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ABSTRACT

MINIATURIZATION OF MICROSTRIP ANTENNAS USING
METAMATERIALS

AL-SHATHR, Amer Hasan Mahmood
M.Sc. in Electrical & Electronic Engineering
Supervisor: Assoc. Prof. Dr. Golge OGUCU YETKIN
March 2018, 77 Pages

This research focuses on several main goals, including the design of a multiband
rectangular microstrip patch antenna with spacious bandwidth and high return loss by
using Complementary Split Ring Resonator (CSRR) beside the Rectangular Ruler
Patches (RRPs), improvement the performance of Wi-MAX and GPS applications by
using Circular Head Dumbbell Structure (CHDS) beside Circular Ring Patches
(CRPs), study the behavior of CHDS on three types of conventional antennas as a
redirector, miniaturization the size of the microstrip patch by using (CSRR),
(CHDS), (RRPs), (CRPs) and Circular patch (CP). A patch antenna is designed and
simulated for 4.66 and 5.61 GHz. Two substrates of FR-4 lossy are utilized with 4.3
dielectric constant, 1.4mm and 0.2mm thickness. The shape is used for conventional
patch antenna as rectangular with a central feed source. The RISs have been used as
secondary or additional patches with CSRR and as main patches with CHDS, which
behaves as a redirector. The conventional antenna operates at a frequency band of
4.66 GHz and 5.61 GHz, while the designed antenna with CSRR and RRPs generates
four wide band resonant modes at 4.36, 4.7, 5.6 and 5.9 GHz, therefore It is
considered as a multi-use antenna. The designed antenna with CHDS and CRPs

generates two band resonant modes at 1.55 GHz and 5.68 GHz.

Keywords: Complementary Split Ring Resonator CSRR, Rectangular Ruler Patches
RRPs,WiIMAX, GPS, Circular Head Dumbbell Structure CHDS, Circular Ring patch
CRPs.



OZET

METAMATERYALLER KULLANILARAK MiKROSERIT ANTENLERIN
MINYATURIZE EDILMESI

AL-SHATHR, Amer Hasan Mahmood
Yuksek Lisans Tezi/ Elektrik & Elektronik Miihendisligi
Damisman: Dog. Dr. Gélge OGUCU YETKIN
Mart 2018, 77 sayfa

Bu arastirma, Dikdortgen Ruler Yamalarinin (RRP'ler) yaninda Tamamlayici Split
Halka Rezonatér (CSRR) kullanarak, Wi-MAX'in performansini gelistirerek, genis
bant genisligi ve yiiksek geri doniis kaybina sahip ¢ok bantli dikdértgen mikro serit
yama anteninin tasartmi da dahil olmak {izere, birka¢ ana hedef iizerine
odaklanmaktadir ve GPS uygulamalarinda, Dairesel Halka Yamalar (CRDS) yaninda
Yuvarlak Bagli Dambil Yapis1 (CHDS) kullanarak, ii¢ tip geleneksel anten iizerinde
bir yeniden yonlendirici olarak CHDS'nin davranisini incelemek, (CSRR), (CHDS)
kullanarak mikro band hattinin boyutunu minyatiirize etmek, ), (RRPs), (CRPs) ve
dairesel yama (CP). Bir yama anteni 4.66 ve 5.61 GHz i¢in tasarlanmis ve simiile
edilmistir. FR-4 kayipli iki substrat, 4.3 dielektrik sabiti, 1.4 mm ve 0.2 mm
kalinlikta kullanilir. Sekil, konvansiyonel yama anteni icin merkezi bir besleme
kaynagi olan dikdortgen olarak kullanilir. RIS'ler, CSRR ile birlikte ikincil veya ek
yamalar olarak ve yeniden yoénlendirme gdrevini géren CHDS ile ana yamalar olarak
kullanilmistir. CSRR ve RRP'li tasarlanmis anten 4.36, 4.7, 5.6 ve 5.9 GHz'de dort
genis bant rezonant modu iiretirken geleneksel anten 4.66 GHz ve 5.61 GHz frekans
bandinda calisir; bu nedenle ¢oklu kullanimli bir anten olarak kabul edilir. CHDS ve
CRP'lere sahip tasarlanmis anten, 1.55 GHz ve 5.68 GHz'de iki bant rezonant modu

Uretir.

Anahtar Kelimeler: Tamamlayici Split Halka Rezonatér CSRR, Dikdortgen Cetvel
Yamalar RRPs, WiMAX, GPS, Dairesel Bagli Dambil Yap1 CHDS, Dairesel Halka
Yamalar CRPs.
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CHAPTER 1
INTRODUCTION

1.1 General

It has become axiomatic and known to most of the searchers in the world of wireless
communications that Microstrip patch antenna has a priority in many uses because of
the unique features that make it a target for developers such simple in manufacturing,
tiny size, lower cost than others, lightweight, has the ability to integrate with
integrated microwave circuits and identically with the curved surface [1]. The first
microstrip patch antenna was formed as early as 1970[2]. The first proposal to design
a microstrip antenna was by Deschamps in 1953, where gained considerable
attention later [3]. There are certain techniques used to feed the microstrip patch
antenna, each technique has its own special handling with the application type [4],
like microstrip line feed, probe feed, proximity feed and aperture feed. Also, by
changing the structural form or the type of fabricated material which lead to a change
in physical behavior, many results can be obtained in terms of pattern, concentration
of energy, polarization, impedance and diversity of resonant frequencies. All that was
features of this type of antennas, the disadvantages encountered by developers or
researchers, which are considered from characteristics of this antenna, are narrow
bandwidth and weakly polarization pureness [5]. However, the researchers have
taken many strategies to overcome these constraints and inhance the bandwidth,

which is the antenna workspace at a given frequency.

1.1.1 Modes of MPA Analyzing
There are several reasons for the importance of antenna analysis [6]:

e It can be exploited for properties of nearby fields like antenna efficiency,
impedance bandwidth, input impedance and mutual coupling also foretells
the radiance features such as the gain, radiation pattern and polarization.

e Realize the characteristics and determinations of the antenna through

parameters performance study.



For adjustments to a present design and for the development of renewed
antenna formations as well as understanding operation fundamentals that may

be helpful for a new design [6].

1.1.2 Miniaturization of Microstrip Patch

Minimizing the size of patch antenna has become highly required from wireless

communications. From that standpoint, small size patches with similar performance

or better than the large size have been required. In case of lower frequencies, the

microstrip patch size need to be large for controllable. There are several

technicalities used to minimize the size of patch antenna, like:

Design dielectric substrate has a high permittivity [7].
Placement of reactive or resistive load [8].
Enhancing the antenna form in order to increase the electrical length [9].

Design a structure with embedded slots on the patch [10].

1.1.2.1 Previous Research Studies Conducted by Researchers on minimization

V. Rajesh Kumar et al. (2013) presented a MPA with double band properties
and CSRR structure which employed in the ground plane. It was observed
during the simulation results obtained that the size of the antenna can be
reduced with the dual band operation. The radiant patch compared with the
conventional MPA has a reduction in size of 89%. Also, the changing in res-
onance frequency with the change in CSRR length was analyzed [11].

In the work of (2013) by I. B. Issa et al, a multiband compact antenna with
square shape of CSRR was presented. The suggested antenna can be inserted
seamlessly with RF front-end circuits used in mobile handsets due to its small
size. The wireless communication standards and diverse frequency bands can
be efficiently covered by the antenna which includes, (Wi-Fi) 2.4GHz, (Wi-
Max) 3.5GHz, (UWB) 7.8-9.1GHz, and (10.9-11.5) GHz, (17.2-17.8) GHz
frequency bands. Furthermore, the antenna gain values made it suitable for

both outdoor and indoor wireless communications [12].

M. M. Bait-Suwailam et al. (2013) proposed unfamiliar design of MPA with

a slotted CSRR structure in order to miniaturize the size of antenna and called



by SCSRR. The size of MPA decreased by 10% with employment of SCSRR
in ground plane as well as mutual coupling between MPAs. The results simu-
lated by CST Microwave Studio [13].

In the work of (2013) by S. C. Basaran et al, a unipolar antenna with usage of
three-stage microstrip line feeding and CSRR structure was proposed. The
resulted antenna was small electrically and the operation bands were 3.5, 2.4
and 5.2 GHz for WiMAX and WLAN applications. The antenna shows that
13, 16 and 17% are the improvement rates of impedance bandwidth [14].

M. U. Vakani et al. (2012) presented a mini antenna has resonance with more
than one band. At first, a square patch antenna with parameters and gain
characteristics was analyzed. Then, the SRR structure has employed for the
same properties of designed antenna. SRR has the ability to resonate at sub
wavelength sizes through effect of LC resonance. It was observed that
through scaling the antenna dimensions, the applied SRR structure is small
and flexible for designers where antenna can resonate at desired frequency.
The results that gave by simple SRR structure compared to conventional
square patch antenna showed a reduction rate about 85% of footprint size
with gain 1.6dB and bandwidth 5%, structure with strip inside SRR gave a
reduction of 94% with gain 1.4dB and bandwidth 6%, while structure with
multiple concentric rings has given more bands and 92% size reduction with
gain 1.7dB and bandwidth 5.4% and 4.1%. Hence, small sized dual or multi
band antenna can be possible with SRR [15].

In (2012), S. C. Basaran proposed a dual wideband split-ring antenna has a
compact size and fed by CPW in order to use it for WLAN applications. The
results appear that most or all WLAN operation bandwidths (2.4-2.485 GHz,
5.15-5.35 GHz, and 5.725-5.825 GHz) can be covered by the suggested
antenna. Also, the designed antenna can fully meet the demands of interior
wireless application through omnidirectional radiation patterns with predicted
gains of 5 dBi over the bands [16].

Y. Dong et al. (2012) designed a compact patch antennas loaded with CSRRs
and reactive impedance surface RIS loading. The CSRR structure was
integrated on the patch to provide a low resonance frequency where acts as a

shunt LC resonator. Employment of diverse configurations of the CSRRs can
3



produce diversified polarization status with multi-band properties. The
components of CSRR and RIS both were able to minimize the antenna size.
The CSRR was established on the upper surface as a high-quality factor
resonator, excited by effect of the orthogonal electrical field, which can app-

end the field to the patch of antenna for radiating [17].

