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Abstract: 

A microstrip antenna is a kind of antenna used to radiate ultra-high frequency signals . Due to its 
advantages such as low weight ,low profile planar configuration so it can conform to planar and 
non-planar surfaces which fits the shape design and needs of modem communication equipment. 
It has low fabrication costs and capability to integrate with microwave integrated circuits 
technology, the microstrip antenna shape flexibility enables mounting them on a rigid surface 
which makes them mechanically robust. 

Microstrip antennas can be mass produced using simple and inexpensive modem printed circuit 
board technologies. The use of printed circuit board manufacturing technologies also enables 
fabricating the feeding and matching networks with the antenna structure. From a designer point 
of view microstrip antenna presents a wide range of options. The designer can vary the choice of 
the substrate type, the antenna structure, type of perturbation and the feeding technique to 
achieve the antenna design objective . 

Microstrip antennas have a narrow impedance bandwidth, low efficiency and they can only be 
used in low power applications . They also show high ohmic losses when used in an array 
structure/ Polarization polarity given by microstrip antenna is poor. Most microstrip antennas 
radiate only in half-space, because they are implemented on double sided laminates where one 
side is used as a ground. The half space radiation limits their use in some application. The 
research in microstrip antenna design mainly focuses on how to overcome these disadvantages . 

A microstrip antenna , in its basic form, consists of 4 parts ; metallic patch, dielectric substrate, 
ground plane, and feeding structure. The radiating metallic patch, usually gold or copper , acts 
approximately as a resonant cavity. Microstrip Antennas are very well suited for applications 
such as wireless communications system such as military GPS (at Ll- band) , GSM services 
and satellite communications., cellular phones, pagers, Radar systems and satellite 
communications systems. 

Our interest is in a type of microstrip antennas; an E-shaped patch antenna which looks like an 
alphabet (E). 
The pattern has two resonating slots capable to generate dualband resonances, making the 
antenna useful and compact in serving more than a single band. 

The E-shaped antenna is simpler to construct , can increase the gain of the antenna and enhance 
the bandwidth above 30% compared to a regular patch antenna by using the slotted radiating 
element and can produce reduced sizes and widebands 
(5GHz/6GHz). 

We will do a comparative study between two kinds of E-shaped antennas. Both will address 
different frequency bands and polarizations making them useful for different applications. 

In our project, we are interested in analysis, fabrication and measurement of the performance of 
linear polarized E-shape antenna and compare it with the performance of circular polarized E­ 
shape antenna. 

There are three essential parameters for the design: the resonant frequency (f), the dielectric 
constant of the substrate (€,) and the height of the dielectric substrate (h). 
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1.1 Overview 

The first antennas were built in 1888 by German physicist Heinrich Hertz in his pioneering 
experiments to prove the existence of electromagnetic waves predicted by the theory of James 
Clerk Maxwell. Hertz placed dipole antennas at the focal point of parabolic reflectors for both 
transmitting and receiving. He published his work in Annalen der Physik und Chemie 
(vol. 36, 1889). 

An antenna is an electrical device which converts electric power into radio waves, and vice 
versa. It is usually used with a radio transmitter or radio receiver. In transmission a radio 
transmitter supplies an oscillating radio frequency electric current to the antenna's terminals, and 
the antenna radiates the energy from the current as electromagnetic waves (radio waves). In 
reception, As the electromagnetic field strikes the receiving antenna, a voltage is induced into the 
antenna, which serves as a conductor. The induced RF voltages are then used to recover the 
transmitted RF information. 

Typically an antenna consists of an arrangement of metallic conductors ("elements"), electrically 
connected ( often through a transmission line) to the receiver or transmitter. An oscillating 
current of electrons forced through the antenna by a transmitter will create an oscillating 
magnetic field around the antenna elements, while the charge of the electrons also creates an 
oscillating electric field along the elements. These time-varying fields, when created in the 
proper proportions, radiate away from the antenna into space as a moving transverse 
electromagnetic field wave. Conversely, during reception, the oscillating electric and magnetic 
fields of an incoming radio wave exert force on the electrons in the antenna elements, causing 
them to move back and forth, creating oscillating currents in the antenna. 

Antennas are essential components of all equipment that uses radio. They are used in systems 
such as radio broadcasting, broadcast television, two-way radio, communications receivers, 
radar, cell phones, and satellite communications, as well as other devices such as wireless 
microphones, Bluetooth enabled devices, wireless computer networks, and baby monitors. 

Antennas are required by any radio receiver or transmitter to couple its electrical connection to 
the electromagnetic field. Radio waves are electromagnetic waves which carry signals through 
the air ( or through space) at the speed of light with almost no transmission loss. Radio 
transmitters and receivers are used to convey signals (information) in systems including 
broadcast (audio) radio, television, mobile telephones, wi-fi (WLAN) data networks, trunk lines 
and point-to-point communications links (telephone, data networks), satellite links, many remote 
controlled devices such as garage door openers, and wireless remote sensors, among many 
others. Radio waves are also used directly for measurements in technologies including RADAR, 
GPS, and radio astronomy. In each and every case, the transmitters and receivers involved 
require antennas, although these are sometimes hidden ( such as the antenna inside an AM radio 
or inside a laptop computer equipped with wi-fi). 
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According to their applications and t hn 1 · · · ec, o ogy available, antennas generally fall in one of two categones: 

I. Omnidirectional ( or weakly directional) antennas 

Antennas can be designed to transmit or ·· adi:. ,,, 
:. .4, rreceive radio waves in all directions equally. These are 

employed when the relative position of the other station is unknown or arbitrary. They are also 
used at lower frequencies where a directional antenna would be too large, or simply to cut costs 
in applications where a directional antenna isn't required. "omnidirectional" antennas usually 
have vertical polarization. 
Even in omnidirectional, the gain can often be increased by concentrating more of its power in 
the horizontal directions. 

2. Directional ( or high gain ) antennas 

Antennas are intended to preferentially radiate in a particular direction or directional 
pattern and receive from that one direction only. "directional" antenna usually is intended 
to maximize its coupling to the electromagnetic field in the direction of the other station. 

There are many types of antennas : 

I. The isotropic radiator is a purely theoretical antenna that radiates equally in all 
directions. It is considered to be a point in space with no dimensions and no mass. 
This antenna cannot physically exist, but is useful as a theoretical model for 
comparison with all other antennas. Most antennas' gains are measured with reference 
to an isotropic radiator, and are rated in dBi ( decibels with respect to an isotropic 
radiator). 

