power handling capabilities [30].

2.3.2 Characteristic Impedance
The impedance is an important characteristic especially when the SIW
Is connected to other planar and nonplanar structures. One definition of

Impedance in a rectangular waveguide is the wave impedance.
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This impedance, however, does not take into account the geometry of
the transmission line. Another impedance definition, more often employed in

the design of matching networks, is the characteristic impedance [30].

2.3.3 SIW Transitions

The transitions between planar transmission lines and SIW structures
represent another important element related to SIW components. Several
broadband transitions between microstrip or coplanar waveguide and SIW
have been developed [32,33] as in Fig.(2.3). In particular, microstrip-to-SIW
transitions are typically based on a simple taper Fig.(2.3(a)), provided that
the microstrip and the SIW structure are integrated on the same substrate
[32].

Design equations have been proposed for the fast implementation of
microstrip-to-SIW transitions. Microstrip-to-SIW transitions in a multi-layer
substrate environment have been proposed to connect a microstrip
implemented in a thin substrate with a thicker SIW structure. The use of
thick substrates allows for reducing conductor losses in SIW structures
[34,35].

Fig. (2.3) : Transitions from SIW to typed transmission lines.(a) Transition
from microstrip to SIW, based on a taper.(b) Transition from Coplanar to
SIW, based on the current probe.(c) Transition from Coplanar to SIW,
centered on a 90 ° bend.[32,33]
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On the other hand, there are two solutions found for coplanar-to-SIW
transitions. The first solution makes use of a current probe Fig.(2.3(b)): the
current flowing through the probe generates a magnetic field which matches
with the magnetic field inside the SIW structure [33].

Another possible configuration is found which consists of a coplanar
waveguide with a 90° bend on each slot inside the SIW structure
Fig.(2.3(c)). It has been noted that using coplanar waveguides may be
convenient when thick substrates are adopted to reduce conductor losses.

Consequently, the use of microstrip lines is not possible [36].

Finally, transitions between the air-filled waveguide and SIW
structure have also been found. This transition is based on a radial probe

inserted into a tapered metallic waveguide [37].

2.3.4 Configuration of SIW
In order to transform solid devices into planar structures, some

derivative designs for SIW structure are developed see Fig. (2.4)[38].

Substrate Integrated Substrate Integrated Slab- Substrate Integrated Non-Radiating
Waveguide (SIW) Waveguide (SISW) Dielectric Guide (SINRD)

Substrate Integrated Image substrate Integrated Inset Substrate Integrated Insular
Dielectric Guide (SIIDG) Dielectric Guide (SIINDG) Guide (SIIG)

Fig. (2.4): Planar corresponding architectures of each 3-D prototype.[38]
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Dielectric transmission lines in nonplanar forms are transformed into
corresponding planar structures, as shown in Fig. (2.4), such as Substrate
Integrated Non-Radiative Dielectric (SINRD) [39], Substrate Integrated
Inset Dielectric Guide (SIINDG) [40], Substrate Integrated Slab Waveguide
(SISW) [41], Substrate Integrated Insular Guide (SIIG) [42,43], Substrate
Integrated Image Dielectric Guide (SIIDG) [44,27], and Substrate Integrated
Ridge Waveguide (SIRW) [45,46]. A common characteristic of these new
planar designs is that the large holes in the regular arrangement are not for

via fence purpose.

The hollow nonmetal large holes in the substrate adjust the effective
relative permittivity of the substrate between the dielectric permittivity and
vacuum permittivity. All these planar designs can be fabricated in one circuit
board as parts of a substrate by a one-step process. Using the same dielectric
material, these new designs as transitions can efficiently connect different

interfaces in a broad frequency range.

2.4 Analysis Formulation of the Microstrip SIW Structures.

The length and width of the microstrip can be calculated by the
equations in [47]. To calculate the length and width by equations (2.12) and

(2.13) and slightly manipulate the extracted values to suit our design.

wp =—— (2.12)

Where
wp: Microstrip width.

c: Light speed within free space.
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fo: The frequency of resonance.

c

lp = T o T — 2Al

Where

[p: Microstrip length.
Eresr - the efficient permittivity.

AL: the extended increase of patch length

(2.13)

Theory

The effective dielectric constant for microstrip antenna is given in [48] :

E+1 | €,-1

—
Ereffz > + > [1+12;] 2

h: dielectric substrate thickness.

w: the patch the width.
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CHAPTER THREE
DESIGNS CONFIGURATION

3.1 Introduction
This chapter presents the design of several SIW antennas with

different geometrical shapes. The exciting ports of all proposed SIW antenna
are named waveguide port. The effect of changing various shapes of the SIW

is discussed to choose the optimum one.

3.2 Designs Configuration
In this part, five designs for antennas with millimeter dimensions will be

proposed using SIW technology as all of them operate at frequencies above 10
GHz -20 GHz and support applications of X-band, Ku-band and K-band. All
designs was structured on dielectric substrate from FR4 material which it is
dielectric constant €=4.3 and tangent loss is 6=0.025, this dilectric material coated
by conducting on both sides this conducting matrial is copper with thikness t=0.035

mm.

3.2.1 The proposed model I: Curved Slot SIW Antenna (CSSIWA)
The first model CSSIWA is designed using a square geometry shape. This

indicates that the substrate and the ground plane takes the square shape with
suitable dimensions to achieve a good result. This SIW antenna is designed on the
FR4 substrate (middle layer) with dimensions of (42 x 42) mm* W, L respectively
with a thickness 1.6mm. To give more illustration, the diameter of via holes (d) and
spacing (p) between them has been chosen according to equation (2.8) and
(2.9).The CSSIWA is shown in Fig. (3.1).
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Fig. (3.1): CSSIWA geometry

The patch layer (upper layer) material composed from copper metal, the
dimension of copper patch width Wp is 35mm and 26mm for length Lp chosen
according to equation (2.12)and (2.13) with thickness 1.6 mm, while the equivalent
width is 27.22mm. Feeding antenna directly by connecting it with the microstrip
transmission line, additionally, two carved slots are etched on the patch’s top of
CSSIWA design to change the current distribution on the patch that leads to the

enhancement of radiation pattern of CSSIWA.

The ground layer (lower layer) consists of copper with dimension (42 x 42) mm?.

The overall parameters of CSSIWS are shown in Table 3.1.

29



Chapter Three Designs Configuration
L eee—

p—
Table 3.1. CSSIWA dimensions.

Parameters Symbol | Values (mm)
Substrate width wW 42
Substrate length L 42
Thickness of Substrate H 1.6
Diameter of via d 1.35
Pitch between two vias P 2.10
Length of feed line LFL 16
Width of feed line WFL 1.6
Patch width Wp 35
Patch length Lp 26
Thickness of patch T 0.035
Equivalent width Weiw / gq 27.22
Width of slot Ws 1.5
Length of slotl Lsl 11.31
Length of slot2 Ls2 15.56

3.2.2 The proposed model 11: SIW Patch Antenna with Offset Feeding (SIW-
PAOF)
The second model SIW-PAOF is derived from the conventional square patch

antenna is more adopted in antenna design as shown in Fig. (3.2). The feeding line
was offset. This SIW antenna is designed on an FR4 substrate (middle layer) with
the dimension of 21.72 x 26 mm* W, L respectively with the thickness h 1.5mm.
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Fig. (3.2):The SIWPAOF geometry.

The patch layer (upper layer) material is composed from copper metal, the
dimension of SIWPAOF patch antenna is 21.72mm for width Wp, and 17.80mm
for length Lp. In this work, a square slot with a certain dimension is etched at the

center of the square. This antenna is fed by grounded coplanar waveguide.