W. Cao et al. (2011) displayed a compact low-cost patch antenna with
radiation guidance capability. The establishment of CSRR in the ground
plane produced a wide-scale orientation domain and also can reduce the cost
of a phased array system efficiently in order to achieve the wireless
communications requirements. The loading part refractive index impacts the

beam direction [18].

O. Quevedo-Teruel et al. (2011) showed a robustly reduction of MPA
counted on the SRR structure used. The proposed antenna introduced two
simultaneous operating bands by means of its two concentric rings. A
parametric study has performed for the operation frequencies to show the
rings dimensions effectiveness on them. The results demonstrated that the
considerable influence on these resonances has been realized by the dielectric
permittivity and total size of the rings. The properties of antenna are highly
compact, dual-band and so that can be proper for applications that suffer from
size constraints. Substrates with high permittivity have been used for most of
the compact antennas. This proposed antenna of this paper presents a
compact size with low permittivity substances. New patch antennas that use
SSRs have been presented for appointing new bands operate at lower freg-

uencies [19].

N. Ortiz et al. (2011) showed that a perpendicular polarization can be
achieved for double band rectangular MPA through carving a rectangular
CSRR on the patch, the CSRR inscription at some patch locations results in
reduction of the double band antennas. The chosen design has been come as
an alternate resolution for the double-band antenna designs that present these
days [20].

L. Ke et al. (2010) suggested a MPA gives circular polarization by applying
single CSRR. The structure of CSRR was formed of mineral slot rings with a

merged center and small gap. The radiation patch with engraved CSRR on its
4



surface was analyzed and fabricated. The prime advantage of this antenna is
their little profile and comparatively modest structures, which does not need
an exterior polarizer and can be inserted appropriately within the system and
equipment that demand compact standard size, such a mobile phone headset
[21].

1.2 An important Glimpse of Metamaterial

The focus on the use of metamaterial in recent time has had a clear effect in
improving the microstrip antenna function [2-3]. Materials that have negative
permittivity and permeability are specified by certain names such as metamaterial,
left-handed materials (LHM) and backward wave materials (BWM). The meta-
material is of great importance in the conclusion of many theoretical laws even
though it does not exist in nature, such as the Doppler Effects, reversal of the Snell’s
Law, built perfect lenses and Cherenkov radiation [4]. The behavior of slot inside the
microstrip patch antenna leads to negative permeability which is collection of shunt

inductors with series capacitors [5].

1.2.1 Split Ring Resonator (SRR)

The beginning of interest in various ring and semi-ring structures has been in the
early 1950's and for decades with passive permeability were important for synthetic
chiral substances as build blocks used in the microwave. SRR is a high-conductivity
composition may consist of one or more rings depending on the type of design.
Figure 1.1 shows a type of two rings with a required capacitance between them for
the induction counter balance [22]. The currents are induced in the rings by applying
a vertical and time varying magnetic field on the surface of that rings. These currents
produce a magnetic field depending on the resonant characteristics of the structure
which may promote or discountenance the accident field leading to negative or
positive efficient permeability p. Employment of SRR also shows the effect of

electromagnetic stimulation on materials response [22].
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Figure 1.1 a) circular shape of SRR, b) rectangular shape of SRR [22]
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Figure 1.2 Reliance on the frequency of the effective permeability of SRR [22]

Figure 1.2 shows the frequency reliance of p. The effective permeability is presented
to be less than zero with reason of the narrow frequency band and also the expression

of uerr — oo is particular to the concept of resonant frequencies.

In order to achieve the diversities in the characteristics of the medium there are many
adjustments have been proposed for SRR like helical SRR for zero criss-cross
polarization [23], for the purpose of increasing the level of non-linear electrostatic
effects, the number of azimuth gaps should be increased accordingly, for eliminating
the bilateral-anisotropic conduct and to avoid cross-polarization, the non-bilateral
differential properties are applied or a wide side conjugate with SRR [24], for the
same size there is the possibility to redouble the resonance frequency by doubling the
SRR slots, lessening of resonance frequency for the same size by using spiral
structures [25], the important resonators for wide bandwidth depend on cross-

polarization trends of SRR for frequency selective surfaces [26], reducing the unit
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cell size through SRR disfigurement [27], and the filter applications through SRR

modification processes [25].

1.2.2 Complementary Split Ring Resonator (CSRR)

Complementary split ring resonators (CSRR) became very diffuse issue in order to
realize a multiband microstrip antenna [17]. Depending on the concept of the
Babinet’s rule that is applied for split rings, the compositions of the complementary
dual slit rings are designed and performed [28]. Structures containing slots in the
mineral surface, such as the ground plane or the patch and so on are expressed by
CSRR as illustrated in Figure 1.3. By the way, CSRRs give negative ¢ close to the

resonance frequency [28].

(a) (b)

Figure 1.3 Complementary SRR structures: a) circular, b) rectangular [22]

1.3 Multi-Band Importance for Antenna Applications

Speedy development of the wireless communications has made multiband frequency
a necessity for many applications and functions. In addition, the equipment that has
this capacity can perform multiple functions at the same time, which may include
data transmit, video, audio, radio and so on [5]. In a multi-band antenna, each part
operates in a certain range and its gain is below average. It is designed and fabricated

to operate from MHz to some GHz.

1.3.1 Global Positioning System (GPS)

GPS is one of the most important applications of the multi-band antennas that fall
within the frequency band (1-2 GHz). Compact size of microstrip patch antenna is
useful for receiving GPS signals by communication equipment. Since it takes a

planar form, and does not expand perpendicularly at the top surface. The radiation



pattern of the microstrip antenna has wide covering with the E-plane at the top of the
broadside which permits perfect covering of signals from broadside drop close to the
horizon [29].

1.3.2 Worldwide Interoperability for Microwave Access (Wi-MAX) and
Wireless Local Area Network (WLAN)

The applications of Wi-MAX and WLAN were assigned for data communication
purposes. Wi-MAX has greater coverage distance (around 50 km) comparison with
the WLAN (around 30 m). For the purpose of realizing Wi-MAX and WLAN
applications there have been a number of designs that suggest the operation of
antenna with dual or multi-band characteristics. Operating frequencies of WLAN are
(2.4-2.484) GHz, (5.15-5.35) GHz and (5.725-5.825) GHz and Wi-MAX (2.5-2.69)
GHz, (3.4-3.69) GHz and (5.25-5.85) GHz [30-31]. There are many proposals,
techniques, and structures adopted to obtain a dual-band or multi-band antenna for
Wi-MAX and WLAN applications such as the ring patch antenna [32], the monopole

antennas and the slot antennas.

1.3.2.1 Double-Broadband G-shaped Slotted Printed Monopole Antenna for Wi-
MAX and WLAN Applications

In order to fulfill the worldwide interoperability and the wireless local area network
(WLAN) together for microwave access applications of (Wi-MAX), a new double-
broadband printed monopole antenna had displayed for this purpose of study. A
rectangular monopole antenna was described that has a printed slot like the letter G
with defected ground plane for band expansion. FR4-Epoxy as dielectric substrate
was used for this antenna. Through describing and illustrating the theoretical and
experimental characteristics of the appointed antenna whose selected dimensions are
30 x 48 x 1.6mm3 and the gained impedance bandwidth of 60.26% within the
frequency range (2.4-4.47 GHz) and 28.04% within (4.6-6.1GHz), beside a reflection
coefficient < -10 dBs, It is shown by the characteristics obtained that the operation of
the antenna covers a wide range of frequencies including WLAN bands and Wi-
MAX bands [33].



1.3.2.2 Multiband Miniaturized Planar Antenna for Wi-MAX, WLAN, UMTS
and GSM Bands

In this work, the radiated patch and the ground plane of antenna were exploited by a
new technique that used a set of slits and slots to access multiple bands performance.
This microstrip compact antenna was designed for contemporary applications of
mobile phone and also appropriate for many wireless portable devices. The wireless
communication ranges covered by the studied antenna were as follows: PCS (1850
1990 MHz), GSM (824-894 MHz), Wi-MAX [(2.5-2.69), (5.1-5.8) GHz] and
WLAN (2.4-2.484 GHz). The empirical results obtained were close to simulated
results that showed a good performance of radiant energy in terms of compactness,

return loss and gain [34].

1.3.2.3 Broadband and Multiband Monopole Antenna for GSM900 and other

Wireless Applications

This study displays the design of a multiband compact antenna with a wide
bandwidth. The technique used in this antenna was defected ground structure (DGS)
where the broadband and multiband processes were realized through an E-shaped
aperture within the ground plane. The current distributions, impedance bandwidth,
gain, efficiency and radiation patterns of the antenna were simulated and calculated
by measures and computer simulations. Overall size of compact antenna was
30x40%1.57 mm3. There were three distinguished frequency bands for this antenna,
centered at 4.75, 2.7 and 0.94 GHz. The bands of frequency can be dominated

independently using the parameters of aperture E. [35].



Table 1.1 Wi-MAX and WLAN properties [36]

support MIMO

Specifications | WiMAX WLAN
IEEE Standard | 802.16d,802.16e 802.11
Bandwicth 3.5MHz, 7MHz for 20MHz for 11a,20MHz/40MHz for 11n
support 16d(OFDM)
1.7512.5/3/3.5/5/5.5/7110MHz
for 16e(OFDMA)
Frequency bands | 2.5,3.5 and 5.8GHz 2.4 GHz and 5 GHz supported
supporte supported
Data rate About 70Mbps in OFDM case | maximum supported data rate is 54Mbps in 11a
subcarrier 90KHz for OFDM and 312.5kHz
spacing 11.16KHz for OFDMA
Cyclic Prefix 1/4,1/8,1/16,1/32 same as WiMAX
IFFT point 256 Eoint FFT for OFDM, 64 point FFT including 48 data and 4 pilot
128/512/1024/2048 point FFT | carriers,rest guard carriers and 1 DC
for OFDMA
MIMO support Mobile wimax(OFDMA) 11n version support MIMO

1.4 Objectives of the Thesis

The aim of survey focuses on three major points:

e The first one is miniaturization the size of the microstrip patch by using
Complementary Split Ring Resonator (CSRR), Circular Head Dumbbell
Structure (CHDS), Rectangular Ruler Patches (RRPs), Circular Ring Patches
(CRPs) and Circular patch (CP).

e The second is design a multi-band rectangular microstrip patch antennas with

spacious bandwidth and high return loss, also improvement the performance

of Wi-MAX and GPS applications.

e The third is study the behavior of CHDS on three types of conventional

antennas, where RIS in this case behaves as main patch of antenna and CHDS

as a redirector.