2. The dipole antenna is simply two wires pointed in opposite directions arranged either 
horizontally or vertically, with one end of each wire connected to the radio and the 
other end hanging free in space. Since this is the simplest practical antenna, it is also 
used as a reference model for other antennas; gain with respect to a dipole is labeled 
as dBd. Generally, the dipole is considered to be omnidirectional in the plane 
perpendicular to the axis of the antenna, but it has deep nulls in the directions of the 
axis. Variations of the dipole include the folded dipole, the half wave antenna, the 
ground plane antenna, the whip, and the J-pole. 

3. The Yagi-Uda antenna is a directional variation of the dipole with parasitic elements 
added which are functionality similar to adding a reflector and lenses (directors) to 
focus a filament light bulb. 
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4. The random wire antenna is siml 1 · • th d P Y a very ong ( at least one quarter waveleng) wire 
WI one en . connected to the radio and the other in free space arranged in any way 
most convenient for the space available. Typically, a random wire antenna will also 
require an antenna tuner, as it might have a random impedance that varies non­ linearly with frequency. 

5 . The horn antenna is used where high gain is needed, the wavelength is short 
(microwave) and space is not an issue. Homs can be narrow band or wide band 
depending on their shape. A horn can be built for any frequency, but horns for lower 
frequencies are typically impractical. They are also frequently used as reference 
antennas. 

6. The parabolic antenna consists of an active element at the focus of a parabolic 
reflector to reflect the waves into a plane wave. Like the horn it is used for high gain, 
microwave applications, such as satellite dishes. 

7. The patch antenna : The study of microstrip patch antennas has made great progress 
in recent years. Compared with conventional antennas, microstrip patch antennas 
have more advantages and better prospects. They are lighter in weight, low volume, 
low cost, low profile, smaller in dimension and ease of fabrication and conformity. 
Moreover, the microstrip patch antennas can provide dual and circular polarizations, 
dual-frequency operation, frequency agility, broad band-width, feedline flexibility, 
beam scanning omnidirectional patterning. 

A microstrip patch antenna (MP A) consists of a conducting patch of any planar or non ­ 
planar geometry on one side of a dielectric substrate with a ground plane on other side. It 
is a popular printed resonant antenna for narrow-band microwave wireless links that 
require semi-hemispherical coverage. 
The rectangular and circular patches are the basic and most commonly used microstrip 
antennas. 
These patches are used for the simplest and the most demanding applications. Rectangular 
geometries are separable in nature and their analysis is also simple. The circular patch 
antenna has the advantage of their radiation pattern being symmetric. 
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1.2 Main idea of the project: 

A microstrip antenna is a kind of antenna used to radiate ultra-high frequency signals. It is light 
weight, manufacturing technologies is enable, cost effective, and can take any shape . 

A microstrip antenna , in its basic form, consists of 4 parts ; metallic patch, dielectric substrate, 
ground plane, and feeding structure. The radiating metallic patch, usually gold or copper , acts 
approximately as a resonant cavity. Microstrip Antennas are popular for many applications in 
wireless communication systems, such as, military GPS (at L bands (Ll&L2)) ,GSM services 
and satellite communications. 

Main disadvantages of microstrip antennas are narrowband , low efficiency ,and very high loss 
factor. 

Our interest is in a type of microstrip antennas; an E-shaped patch antenna which looks like an 
alphabet (E). 
The pattern has two resonating slots capable to generate dual wideband resonances, making the 
antenna useful and compact in serving more than a single band. 

We will do a comparative study between two kinds of E-shaped antennas. Both will address 
different frequency bands and polarizations making them useful for different applications. 

In our project, we are interested in analysis, fabrication and measurement of the performance of 
linear polarized E-shape antenna and compare it with the performance of circular polarized E­ 
shaped antenna. 

There are three essential parameters for the design: the resonant frequency (f), the dielectric 
constant of the substrate (Er) and the height of the dielectric substrate (h). 

1.3 Objectives : 

I-To design, analyze, fabricate and measure an E-shaped microstrip antennas. 

2- Perform parametric study to attempt Optimizing the design using HFSS Designer software. 

3- Understand the performance of two kinds of E-shape antennas and the reference to wireless 
applications. 
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1.4 Motivation: 

We now have facilities to design 1 f; b · · lab. 5 analyze , fabricate and measure an E-shaped microstrip 
antennas in lab, so we are interested in designing antennas that used in real wireless communication applications . 

The measurements will be perform d 1 b 1 · · . . e on a vo t antennas range system. The fabrication 
accomplished using Protomat S62 machine and PCB prototype machine. The designing and 
analysis done using Ansoft and HFSS designer softwares. 

1.5 Requirements: 

Ansoft Designer Software : 

A highly accurate designing tool that allows the designer to precisely model and simulate 
complex analog, RF and mixed-signal applications , It is flexible, easy-to-use tool includes. 

** HFSS ( High Frequency Structure Simulator) Software : 

An industry-standard simulation tool for 3-D full-wave electromagnetic field simulation and is 
essential for the design of high-frequency and high-speed component design. HFSS offers 
multiple state-of the-art solver technologies based on either the proven finite element method or 
the well established integral equation method. You can select the appropriate solver for the type 
of simulation you are performing. 

Engineers rely on the accuracy, capacity, and performance of HFSS to design high-speed 
components including on-chip embedded passives, IC packages, PCB interconnects and high­ 
frequency components such as antennas, RF/microwave components and biomedical devices. 
With HFSS, engineers can extract scattering matrix parameters (S,Y, Z parameters), visualize 3­ 
D electromagnetic fields (near- and far-field) and generate Full-Wave SPICE models that link to 
circuit simulations. Signal integrity engineers use HFSS within established EDA design flows to 
evaluate signal quality, including transmission path losses, reflection loss due to impedance 
mismatches, parasitic coupling and radiation. 

In industry, Ansoft HFSS is the tool of choice for high-productivity research, development, and 
virtual prototyping. 

Protomat S62 & PCB prototype machines for fabrication use. 