The ground layer (lower layer) consists of copper with dimensions
21.72x26mm°. The overall parameters of SIWPAOF are shown in Table 3.2.
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Table 3.2. SIW-PAOF dimensions.

Parameters Symbol Values (mm)
Total length L 21.72
Total width w 26
Patch width Wp 26
Patch length Lp 17.80
Thickness of patch t 0.03
Substrate width w 21.72
Substrate length L 26
Thickness of Substrate h 1.5
Diameter of via d 1
Pitch between vias p 1.6
Length of feed line LFL 8.20
Width of feed line WFL 2.42
Dimension of feed shift dshift 2
Width of slot WS 12.5
Length of slot LS 10
Space between slots Wms 0.71

3.2.3 The proposed model I11: Active - Parasitic Element SIW Antenna

(APESIWA)

The proposed antenna mainly consists of two elements; lower (active) and
upper (parasitic) these elements concentrated on the upper side of substrate. The
lower element is directly connected to the feeding line, whereas the other element
Is connected by electromagnetic coupling with the lower element via a gap g
between them with dimensions as indicated in Table (3.3), APESIWA is shown in

Fig. (3.3).
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Fig. (3.3): APESIWA geometry.

The active element in this antenna is in the form of semi half circle through
an arrangement of via holes which represent the SIW part. It can be said that the
main idea of the design for this antenna is essentially taken from the popular
antenna called the Yagi-Uda antenna [34]. So the active element in the proposed
antenna represents the driven element, while the parasitic element represents the

director element.

Moreover, the use of half semi-circle arrangement of SIW via holes is to
reflect the radiated power in direction of parasitic element. This will ensure the
minimization of backward direction and maximization of the front to back ratio
(f/B).
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Table 3.3: APESIWA dimensions.

Parameters Symbol | Values (mm)
Total length L 30
Total width wW 23.5
Patch width Wp 19.5
Patch length Lp 11.08
Thickness of patch t 0.035
Substrate width wW 25.5
Substrate length L 30
Thickness of Substrate h 1.5
Diameter of via d 1
Length of middle feed Lm 5
Length of feed line Lf 6.4
Width of feed line Wm 2
Driven element dy 2
Gap between element g 0.65
Radius of semi half circle Rc 9.6

3.2.4 The proposed model 1V: Dual Circular Slots SIW Antenna (DCSSIWA)
Fourth model DCSSIWA is derived from the conventional rectangular patch

antenna, as shown in Fig. (3.4). The feeding of the antenna is Microstrip-SIW-
Transition type. This SIW antenna is designed on an FR4 substrate (middle layer)
with the dimension of 18 x 27 mm? with the thickness h 1.5mm. The DCSSIWA

geometry is shown in Fig. (3.4).
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Fig. (3.4): Geometry of DCSSIWA.

The patch layer (upper layer) material is composed from copper metal dual

circular slots was etched on it.

The ground layer (lower layer) consists of copper with dimensions 18 X

35mm?®. The overall parameters of DCSSIWA are shown in Table 3.4.
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Table 3.4. DCSSIWA dimensions.
Parameters Symbol | Values (mm)
Total length L 35
Total width W 18
Patch width Wp 18
Patch length Lp 27
Thickness of patch t 0.035
Substrate width w 18
Substrate length L 35
Thickness of Substrate h 1.5
Diameter of via d 1.08
Pitch between vias p 1.20
Equivalent width of SIW | Asiw 15.8
Microstrip Width Wms 1.56
Microstrip Length Lms 3.10
Taper ‘s width Wtap 3.58
Taper’s length Ltap 4.90
Diameter of circular slot Dc 12.5
Width of circular slot We 0.5
Distance between slots S 2

3.25 The proposed model V: Circular SIW Antenna (CSIWA)
This consists of a circular patch and circular slot etched at a rectangular

patch fixed on the top layer of a substrate. The feeding is connected directly with a
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microstrip transmission line and distributing via holes in a circular path to surround

the circular patch. The proposed antenna is shown in Fig.(3.5).

Fig.(3.5): Geometry of CSIWA.

The ground layer consists of copper with dimensions 15 x 20mm?® The

overall parameters of CSIWA are shown in Table 3.5.
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Table 3.5. CSIWA dimensions.
Parameters Symbol Values (mm)
Total length L 20
Total width w 15
Patch width Wp 15
Patch length Lp 15
Thickness of patch t 0.035
Substrate width w 15
Substrate length L 20
Thickness of Substrate h 1.5
Diameter of via d 0.6
Pitch between vias p 1.2
Length feeding Lf 5
Width feeding Wt 1
Width of slot 1 Wsl 1
Width of slot 2 Ws2 0.5
Radius of a circular patch rl 4.5
Radius of circular slot r2 1.03
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CHAPTER FOUR
RESULTS

4.1 Introduction
In this chapter, all design parameters of the proposed SIW antennas

are to be discussed.

4.2 Characteristics of the Curved Slot SIW Antenna
(CSSIWA) and Curved Slot Antenna Without SIW

(CSAWSIW).
The simulation results of the first proposed antenna for various
parameters are dealt with presented in the following sub sections:

4.2.1 Reflection coefficient of CSAWSIW.
For the CSAWSIW, the reflection coefficient is illustrated in Fig.

(4.1). Reflection coefficient indicates that the first proposed Curved Slot
SIW Antenna resonates at 11.34 GHz with reflection coefficient S;; -40.88
dB and 18.44 GHz with reflection coefficient S;; -43.31 dB. This is one of
the properties of SIW that make the signal guided and radiated in one

direction.
S-Parameters [Magnitude in dB]
0 : -
—51,1
S O T eSO S O L
B Rt Sy s B g A T g A
45 e e e USSR RSN S S o o TN A8 (11,34, 40.881)

2 i i i i i i i s | | |8 (18.448,-43318)

10 11 12 13 14 15 16 17 18 19 20 21
Frequency / GHz

Fig.(4.1): Sy, of CSAWSIW.

40



Chapter Four Results
(. L —

4.2.2 Directivity for CSAWSIW and CSSIWA.
The 3-D plot for directivity is illustrated in Fig. (4.2) for the

CSAWSIW and Fig. (4.3) for CSSIWA. The value of directivity is 9.61dB at
the resonant frequency of 11.62 GHz and 9.79 dB at the resonant frequency

of 18. 23 GHz. The value of directivity at the resonant frequency 11.34 GHz
Is 10.6 dB and at the resonant frequency 18.42 GHz is 9.77 dB. notice that
the CSSIWA design has more directivity than the CSAWSIW design due to
the SIW technology because of the vias that operate as an electrical side to

make the signal more directive and get enhancement.

o Hm .

o o 8
Wl M Lo MWDo

1
=
O | W-1p

[
L

(a)f=11.62 GHz (b) f =18.23 GHz

Fig. (4.2):Directivity of the CSAWSIW.
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(a) f=11.34 GHz. (b) f =18.42 GHz
Fig. (4.3):Directivity for CSSIWA.

4.2.3 Gain for CSAWSIW and CSSIWA.
The 3-D plot for a gain of the CSAWSIW and CSSIWA is shown in

Fig. (4.4) and Fig. (4.5) respectively. So, the largest value of the gain is 6.82
dB at the resonant frequency 11.34 GHz and gain is 3.9 dB at the resonant
frequency of 18.42 GHz for the CSSIWA, while the gain of the CSAWSIW
is 3.86 dB at the resonant frequency 11.62 GHz and gain is 3.4 dB at the
resonant frequency 18.23 GHz. This gives us an indication that the gain of

the design with SIW also increased.

v dB
3.86

Z.65

1.593

1.21
0.482
—2.26
-9.04
-15.8
-2Z.6
-29.4
-36.1

(@) f=11.62 GHz. (b) f=18.23 GHz
Fig. (4.4):Gain of CSAWSIW.
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dB

6.82 o8

Z.68

1.55

1.22
0.487
-Z.Z286
-5.03
-15.8
-ZZ.86
-Z29.3
-36.1

4.69
3.41
2.13
0.853
—z.07
-8.29
=ila. 5

-—33.2

¥

L.