The RISs have used as secondary or additional patches with CSRR and as main
patches with CHDS in order to enhance the antenna performance, where CSRR
behaves like a metamaterial structure defected from the main patch and CHDS

behaves as a redirector.
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1.5 Thesis Organization

The research methodology has organized with the following sections:

Chapter 1- Introduction: This chapter presents some techniques, problems,
solutions, previous studies and study objectives.

Chapter 2- Antenna Procedures Analysis: This chapter displays some
mechanisms, properties and applications of antenna.

Chapter 3- Methodology: In this chapter, the antenna and its associated structures
were designed with a discussion and analysis of each case.

Chapter 4- Result and Discussion: In this chapter, all results were presented,
discussed and analyzed.

Chapter 5- Conclusion: This chapter contains the conclusions reached through the

analytical study of this research.
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CHAPTER 2
ANTENNA PROCEDURES ANALYSIS

2.1 General

It is unquestionable that the antenna in term of size has an inverse proportionality
with the dependable frequency. For the purpose of radiating high frequency
electromagnetic waves efficiently, relatively small sizes of antennas can be designed
and used, but with regard to the lower frequencies, it will demand big antennas. The
patch is designed in a certain way so that it can radiate. Link the patch to a specific
feeder with mutual impedance of 50 ohm. For high polarization with I'" which is
generally recognized as the rate of reflected wave to the fallen wave, the transport
line is fed at the radiated border provided that the matching between transmitter

impedance and antenna impedance is well controlled [37, 38].

2.2 Radiation Mechanization of MPAs

Extension the field between the ground plane and metal of patch can lead to
the concept of MPA radiation term. In another way, coupling the MPA
to a microwave source leads up to stimulate the patch witch distribute +ve
and —ve charges on the superior and minimal surfaces of the patch come
along with the ground plane surface. Therefore, the radiation term can be

abbreviated as the flowing of the surface current on the mineral patch [32].

+4t+th o+t

Figure 2.1 The streaming current density with spread of charges on MPA [32]

12



Phenomenon of charge prevalence implements during the state of domination, where
the metal patch is around of half-wavelength. It is known that the identical charges
alienate each other and the different charges attract each other. This is exactly what
happens to the patch, where each charge on the lower surface of patch begin to repel

the adjacent charge, leading to drift of some of the charges that centered on the edge
towards the upper surface. Outflow of the charges equalizes the current densities ]_t)

and J, of the upper and lower patch surface as shown in Figure 2.1. By the way,
h/W ratio is very small, where h is substrate thickness and W is the patch width. So,
it can be said that the charges will be accumulated beneath the patch, where are
accompanied by streaming of current which takes into consideration the importance
of attractiveness power between that charges. The weakness of magnetic field that
touches the edges of the patch is due to the small amount of current that flows into
the top. Therefore, the tangent magnetic field is approximated to zero, while the
magnetic effect can be placed over the patch surroundings. Compared to the
wavelength, the substrate has very thin thickness (h « A). Accordingly, the field
fluctuations over the height are almost constant and the electric field on the patch
surface is fairly normal. As outcome, there is a possibility to design a patch as a
cavity with effect of electrical walls and just TM styles are applicable for this case.

The electric field distribution of TM;, style is shown in Figure 2.2. [32].

Figure 2.2 Distributed electric field into the microstripe cavity [32]

Radiation is carried out through the four narrow slots of the cavity aspects. Relying

on the valence principle of the Huygens field, the microstripe patch can be illustrated
through the distribution of current densities on the surfaces. ﬁ is the current density
on the upper face while the four lateral vents are expressed by ]_;and WS densities,

conformable to the electric and magnetic fields E, and H, respectively [32].
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Figure 2.3 (a) clarifies the spread of equivalent currents and is given by:
J¢ = ixH, (2.1)
Mg =—-1ix E, (2.2)

For fluffy substrate, it turns out that the patch current at the bottom Ty is much higher
than the top currentT{. It is rounded to zero to denote the lack of radiation and will be

neglected from the distributed current. The current density ]_: and magnetic tangent

field along the edges of patch are also rounded to zero. However, over the patch

perimeter, the equivalent magnetic current density M, is effective and not zero. The
illustration is presented in Figure 2.3 (b). Through the image theory, the importance
of the ground plane can be observed, which is a significant part in supporting and
doubling the magnetic current density. So it can be said that radiation will be
confined to the periphery of the patch as radiant strips in free space which is shown
in Figure 2.3 (c) [32].

(b)

Figure 2.3 Distribution of equivalent current densities on the surfaces of microstrip
rectangular patch: a) Mg, ] and ground plane, b) ground plane [32]
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Figure 2.3 c¢) Distribution of Mg without ground plane [32]

Current density in magnetic form is given through the new equation:

—

M, = —2AxE, (2.3)

The density of the magnetic current within the apertures will be clarified by Figures
2.4 (a) and 2.4 (b). With looking closely at the principle of equivalence, every one of

the vents like a magnetic dipole can radiate the same field beside the current

density M [32].

i

Figure 2.4 Distribution of magnetic current density on the radiant
apertures: a) M;, M,, E; and E, [32]
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(b)
Figure 2.4 b) Distribution of Current density Mg [32]

The vents that are settled along the x-axis produce a zero-beam due to the
distribution of the adverse and equal current on those apertures. On the other hand,
two sets of slots are separated through the length of the patch and are located along
the y-axis with the flowing current densities that have the same phases and
magnitudes. Accordingly, the radiation emitted from the patch can be characterized
in expression of two perpendicular apertures [32].

(/TRadiatingSlots
- L
1
' i
-i l—af ~h |

Figure 2.5 Radiant horizontal slots within rectangular MPA [32]
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It is very difficult to analyze the vertical apertures in a heterogeneous dielectric of
an MPA. So, two planar slots are used instead of vertical as clarified in Figure 2.5.

2.3 Properties of the MPAs

In order to identify the properties of the MPA, several technicalities were suggested
and applied, covering the transport line model, multi-port network model and cavity
model. One of the most suggested models for MPA is the transmission line. MPA in
this model has been presented by two apertures, both have a rise, width and are
separated by the length of transport line. The microstrip is simply defined as a
heterogeneous line with two insulators that are often substrate and air. Most electric

field lines fall within the substrate whereas a few in the air as appeared in Figure 2.6.
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Thus, the transmission line is unable to direct a completely pure transversal
electromagnetic (TEM) and that because of the diverse phase speeds in the substrate
and air. Actually, the quasi-TEM will be the predominant mode of propagation.

Accordingly, the wave propagation calculation needs to obtain an effective dielectric

constant €.¢ [6].

Figure 2.6 Electrical field stripes of MPA [6]

Because the radioactive fields around the patch perimeter are diffuse in the air and
are unrestricted by the dielectric, therefore e..¢ Value slightly lower than €. as a

comparison between them [2], that as clarified by Figure 2.6.

rt+1 r—1 _
Sreffst-Fsz [1+12%] 1/2 (24)

Where,

ereff = Effective dielectric constant
&, = Dielectric constant of substrate
h = Thickness of dielectric substrate
W = Patch width

Figure 2.7 appears ground plane, substrate with thickness (h) and a MPA with L, W
dimensions. The axis of coordination has been chosen in a particular context where
the length, width and thickness of the patch are parallel to the directions of x, y and

z, respectively [6].
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Figure 2.7 Rectangular MPA [6]

The MPA is appeared in Figure 2.8, such as two separated terminal apertures by a
length (L) of transmission line. The two terminal ends of patch are open circuits
therefore the current along the patch width is very low while the voltage is too high.
The edges field effect on ground plane may be set into tangent and ordinary

compounds [6].

Raduating Slots Plane

LY
L 4

Figure 2.8 Upper face of antenna [6]

The electric field that located at the two edges along the width extension W is
divided in a compatible manner into components with adverse directions as appeared
in Fig. 2.9. Since A/2 is the patch length which is accompanied by change of stage
therefore that components will abolish each other in the wide side direction. The
tangent domains are mutually reinforcing in phase so that the most radiation field is
produced toward the composition surface. Through it, the edges that span across the

width can act as two radiant apertures that detached by a length of A / 2 and radiate
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over the ground plane in half space with excitation at the phase. The patch
electrically looks expanded relative to its real physical dimensions [6]. The patch

dimensions have been prolonged now through a distance length AL.

E L
£.H ?.thh l_.

)]

Ground Plane

E H

-

Figure 2.9 Lateral outlook of antenna [6]

(Eregr+0.3) (1-+0.264 )

AL
W 0412 (erefr—0.258)(3+0.8) (2:5)
The effective length of the patch L.g now becomes [6]:
The frequency at which the MPA resonates is given by
fi= ———— 2.7)
T 2Legry/Ho€oy/Erett '
The width and length of the patch is given by
_ 1 2 _vo | 2
W= 2f/Ho€o \| Er+1 zfmlsr+1 (2.8)
1
L= e 29
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Finally, the length and width of ground is given by [6]:

Lg =6h+L (2.10)
Wy = 6h+W (2.11)
Where,

h = Substrate thickness
L = Length of patch

W = Width of patch

Legr = Effective length
€. = Relative permittivity

ereff = Effective permittivity

2.4 Familiar Techniques for Feeding the MPAs

The salient feeding elements include coaxial feeders, microstrip feeders, aperture-
coupled microstrip feeders, proximity-coupled microstrip feeders and coplanar

waveguide feeders. Several factors control the choice of feeding technique.

e The effective transmit of power between the radiant structure and feeding
element is the most important condition, by meaning, compatibility of

impedance matching between the two.

e The reducing of spurious radiance and its influence on the radiation pattern is
one of the essential factors for the feeding valuation. The unwanted radiation
may raise the side lobe level and the cross-polar amplitude of the radiation
pattern [32].
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2.4.1 Coaxial Feeding/ Probe Conjugation:

The microwave transmitted power relies on one of the prime technicalities, which is
the coupling of power through a probe. The focal coaxial conductor end passes
through the substrate then welds with the metallic patch while the second end of the
coaxial is linked with the printed circuit board at the back side. The position of the
feed point must be specified for the designed work so as to achieve the best

impedance matching [32].