** Dielectric substrates (Rogers/ RT duroid 5880 and FR4 ). 

Accessories ( SMA cables and connectors ). 
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1.6 Time plan 

Table I. I : Time plan of the first semester 

2/9 21/10 25/11 Activity - 9/9 - 23/9 23/9 - 21/10 - 28/10 - 25/11 - l /12 9/9 28/10 1/12 sos 

7/ 
A 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

B 
C 
D 
E 
F 
G 
H 
I 

Activities description : 

A : Information Collection. 
B : lecture Summary & Preparing Proposal. 
C: learning Software & designing Tutorial (Ansoft designer 

& CST). 
D : learning Fabrication. 
E : Design & Analysis. 
F : Drafting Chapters. 
G : Dr. Osama Deadline. 
H : Dr. Osama final appeal of the report. 
I : Submit of report to department. 
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Table 1 ·2 : Time plan of the second semester 

Activity 3/2-16/2 17/2-9/3 10/3-30/3 31/3-27/4 28/ 5/5­ 12/5 
4. ll/S - 
4/5 195 

AN 
1 2 3 4 5 6 T 8 9 10 11 12 13 14 IS 16 

B 
C 
D 
E 
F 
G 
H 
I 
1 

Activities description : 

A: Software cracking & learning Software designing Tutorial ( HFSS designer). 

B : Parametric studies. 

C : Demanding offers of wanted materials. 

D: Antennas designing using HFSS software. 

E : Analyze the results of the return loss & radiation pattern. 

F: Fabrication the antennas using lab volt devices. 

G : measuring the return Loss & radion pattern. 

H : Documentation. 

I : Dr. Osama final appeal of the report. 

J : Submit of report to department. 
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2.1 Overview 

In this chapter we will introduce a general idea b t · · 
configurations that are used to feed the avout microstrip patch antennas and popular 

m, also we will talk about the most important antenna parameters. 

2.2 Microstrip Patch antenna 

A microstrip antenna, in its basic form, consists of 4 parts ; metallic patch, dielectric substrate, 
ground plane, and feeding structure. The patch antenna's radiating elements (which usually gold 
or copper) and the feed Imes are constructed on the dielectric substrate. 

There are lots of shapes of the radiating patch, which are square, rectangular, thin strip (dipole), 
circular, elliptical, triangular, and other configuration. The patch antenna has a metal patch 
placed above a ground plane [I] . 

I I a.', 'f' 3 /7 ] (O u 7 J 

€"» dielectric (s,) 

ground_) © emtolk.com 

Fig 2.1 : Microstrip patch antenna 

They have attracted much interest due to their low profile, light weight, simple and inexpensive 
to manufacture using modem printed circuit technology, mechanically robust when mounted on 
rigid surfaces, and they are very versatile in terms of frequency, polarization, pattern and 
impedance. 
However, they also have some drawbacks, they have narrow bandwidth, low efficiency , high 
loss factor and have low gain. 

There are four popular configurations that are used to feed microstrip antennas such that: 

I. The microstrip line feed . 

In this type of feed technique, a conducting strip is connected directly to the edge of the 
microstrip patch as shown in Figure 2.2. The conducting strip is smaller in width as 
compared to the patch and this kind of feed arrangement has the advantage that the feed 
can be etched on the same substrate to provide a planar structure . 

10 

- 



- 
Microstrip Feed 

Patch 

Ground Plane 

Fig 2.2 : The microstrip line feed 

The purpose of the inset cut in the patch is to match the impedance of the feed line to the 
patch without the need for any additional matching element. This is achieved by properly 
controlling the inset position. Hence this is an easy feeding scheme, since it provides ease of 
fabrication and simplicity in modeling as well as impedance matching. However as the thickness 
of the dielectric substrate being used, increases, surface waves and spurious feed radiation also 
increases, which hampers the bandwidth of the antenna [2]. 

2. Coaxial probe feed. 

The Coaxial feed or probe feed is a very common technique used for feeding microstrip 
patch antennas. As seen from Figure 2.3, the inner conductor of the coaxial connector 
extends through the dielectric and is soldered to the radiating patch, while the outer 
conductor is connected to the ground plane. 

Substrate 

Coaxial - [ _y 
Connector 

Ground Plane 

Fig 2.3 : Coaxial probe feed 

The main advantage of this type of feeding scheme is that the feed can be placed at any 
desired location inside the patch in order to match with its input impedance. This feed 
method is easy to fabricate and has low spurious radiation. However, a major disadvantage 
is that it provides narrow bandwidth and is difficult to model since a hole has to be drilled in 
the substrate and the connector protrudes outside the ground plane, thus not making it 

1 t 1 1 ~ thick substrates (h > 0.022%). Also, for thicker substrates, the increased comp e e y p anar .lOr · . · . . . . 
b 1 h k th · put impedance more inductive, leading to matching problems. It is pro e engt ma es ein . . 

seen above that for a thick dielectric substrate, which provides broad bandwidth [2]. 
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3. Aperture coupling. 

In this type of feed technique the aditin :h · · · 
, r Ia mg pate and the microstrip feed lme are separated 

by the ground plane as shown in Figure 2.4. Coupling between the patch and the feed line is 
made through a slot or an aperture in the ground plane. 

Microstrip Line 
Patch Aperture/Slot 

.j 
Y­ '=< ,, 

± « 

Ground Plane 
Substrate 2 

Substrate 1 

Fig 2.4 : Aperture - coupled feed 

The coupling aperture is usually centered under the patch, leading to lower cross-polarization 
due to symmetry of the configuration. The amount of coupling from the feed line to the patch is 
determined by the shape, size and location of the aperture. Since the ground plane separates the 
patch and the feed line, spurious radiation is minimized. Generally, a high dielectric material is 
used for bottom substrate and a thick, low dielectric constant material is used for the top 
substrate to optimize radiation from the patch . The major disadvantage of this feed technique is 
that it is difficult to fabricate due to multiple layers, which also increases the antenna thickness. 
This feeding scheme also provides narrow bandwidth [2] . 

4. Proximity coupling. 

This type of feed technique is also called as the electromagnetic coupling scheme. As 
shown in Figure 2.5, two dielectric substrates are used such that the feed line is between 
the two substrates and the radiating patch is on top of the upper substrate. The main 
advantage of this feed technique is that it eliminates spurious feed radiation and provides 
very high bandwidth (as high as 13%), due to overall increase in the thickness of the 
microstrip patch antenna. This scheme also provides choices between two different 
dielectric media, one for the patch and one for the feed lme to ophmlze the individual 
performances [2] . 

Patch 

Microstrip Line 

Substrate 2 

Fig 2.5 : Proximity coupling feed 
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2.3 Antenna Parameters : 

2.3.1 Bandwidth : 

The bandwidth of an antenna refers to the range of frequencies over which the antenna can 
operate correctly. The bandwidth can be considered as the range of frequencies, which are on 
either side of the center frequency, also different types of antennas have different bandwidth 
limitations. 

An antenna's bandwidth also specifies the range of frequencies over which its performance does 
not suffer due to a poor impedance match. 