(a)f =11.34 GHz. (b) f=18.42 GHz
Fig. (4.5):Gain of CSSIWA.

4.2.4 Current Distribution for CSSIWA.

The simulated current surface for the proposed design CSSIWA at
resonant frequencies is shown in Fig. (4.6) where it is illustrates the current
distribution on the patch surface and directions at first resonant frequency
11.34 GHz. It is obvious that most of the current concentration is in two
regions of the antenna’s surface. Fig. (4.6(b)) shows the current distribution
on the patch surface and directions at the second resonant frequency 18.42
GHz. See that the maximum current focuses around the slot because the

current in this region is maximum, and at the edge is evanesce.
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(a): at 11.34 GHz. (b): at 18.42 GHz,
Fig. (4.6):Simulated current surface distributions CSSIWA antenna.

4.2.5 Radiation Patterns of CSSIWA (Electric Field (E-field) and
Magnetic Field (H-field) patterns).
Table 4.1 shows the simulation results of characteristic far-field power

radiation at different resonant frequencies. Besides, Fig. (4.7) shows the
results of polar radiation pattern for first resonant frequency 11.34 GHz. Fig.
(4.8) shows the results of polar radiation pattern for the second resonant
frequency of 18.42 GHz of CSSIWA.

Table 4.1:The characteristic of far field power radiation E-field of CSSIWA.

Design Frequency | Parameter X-y y-2 X-Z
In (E&H)field plane plane plane
GHz (6=90) | (®=90) | (D=0)
CSSIWA 11.34 Main lobe 12.6 21.6 14.2
magnitude(dB) | dBV/m | dBV/m | dBV/m
(E-field)
Main lobe 88° 49° 19°
direction
Angular width | 44.3° 47.2° 79.6°
(3dB)
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Side lobe level | -4.6dB -8.4dB | -5.3dB
(dB)
18.42 Main lobe 14.2 18.7 13.6
magnitude(dB) | dBV/m | dBV/m | dBV/m
(E-field)
Main lobe 104° 47° 25°
direction
Angular width | 52.6° 34.4° 36.6°
(3dB)
Side lobe level | -5.7dB -3.2dB -4dB
(dB)
Farfield E-Field(r=1m) Abs (Theta=90) Farfield E-Field(r=1m) Abs (Phi=90)
0 0
30 330 Phi=90 30 30 phi=270
60 300 J
90 270
1208 L 240
180
X-Y Y-Z

Farfield E-Pattern Abs (Phi=0)

30

Phi= 0 30 phi=180

180

X-Z

Fig. (4.7): Polar plot of the radiation pattern in E-plane at 11.34 GHz.
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Farfield E-Field(r=1m) Abs (Theta=90) Farfield E-Field(r=1m) Abs (Phi=90)

Y, N\ 300

270

240

180

X-Y

120

180

X-Z
Fig. (4.8): Polar plot of the radiation pattern in E-plane at 18.42 GHz.

4.2.6 Efficiency for CSAWSIW and CSSIWA.
The efficiency of CSAWSIW is 40 %. It is calculated from the

relationship between the gain and directivity .The efficiency of CSSIWA is
64 %. So, based on these values, can say that the CSSIWA design is more
acceptable than the CSAWSIW design and also the SIW technology
enhances the overall efficiency of the antenna.

4.2.7 Bandwidth of CSSIWA.
Figure (4.9(a)), shows CSSIWA bandwidth , CSSIWA have dual

bands first band starts from frequency 11.08 GHz and ends at frequency
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11.59 GHz, producing a bandwidth approximately 502 MHz about (4.49%) .
However, Fig. (4.9 (b)),show the second bandwidth of CSSIWA starts from
frequency 15.90 GHz and ends at frequency 20.38 GHz, producing a
bandwidth approximately 4.475 GHz about (24.29%).

. d=0.50286 S-Parameters [Magnitude in dB]
| | | | | | | | | a — 511
1 e I T P [ ot S e e e e
-10
15 Jrrmerress s e oo : :
! ! G{ ( 11.34, 40.881 )
AN AR b i Al I i % (18.448, 43.318)
25 o s-------------- e Moo T
H : H H : H H : H H d=35
B I I R S B oo |
35 __1 A 4 .............. ____________________________________________________________________________________________________________
o ol e e e

45 ; : : : : : i : i i
10 13 14 15 16 17 18 19 20 bl

Frequency [ GHz

(a) at f=11.34 GHz

S-Parameters [Magnitude in dB] d=4.4752

—s1,1

(11.34, 40.881) : | ; ‘ ; :
@ (18.448, 43.318 )i R AR R R AR S Ui S R

_______________________________________________________________________________________________________________________________________________________

d=35

15 17 18 19 2(20384] 21

Frequency / GHz

(b) at f=18.44 GHz
Fig. (4.9): CSSIWA bandwidth.

4.2.8 Comparisons between CSAWSIW and CSSIWA.
Comparisons between CSAWSIW , CSSIWA and reference are

shown in Table 4.2 perform the enchantment on the antenna performance
after add SIW technology.
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Table 4.2 : Comparisons between CSAWSIW, CSSIWA and reference .

Results

Ref.
Name Design Freq. - Directivity | Gain | B.W
off.
& & in | in in & e %
n
Material Dimensions | GHz - dBi dB FB.W
Ref. [60
[60] 1.25
(Roger) 20-
) 24 | -25 6.24 12%
With 70%
6.7
€=22 | (oxa2)mm?
359
11.6
-25 9.61 3.86 | MHz
CSAWSI 2 .
W — 3.09%
3.464
FR4 18.2 40 %
2 -19 9.79 3.4 GHz
(42x42)mm? 18.97%
502
11.3
R : A -40 10.6 6.82 | MHz
@ ﬁ @
CSSIWA T 4.49%
FR4 4.475
18.4 64 %
, , -43 0.77 3.9 GHz
(42x42)mm 94.29%
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4.3 Characteristics of Patch Antenna With Offset Feeding
(PAWOF) and SIW Patch Antenna With Offset Feeding
(SIW-PAOF).

The simulation results of the second proposed antenna for various

parameters are dealt with presented in the following sub sections:

4.3.1 Reflection Coefficient of PAWOF and SIW-PAWOF.
At the beginning the antenna is structured by using a microstrip patch

antenna with a feeding line in the middle with SIW technology.

The performance of the antenna is enhanced by offset feeding line by
0.6 mm to the left. Also, offset feeding line by 3.6 mm the antenna
performance is enhanced and gives better result because it allows
transferring of maximum power. This is the final structure of the antenna
SIW-PAWOF. The antennas structure and S;; parameter for all of the

antenna are shown in Fig. (4.10).

PREQEE08R e BROOORREaD Do00QROO0ECE®

DDEODDED
GGG
EEGIEHE&a
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] oG e (ZX =] @8

(]
(]
@
@
@
o]
@

(@) Middle feeding line. (b) 0.6mm Offset  (c) SIW-PAWOF
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S-Parameters [Magnicude in dB]

=== 51,1-0.6-0ffset-feeding
““““ S1,1-middel-feeding
= 51,1-5IW-PAOF

10 11 12 13 14 15 16 17 18 19 20
Frequency / GHz

Fig. (4.10): Antennas structure and S;; parameter for the three

proposed antenna.