Microstrip Patch Antenna

Coax connector

(@) (b)
Figure 2.10 A MPA feeding by coaxial probe: a) Upper View, b) Side View [32]

The simple design of coaxial feeding gives an advantage by permitting to select the
feed point placement for level amendment of the input impedance. But there are
several restrictions. First, makes both industry and the precision of adjustments a
difficult issue due to the coaxial feeding requirement for a big number of solder
joints. Second, a thicker substrate is used for increased bandwidth of a patch antenna,
and that needs longer probe, which causes increase the dispersed radiation from the

probe, increase the feed inductance and increase the surface wave power [32].

2.4.2 Microstrip Line Feeder:

This kind of feeding mechanism utilizes a connecting tape that is linked directly to
the patch edge as shown in Figure 2.11. The strip conductor in comparison with the
patch has small width, and also it can be etched on the substrate as an advantage to

provide a planar structure [22].
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Microstrip Feed

Patch

”

Ground i)lanc

Figure 2.11 Microstrip line feed [22]

The ability of fabrication, forming and simplicity of getting the impedance matching
makes this kind of feeding easier to use. Yet, surface waves and radiation dispersed
from the feeder will be increased if the thickness of the dielectric was increased,
which eventually reduces the bandwidth of antenna. The generating unwanted

radiation produces by cross polarized of feed radiation.

2.4.3 Proximity-Coupled Microstrip Feed:

This type is more difficult in fabrication because of its need to provide compatibility
between the feeding line and patch. Two layers of dielectric are used to support this
type with a patch on the upper layer and a microstrip line on the bottom layer. The

end of feeding line is in the open and beneath the patch.

2.4.4 Aperture-Coupled Microstrip Feed:

In this technique a common ground plane is used as a separator between two
substrates. The microstrip line of feeding which placed on lower substrate in this
case depends on the electromagnetically that can be conjugated to the patch by a slit

within the ground plane.

2.4.5 Coplanar Waveguide Feed:

In this method, the feeder radiation will be ignored because of the CPW effectiveness
where is excavated inside the ground plane. The microstrip line and coaxial feed
have been relied upon. Since, there is a desperate need to get the best impedance
matching, coaxial represents the best solution where it is possible to modify the feed
point and microstrip feeding line that can be engraved on the substrate with the aim

of forming a simple planer antenna [32].
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2.5 MPAs Applications

The strong structure and outstanding performance of MPAs make them very
important in many applications in various fields such as satellite systems, mobile
devices, military systems, medical fields and etc. They are traded commercially and
widely due to the low cost of dielectric material of substrate and ease of fabrication.

Some of MPA applications are addressed as follows [39]:

2.5.1 Satellites and Mobile Communications:

MPA achieves all the requirements of these applications and are suitable for their
design because of its low cost, small structure size and low profile.

2.5.2 Applications of Global Positioning System:

The MPASs provide a very high dielectric permittivity which makes it usable with
these applications. These antennas are compressed in size.

2.5.3 Radio Frequency ldentification (RFID):

The RFID has been used in several areas such as manufacturing, mobile comm-
unications, transportation, health care, logistics and etc. This system ordinarily uses
frequency range between (30 Hz and 5.8 GHz) according to the applications [39].
Actually an RFID system can be described as a reader or transceiver and transponder

or tag.

2.5.4 Radar Application:

The radars have been employed in order to discover the moveable targets like
aircrafts, vehicles, people and etc. The most suitable and optimal choice for radar
system demands is MPA, which is easy in fabrication, inexpensive and small in size

as mentioned previously.

2.5.5 MPA with Miniature Size for Bluetooth Applications:

In this case, the MPA operates in ISM band from 2400 to 2484 MHz. Though an air
substrate is inserted, MPA takes up a tiny volume of 33.3x6.6x0.8 mm3 [39].
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CHAPTER 3
METHODOLOGY OF STRUCTURE DESIGN

3.1 Survey of Structure Design

In this chapter, the methodological design of this project will be described which
covers metamaterial structures, reactive impedance surfaces (RISs), common
conventional and metamaterial antennas emulation. Computer simulation technology
microwave studio (CST MWS) has used. In order to reach the desired target, which
shows the importance of influential elements or RIS and the significant action of
metamaterial in improving the bandwidth and return loss of antenna, there must be

an integrated methodology for that, so it will be clarified in Figure 3.1.

3.2 Scheme of Structure Design

The diagram gives a brief overview of the design method, where each influential
element is tested with the first and second metamaterials. For metamaterial in this
research, the first one is (CSRR) which has good compatibility with MSPA and
depends on harmony with the influential element in terms of shape and measurement
in order to get good results, the second is (CHDS) which acts as a redirector to
exploit the fallen wave in certain applications. This type of metamaterial has the
ability to take full control the antenna and handle various types of influential

elements used with conventional.
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Figure 3.1 Integrated methodology of the study

3.3 Full Antenna Design and Study
The design process in this section will be described in four stages:

e First, conventional antenna or Rectangular Microstrip Patch Antenna design.
e Second, design metamaterial structures and add them to the conventional
antenna.

e Third, design influencial elements and add them to the conventional antenna.

e Fourth, collecting the influential elements or RISs with each metamaterial

and see the impact on MSPA. As well as the positive effect of the
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metamaterials and RISs in optimizing antenna performance and minimizing
the size of the patch will be obvious. The difference between CSRR and
CHDS in terms of placement that the first one was used as an additional
factor to improve the condition of the antenna beside the reactive impedance
surfaces (RISs) where the conventional antenna here consists of ground
plane, two substrates and patch. The second one was used as redirector for
specific applications where the (RIS) here represents the main patch of

conventional antenna.

3.3.1 Design Conventional Antenna (MSPA)

The (MSPA) is designed and the simulation is taken at 4.66 GHz and 5.61 GHz in
order to be compared with the effect of metamaterials and influential elements. 50
ohm matching impedance also is realized. The example in the figure 3.2 will confirm

why impedance matching is essential.

[ rearus i thesr
output amplifier

Srlenna

R, =500

Figure 3.2 Impedance matching [40]

Figure 3.2 shows that antenna impedance must equal the transmitter output
impedance and that is considered indispensable to receive maximum power. The
transmitter output is usually connected to the antenna via a transmission line, which
is typically coax cable. The shape of rectangular microstrip patch antenna will also

be shown in Figure 3.3. The characteristics and dimensions of the conventional
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antenna will be addressed in the Table 3.1. It is also known that the design of the
antenna at operating frequency must have a return loss less than negative 10dB and

this condition is achieved in this project in general.

: !
A L2 P
= | S
= |
; i
—————————————————— ]—__: j_—————————————————-—u
(@)
Tl
2
(b)

Figure 3.3 Upper and side vision dimensions in (mm) of conventional antenna

(MSPA): a) length dimensions, b) thickness dimensions
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Table 3.1 Characteristics and parameters of the conventional antenna ( MSPA )

operating frequency 4.66 GHz and 5.61 GHz
return loss (dB) less than -10dB
feeder coaxial feed
material of patch Copper (pure)
material of ground Copper (pure)
material of substrate FR-4 (Lossy)
effective dielectric constant 4.3
substrate length L1 27 mm
substrate width W1 31.7 mm
patch length L2 24.8 mm
patch width W2 31.2 mm
substrate thickness T1, T2 1.4mmand 0.2 mm
patch thickness T3 0.02 mm
ground thickness (t) 0.017 mm

The conventional antenna is simulated to be able to operate at 4.66 and 5.61 GHz as
resonant frequencies. Simulation model which used has the following settings as
shown in the Table 3.3, mm unit for length and GHz unit for frequency with setting
the simulation boundaries of each direction to free space. Antenna perimeter adjusts
as open space because these settings are used to calculate the farfield radiation

pattern.

Table 3.2 Settings for simulation

length unit measurement mm
frequency unit measurement GHz
boundaries Free space

The feeder used is coaxial feed as mentioned earlier and the simulation frequency
was taken from 1 to 10 GHz. Figure 3.4 shows return loss and impedance value of
conventional antenna at 4.66 and 5.61 GHz with different probe diameters. Changing
the probe diameter of this feeder affects the mutual impedance because the
impedance value will change. In the case of the small diameter about 1.2mm, the
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return loss is (-13.4dB) at 4.65 GHz and (-13.3dB) at 5.6 GHz with impedance value
53 ohm, but when the diameter is bigger such 1.5mm the return loss is (-11.3dB) at
4.67 GHz and (-10.6dB) at 5.62 GHz with impedance value 44 ohm. The best
diameter is 1.3mm which keeps on the impedance value at 50 ohm with return loss
(-12.73dB) at 4.66 GHz and (-12.49dB) at 5.61 GHz. So when the diameter
decreases, the return loss and impedance value increase and when the diameter
increases, the return loss and impedance value decrease. From that can be inferred
that the relationship between the diameter on one hand and return loss and
impedance value on the other hand is inverse. Also change the diameter of probe less

or greater than 1.3mm will make the antenna far from the matching status.