Input impedance, pattern, gain, polarization, etc. are defined as the characteristics. The 
characteristics of an antenna are not vary in the same manner or affected by the frequency, so 
there is no unique characterization of the bandwidth. For different cases, the specifications are 
set to meet the particular application's needs. The distinction is the variation between pattern and 
input impedance. And the pattern bandwidth and impedance bandwidth are use to emphasize this 
distinction. The bandwidth is usually formulated in terms of beamwidth, side lobe level, and 
pattern characteristics. Different types of antennas have different bandwidth limitations [3] . 

2.3.2 Polarization 

Polarization is defined as the orientation of the electric field of an electromagnetic wave that 
antenna transmitted. Polarization is in general described by an ellipse. 

The initial polarization of a radio wave is determined by the antenna, and different parts of the 
pattern may have different polarizations because the polarization of the radiated energy vanes 
with the direction from the center of the antenna. 

Polarization types : 

1. Linear polarization : 

In Linear polarization, electric filed direction remains constant. 

2. Circular polarization : 

In · I 1 ·ti th electric field of the passing wave does not change strength but only 
h crrcu ad~ poiarizauon, e nner making one full tum for each RF cycle. This rotation may c anges lirection in a ro ary ma 
be right-hand or left-hand [4]. 

· · · · f the design choices available to the RF system designer. The choice of polarization is one o 
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drection of 

direction of 
propagation 

I his wnve wee approx.hitg 
nan ohsarvwr, its elachie 
vector would appear to be 
rotating counterclockwise. 
This is ca'led right - 
circular pcl anzalion. 

Fig 2.6 : Circular and linear Polarization. 

2.3.3 Antenna Gain: 

The gain is a parameter which measures the degree of directivity of the antenna's radiation 
pattern. A high-gain antenna will preferentially radiate in a particular direction. Specifically, the 
antenna gain, or power gain of an antenna is defined as the ratio of the intensity (power per unit 
surface) radiated by the antenna in the direction of its maximum output, at an arbitrary distance, 
divided by the intensity radiated at the same distance by a hypothetical isotropic antenna. 

Since ,the total amount of energy radiated remains constant for a given transmitter output power. 
When this energy is focused, the energy radiated in one or more directions will be increased, and 
the energy radiated in other directions will decrease. This is what gives an antenna "gain". 

The gain of an antenna is a passive phenomenon -power is not added by the antenna, but simply 
redistributed to provide more radiated power in a certain direction than would be transmitted by 
an isotropic antenna. An antenna designer must take into account the application for the antenna 
when determining the gain since the antenna's gain also takes into account the antenna's 
efficiency. 

High-gain antennas have the advantage of longer range and better signal quality, but must be 
aimed carefully in a particular direction. Low-gain antennas have shorter range, but the 
orientation of the antenna is relatively inconsequential. For example, a dish antenna on a 
spacecraft is a high-gain device that must be pointed at the planet to be effective, whereas a 
typical Wi-Fi antenna in a laptop computer is low-gain, and as long as the base stat_ion is within 
range, the antenna can be in any orientation in space. It makes sense to improve horizontal range 
at the expense of reception above or below the antenna. 

Usually we are only interested in the maximum gain, which is the gain in the direction in which 
the antenna is radiating most of the power [ 5] . 

14 



- 
There are four ways of expressing ant . enna gain, these are: 

dBi Gain over an isotropi 
dimensions: a geo,,,, "®e a theoretical antenna having no · c point) 

dBd Gain over a dipole (0 dBd' =2.15 dBi) 
dBq 

dBadv 
Gain over a quarter w 1 th . . avetengt whip (bigger numbers than dBi) 
Large random numb departme t t ers generated by the advertizing and marketing 

. n s a some antenna companies. These departments are 
sometimes known as the "S and M" (Smoke d Mirro s) o e an ors groups 

2.3.4 Beamwidth : 

In telecommunication, the term beamwidth has the foll · towing meanings: 

In the radio regime, of an antenna pattern, the angle between the half-power (-3 dB) points of the 
mam lobe, when referenced to the peak effective radiated power of the main lobe. 

Beamwidth is usually expressed in degrees, and expressed for the horizontal plane. 

Sidelobe 

' Direction 
Fig 2. 7 :Beamwidth of the antenna 

The main beam is the region around the direction of maximum radiation (usually the region that 
is within 3 dB of the peak of the main beam). The main beam in this Figure is centered at 90 
degrees. 

The sidelobes are smaller beams that are away from the main beam. These sidelobes are usually 
radiation in undesired directions which can never be completely eliminated. The sidelobes in 
this Figure occur at roughly 45 and 135 degrees. 

Also, the Sidelobe Level is another important parameter used to characterize radiation patterns. 
The sidelobe level is the maximum value of the sidelobes (away from the main beam). From the 
Figure, the Sidelobe Level (SLL) is -14.5 dB. 
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2.3.5 Effective area or aperture 

The effective area or effective aperture of a receiving antenna expresses the portion of the power 
of a passing electromagnetic wave which it delivers to its terminals, expressed in terms of an 
equivalent area. For mstance, if a radio wave passing a given location has a flux of ( 10-12 ) 
watts per square meter and an antenna has an effective area of 12 m2 then the antenna would 
deliver 12 pW of RF power to the receiver (30 microvolts rms at 75 ohms). Since the receiving 
antenna is not equally sensitive to signals received from all directions, the effective area is a 
function of the direction to the source. 

The gain of an antenna used for transmitting must be proportional to its effective area when used 
for receiving. Consider an antenna with no loss, that is, one whose electrical efficiency is 100%. 
It can be shown that its effective area averaged over all directions must be equal to 2.2/4, the 
wavelength squared divided by 4n. Gain is defined such that the average gain over all directions 
for an antenna with 100% electrical efficiency is equal to 1. Therefore the effective area Aeff in 
terms of the gain Gin a given direction is given by: 

X? 
Aun = 1, ° 

For an antenna with an efficiency of less than 100%, both the effective area and gain are reduced 
by that same amount. Therefore the above relationship between gain and effective area still 
holds. These are thus two different ways of expressing the same quantity. Am is especially 
convenient when computing the power that would be received by an antenna of a specified gain, 
as illustrated. 

2.3.6 Directivity 

Directivity is the ability of an antenna to focus energy in a particular direction when transmitting, or 
:. bette frc articular direction when receiving. In a static situation, it is possible to to receive energy e er om a P . • · H · 

use the antenna directivity to concentrate the radiation beam in the wanted direction. Iowever in 
d : it th th transceiver is not fixed the antenna should radiate equally in all drrections a ±ynam1c sys em w ere e , 

as an omni-directional antenna. 