4.3.2 Directivity of PAWOF and SIW-PAWOF.
The result of the PAWOF and SIW-PAWOF in Table 4.3

Table 4.3: Directivity of the PAWOF and SIW-PAWOF.

Name Frequency in GHz Directivity in dBi
PAWOF 12.51 4.96
17.15 6.42
SIW-PAWOF 12.47 7.67
17.82 8.54

The 3-D plot for Directivity of the PAWOF and SIW-PAWOF is
shown in Fig. (4.11) and Fig. (4.12) respectively. So, the value of the
directivity is 7.67 dBi at the resonant frequency 12.47 GHz and directivity is
8.54 dBi at the resonant frequency 17.82 GHz for the SIW-PAWOF.
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dEi
6.4z

4.41
3.21
z2.01
0.803
-2.1
-8.39
-14.7
-21
-27.3
-33.8
¥
Lx

(a)12.51 GHz (0)17.15 GHz

Fig. (4.11): directivity of PAWOF

dEi
v dBEi 8.54

7687
887
3.83
2.4
0.958
-2.0z
-2.08
-14.1
-20.2
—26.3
-32.3

¥

L.

(2)12.47 GHz (b)17.82 GHz

3.87
4.27
Z2.67
1.07

-7.88
-13.8
-15.7
-25.6
=8dlo &

¥

X
Z‘ ‘x

Fig. (4.12): directivity of SIW-PAWOF.

4.3.3 Gain for PAWOF and SIW-PAWOF.
The result of the PAWOF and SIW-PAWOF are shown in Table 4.4
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Table 4.4: Gain of the PAWOF and SIW-PAWOF.

Results

Name Frequency in GHz Gainin dB
PAWOF 12.51 0.682
17.15 1.79
SIW-PAWOF 12.47 4.89
17.82 3.15

The 3-D plot for gain of the PAWOF and SIW-PAWOF is shown in
Fig. (4.13) and Fig. (4.14). The value of the gain is 4.89 dB at the resonant
frequency 12.47 GHz and gain is 3.15 dB at the resonant frequency 17.82

GHz.

(a)12.51 GHz

dE
0.63Z2

0.46%
0.341
0.213
0.0853
-2.46
-9.83
-17.2
-24.6
-31.9
-39.3

¥

Py
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(b)17.15 GHz
Fig. (4.13): Gain of PAWOF.
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dE
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0.%85
0.354

=& o3
-9.21
-16.1

=&
-23.3
-36.8

.36
&0 83
1.53
0.611
-2.19%9
-8.78
=dF o &
-21.9
=BE.3
-35.1

¥
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(2)12.47 GHz (b)17.82 GHz
Fig. (4.14): Gain of SIW-PAWOF.

4.3.4 Current Distribution of SIW-PAWOF.
The simulated current surface for the proposed SIW-PAWOF at

different resonant frequency is shown in Fig. (4.15). Fig (4.15 (a)) illustrates
the current distribution on the patch surface at first resonant frequency 12.47
GHz. Fig. (4.15(b)) shows the current distribution on the patch surface and
at the second resonant frequency 17.82 GHz. By testing the distribution of
surface current, it has been noticed that the current is highly gathered along

the created square slot.
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Orientation: Qutside Crientation: Outside
30 Maximum [Afm]: 195.4 30 Masdimum [afm]: 199.1
Frequency: 12.47 Frequency: 17.82
Phase: o Phase: o

(a) 12.47 GHz. (b) 17.82 GHz.

Fig. (4.15): Simulated current surface distributions of SIW-PAWOF
antenna.

4.3.5 Radiation Patterns of SIW-PAWOF (Electric Field (E-field)
.patterns
Table 4.5 shows the simulation result of characteristic far-field power

radiation for different resonant frequencies. Fig. (4.16) shows the results in
polar of radiation pattern for first resonant frequency 12.47 GHz. Fig. (4.17)
shows the results in polar of radiation pattern for the second resonant
frequency of 17.82 GHz of SIW-PAWOFA.
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Table 4.5: The characteristic of far field power radiation E-field of SIW-

PAWOF.
Design Frequency | Parameter X-y y-2Z X-Z
In (E&H)field plane plane plane
GHz (6=90) | (®=90) | (®=0)
SIW- 12.47 Main lobe 14.4 19.5 9.33
PAWOF magnitude(dB) | dBV/m | dBV/m | dBV/m
(E-field)
Main lobe 125° 39° 41°
direction
Angular width | 102° 47.9° 76.1°
(3dB)
Side lobe level | -3.3dB | -2.9dB | -2.5dB
(dB)
17.82 Main lobe 10.4 16.7 17.7
magnitude(dB) | dBV/m | dBV/m | dBV/m
(E-field)
Main lobe 75° 11° 23°
direction
Angular width | 40.4° 50.6° 68.4°
(3dB)
Side lobe level | -2.3dB | -5.3dB | -16.5dB
(dB)
Farfield E-Field(r=1m) Abs (Theta=90) Farfield E-Field(r=1m) Abs (Phi=90)
0
Phi=90 30 Phi=270

30

60 AL | TN N\ 300

90

270

- 240
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Farfield E-Field(r=1m) Abs (Phi=0)

0
Phi= 0 30 30 phi=180
60 ( - 60
90— o AT SURENPY)

S on .
120 120
150 150
180

Fig. (4.16): Polar plot of the radiation pattern for E-field plane at
12.47 GHz.

Farfield E-Field(r=1m) Abs (Theta=90) Farfield E-Field(r=1m) Abs (Phi=90)

3“ Phi=270
)
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phi=90 30

60

90

Phi= 0 30 30 phi=180
/ / -- ﬁu
00— Al — , 90
LNy 12000y 10

120, 120

150 150

Fig. (4.17): Polar plot of the radiation pattern in E- field plane at 17.82
GHz.
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4.3.6 Efficiency for PAWOF and SIW-PAWOF.
The efficiency of PAWOF antenna is 14 %. It is calculated from the

relationship between the gain and directivity. The efficiency of SIW-
PAWOF antenna is 64 %. So, based on these values, the SIW technology

enhanced the overall efficiency of the antenna.

4.3.7 Bandwidth of PAWOF and SIW-PAWOF.
Fig. (4.18 (a)) shows SIW-PAWOF bandwidth. SIW-PAWOF has

dual bands; the first band starts from frequency 12.06 GHz and ends at
frequency 12.87 GHz, producing a bandwidth approximately 805.74 MHz
about (6.49%). However, Fig. (4.18 (b)) shows the second bandwidth of
SIW-PAWOF which starts from frequency 17.30 GHz and ends at frequency
18.22 GHz, producing a bandwidth approximately 921.81 MHz about
(5.16%).

. 4=0.80574 S-Parameters [Magnitude in dB]

; ; ; ; (12.472,-35.8)
20 eeeneneneeeeed et | I B O 5 feocenennnad Fo-1Q (17.824, 33.053)

10 1 14 15 16 17 18 19

Frequency / GHz

(a) at f=12.47 GHz
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S-Parameters [Magnitude in dB] d=0.02181

—_11

! : ! : (12.472, -35.8) : : 1 :
20 qoemeeene e EERE s S bl R 18 (17.824, -33.053 ) [rfrmmorereee Rl S Bl 4 RRRRCIEEEs proseenneenees

D . o M SR— USSR S R— AU RN X 0 S — SR— d=30

10 1 12 13 14 15 16 19 20

Frequency / GHz

(b) at f=17.82 GHz
Fig. (4.18): shows SIW-PAWOF bandwidth.

Indeed, the microstrip patch antenna gives narrow bands but the SIW
technique keeps the bandwidth and enhances the directivity, gain and

efficiency of these bands, so as to serve our applications in these bands.