S-Parameters [Magnitude in dB]

—S5...(d=1.2mm ) Impedance=>53 ohm
—S5...(d=1.3mm ) Impedance=50 ohm
il —— S...(d= 1.5mm ) Impedance=44 ohm

-10 -

-12 +

_14 T T T T T T T T T
4 42 44 46 48 5 52 54 56 58 6
Frequency / GHz
(@)
Figure 3.4 Simulation results of return loss for conventional antenna at 4.66 GHz

and 5.61 GHz: a) with impedance value at different probe diameters
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S-Parameters [Magnitude in dB]
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Figure 3.4 b) Return loss at matching impedance of 50 ohm and 1.3mm diameter

3.3.2 Design ( MSPA ) with Metamaterial Structures

Two types of metamaterial structures are designed and used with Rectangular
Microstrip Patch Antenna. The first one is complementary split ring resonator
(CSRR) and the second is circular head dumbbell structure (CHDS). The dimensions
of these structures will be clear in table 3.4 and 3.5. Both of (CSRR) and (CHDS) are

engraved or defected from the patch.

3.3.2.1 Design Array of 3x3 CSRR

The metamaterial structure CSRR in this study consists of 3x3 single rings as array
have the same dimensions and distances between each other. These structures when
added to the conventional antenna had a clear effect on improving bandwidth and
return loss. The technique of CSRR on the patch performs as a shunt LC resonator
for providing a low resonance frequency [17], so it also contributes to minimizing
the patch. The compatibility between CSRR and MSPA has occurred. The role of
CSRR when locates on the patch surface is like a high-quality resonator excited by
the orthogonal electrical field, that can couple the field to the patch for radiance [17].

The shape of the metamaterial structure will display in Figure 3.5.
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Figure 3.5 The shape of the metamaterial structure which used with (MSPA)

and defected from the patch: a) array of complementary split ring

resonators (CSRRs), b) circular split ring

Table 3.3 Dimentions of (CSRR )

distance between rings d1 9mm
g 0.5mm
R 2.3mm
r 1.85mm

3.3.2.2 Design Array of 5x3 CHDS

The metamaterial circular head dumbbell structure consists of 5x3 circles array with
slots used for connecting with each other. This structure was used with three types of
conventional antennas as redirector, so this structure has the ability to control the
properties and applications of the antenna, since it can increase or decrease the
bandwidth and return loss as well as minimize the patch size by shift the frequencies
and make the antenna operates in certain applications. The effective role of CHDS in
collecting and increasing electromagnetic radiation is observed in this study, also its

usage in specific functions for WiMAX and GPS applications. The shape of the

metamaterial structure will be presented in Figure 3.6.
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Figure 3.6 Array of CHDS which used with MSPA

Table 3.4 Dimentions of (CHDS)

D1 6.5mm
D2 6.0mm
B 5.43mm
H 4.57mm
radius 2.3mm

Ground plane

Figure 3.7 The shapes of the metamaterial antennas: a) CSRR antenna

32



Substrate

Redirector

N N
RN

N

A2\

520

Coaxial

73\

N7

N\

CHDS U b8 Gromd plane
(b)

Figure 3.7 b) CHDS antenna

3.3.3 Design ( MSPA ) with Influential Elements

Typically, frequency selective surfaces are known as a composite materials designed
to be clear in some frequency bands while absorbing, reflective or redirecting to
others. They are typically composed of metal and flat shape. In this study, three types
of influential elements or RISs were designed and placed between the two substrates
of conventional antenna in order to improve antenna performance, which are
rectangular ruler patches (RRPs), circular ring patches (CRPs) and circular patch
(CP).

3.3.3.1 RRPs and CP Elements

RRPs consist of 15 rectangular patches located like horizontal rows between the two
substrates. CP is a single circle located between the two substrates. The effect of
rectangular ruler patches and circular patch was positive in improving bandwidth and
return loss. The return loss is represented by the ratio of reflected power to input
power (Pr/P1), so the output or reflected power of antenna will increase by using
RRPs or CP. In general, a small or large shift of frequencies may occur when using
additional structures with the antenna. However, it will be noticed in the results
chapter that these structures have not caused significant shift for frequencies with the
creation of an extra band by CP and that relates to the concept of selectivity, where
the energy must be absorbed and/or redirected for frequency selectivity or filtering

[41]. The extra frequency band of CP gave a good reduction to the size of the patch,
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which will be observed in Chapter 4. The sections (c) and (d) of figure 3.8 show that
field lines are perpendicular to the surfaces of the circle and straight rod at every
point [42]. The created magnetic field lines become closer together and result in an
intensity of the magnetic field at the middle section [42]. According to Faraday's law,
the changing in magnetic field at the end will induce an electromagnetic field that
leads to create a new magnetic field which is opposed to the change in that field. This
will cause interference between the two magnetic fields, leading to the new form of
reflected power and frequency selectivity [41]. Also with high matching impedance
between the transmitting and feeding, the return loss and bandwidth of antenna will
be increased.

- LS -
w3 |
D
d2
(a) (b)
(d)

Figure 3.8 The shapes of the RISs with distribution of magnetic flux:
a) RRPs, b) CP, ¢) magnetic field lines of straight rod [42],

d) magnetic field lines of circle [42]
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Table 3.5 Dimentions of RRPS and CP

material of RRPs and CP | copper pure
d2 imm
L3 25mm
W3 29mm
diameter of CP (D) 18mm
RRPs and CP thickness 0.017mm

3.3.3.2 CRPs Elements

CRPs consist of 9 rings as array 3x3 located between the two substrates. This rings
had a slightly negative effect by reducing bandwidth and return loss of MSPA. The
main reason is that the applied rings cause absorption and dissipation of some input
power to reflect less power. The dielectric permittivity, elements spacing, angle of
wave incidence and the overall rings size have a considerable effect on the
resonances [19]. Energy absorption is not always a negative matter for antennas,
sometimes it is invested for specific applications in aircraft, ships and so on [41]. It
will be observed later on how this effect is exploited by CHDS redirector in WiMAX
and GPS applications. Figure 3.9 illustrated the shape of these influential elements

with their dimensions and distribution of magnetic field lines.

6. 9morn

(a) (b)

Figure 3.9 The shape of the RIS with distribution of magnetic flux:

a) CRPs, b) magnetic field lines of circular ring [43]
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Figure 3.10 The inside view of RISs shapes incorporated with conventional
antenna: a) RRPs antenna, b) CRPs antenna c) CP antenna

It is important to mention that these RISs act as additional influencing elements for
the traditional antenna when employing the structure CSRR, but behave as part from
traditional antenna or the main patches when CHDS is used.

3.3.4 Full Antenna Design with Metamaterial and Influential Elements

In this part, metamaterials and influential elements will be incorporated with the
conventional antenna to build an integrated antenna which represents the last model
of antenna design. Several objects will be discussed in this section of the chapter that
include the results of combining these RISs with the metamaterials in order to show
the reaction on the antenna. Six cases of an integrated antenna are presented and each
case will be discussed separately:

e The first case involves the insertion of RRPs with CSRR.

e The second case involves the insertion of RRPs with CHDS.

e The third case involves the insertion of CRPs with CSRR.

e The fourth case involves the insertion of CRPs with CHDS.

e The fifth case involves the insertion of CP with CSRR.

e The sixth case involves the insertion of CP with CHDS.
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3.3.4.1 First Case ( RRPs with CSRR)

As aforementioned, the effect of (RRPs) element and (CSRR) metamaterial was
positive in expanding the bandwidth and improving return loss of conventional
antenna. Inserting them together with the conventional antenna has generated four
bands instead of two to make the antenna operate at 4.36 GHz, 4.7 GHz, 5.6 GHz
and 5.99 GHz with high return loss, so that represents an advantage for this antenna.
The CSRR metamaterial absorbed the power produced by the RRPs effect to redirect
it with two extra bands and with higher reflection for radiation power. The created
frequency band 4.36 GHz gives a minimization in the size of the patch. The
frequency resonators depend on the angle of energy wave incidence and the spacing
between metamaterial rings, according to [41]. The length, width, number of rulers
and distance between them for (RRPSs) represent the best measurements according to
the results. The changing in some of that dimensions reduced the return loss of all
bands with the emergence of a new band at GPS frequency range. The new band in
this case caused a high miniaturization for the patch and that from the desired goals.

Figure 3.11 will display steps of access to the integrated antenna.
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Figure 3.11 The stages of integrated antenna construction: a) RRPs,
b) defected patch for CSRR, c) insert RRPs between the two

substrates, d) integrated antenna
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3.3.4.2 Second Case (RRPs with CHDS)

Despite the positive effect of the (RRPs) on conventional antenna at 4.6 GHz and
5.58 GHz, the incorporation of RRPs and CHDS in the same antenna led to removal
of one of the bands as well as reduce the second bandwidth and return loss in
comparison with effect of RRPs only. The behavior of CHDS redirector in this case
showed a high dispersion of energy with a sharp drop in reflection. Anyway, that
behavior will be studied in chapter 4. Figure 3.12 shows stages of access to the

integrated antenna.
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Figure 3.12 The stages of integrated antenna construction: a) RRPs, b) CHDS

redirector, ¢) insert RRPs between the two substrates, d) integrated antenna

38



3.3.4.3 Third Case (CRPs with CSRR)

Conventional antenna plus (CSRR) metamaterial operates at 4.4 GHz and 5.24 GHz
with good improvement. In this case the influence was reducing the number of bands
to make the antenna work at 4.52 GHz only. This type of metamaterial depends on
the amount of energy that falls on it, the incidence angle and the dimensions of rings.
Therefore, CSRR behavior was due to the low energy of CRPs, also after changing
the radius of (CRPs), radius of (CSRR) and the distance between rings of (CRPs), the
second band returned and the antenna operated at 4.51 GHz and 5.46 GHz with
reduction in bandwidth and return loss compared with effect of CSRR only. Figure

3.13 will show steps of access to the integrated antenna.