2,3.7 Radiation pattern 

. . · lot of the relative field strength of the radio waves emitted 
The radiation pattern of an antenna is aP' ,call represented by a three dimensional graph but 
by the antenna at different angles. !","]'[,,(r or a polar plots of the horizontal and vertical 
measurements are presented in either a r Jsll tenna which radiates equally in all directions, 

i [he of an ideal isotropic ant 3, ,, s a] cross sections. T e pattern ° . . 1 t nnas such as monopoles and dipoles, emit equa 
would look like a sphere. Many non-~rrecthtiona an edropp' ing off at higher and lower angles; this is : ±. ddi tic is, with e power 
power in all horizonta, lirecion , h 1 tt d looks like a torus or donut. called an omni-directional pattern and w en P O e 
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The radiation of many antennas shows a tt . 
"nulls", angles where the radiation falls ta em of maxima or "lobes" at various angles, separated by 
parts of the antenna typically interfa,, " ro. This is because the radio waves emitted by different 
distant points in phase, and zero rad4',' """"© 'maxima at angles where the radio waves arrive at 
In a directional antenna designed to ~ a ot e_r angles where the radio waves arrive out of phase. 

:. : .:. project radio waves in rti il di :. : direction is designed larger than the the . a particular lirection, the lobe in that 
represent unwanted radiation and are ,j,,,]'."] ® called the "inain lobe". The other lobes usually 
"principal axis" or "boresight axis" [6] idelobes". The axis through the main lobe is called the 

\ o pos 
sit lo 

Fig 2.8 :Radiation Pattern of the antenna. 

There are two kinds of radiation pattern: 

1. Absolute radiation patterns : are presented in absolute units of field strength or power. 

2. Relative radiation patterns : are referenced in relative units of field strength or power. Most 
radiation pattern measurements are relative to the isotropic antenna, and then the gain 
transfer method is then used to establish the absolute gain of the antenna. 

The radiation pattern in the region close to the antenna is not the same as the pattern at large 
distances. The term near-field refers to the field pattern that exists close to the antenna, while the 
term far-field refers to the field pattern at large distances. The far-field is also called the radiation 
field, and is what is most commonly of interest. Ordinarily, it is the radiated power that is of 
interest, and so antenna patterns are usually measured in the far-field region. 
For pattern measurement it is important to choose a distance sufficiently large to be in the far­ 
field, well out of the near-field. The minimum permissible distance depends on the dimensions 
of the antenna in relation to the wavelength. 

The accepted formula for this distance is: 

r min=2d /2 

where r min is the minimum distance from the antenna, d is the largest dimension of the antenna, 
and 2 is the wavelength. 
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2.3.8 Efficiency 

Efficiency of a transmitting antenna is the ratio of power actually radiated (in all directions) to 
the power absorbed by the antenna terminals. The power supplied to the antenna terminals which 
is not radiated IS converted into heat, This is usually through loss resistance in the antenna's 
conductors, but can also be due to dielectric or magnetic core losses in antennas ( or antenna 
systems) using such components. Such loss effectively robs power from the transmitter, 
requmng a stronger transmitter in order to transmit a signal of a given strength. 

For instance, if a transmitter delivers 100 W into an antenna having an efficiency of 80%, then 
the antenna will radiate 80 W as radio waves and produce 20 W of heat. In order to radiate 
100 W of power, one would need to use a transmitter capable of supplying 125 W to the antenna. 
Note that antenna efficiency is a separate issue from impedance matching, which may also 
reduce the amount of power radiated using a given transmitter. If an SWR meter reads 150 W of 
incident power and 50 W of reflected power, that means that 100 W have actually been absorbed 
by the antenna (ignoring transmission line losses). How much of that power has actually been 
radiated cannot be directly determined through electrical measurements at ( or before) the 
antenna terminals, but would require (for instance) careful measurement of field strength. 
Fortunately the loss resistance of antenna conductors such as aluminum rods can be calculated 
and the efficiency of an antenna using such materials predicted. 

However loss resistance will generally affect the feed point impedance, adding to its resistive 
(real) component. That resistance will consist of the sum of the radiation resistance Rr and the 
loss resistance R loss. If an rms current I is delivered to the terminals of an antenna, then a power 
ofl2Rr will be radiated and a power ofl2Rloss will be lost as heat. 

Therefore the efficiency of an antenna is equal to Rr / (Rr + R loss) . Of course only the total 
resistance Rr + R loss can be directly measured. 

The definition of antenna gain or power gain already includes the effect of the antenna's 
efficiency. Therefore if one is trying to radiate a signal toward a receiver using a transmitter of a 
given power, one need only compare the gain of various antennas rather than considering the 
efficiency as well. This is likewise true for a receiving antenna at very high (especially 
microwave) frequencies, where the point is to receive a signal which is strong compared to the 

· ' · t tur However in the case of a directional antenna used for receiving receiver's noise temperat re._ 
signals with the intention of rejecting interference from different directions, one is no longer 
concerned with the antenna efficiency, as discussed above. 

In thi th th q oting the antenna gain one would be more concerned with the 
, Es ; ["",'eiuae he eftect of antenna (efficiency. The directive gain of 
1rective gain w c oes ndofr1 the published gain divided by the antenna's efficiency [7]. an antenna can be compute om 

2.3.9 Impedance 

. 1 through the different parts of the antenna system (radio, 
As an electro-magnetic wave trave s differences m· impedance (E/H, V/I etc.). At , · ) · t may encounter i 1er , ' feed line, antenna, free space 1 . t h some fraction of the wave's energy will 

h . d di the IIDpedance ma c , 
eacl interface, lepen mg on d' m· the feed line The ratio of maximum power fl c: · g a stan mg wave · 
re ect back to the source, torminy 3d dis called the standing wave ratio (SWR). 
to minimum power in the wave can be measure an 
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A SWR of 1:1 is ideal. A SWR of 1.5:1% ·;3 

: :. ·% 1$considered to be lhy applications where power loss is more itic l e margma y acceptable m low power 
sibte with the righi equipment. M,""f although an sWwR as high as 6:1 may siint be 
matching) will reduce SWR and . . g pedance differences at each interface (impedance 
system. maximize power transfer through each part of the antenna 

Complex impedance of an antenna · 1 d . 
wavelength in use. The imped fis re ate to the electncal length of the antenna at the 

ance ot an antenna can be matched tc the fed li: d 5 adjusting the impedance of the feed line . . a c e . 0 e ee me an radio by 
1 h . . . , usmg the feed line as an Impedance transformer More 

commonly, the impedance is adjusted at the load (se belo v) ith 
matching transformer matchin ee e _ow WI an antenna tuner, a balun, a 

. h th ' g networks composed of inductors and capacitors or matching sect10ns sue as e gamma match. " 

2.3.10 Return loss 

The return loss is another way of expressing mismatch. It is a logarithmic ratio measured in dB 
that compares the power reflected by the antenna to the power that is fed into the antenna from 
the transmission line. The relationship between SWR and return loss is the following: 

Return Loss (in dB)= 20log10 (SWR/SWR-1). 