4.3.8 Comparisons between PAWOF and SIW-PAWOF.
Comparisons between PAWOF and SIW-PAWOF are shown in Table

4.6 perform the enchantment on the antenna performance after add SIW

technology.
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Table 4.6 : Comparisons between PAWOF, SIW-PAWOF and reference.

Name Design Freqg. | Ref. | Directivity | Gain B.W e %
& & in | Coff. in dBi indB &
Material Dimensions GHz | dB FB.W
Ref. [14] | [3%8%°¢eee98 | 106 | -30 3.7 9.4%
(Roger) § 3§ 1.03GHz
$00e]20ed
(21.27x26)mm?’
PAWOF 1251 | -23 4.96 0.682 | 585.26
(FR4) MHz
463% | 14%
17.15| -12 6.42 1.79 1.775
GHz
(21.27x26)mm’ 10.32%
SIW- 2o0000B0600 12.47 | -35 7.67 489 | 805.74 | 64%
PAWOF | | £ MHz
(FR4) | | 2 ’— 6.49%
17.82 | -33 8.54 3.15 | 92181
MHz
(21.27x26)mm’ 5 16%
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4.4 Characteristics of Active - Parasitic Element SIW Antenna

(APESIWA).
APESIWA consists of two elements The active element is directly

connected to the feeding line while the other element is excited by coupling
with the active element via a gap. Further study has been considered by
dividing the parasitic element into some segments (three-segment), such that
each one has a dimension of 8.85 x 11.08mm? and spaced by a distance
(0.65 mm). In order to study the effect of change the size of segments by
reducing the size of two segment gradually. The obtained structure and Sy;
parameter results of the previously mentioned operation is illustrated in Fig.
(4.19).

@ @ 5]
@ @ @
@@ @@ ©©
®
@@@@ @ @@@@ Peq 09°®
(@) first (b) second (c) third
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S-Parameters [Magnitude in dB]

=== 51,1First
=== 51,15econd
— 51, 1third

10 11 12 13 14 15 16 17 18 19 20 21
Frequency / GHz

Fig. (4.19): Antennas structure and simulation result S;; of the proposed

antenna in three cases.

Table 4.7: summarized result in three cases.

Antenna First Second Third

0 | i | |l

)
@

Frequency(GHZ) | 1258 | 19.53 | 12.21 | 19.17 | 12.49 | 19.24
Directivity(dBi) 6.52 6.9 8.64 8.5 8.63
Gain (dB) 2.3 1.04 | --- | 349 | 35 | 401
B.W 460 1.18 1.19 373 1.25
MHz GHZ GHz MHz | GHz
Reflection -13 -23 -9 -20 -25 -28
coefficient

The simulation results of the third proposed antenna for various

parameters are dealt with in the following sub sections:
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4.4.1 Reflection Coefficient of APESIWA.
APESIWA concentrate on FR4 dielectric material with thickness h

1.5mm and er=4.3. Fig.(4.20) shows the S;; parameter of APESIWA
antenna when using Roger as a dielectric material with thickness h
(0.787mm) and er=2.2.

S-Parameters [Magnlude ndg

\/\/ N

q (14, 57)| § \ /
caZ (1.4, -8578)| .. ; : 1

I

—i

o | g | ! : | | : ‘ | |
) ‘ P B ‘ ‘ ; ‘ ‘ ‘
e T
o {75 P S T A S S S NS
10 1 12 13 14 15 16 7 18 19 0 il
Frequency | GHz
(@) FR4

S-Parameters [Magniude in dB]

— 51t

q (1828, 32526) \ /K\—

-20

25 : : I I I : I I
® : | | | | | | Klily
& Z ! I I I I ! I x

-30

<) @ ' | | | | | | | |
© : ! ! ! ! ! ! ! !
*eq || ||e2® 3 i : : : : : : : :

10 1 12 3 14 15 16 17 18 19 20

Frequency / GHz

(b) Roger
Fig. (4.20): (a) APESIWA structure and S;; parameter with FR4.
(b) APESIWA structure and S;; parameter with Roger.
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4.4.2 Directivity of APESIWA.
The result of antenna by using Roger and FR4 dielectric marital are

shown in Table 4.8.

Table 4.8: Directivity of APESIWA.

Name Frequency in GHz Directivity in dBi
Antenna with SIW 12.49 8.5
using FR4 19.24 8.63
Antenna with SIW using 18.3 7.96
Roger

The 3-D plot for directivity of APESIWA antenna is shown in Fig.
(4.21). So, the largest value of the directivity is 8.63 dBi at the resonant
frequency 19.24 GHz and directivity is 8.5 dBi at the resonant frequency
12.49 GHz with FR4 as a substrate. However, the directivity of antenna
when using Roger as a substrate is 7.96 dBi at frequency 18.29 GHz as
shown in Fig. (4.21).

dEL

(3)12.47 GHz at ( FR4) (b)17.82 GHz at (FR4)
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(c)18.3 GHz at (Roger)

Fig. (4.21): Directivity of APESIWA.

4.4.3 Gain of APESIWA.
The gain of APESIWA antenna are shown in Table 4.9.

Table 4.9: Gain of APESIWA.

Name Frequency in GHz Gain in dB
APESIWA 12.49 3.5
FR4 19.24 4.01
APESIWA 18.3 7.86
Roger

The 3-D plot for the gain of APESIWA antenna is shown in Fig.
(4.22) and. So, the largest value of the gain is 7.86 dB at 18.3 GHz
frequency when using Roger as a substrate as shown in Fig. (4.22). This
gives us an indication that the gain of the design with Roger have a better

performance for an antenna.
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Fig. (4.22): Gain of APESIWA.
4.4.4 Current Distribution of APESIWA.

The simulated current surface for APESIWA antenna is shown in Fig.
(4.23). It illustrates the current distribution on the patch surface at first
resonant frequency at 12.49 GHz. It is obvious that most of the current
concentration is in two regions of the antenna’s surface. Also, Fig. (4.23(b))
shows the current distribution on the patch surface at the second resonant
frequency 19.24 GHz and 18.3 GHz.
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It is clear that the distribution of the surface current at the resonant
frequencies has gathered at the inset slot beside the upper edge of the active
element as shown in Fig. (4.23). Furthermore, there is a large number of
current concentrates in the segments near the active segment. This is due to
the high coupling with the active element, while a slight amount of current at
the far edges of the parasitic segment, because of the poor coupling with the

ends and the current distributions, decreases.

EY
U] in
9.09 9.09
8.18 8.18
1.7 727
636 6.36
5.45 5.45

(a) 12.49 GHz.-FR4. (b) 19.24 GHz.-FR4. (C)18.3GHz-Roger.

Fig. (4.23): Simulated current surface distributions of APESIWA.