(@) (b)
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Q O O

(c) (d)

Figure 3.13 The stages of integrated antenna construction: a) CRPs,
b) defected patch for CSRR, c) insert CRPs between the two

substrates, d) integrated antenna
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3.3.4.4 Fourth case (CRPs with CHDS)

This case shows the positive effect of redirector (CHDS) on CRPs antenna. In spite
of the negative effect of CRPs on MSPA, its merging with CHDS into the same
antenna gave good results. The integrated antenna operates at 5.68 GHz and 1.55
GHz with high return loss and enhanced bandwidth with a significant miniaturization
for the patch. Sometimes, the negative reaction of these structures may be a reason
for achieving good results. The good results obtained are not only due to the
harmonic factor but because of the dominant behavior of this redirector which will be
studied with simulation results in Chapter 4. Figure 3.14 appears the steps of access

to the integrated antenna.
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Figure 3.14 The stages of integrated antenna construction: a) CRPs, b) CHDS

—~
o
~

redirector, ¢) insert CRPs between the two substrates, d) integrated antenna
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3.3.4.5. Fifth Case (CP with CSRR)

Adding CP with the conventional antenna showed a clear effect in improving the
bandwidth and return loss. In particular increase the number of bands to make the
antenna operate at 5.65 GHz, 4.69 GHz and 2.66 GHz with high return loss. The
frequency band 2.66 GHz gives high reduction in patch size. The good results
depend on the diameter of the CP, less or more than 16mm make the return losses
start to fall. The effect of CSRR also depends on diameter of CP, as example at
D=16mm the return losses reduced but at D=26mm the return loss and bandwidth
were improved although 26mm had a much lower impact than 16mm on the
conventional antenna. So the behavior of this type of metamaterial varies according
to the change in dimensions of RISs and requires compatibility with influential
element to obtain good results. It can be noted that CSRR metamaterial has an
opposite behavior in comparison with the CHDS which is not affected by the change
in dimensions but instead of that imposes its influence on antenna in general. Figure

3.15 appears the steps of access to the integrated antenna.

(a) (b)

Figure 3.15 The stages of integrated antenna construction: a) CP,
b) defected patch for CSRR
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Figure 3.15 c) insert CP between the two substrates, d) integrated antenna

3.3.4.6 Sixth case (CP with CHDS)

Merging CP and CHDS into the same antenna clarified much of the CHDS strategy
where its behavior does not change even with change of CP diameter. The behavior
of this structure is positive for some frequencies, which significantly increases return
losses and bandwidth and negative for other frequencies where it removes a full band
of those frequencies. Through the results obtained, the fixed behavior of the CHDS
strengthens the WiMAX and GPS frequencies, but not in all cases there are certain
conditions for its behavior will be explained in detail in the results chapter. Figure

3.16 appears the steps of access to the integrated antenna.

(a) (b)

Figure 3.16 The stages of integrated antenna construction: a) CP,
b) defected patch for CHDS
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Figure 3.16 c) insert CP between the two substrates, d) integrated antenna
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CHAPTER 4
RESULTS AND DISCUSSION
4.1 Introduction

The microstrip rectangular patch antenna with two types of metamaterials and three
types of influential elements were designed in Chapter 3. The method of design and
synthesis has been clearly explained with figures and tables. In this chapter the
results and comparisons between (MSPA) and effect of other structures will be
presented.

4.2 Comparison between the Previous Work and the Current Work by CST

Program

In this section, there will be a comparison between my work and previous work,
which is (Design and Characterization of Miniaturized Patch Antennas Loaded with

Complementary Split-Ring Resonators) [17].

4.2.1 Configuration

S Sorty

r \ . T
Reactive N\ R
. N\ esfguntiavetlsnen]
| d A . el uti ant s
mpedance W\ frestiiyatiansises:
“““‘&ﬁ"“\““

(b)

Figure 4.1 Configurations of the proposed CSRR-loaded patch antenna over an
RIS: a) Perspective view of [17], b) current work
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Figure 4.1 c) side view of [17], d) top view of [17], e) top view of current work
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4.2.2 Simulation Results
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Figure 4.2 Comparison of simulation results at various numbers of RIS:
a) [17], b) current work
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Figure 4.3 Comparison of simulation results at various dimensions of RIS:

a) [17], b) current work
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Figure 4.4 Comparison of simulation results at various thicknesses of substrate:
a) [17], b) current work

Through the comparison, it was noted that the results were very close and thus will

be as backing for the new work.
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4.3 MSPA with RISs at 4.66 GHz and 5.61 GHz

This section includes a comparison between the conventional antenna and the
influence of elements at 4.66 GHz and 5.61 GHz. The simulation of all were taken to

display the difference in terms of bandwidth, return loss and radiation pattern.

4.3.1 MSPA with RRPs Effect

Through simulation results the impact of RRPs in increasing the return losses and
bandwidth was obvious.

4.3.1.1 Return Loss Simulation

S-Parameters [Magnitude in dB]

—— 51,1 Conventional antenna
----- 51,1 RRPs effect

Frequency / GHz

Figure 4.5 Comparison of return losses between MSPA and RRPs antenna

Figure 4.5 appears the return loss curve S1,1 of the conventional antenna compared
to the return loss curve S1,1 of RRPs. It is clear now that inserting RRPs with
conventional antenna gives better results by raising the return losses to -14.7dB and
-15.4dB at 4.68 GHz and 5.58 GHz respectively compared with results of
conventional without RRPs which are -12.7dB and -12.5dB at 4.66 GHz and 5.61
GHz respectively. Note that RRPs causes slightly shifting in frequencies of MSPA
about 20 to 30 MHz. The operating bands of antenna with RRPs are between 4.636
GHz to 4.745 GHz and 5.512 GHz to 5.704 GHz, so bandwidths of RRPs-effect
antenna are 109 MHz at 4.68 GHz and 192 MHz at 5.58 GHz compared with
conventional antenna which has lower bandwidth about 95 MHz at 4.66 GHz and
114 MHz at 5.61 GHz. So with RRPs, the bandwidth increases by 14% and 68%

respectively.
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4.3.1.2 Radiation Pattern Simulation

3D radiation pattern and polar plot for both conventional antenna and RRPs-effect
antenna were simulated. The simulating results appear in Figure 4.6, where (a), (b),
(c), (d) refer to radiation pattern and in Figure 4.7, where (a), (b), (c), (d) refer to
polar plot. As shown in figure the directivity of conventional antenna is 5.17 dBi and
5.41 dBi at 4.66 GHz and 5.61 GHz respectively, while the directivity of RRPs
antenna is 5.21 dBi and 5.45 dBi at 4.68 GHz and 5.58 GHz respectively, so the
directivity of antenna with inserting RRPs is partially higher than conventional
directivity. The beam main lobe direction of conventional antenna is 3 degree with
beam width 108.9 degree at 4.66 GHz and 8 degree with beam width 70 degree at
5.61 GHz. The beam main lobe direction of RRPs antenna is 2 degree with beam
width 107.8 degree at 4.68 GHz and 9 degree with beam width 67.3 degree at 5.58
GHz. Table 4.1 Shows the characteristics that distinguish between the two antennas.
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Figure 4.6 Radiation pattern (RP) : a) RP of MSPA at 4.66 GHz, b) RP of RRPs
antenna at 4.68 GHz, c) RP of MSPA at 5.61 GHz, d) RP of RRPs antenna
at 5.58 GHz
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Figure 4.7 Polar plot (PP): a) PP of MSPA at 4.66 GHz, b) PP of RRPs at
4.68 GHz c) PP of MSPA at 5.61 GHz, d) PP of RRPs at 5.58 GHz

Table 4.1 Comparison between conventional and RRPs antennas

Parameter conventional antenna RRPs antenna at
at 4.66 GHz 4.68 GHz
Return loss dB -12.7 -14.7
Bandwidth MHz 95 109
Directivity dBi 5.17 521
Parameter conventional antenna RRPs antenna at
at 5.61 GHz 5.58 GHz
Return loss dB -12.5 -15.4
Bandwidth MHz 114 192
Directivity dBi 541 5.45
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4.3.2 MSPA with CP Effect

Through simulation results the effect of CP was increasing the return losses,

bandwidth, number of bands and minimize the patch size.

4.3.2.1 Return Loss Simulation
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Figure 4.8 Comparison of return losses between MSPA and CP antenna

Figure 4.8 appears the return loss curve S1,1 of the conventional antenna compared
to the return loss curve S1,1 of CP. Merging CP with conventional antenna gives
better results by increasing the return losses to -25.9dB, -33dB and -19.7dB at 2.65
GHz, 4.69 GHz and 5.65 GHz respectively compared with results of conventional
without CP which are -12.7dB and -12.5dB at 4.66 GHz and 5.61 GHz respectively.
Note that CP causes slightly shifting in frequencies of MSPA about 30 to 40 MHz
and the new created band reduced the size of patch almost by 0.43 and 0.53
respectively. The operating bands of antenna with CP are between 4.640 GHz to
4.746 GHz, 5.590 GHz to 5.725 GHz and 2.631 GHz to 2.688 GHz, so bandwidths
of CP-effect antenna are 106 MHz at 4.69 GHz, 135 MHz at 5.65 GHz and 57 MHz
at 2.65 GHz compared with conventional antenna which has lower bandwidth about
95 MHz at 4.66 GHz and 114 MHz at 5.61 GHz. so with CP, the bandwidth

increases by 11% and 18% respectively plus a new band.
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4.3.2.2 Radiation Pattern Simulation

3D radiation pattern and polar plot for both conventional antenna and CP-effect
antenna were simulated. The simulating results appear in Figure 4.9, where (a), (b),
(c), (d), (e) refer to radiation pattern and in Figure 4.10, where (a), (b), (c), (d), (e)
refer to polar plot. As shown in figure the directivity of conventional antenna is 5.17
dBi and 5.41 dBi at 4.66 GHz and 5.61 GHz respectively, while the directivity of CP
antenna is 5.31 dBi, 5.26 dBi and 2.23 dBi at 4.69 GHz, 5.65 GHz and 2.65 GHz
respectively. Thus, the directivity of antenna with merging CP is slightly greater than
conventional directivity at 4.6 GHz and less than directivity of conventional at 5.6
GHz with extra one at 2.65 GHz. The beam main lobe direction of conventional
antenna is 3 degree with beam width 108.9 degree at 4.66 GHz and 8 degree with
beam width 70 degree at 5.61 GHz. The beam main lobe direction of CP antenna is 2
degree with beam width 109.1 degree at 4.69 GHz, 10 degree with beam width 65.3
degree at 5.65 GHz and 1 degree with beam width 97.6 degree at 2.65 GHz. Table

4.2 Shows the characteristics that distinguish between the two antennas.
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Figure 4.9 Radiation pattern (RP): a) RP of MSPA at 4.66 GHz,
b) RP of CP antenna at 4.69 GHz
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Figure 4.9 ¢) RP of MSPA at 5.61 GHz, d) RP of CP antenna at
5.65 GHz, e) RP of CP antenna at 2.65 GHz
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Figure 4.10 Polar plot (PP): a) PP of MSPA at 4.66 GHz, b) PP of CP at 4.69 GHz
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Figure 4.10 c) PP of MSPA at 5.61 GHz, d) PP of CP at 5.65 GHz,

e) PP of CP at 2.65 GHz

Table 4.2 Comparison between conventional and CP antennas

Parameter Conventional antennaat | CP antenna at
4.66 GHz 4.69 GHz
Return loss dB -12.7 -33
Bandwidth MHz 95 106
Directivity dBi 5.17 531
Parameter conventional antenna at CP antenna at
5.61 GHz 5.65 GHz
Return loss dB -12.5 -19.7
Bandwidth MHz 114 135
Directivity dBi 541 5.26
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Notice that CP antenna has extra band with parameters -25.9 dB return loss, 57 MHz
bandwidth and 2.23 dBi directivity.