2.3.11 S-parameter: 

S-parameter describe the input-output relationship between ports (or terminals) in an electrical 
system. For instance, if we have 2 ports (intelligently called Port 1 and Port2) then S12 
represents the power transferred from Port 2 to Port 1. S21 represents the power transferred from 
Port 1 to Port 2. In general, SNM represents the power transferred from Port M to Port N in a 
multi-port network. 

In practice, the most commonly quoted parameter in regards to antennas is S 11. S 11 represents 
how much power is reflected from the antenna, and hence is known as the reflection coefficient 
{sometimes written as gamma: or return loss. If S11=0 dB, then all the power is reflected from 
the antenna and nothing is radiated. If S 11=-10 dB, this implies that if 3 dB of power is delivered 
to the antenna, -7 dB is the reflected power. The remainder of the power was "accepted by" or 
deliverd to the antenna. This accepted power is either radiated or absorbed as losses within the 
antenna. Since antennas are typically designed to be low loss, ideally the majority of the power 
delivered to the antenna is radiated. See also VSWR, which is directly related to S 11. 
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Chapter 3 

E-Shaped Microstrip Antenna and Literature Survey 
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3.1 Overview 

In this chapter we will introduce a general idea about E- shaped microstrip patch antenna and its' 
important , and we will talk about some previous studies that correspond to it . 

3.2 E-Shaped Microstrip Antennas 

A microstrip patch antenna is a type of antenna that offers a low profile, thin and easily 
manufacturability, which provides great advantages over traditional antennas. 

However, patch antennas have a main disadvantage i.e. narrow bandwidth . Researchers have 
made many efforts to overcome this problem and many configurations have been presented to 
extend the bandwidth. Patch antennas are planner antennas used in wireless links and other 
microwave applications. 

An E-shaped patch antenna is easily formed by cutting two slots from a rectangular shape . By 
cutting the slots from a patch, gain and bandwidth of microstrip antenna can be enhanced. 

The geometry is shown . 

w 

Fig 3.1 : E- shaped antenna 

• • h t a has width (W) two outer patch strips of length L and The E-shaped microstrip patch antenna ), nd·width 
· · f I gth Le and width W2. Two slots of length Ls an wi'!t width WI, one central patch strip ot leng_ 

Ws are introduced symmetrically with respect to the probe position. 
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' . . h ect to the probe position. Ws are introduced symmetncally wit resp 

21 



The importance of an E-shaped antenna: 

• Simpler to construct by only adjusting length, idth: ad1 s: 
£IL, wI anc position of slots . 

• Can increase the gain of the antenna . 

• Can enhance the bandwidth above 30% compared to a regular patch antenna by using 
slotted radiating elements leading to multiple resonances . 

• Can produce reduced sizes and widebands (5GHz/6GHz ), 

3.2 Literature surveys 

We examined several papers relating to an E-shaped microstrip antenna and its' applications , 
specially for wideband applications , and there are some papers and its' relation to our project . 

M. M. Abd-Elrazzak, Ibrahim S. Al-Nomay [9] , a new modified E-shaped patch antenna for 
UWB and ISM bands wireless communication systems. The analysis was carried out using the 
finite difference time domain (FDTD) method to discretize the differential equations of Maxwell. 

Two different structures were studied. The first one was the conventional E-shaped antenna 
geometry. While the second one was the modified E-shaped patch antenna ,the modification 
achieved by adding another slot to the antenna , increased the antenna operating frequency and 
bandwidth to meet the requirements of the UWB signal frequency and bandwidth. 

In the authors work, antennas of operating frequency at 3.5, 3.75, and 4.1 GHz with bandwidth 
of 29.3%, 23%, 24% were presented, respectively, for four different values for the middle slot 
width were taken which were 0,2,4, and 6 mm . The bandwidth is measured for a return loss less 
than- 10 dB. 

From this study we can note that the antenna resonates at higher frequencies as the slot width 
and the distance between the two slots increases. This is useful for the UWB wireless 
communications systems that need to operate at C, and KU bands. 

(a) Top view (b) Side view 

Fig 3.2: The modified E-shaped patch antenna 
22 
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Elangovan, G. and J. Rajapaul Perinb . . 
rectangular microstrip antenna or ,'"" [lO] , in this study a single layer wideband E-shaped 

ess sensor networks was proposed. 

It was designed to cover the 5.33-5.71 GH fr · z requency b d · h an witl 5.5GHz resonance frequency. 
The extra slot was included to reduce th · 
coaxial probe along the centerline of the e stizhe of the patch. The proposed patch was fed by a pa C • 

The antenna geometry was an E- shaped · • 
substrate_( diroid ) with dielectric pen,, " "© g"·h Antema supported by a tow dielectric 
An air-filled substrate was sandwiched betw th · and thickness h =3.2 mm. 
the use of thick air filled substrate in betw eet~ e ;~b~trate and ground plane. In this design, 
the bandwidth enhancement. een e ra iatmg patch and the ground plane provides 

L 

w 1 w, 
Ls L; <- ◄ - .. t» t» 

<--> I .. 
L; Li 

Fig 3 .3 : Geometry of the proposed microstrip antenna 

The wideband characteristic is due to large separation between the radiating patch and the 
ground plane and due to the use of low permittivity substrate with the proposed design. 

G. Purnachandra Rao, Kshitiz Agarwal ,M.V. Kartikeyan, M.K.Thumm [11] ,the researcher 
studied a single wideband E-shaped compact micro strip antenna for high speed WLAN s 
operating in the 5- 6 GHz range. By using only single patch a high impedance bandwidth is 
achieved. 

The simulated bandwidth is 25.9%, and measured bandwidth is approximately equal to 
24.85%.the antenna gain is 8.5dB. 

The parameters for the design of rectangular microstrip antenna are : 

Frequency of operation (f0) ,The resonant frequency selected for rectangular patch is (5.8 GHZ). 
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Two substrates are used for the fabrication of antenna whi h h 
1 

. . • • h 
· I b h · . c e ps in optimizing t e bandwidth. lower substrate has dielectric constant c,1=1.25 and and thickness h,= 2.6924 mm. 