4.4.5 Radiation Patterns of APESIWA Electric Field (E-field) pattern
Table 4.10 shows the simulation result of characteristic far field

power radiation for different resonant frequencies. Fig. (4.24(a)) shows the
results in polar of radiation pattern for first resonant frequency 12.49 GHz.
and Fig. (4.24(b) shows the results in polar of radiation pattern for the
second resonant frequency 19.24 GHz of APESIWA antenna. Fig(4.24 (c))
shows the results in polar of radiation pattern for the resonant frequency 18.3
GHz.
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Table 4.10: The characteristic of far field power radiation (E-field) of

APESIWA.
Design Frequency | Parameter X-y y-2Z X-Z
in (E-field) plane plane plane
GHz (6=90) (®=90) (©=0)
APESIWA 12.49 Main lobe 9.14 |18.3dBV/m| 13.1
FR4 magnitude(dB) | dBV/m dBV/m
(E-field)
Main lobe 109° 38° 25°
direction
Angular width | 76.8° 45.5° 107.2°
(3dB)
Side lobe level | -1.4dB -4.1dB -8.6dB
(dB)
19.24 Main lobe 14 18.8 14.8
magnitude(dB) | dBV/m | dBV/m | dBV/m
(E-field)
Main lobe 97° 31° 32°
direction
Angular width |  46° 24.6° 40.3°
(3dB)
Side lobe level | -1.6dB -4.6dB -3.8dB
(dB)
APESIWA 18.3 Main lobe 16.2 22.6 19
Roger magnitude(dB) | dBV/m | dBV/m | dBV/m
(E-field)
Main lobe 105° 31° 25°
direction
Angular width | 49.9° 25.6° 71.3°
(3dB)
Side lobe level | -1.6dB -2.4dB -6.3dB
(dB)
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(c)At 18.3 GHz- Roger

Fig. (4.24): Polar plot of the radiation pattern in E-plane.
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4.4.6 Efficiency of APESIWA.
The efficiency of APESIWA is 46 % when using FR4 dielectric

material as a substrate and the efficiency of APESIWA is 98% when using

Roger dielectric material as a substrate. Roger makes the antenna more

efficient because of its low tangent loss material.

4.4.7 Bandwidth for APESIWA.
Fig. (4.25 (a)) shows APESIWA bandwidth. APESIWA has dual

bands first band which starts from frequency 12.31 GHz and ends at
frequency 12.69 GHz, producing a bandwidth approximately 374 MHz .
However, Fig. (4.25 (b)),show the second bandwidth of APESIWA which
starts from frequency 18.72 GHz and ends at frequency 19.97GHz,
producing a bandwidth approximately 1.251 GHz when using FR4.

Fig. (4.26) shows APESIWA bandwidth. YUSSIWA has single band which
starts from frequency 18.10 GHz and ends at frequency 18.84 GHz,
producing a bandwidth approximately 736.9 MHz.

o d=0.37465 S-Parameters [Magnitude in dB]
; ; ; i ; ; ; —s1,1

EYS E— S— ANREY 1 1O O N S— AR— AN WSS WA SN — =50

10 11 14 15 16 17 18 19 20 21

Frequency / GHz

(a) at f=12.49 GHz
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S-Parameters [Magnitude in dB] d=1.2515
0 : : : : : : : : — j
: : : : : : : : : ' — 51,1
| — SRS S | NS SN N U S O S I W S S—

13 14 15 16 17 18 P}

Frequency / GHz

(b) at =19.24 GHz

Fig. (4.25): APESIWA bandwidth at FRA4.

S-Parameters [Magnitude in dB] _
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_25 ................................................................................................................................ [
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10 11 12 13 14 15 16 17 18.107 20

Frequency / GHz

Fig. (4.26): APESIWA bandwidth at Roger.

4.4.8 Comparisons between APESIWA Type and Reference.
Comparisons between APESIWA and references are shown in Table

4.11.
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Table 4.11 : Comparisons between APESIWA type and references.

Name Design Freg. | Ref. | Directivity | Gain B.W e %
& & in | Coff. in in &
Material Dimensions GHz | in dBi dB FB.W
dB
S % 8 -30 7.5 780 95 %
Ref . [15] T~ MHz
(Roger) / { 9.6 %
L.
(30x23.5)mm?
APESIWA 18.3 | -33 7.96 7.86 | 736.9 | 98%
(Roger) MHz
.ﬁ W 4.04%
(30x23.5)mm?
YUSSIWA 12.49 | -25 8.5 3.5 374 46%
(FR4) MHz
$ 3.04%
w 19.24 | -28 863 | 401 | 1.25
GHz
(30x23.5)mm? 6.49%

45 Characteristics of Dual Circular Slots Antenna (DCSA)

and Dual Circular Slots SIW Antenna (DCSSIWA).

Initially proposed antenna has been designed without SIW and slot as

shown in Fig. (4.27 (a)) to evaluate and compare our results. The antenna
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has been modeled with a prescribed substrate. Simulation results reveal that
the antenna offers a single band resonance within the a frequency range of
(9-20) GHz with resonant frequency at about 10 GHz as shown in Fig. (4.27
(b)) and Table 4.12. This behavior does not prevent the possibility of the

existence of other resonances outside this frequency range.

S-Parameters |Magnitude in dB]

— 511

-40 t t t t t t t t t
9 10 1 12 13 14 15 16 17 18
Frequency / GHz

Fig. (4.27) : (a) Geometry of first proposed antenna (b) Simulated reflection
coefficient S;; parameter of antenna without SIW.

Table 4.12: Result of initially proposed antenna.

Design Frequency | Directivity Gain B.W
GHz dBi dB
10 8.81 2.03 4.1 MHz

Than SIW technique is applied with prescribed calculated dimensions
of via and the equivalent distance between vias to enhance the bandwidth

and gain. The circular slot is added to increase the bandwidth, directivity,
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gain, and enhance the antenna matching. After the executed above
procedure, the proposed SIW antenna for one, two, and three circular slots

have been done as shown in Fig. (4.28 (a, b, c, d)).

|
|
!

(a) (b) (©) (d)

Fig. (4.28): (a) SIW antenna without slots. (b) SIW antenna
with one circular slot. (¢) SIW antenna with two circular slot.
(d) SIW antenna with three circular slot.

The result of the antenna in Fig. (4.28 (a)) shows that, when SIW
applied to the conventional microstrip antenna, the antenna gives two
resonant frequencies 14.8 GHz and 19.22 GHz. While the results of the
antenna in Fig. (4.28(b)) gives three resonant frequencies which are
(11.20,13.18,19.53) GHz. The results of the SIW antenna Fig. (4.28 (d))
with two slots show that etched two circular slots on the one top of the
antenna give one resonant frequency about 13.2 GHz. Finally, when the
third slot etched on the one top of the antenna the frequency there is still
about 13.2 GHz as shown in Fig. (4.28 (d)). The results of the S;; parameter
of all the proposed antennas are shown in Fig. (4.29). Table 4.13 shows the

results of the antenna mentioned in Fig. (4.40).
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S-Parameters [Magnitude in dB]

----- 51,1withoneslot
----- 51,1withoutslot

----- 51, 1withoutslotandsiw
< == G1,1withthreeslot

- w51 {withtwoslot

|c>1 (13.238, -34.189)

-40

Frequency | GHz
Fig. (4.29): The results of S;; parameter of all the proposed antennas.

Table 4.13: Results of all the proposed antennas.

Design Frequency | Directivity Gain B.W
GHz dBi dB &
FB.W
14.8 8.41 2.97 1.086
] GHz
i
19.22 9.65 2.17 1.349
GHz
11.20 7.65 4.73 502
— MHz
—
13.18 8.32 55 1 GHz
19.53 10.1 3.44 3 GHz
13.32 8.54 6.05 4,913
© N GHz
PREROPEEERERRREREEEER
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13.32 8.78 6.28 3.568
GHz

4.5.1 Reflection Coefficient of DCSSIWA.
DCSSIWA antenna is structured by using a conventional rectangular

patch antenna with dual circular slots etched on the one metallic top of the
DCSSIWA antenna structure and S;; parameter is shown in Fig. (4.30).

Microstrip to SIW transition feeding is used.

S-Parameters [Magnitude in dB]

| ; — 510,10
PN ‘
3 \ i | |i( 13,238, -34.189)
‘ ’ TN

SR aTAAEES

25 i f f /
N
i

35 : : .
10 i 12 1

Fig. (4.30): DCSSIWA structure and S;; parameter.

14 15 16 17 18 19 20
Frequency / GHz

4.5.2 Directivity of DCSSIWA.
The result of DCSSIWA are shown in Table 4.14

Table 4.14: Directivity of DCSSIWA.