4.3.3 MSPA with CRPs Effect

Through simulation results the effect of CRPs was negative on antenna where caused
the reduction of return losses and bandwidth. Figure 4.11 shows return loss

simulation.
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Figure 4.11 Comparison of return losses between MSPA and CRPs antenna

Figure 4.11 appears the return loss curve S1,1 of the conventional antenna compared
to the return loss curve S1,1 of CRPs. Adding CRPs to conventional antenna gives
bad results by decreasing the return losses to -12dB and -11.7dB at 4.66 GHz and
5.61 GHz respectively, compared with results of conventional. Also CRPs-effect
antenna has lower bandwidth than conventional with 89 MHz at 4.66 GHz and 103
MHz at 5.61 GHz. Conclude that the use of CRPs alone with MSPA is negative, later

will see its importance when combines with CHDS redirector.
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4.3.4 Comparison between the Influential Elements

In this part will see which one of the elements had a greater impact on the antenna.

All the parameters clear in Table 4.3.

Table 4.3 Comparison between influential elements

Parameter RRPs antennaat | CP antennaat | CRPs antenna at
4.68 GHz 4.69 GHz 4.66 GHz
Return loss dB -14.7 -33 -12
Bandwidth MHz 109 106 89
Directivity dBi 521 5.31 5.16
Parameter RRPs antennaat | CP antennaat | CRPs antenna at
5.58 GHz 5.65 GHz 5.61 GHz
Return loss dB -15.4 -19.7 -11.7
Bandwidth MHz 192 135 103
Directivity dBi 5.45 5.26 5.34
Parameter RRPs antennaat | CP antennaat | CRPs antenna at
2.65 GHz 2.65 GHz 2.65 GHz
ReturnlossdB | - 259 | -
Bandwidth MHz | - 57 | -
DirectivitydBi |  ----- 223 | -

4.4 MSPA with Metamaterials at 4.66 GHz and 5.61 GHz

This section includes a comparison between the conventional antenna and the
metamaterial antennas at 4.66 GHz and 5.61 GHz. The simulation of all were taken

to appear the difference in terms of return loss, bandwidth and radiation pattern.

4.4.1 MSPA with CSRR Metamaterial

Through simulation results the action of CSRR in increasing the return losses was

evident with slight increase in bandwidth as well as miniaturize the size of patch.
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4.4.1.1 Return Loss Simulation
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Figure 4.12 Comparison of return losses between conventional and CSRR antennas

Figure 4.12 appears the return loss curve S1,1 of the conventional antenna compared
to the return loss curve S1,1 of CSRR. The use of CSRR metamaterial with
conventional antenna gives good results by enhancing the return losses to -25.7dB
and -31dB at 4.4 GHz and 5.24 GHz respectively, compared with results of
conventional without CSRR which are -12.7dB and -12.5dB at 4.66 GHz and 5.61
GHz respectively. Note that CSRR causes a high shifting in frequencies of MSPA
about 260 MHz and 370 MHz and that depends on the spacing between rings and
area of radiation paths. The shifted band 5.24 GHz gave miniaturization to the patch
size about 0.06 and the shifted band 4.4 GHz gave miniaturization about 0.05 and
0.21 respectively. The operating bands of antenna with CSRR are between 4.355
GHz to 4.450 GHz and 5.187 GHz to 5.304 GHz, so bandwidths of CSRR antenna
are 95 MHz at 4.4 GHz and 117 MHz at 5.24 GHz compared with conventional
antenna which has the same bandwidth of 95 MHz at 4.66 GHz and lower bandwidth
of 114 MHz at 5.61 GHz.

4.4.1.2 Radiation Pattern Simulation

3D radiation pattern and polar plot for both conventional antenna and CSRR antenna
were simulated . The directivity of conventional antenna is 5.17 dBi and 5.41 dBi at
4.66 GHz and 5.61 GHz respectively, while the directivity of CSRR antenna is 4.97
dBi and 5.08 dBi at 4.4 GHz and 5.24 GHz respectively, so the directivity of antenna
with CSRR is partially less than conventional directivity. The beam main lobe

direction of conventional antenna is 3 degree with beam width 108.9 degree at 4.66
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GHz and 8 degree with beam width 70 degree at 5.61 GHz. The beam main lobe
direction of CSRR antenna is 7 degree with beam width 114.3 degree at 4.4 GHz and
7 degree with beam width 74.1 degree at 5.24 GHz. Table 4.4 Shows the

characteristics that distinguish between the two antennas.

Table 4.4 Comparison between conventional and CSRR antennas

Parameter conventional antenna at | CSRR antenna at 4.4
4.66 GHz GHz
Return loss dB -12.7 -25.7
Bandwidth MHz 95 95
Directivity dBi 5.17 4.97
Parameter conventional antenna at | CSRR antenna at 5.24
5.61 GHz GHz
Return loss dB -12.5 -31
Bandwidth MHz 114 117
Directivity dBi 541 5.08

4.4.2 MSPA with CHDS Metamaterial

This type of CHDS can not be used alone with the antenna because the probe
inserted inside the defected CHDS ring without touching the patch, so the role of this
structure here as redirector for new frequency selectivity, improved properties and
new applications. The probe will be connected to RISs between the substrates and
this is what the CHDS will depend on as redirector.

4.5 MSPA with RISs and Metamaterial Structures

In this most important part, the influencing elements will be integrated with the
metamaterial structures to configure a complementary antenna. The behavior and
impact of the metamaterial will be evident. There will also be comparisons showing
the difference between the use of the influencing element and the metamaterial alone
and when used together with the antenna.
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4.5.1 Conventional Antenna with RRPs and CSRR

The simulation results show that insertion of RRPs with CSRR generated four bands
with high return loss, so that gives the antenna a multi-band characteristic as well as

miniaturize the patch size.

45.1.1 Return Loss Simulation

S-Parameters [Magnitude in dB]

— 51,1 Conventional +RRPs+CSRR

1]
15 ]
]
5]
]

-35

-40 t t t t t t t t t t t
4 42 44 46 48 5 52 54 56 58 b 6.2 64
Frequency / GHz

Figure 4.13 Return loss of complementary antenna (MSPA+RRPs+CSRR)

Figure 4.13 appears the return loss curve S1,1 of the integrated antenna which
consists of conventional antenna, rectangular ruler patches and complementary split
ring resonator. The use of RRPs and CSRR metamaterial together with conventional
antenna give better results by increasing the number of bandwidth and enhancing the
return loss. Complementary antenna operates at 4.36 GHz, 4.7 GHz, 5.6 GHz and
5.99 GHz with return loss -29.4dB, -39.4dB, -23.6dB and -20dB respectively. The
operating bands of antenna are between 4.316 to 4.407 GHz, 4.655 to 4.750 GHz,
5.537 to 5.695 GHz and 5.906 to 6.068 GHz, so bandwidths of antenna are 91 MHz
at 4.36 GHz, 95 MHz at 4.7 GHz, 158 MHz at 5.6 GHz and 162 MHz at 5.99 GHz.
In the case of this integrated antenna, notice that the two bands of 4.7 GHz and 5.608
GHz have a very low shift about 40 MHz and 8 MHz respectively, compared with
conventional which operates at 4.66 GHz and 5.616 GHz. The created new band at
4.36 GHz minimizes the size of the patch by 0.06 and 0.22 respectively. Figure 4.14

shows the return loss simulation of conventional and complementary antennas.
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Figure 4.14 Return losses of complementary and conventional antennas

Conclude from Figure 4.14 that the adding of RRPS with CSRR also reduces the
shift of bands to other frequencies to make the merged antenna close to matching

conventional antenna frequencies with created two extra bands.

4.5.1.2 Radiation Pattern Simulation

3D radiation pattern and polar plot for complementary antenna were simulated. The
simulating results appear in Figure 4.15, where (a), (b), (c), (d) refer to radiation
pattern and in Figure 4.16, where (a), (b), (c), (d) refer to polar plot. The directivity
of antenna is 4.87 dBi, 4.74 dBi, 5.15 dBi and 5.16 dBi at 4.36 GHz, 4.7 GHz, 5.6
GHz and 5.99 GHz respectively. The beam main lobe direction is 6 degree with
beam width 112.7 degree at 4.36 GHz, 3 degree with beam width 116.5 degree at 4.7
GHz, 10 degree with beam width 62 degree at 5.6 GHz and 5 degree with beam
width 112.8 degree at 599 GHz. Table 4.5 shows the characteristics of

complementary antenna.
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Figure 4.15 Radiation pattern (RP) of complementary antenna: a) RP at 4.36 GHz,
b) RP at 4.7 GHz, c) RP at 5.6 GHz, d) RP at 5.99 GHz
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Figure 4.16 Polar plot (PP) of complementary antenna a) PP at 4.36 GHz,
b) PP at 4.7 GHz, c) PP at 5.6 GHz, d) PP at 5.99 GHz

Table 4.5 Characteristics of complementary antenna

Parameter at4.36 |at4.7 GHz | at 5.6 GHz at5.99
GHz GHz
Return loss dB -29.4 -39.4 -23.6 -20
Bandwidth MHz 91 95 158 162
Directivity dBi 4.87 4,74 5.15 5.16
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4.5.1.3 Change RRPs Dimensions to Minimize the Patch

=== 51,1 d2=2mm and D=1.5mm (11units)

S-Parameters 51,1 d2=4mm and D=2.5mm (5 units)

----- 51,1 d2=6mm and D=3.5mm (5 units)
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Figure 4.17 Return loss at variable width d2, variable distance

between units D and variable number of units.