The upper substrate has dielectric constant &±= 6.15 and thickness h2=1.27 mm 
The researchers show the effect various parameters (W L Wl L w

2 
w· L) · th t 

. . , , , c, , s, s.. on e resonan 
frequency without changing the permittivity and height of the substrates, and frequency band. 

But in our design, we designed an E- shaped antenna at dual band not wideband, and using two 
different resonant frequencies (900 & 1200) MHz, we designed a single layer E-shaped antenna 
from arr tr =1 and thickness 29.5 mm, and from FR4 Er ==4.4 and thickness 1.6 mm. 
Also , we designed a multilayer E-shaped antenna , the upper substrate from duroid has dielectric 
constant tr= 2.2 and thickness 1.6mm and the lower substrate from air has dielectric constant 
Er = 1 and thickness 25 mm. 

Subodh Kumar Tripathi and Vinay Kumar [12] , designed An E- shaped Microstrip Antenna 
and designed structure is simulated using Ansoft HFSS software. Designed antenna can be 
operated in dual frequencies such as 5.1 GHz and 7.5GHz. 

In this designed microstrip antenna the E-shaped patch is placed on the top of the dielectric sheet 
and the dielectric sheet is placed on a ground plane . This antenna consists of a ground plane, 
dielectric layer and E-shaped patch. The size of the ground plane is 100x100 (mm), and the 
thickness of the dielectric layer is 4mm. The dielectric constant of the dielectric layer is in 
between 2.2 to 12. The size of the patch is 50x50 (mm). In the E-shaped patch probe is fed in the 
middle with the 50ohms-SMA connector as shown in fig 1.the side view of the E-shaped antenna 
is shown in Fig 3.4 . 

50 mm 

I II u 

5mm 

. E h d microstrip antenna with middle probe feeding Fig. 3.4 : -shape 
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-Shaped patch 

Groind plane Dielectric Sheet-' 

Fig. 3.5: The side view of the E-shaped antenna 

The researcher discuss the effect of paramete th . . ers on t e performance of designed E-shaped 
microstrip antenna. It has been observed that position of the feed li: Ftl,, 

ffi . . e ee me wit specific antenna 
structure a ects the vanous performance parameters s h · d' · . . . uc as gam, ra iation pattern and return 
loss of the antenna. Variations in the dielectric constant I ffi t th rf 
f th d 

. d . . a so a ec e pe ormance parameters 
o) e lesignec mcrostrip antenna. 

Stimulated results: 

1. If we take the feed point in the middle strip of E-shaped patch the simulated return loss is 
-14 dB. 

2. If we take the feed point in end of the middle strip of E-shaped patch the simulated return loss 
is -18 dB. 

3-Ifwe take the feeding point as shown in fig 1. The return loss of the designed antenna is 

-22 dB. 

Also, the gain of the designed antenna is 11.5. The designed antenna is radiating all its power in 
one direction. 
From the simulation analysis of the designed antenna it can be easily observed that the designed 
E-shaped microstrip antenna has good gain i.e. 11.5 and optimized return loss i.e.-22db. It has 
also been observed that feed point has a crucial effect on the performance of the designed 
antenna. By varying the feed point position, different performance parameters can be optimized 
such as return loss, gain, radiation pattern . 

Naresh Kumar Joshi Kamal Kumar Verma [13] , presents a single-patch dual band 
microstrip antenna: the E-shaped patch antenna on a single-layer foam substrate is investigated. 
The dualband mechanism is explored by investigating the behavior of the currents on the patch. 
Bandwidth enhancement of the antenna is achieved by inserting two parallel slots into its 
radiating patch. The effects of the following design parameters: the slot length, width, and 
position are optimized to achieve a broad bandwidth. 
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An E-shaped patch antenna, resonating t . 
1 · d · d ' ai wireless comm · · GHz, is les1gne.. The antenna was desi, ·d :. unication frequencies of 1.5 and 2 9 . : gnec using IE3D ftw: with the vector tnangular basis function i d c . so are & the method of moments 

s use for analysis. 

The antenna geometry is shown in Fig. 3.6 .The . . 
fed by a coaxial probe at position dp To d ~atch s1ze is charactenzed by L, W, h and it is 
same length land the same width wi, .["® ® antenna bandwidth, two wide slits have the 

re ~~erte at the bottom edge of the patch. 
i 
\V 

7 
L 

ll 
; { 

i 
I ·-- - ------- 

I air substrate >robe feed 

Fig. 3.6: Geometry ofE-Shaped Patch Antenna. 

The effect of the slots, most importantly, the amplitudes of currents around the slots are different 
at low resonant frequencies and high resonant frequencies. It means that the effects of the slots at 
these two resonant frequencies are different. This is the key reason why the slots can extend the 
bandwidth. 

The two resonant frequencies affected by different parameter antenna width & slots ,the antenna 
width controls the higher resonant frequency while the slots control the lower resonant 
frequency. Because of the dual resonant character, this kind of microstrip antenna can achieve a 
wide bandwidth. 

In addition, the slot length is an important parameter to characterize the resonant frequencies of 
the E-shaped patch antenna. When the slot length is small, the antenna only has one resonant 
frequency. When the slot length increases, another lower resonant frequency appears. The longer 
the slot length, the lower the second resonant frequency. 

Ahmad Bayat [15] , a single wideband, E-shaped, compact microstrip antenna is presented 
in this paper in order to be employed for high speed WLANs operating in the C band range. 
Employing only a single patch, a high impedance bandwidth is achieved. The simulated 
impedance bandwidth (VSWR<l.75) is 30%, and the momentum bandwidth is about 28.5%. The 
structure of the antenna consists of a perfect conductor on the top of a substrate ( RT duroid 
5880) with a dielectric constant of about 2.2 and a height of 20 mile, which is backed with a 
Pe..c t d d I The impacts of different parameter of antenna are also studied in IIec! con uctor groun p ane. .u.u 

this article. 