Name Frequency in GHz Directivity in dBi

DCSSIWA 13.2 8.54
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The 3-D plot for Directivity of DCSSIWA is shown in Fig. (4.31).
Directivity is 8.54 dBi at the resonant frequency of 13.2 GHz.

dEi
5.54

5.87
4.27
Z.67
1.07
-1.97
-7.86
-13.8
-12.7
-25.6
-31.5

¥

L.

(b) f =13.2 GHz

Fig. (4.31): Directivity of DCSSIWA antenna.

4.5.3 Gain of DCSSIWA.
The result of DCSSIWA at frequency 13.2 GHz is shown in Table

below.

Table 4.15: Gain of DCSSIWA.

Name Frequency in GHz Gain in dB

DCSSIWA 13.2 6.05

The 3-D plot for the gain DCSSIWA is shown in Fig. (4.32). So, the
gain is 6.05 dB at the resonant frequency of 13.2 GHz.
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(b) f =13.2 GHz

Fig. (4.32): Gain of DCSSIWA antenna.
4.5.4 Current Distribution for DCSSIWA.
The simulated current surface for DCSSIWA at the resonant

frequency 13.2 GHz is shown in Fig. (4.33). It is obvious that most of the

current concentration are in two regions of the antenna’s surface.

surface current {f=13.2) [10]

30 Macimum [Afm]: 176.5
Frequency: 13.2
Fhase: ]

Fig. (4.33): Simulated current surface distributions of DCSSIWA antenna.
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4.5.5 Radiation Patterns of DCSSIWA (Electric Field (E-field).
Table 4.16 shows the simulation result of characteristic far field

power radiation for the resonant frequency. Fig. (4.34) shows the results in

polar of radiation pattern for resonant frequency 13.2 GHz of DCSSIWA.

Table 4.16: The characteristic of far field power radiation E - field of

DCSSIWA.

Design Frequency Parameter X-y y-2Z X-Z
GHz (E&H)field plane plane plane
(6=90) (®=90) (©=0)
DCSSIWA 13.2 Main lobe 17 20.8 14.4
magnitude(dB) | dBV/m | dBV/m | dBV/m

(E-field)
Main lobe 91° 63° 0°

direction
Angular width | 63.4° 45.5° 61.9°

(3dB)
Side lobe level | -9.2dB -1.7dB -6.2dB

(dB)

Farfield E-Field(r=1m) Abs (Theta=90) Farfield E-Field(r=1m) Abs (Phi=90)

30 phi=270

N .
¢ L .
o . -
¢ e
- 300 R Ll N 60
. P \ e o .
£ -~
. - - .
- o . . ~ o "

270

/240
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Farfield E-Field(r=1m) Abs (Phi=0)

Phi= 0 30 30 phi=180

180

X-Z
Fig. (4.34): Polar plot of the radiation pattern in E —plane.
4.5.6 THE Efficiency of DCSSIWA.
The efficiency of DCSSIWA is 71%. the SIW technology enhances
the overall efficiency of the antenna.

4.5.7 Bandwidth for DCSSIWA.
Fig. (4.35) shows the bandwidth of DCSIWSA at resonant frequency

13.2 GHz. This band starts from frequency 11.81 GHz and ends at frequency
16.73 GHz, producing a bandwidth approximately 4.918 GHz.

ﬁmﬁrs [Magntude in dB]

— 510,10

Ve (R

20 oo SRR T — — AR S— SRR S ——

q (13.238,-34.187)

I ' ' ' ' ' ' ' I
I ' ' ' ' ' ' ' I
_25 e N N o gy gy Sy Sy Mg upupupapapupupupapupupy
I ' ' ' ' ' ' ' I
' ' ' ' ' ' ' ' '

30 frorre b o\ e . S S—

35 i i < i i i i : ‘
10 11 11.812 13 14 15 16 16.73 7 18 19 20
Frequency / GHz

Fig. (4.35): DCSSIWA bandwidth at resonant frequency f =13.2 GHz.
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SIW concentrates the power between vias and the two slots make the

band wider to make the antenna cover much application with high efficiency

in this band.

4.5.8 Comparisons between DCSSIWA and Reference.
Comparisons between DCSSIWA and reference are shown in Table below.

Table 4.17 : Comparisons between DCSSIWA and reference.

Name Design Freq. Ref. | Directivity | Gain B.W e
& & GHz Coff. dBi dB & %
Material | Dimensions dB FB.W
Ref .[23] (14.43- -19 4 |209GHz | ---
(Roger) 16.49) (13.53%)
DCSSIWA 13.32 -34 8.54 6.05 | 4.913 71
(FR4) (11.8-16.7) GHz %
37.18%
mm?
4.6  Characteristic of Circular SIW Antenna (CSIWA).

The simulation results CSIWA antenna will be presented in

the following subsections:
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4.6.1 Reflection Coefficient of CSIWA.
The antenna is structured by using a circular patch and circular slot

etched at a rectangular patch fixed on the top layer of a substrate with
feeding line in the middle. The antenna structure and its result are shown in
Fig. (4.36).

(@)

S-Parameters [Magnitude in dB]

§ (22454, 21.384)
8 (25.106, 22.787 ) ; —s11

-25

18 19 20 21 22 23 24 25 26 27
Frequency / GHz

(b)

Fig. (4.36): (a) CSIWA antenna structure. (b):S;; parameter for the
CSIWA antenna.

4.6.2 Directivity of CSIWA.
The result of CSIWA is shown in Table below.
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Table 4.18: Directivity of CSIWA.

Name Frequency in GHz Directivity in dBi
CSIWA 22.4 9.26
25.1 8.19

The 3-D plot for directivity of CSIWA is shown in Fig. (4.37) . The
value of the directivity is 9.26 dBi at the resonant frequency 22.4 GHz and
Directivity is 8.19 dBi at the resonant frequency 25.1 GHz for the CSIWA.

dEBi
8.19

5,683
4.09
Z.56
1.0z
-1.9%
-7.583
-13.9
-12.9
-25.8
-31.8

(a) 22.4 GHz
Fig. (4.37): Directivity of CSIWA.

(b) 25.1 GHz

4.6.3 Gain for CSIWA.
The results of CSIWA are shown in Table below.

Table 4.19: Gain of CSIWA.

Name Frequency in GHz Gain in dB
CSIWA 22.4 6.14
25.1 4.72
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The 3-D plot for the gain of CSIWA is shown in Fig. (4.38) the value
of the gain is 6.14 dB at the resonant frequency 22.4 GHz and gain is 4.72
dB at the resonant frequency 25.1.

(@) 22.4 GHz (b) 25.1 GHz
Fig. (4.38) : Gain of CSIWA.

4.6.4 Current Distribution for CSIWA.

The simulated current surface for the CSIWA is shown in Fig. (4.39) ,
which illustrates the current distribution on the patch surface at the resonant
frequencies 22.4 GHz and 25.1 GHz for CSIWA antenna.

Zomponent Abs Component: abs
Orientation: Qutside Crientation: Oukside
30 Maximum [Afm]: 162.4 30 Maximum [Afm]: 138.2
Frequency: 22.45 Frequency: 25.1
Phase: o Phase: o

Fig. (4.39): Simulated current surface distributions CSIWA.
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It is clear that the current is highly concentrated in the area related to
the feed line as well as right and left sides. But, it is noticed that the surface

current gradually begins to decrease as moving up.

4.6.5 Radiation Patterns of CSIWA (Electric Field (E-field.
Table 4.20 shows the simulation result of characteristic far-field

power radiation for different resonant frequencies. Fig. (4.40) shows the
results in polar of radiation pattern for first resonant frequency 22.4 GHz.
Fig. (4.41) shows the results in polar of radiation pattern for second resonant
frequency 25.1 GHz of CSIWA.