Figure 4.17 Shows that by increasing the width and distance between RRPs, the
return loss of Wi-MAX band will decrease and return loss of GPS band increase.
Since, that increase effected on the coupling values between complementary split
rings which led to shift the resonant frequencies. The shifted band at 1.3 GHz gave a

high miniaturization to the patch size about 0.72 and 0.77 respectively.

4.5.2 Conventional Antenna with CRPs and CHDS

As mentioned previously that the effect of CRPs was negative on antenna but after
adding with CHDS which behaves as redirector, the simulation results showed

enhancing in return loss and bandwidth with significantly lower patch size.
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45.2.1 Return Loss Simulation
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Figure 4.18 Return loss of complementary antenna

(MSPA+CRPs+CHDSS)

Figure 4.18 appears the return loss curve S1,1 of the integrated antenna which
consists of conventional antenna, circular ring patches and circular head dumbbell
structures redirector. The use of CRPs and CHDS metamaterial together with
conventional antenna gives better results by enhancing the return loss and bandwidth.
Complementary antenna operates at 5.68 GHz and 1.55 GHz with return loss
-29.5dB and -20 .95dB respectively. The operating bands of antenna are between
5.616 to 5.739 GHz and 1.534 to 1.570 GHz, so bandwidths of antenna are 123 MHz
at 5.68 GHz and 36 MHz at 1.55 GHz. In the case of this integrated antenna, notice
that the CHDS caused transition the band of 4.66 GHz to 1.55 GHz as compared with
the use of CRPs alone and that gave a high reduction in patch size about 0.67 and
0.72 respectively. Figure 4.19 shows the comparison between CRPs antenna and
redirected complementary antenna through the return loss simulation.
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Figure 4.19 Return loss simulation of CRPs and

complementary antennas

Figure 4.19 demonstrates the behavior of the CHDS redirector in improvement the
return loss and bandwidith of 5.6 GHz and 1.5 GHz to give the antenna special
characteristics to work in the applications of WiMAX and GSM, plus large reduction

for patch size.

4.5.2.2 Radiation Pattern Simulation

3D radiation pattern and polar plot for complementary antenna were simulated. The
simulating results appear in Figure 4.20, where (a), (b) refer to radiation pattern and
(c), (d) refer to polar plot. The directivity of antenna is 5.35 dBi and 3.38 dBi at 5.68
GHz and 1.55 GHz respectively. The beam main lobe direction is 7 degree with
beam width 68 degree at 5.68 GHz and 3 degree with beam width 107.4 degree at
1.55 GHz. Table 4.6 Shows the characteristics of complementary antenna.
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Figure 4.20 Radiation pattern (RP) and polar plot (PP) of complementary
antenna: a) RP at 5.68 GHz, b) RP at 1.55 GHz,
c) PP at 5.68 GHz, d) PP at 1.55 GHz

Table 4.6 Characteristics of complementary antenna

Parameter at 5.68 GHz at 1.55 GHz
Return loss dB -29.5 -20.95
Bandwidth MHz 123 36
Directivity dBi 5.35 3.38
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4.5.3 Study the Behavior of CHDS on CP, CRPs and RRPs

Observed through the simulation results that insertion of circular patch CP, RRPs or
CRPs with CHDS shows a dominant and consistent behavior of this structure on
antenna. Analysis of this behavior would require many tests with several reactive
impedance surfaces RISs that operate at different frequencies. However, the use of
CP as a major patch of antenna with CHDS as redirector was very important to
understand that behavior because changing the diameter of CP in each case was
given a new resonant frequency with the conventional antenna, on the other hand use
of RRPs and CRPs also significant to test some different shapes with different

dimensions.

45.3.1 CP at Diameter (10mm)

As previously mentioned, the return loss of conventional antenna is -12.2dB at 4.66
GHz and -12.1dB at 5.61GHz. Return loss of CP at D=10mm without CHDS is less
than conventional just -10.1dB at 5.7 GHz. Adding CHDS increased the return loss
to -22dB, also enhanced the bandwidth from 12MHz to132MHz.
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Figure 4.21 Comparison between the CP antenna with diameter
of 10 mm and the effect of CHDS behavior
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4.5.3.2 CP at Diameter (14mm)

Return loss of CP at D=14mm without CHDS is higher than conventional and has
three bands, -22.8 dB at 5.66 GHz, -22.6 dB at 4.7 GHz and -13.8 dB at 3.1 GHz
with good bandwidth of 132 MHz, 95 MHz and 62 MHz respectively. Also the
created band at 3.1 GHz minimizes the patch by 0.33 and 0.45 respectively. Adding
CHDS removed the band of 4.7 GHz and 3.1 GHz with raise in return loss of 5.6
GHz to -35.5 dB and reducing the bandwidth.
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Figure 4.22 Comparison between the CP antenna with diameter
of 14mm and the effect of CHDS behavior

4.5.3.3 CP at Diameter (18mm)

Return loss of CP at D=18mm without CHDS has three bands, -18.46dB at 5.65
GHz, -26.5dB at 4.68 GHz and -12.5dB at 2.3 GHz with good bandwidth of 135
MHz, 110 MHz and 32 MHz respectively. The created band at 2.3 GHz minimizes
the patch by 0.50 and 0.59 respectively. Adding CHDS removed the band of 4.68
GHz with decrease in return loss of 5.6 GHz to -13.6dB and shift the band of 2.3
GHz to 1.3 GHz with high return loss of -24dB and 37 MHz bandwidth. The shifted
band at 1.3 GHz by effect of CHDS gives a high miniaturization to the patch size
about 0.72 and 0.77 respectively.
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Figure 4.23 Comparison between the CP antenna with diameter

of 18mm and the effect of CHDS behavior

4.5.3.4 CHDS with CRPs

Return loss of CRPs without CHDS is less than conventional of -12 dB at 4.66 GHz
and -11.7 dB at 5.61 GHz with less bandwidth of 89 MHz and 103 MHz
respectively. Adding CHDS improved the return loss and bandwidth to -28.2 dB and
123 MHz at 5.68 GHz and shifted the band of 4.66 GHz to 1.55 GHz with increase in
return loss of -20.8 dB and 38 MHz.
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Figure 4.24 Comparison between the CRPs antenna

and the effect of CHDS behavior
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4.5.3.5 CHDS with RRPs

Return loss of RRPs without CHDS is -14.7 dB at 4.68 GHz and -15.4 dB at 5.58
GHz with bandwidth of 109 MHz and 192 MHz respectively. Adding CHDS reduced
the return loss and bandwidth to -11.16 dB and 52 MHz at 5.58 GHz and removed

the band of 4.68 GHz.

S-Parameters [Magnitude in dB]

— 51,1 MSPA+RRPs
''''' 51,1 M5PA+RRPs+CHDSs

40 debebeb b

A2 1 ;

L ]

'16 T T T T T T T T T T T T T T T T T T T T T T T T T T

I 14 224 334 444 554 6 64
Frequency / GHz

Figure 4.25 Comparison between the RRPs antenna

and the effect of CHDS behavior
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CHAPTER 5
CONCLUSION

Two types of metamaterials and three types of reactive impedance surfaces were

used to enhance the antenna performance:

1. The use of CSRR with RRPs generated quad-band antenna with high return
loss and enhanced bandwidth for several applications.

2. The use of CHDS with CRPs antenna generated double-band antenna with
improving the return loss and bandwidth for Wi-MAX and GPS applications.

3. The use of CSRR with RRPs, CHDS with CRPs antenna, CHDS with CP
antenna and CP alone caused a high reduction in patch size.

4. The CSRR alone caused a slightly miniaturization, while CRPs and RRPs
alone did not reduce the patch size.

5. The employment of CSRR alone and CP alone with antenna resulted in an
increased return loss at a good rate, while the use of RRPs alone gave low
improvement and use CRPs alone had bad effect on return loss.

6. The usage of RRPs alone with antenna provided a high bandwidth and CP has
a good B.W, while CSRR has a very small improvement and CRPs has bad
effect on bandwidth.

7. The CHDS has the ability to convert the frequencies of conventional antenna
to lower frequencies, therefore represents a high quality factor for patch size
miniaturization as well as confirmed its importance in Wi-MAX and GPS

applications. The changing of CHDS dimensions make it loses its properties.
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Investigation and Conclusion of CHDS Behavior

Conclude from that, the CHDS redirector deals with RRPs, CRPs and CP antennas
according to the effect of RISs elements on the conventional antenna and depend on
the return loss as following:

e |If the RIS has a return loss less than -10 dB with negative impact on the
conventional antenna by reducing its return loss, the CHDS will increase the
return loss and bandwidth of Wi-MAX frequencies which between (5.25-
5.85) GHz and shifts (4, 3, 2) GHz frequencies band to the GPS band.

e If the return loss of the RIS is between (-10 dB to -20 dB) and has higher
return loss than conventional, the CHDS will reduce the return loss and
bandwidth of Wi-MAX frequencies that between (5.25-5.85) GHz and
removes (4, 3, 2) GHz frequencies band.

e |f the return loss of the RIS is less than -20 dB and higher than conventional,
the CHDS will increase the return loss and decreases bandwidth of Wi-MAX
frequencies which between (5.25-5.85) GHz and removes (4, 3, 2) GHz

frequencies band.
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