Table 4.20: The characteristic of far field power radiation (E — field) of

CSIWA.
Design Frequency Parameter X-y y-z X-Z
In (E&H)field plane plane plane
GHz (6=90) | (®=90) | (®=0)
CSIWA 22.4 Main lobe 10.7 20.9 20.4
magnitude(dB) | dBV/m | dBV/m | dBV/m
(E-field)
Main lobe 245° 7° 0°
direction
Angular width | 27.7° 34.2° 42.3°
(3dB)
Side lobe level | -1dB -5.9dB | -12.5dB
(dB)
25.1 Main lobe 14.9 19.5 19.4
magnitude(dB) | dBV/m | dBV/m | dBV/m
(E-field)
Main lobe 353° 16° 0°
direction
Angular width | 32.6° 26.9° 47.5°
(3dB)
Side lobe level | -2.4dB | -3.9dB | -5.2dB
(dB)
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Farfield E-Field(r=1m) Abs (Theta=90) Farfield E-Field(r=1m) Abs (Phi=90)

Phi=90 30 30 phi=270

Farfield E-Field(r=1m) Abs (Phi=0)

phi= 0 30 30 phi=180

180

X-Z

Fig. (4.40): Polar plot of the radiation pattern in E -plane at 22.4 GHz
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Farfield E-Field(r=1m) Abs (Phi=90)
Farfield E-Field(r=1m) Abs (Theta=90)
0

0 i= 30 30 i=
30 330 Phi= 90 Phi=270

TF- 300

270

240

180
X-Y Y-Z

Farfield E-Field(r=1m) Abs (Phi=0)

phi= 0 30 30 phi=180

180

X-Z

Fig. (4.41) : Polar plot of the radiation pattern in E-plane at 25.1
GHz.

4.6.6 The Efficiency of CSIWA.
The efficiency of CSIWA is 66 %.

4.6.7 Bandwidth of CSIWA.
Fig. (4.42), shows CSIWA bandwidth. CSIWA have dual bands first

band starts from frequency 21.86 GHz and ends at frequency 23.01 GHz,
producing a bandwidth approximately 1.146 GHz. However, Fig. (4.42 (b)),
shows the second bandwidth of CSIWA which starts from frequency 24.41
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GHz and ends at frequency 25.89 GHz, producing a bandwidth
approximately 1.482 GHz.

S*ParamﬁrﬁmT ude in dB]
=1
0 ] ] ! ]

=— 51,1 CSIWA

-25 T T 1 i : : :
18 19 20 21 [21.868] [23.014] 24 25 26 27
Frequency / GHz
(@) at f=22.4 GHz.
S-Parameters [Magnitude in dB] —
0 ‘ ‘ . d=1.4823
| | : : —— 51,1 CSIWA
d=15
-25 t

18 19 20 21 2 23 24[24.411] 25 27

Frequency / GHz

(b) at f=25.1 GHz
Fig. (4.42): CSIWA bandwidth.

4.6.8 Comparisons between CSIWA and Reference.
Comparisons between CSIWA and reference are shown in Table

below.
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Table 4.21 : Comparisons between CSIWA and reference.
Name Design Freq. | Ref. | Directivity | Gain | B.W e
& & GHz | Coff. dBi dB & %
Material | Dimensions dB FB.W
Ref.[12] 305 | - 35 |8.6%
(Double
layer)
(15x20)mm?
CSIWA 224 | -21 9.26 6.14 | 1.146 | 66 %
(Single GHz
layer) 5.13%
25.1 |-22 8.19 4.72 | 1.482
, GHz
15x20)mm
( ) 5.89%
4.7 Comparison between overall five proposed designs.

Table 4.22, comparisons of five proposed SIW antenna in terms of

parameters: reflection coefficient S;;, resonant frequency, gain, directivity,

efficiency, bandwidth. We observe the S;; varying from -10 dB to -45 dB

depending on the frequency band. All values are considered acceptable

because they exceed the -10 dB. The resonant frequencies bands vary from
(10 -30) GHz.
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CHAPTER FIVE

CONCLUSION and SUGGESTIONS for FUTURE
SCOPE

5.1 Introduction
This chapter is a review of the most important aims of thesis work, as

well as the conclusions drawn from the proposed designs. Also shed light

on the recommendations for the future scope.

5.2 Conclusions
SIW which is a member of substrate integrated circuits SICs family is

the best candidate to overcome issues of the traditional waveguide, because
it is Lightweight, compact size, low cost, and easy fabrication using cheap
PCB technology are the key advantages of the SIW. In this thesis, the
proposal of various innovative single antennas is extended utilizing the SIW

as the main transmission line.

Five different proposed antennas using the SIW and each individual
proposed antenna has features allowing it to work in different applications.
All proposed antennas are simulated using the FR4 substrate with a
dielectric constant of 4.3, a thickness of 1.5mm, and a tangent loss of 0.02
and only one design used Roger as a substrate with a dielectric constant of
2.2, a thickness of 1.5mm, and a tangent loss of 0.0009 . The FR4 substrate
Is used because it is widely available in markets and affordable. All antennas
are excited using either the microstrip or the CPW where the transition
junctions are required to transfer from the TEM into TE modes which are the
fundamental modes in waveguides. The proposed antennas are evaluated

using the computer simulation technology CST software.
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The first proposed design is a square SIW cavity with two-curved
slots having different lengths to make the design working at dual frequency
bands. Both slots are etched out from a center of the cavity to excite slots
with the highest electric fields. The first band is obtained at a resonant
frequency of 11.34GHz with a bandwidth of 502MHz gain of 6.28dB, while
the 18.42GHz is the resonant frequency of the second band with a bandwidth
of 4.48GHz and a gain of 3.9dB. As can be seen, the second band is wider
and maybe the reason behind that is the electrical size of the structure which

becomes larger at the high frequencies, permitting signals to leave freely.

Next, a square slot surrounded by rows of vias working as a SIW
cavity is presented. This design is similar to a square microstrip patch but it
Is inside the SIW cavity. The benefit of the cavity here is to mitigate the
surface waves which consider the main cause of the gain reduction. Also, the
feedline was shifted from the center, offset-fed, in order to enhance the
matching. As compared to a design without the SIW cavity, the gain

enhancement is salient.

The third design is different from other previous works because it has
both active and parasitic elements. The parasitic elements are excited by
electromagnetic coupling means. The distance between the parasitic and
active (driver) elements plays a vital role in determining the overall
performance. A variety of numbers of parasitic elements are employed to
widen the bandwidth of the targeted design. Also, two bands are obtained in
this design working at frequencies of 12.49GHz and 19.24GHz, respectively.
The gain at the first band is 3.5dB and the second band is 4dB.
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Eventually, two other designs are introduced where the first design is
a rectangular patch antenna shielded by two rows of vias and it is a
rectangular SIW which is open-ended two concentric circular slots are
carved from the top wall of the SIW. This antenna resonate at 13.2 with

bandwidth approximately 4.918 GHz with very good and gain.

The fifth antenna consists of a circular patch and circular slot etched
at a rectangular patch fixed on the top layer of a substrate with one substrate
and feeding antenna directly by connecting it with a microstrip transmission
line. Distributing via holes in a circular path to surround the circular patch. It
has dual bands because of the dual slots carved on patch. Also have

wideband with very good gain.

5.3 Suggestion for Future Scope

eDistribute vias in other way to increase the directivity of antenna.

eUse the rectangle or triangle vias in same design to obtain another
frequency band also work in wireless communication systems.

eDesign SIW slot array to modify the gain to be suitable for applications
that need higher gain and wideband.

eModify the slot in the proposed designs so as to give another bands to

be used in other applications
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