Th • . f · tri antenna can be low efficiency, low throughput, narrow 
"" @in disadvantages of micr0'{ is paper, by using some of the techniques of traditional 
an width and low frequency range. n ' 
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microstrip antenna, bandwidth has been incr ed. ,: . 1 b rease In this pa . with a smg e pro e feed. Of the proposed t .. . per, using IE3D software, and deals 
antenna, the imped: b: d : achieved. ' euance van width of 37 percent was 

The geometry of this antenna is presented in th' 
Is paper as below: 

Fig. 3.7: Geometry of the E-shaped microstrip patch antenna 

Two dielectric substrate materials are employed to fabricate the antenna element. An air gap of 
Imm IS let between the two substrates. The upper substrate is selected to be with high dielectric 
constant (RT duroid 5880 is of the dielectric constant of arl =2.2 and the thickness of hl= 
20mm) for compact size, and the lower substrate is foam dielectric material(cr2= 9.6 and the 
thickness ofh2=30 mm) in order to provide ground plane. An air gap is let since the thickness of 
the foam material is fixed, and it helps in optimizing the wide bandwidth. 

The paper deals with the effects of various parameters: 

Length of the slots(Ls): By increasing Ls, the whole VSWR curve shifts towards lower 
frequencies. The change is higher in resonant frequency of higher mode, since the relative 
change in current path length for higher mode is greater than the lower mode current path. 

width of the slots(Ws): The width Ws has a significant effect on the matching to the input port, 
while it marginally affects the resonant frequencies of the two modes. 

Effect of length of the central patch strip (Le): The resonant frequency of the higher mode 
decreases as Le increases, while there is no significant change in resonant frequency of the 
lower mode. 

The simulated 2:1 VSWR bandwidth is 30 % covering the (4.82 - 6.43 GHz) frequency band 
and the momentum 2:1 VSWR bandwidth is 28.8 % covering (4.91 -_6.4 GHz) frequency band, 
Th hiJ:: • th fr b d · b cause of the decrease m the height of the upper substrate est tt in e equency van 1s ve... 
W'th hi hd;' · th fabrication process Decreasmg the height of upper dielectric 11 Igl lielectric constant in e tat> ­ 
b · hi h 1 d to this shift of frequency band. The radiation pattern was su strate is about 0.5 mm, w c ea s 

measured in anechoic chamber. 
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Differences in our project : 

Firstly, we designed an E- shaped antenna, with two types of polarization, linear with dual band 
and circular with wideband at different frequencies using FEM for verify the results, 

We also discussed the effect of antenna parameters on the performance of designed E-shaped 
microstnp antenna by varying different parameters including the position of the feed point , 
using coaxial cable in order to enhance the gain of the antenna. 

We designed a single layer E-shaped Antenna with linear Polarization from air (Er =1) and 
thickness 29.5 mm the result resonating at two different frequencies (900 & 1200)MHz, and 
from FR4 (er =4.4) and thickness 1.6 mm the result resonating at two frequencies 
(840 & 1200) MHz ,without carrying out any optimization. 

Another design for linear polarization using a multilayer E-shaped antenna , the upper substrate 
from duroid has dielectric constant ( Er = 2.2) and thickness 1.6mm and the lower substrate from 
air has dielectric constant ( Er = 1) and thickness 25 mm the result resonating at two different 
frequencies (900 & 1200) MHz. 

Finally, we designed a single layer E-shaped Antenna with Circular Polarization from air_ (Er =1) 
and thickness 15 mm the result resonating (2.65 )GHz, and from FR4 ( Er =4.4) and thickness 
1.6 mm the result resonating at (2.61)GHz. 
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Chapter 4 

Design of an E-Shaped Microstrip Antenna 

Using Ansoft Designer Software 

29 



4.1 Overview 

In this chapter we will introduce the design of a microstrip transmission line antenna and dipole 
antenna, then we will introduce the design of E-shaped microstrip antenna with microstrip line feeding using Ansoft designer sv. software. 

4.2 Design of microstrip antenna using matlab 

Traditionally one can design a matlab code utilizing Maxwell equations and finite difference 
method to solve for single known microstrip patch antenna , we present a code for that in 
appendix [A] . 

Here are a few results that determine return loss, directivity and feed point impedance. For 
more accomplished studies , Ansoft designer is an internationally known software that enables 
design and analysis of low profile antennas. 

Maxwell's equations : 

d VXH=J+­ 
d: 

=dR 7 XE= 
dt 

V.D = pv 
V.B= 0 

(4.1) 

( 4.2) 

( 4.3) 
(4.4) 

Figure 1 
feed point impedance 

t] x] 

--- real 

E ~ 
0 - 

Fig 4.1: Feed point impedance 
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4.3 Design of microstrip transmission line antenna 

Before designing the E- shaped antenna , we simulated and designed a microstrip transmission 
line antenna and a dipole antenna with a differential feed using the software . 

First , we simulated and designed a micro strip transmission line antenna . . 
The basic model of the designed microstnp transmission line is shown in Fig. 4.4. The microstnp 
line designed on a low loss substrate from RT_duroid 6010 with a dielectric constant 10.2 and a 
height of 1.27 mm at 5.0 GHz; the width of the microstrip is designed for 50 2 and the length for a 180 degree phase delay. 

€ w, 
h dielectric (s,) 

ground_/ © emtalk.com 

F. 4.4: Model of microstrip line showing cross-section. 1g·. 

. . the microstrip line calculator, a width of 1.19 mm and 
We determined the width and lengfu us~g Q with a 180 degree phase delay at 5.0 GHz as 
a length of 11.47 mm is needed to realize a 50 
shown in Fig. 4.5. 
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Microstrip Line Calculator 

Filnor, Inc. Resistors 
www.filnor.com 

Neutral Grounding Resistors Tech info, quick 
quotes & delivery 

AdChoices [> 

conducto~---....,. _ 

< w ►
-- - - - - 

dielectric (e,) r---...L.. _ 
ground_ 

Substrate Parameters 
© emtalk.com 

Electrical Parameters 

Dielectric Constant {c;,.):, 10.2 
Detectc Height (hy: 92r [my] 

Frequen:cy: 2 ] GHz 

Physical Parameters 

J 
n ! Synthesize I zo: ' wau (w): 1.19133400rs2 [mm[?] 

lec. Length: 180 'deg [Analyze] Length (): 11.4715457676 [mm[?] 

Fig 4.5: Microstrip line calculator of microstrip transmission line antenna 

After excitation and analysis setup , we analyzed the design and found out the results of return 
loss ( S 11 - parameter) as shown in Fig. 4.6 , the value of S 11 < -10 dB , which is accepted value 
for reflections due to mismatch . 
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4.4 Design a dipole antenna with a differential feed 
The dipole antenna is often used in planar m • 
directional pattern . icrowave applications that require an omni- 

The model of the printed dipole is shown in p· . 
50 mm will be optimized for 3 o GHz O t· ig. 4hi-.7 · The dipole arm's width 5 mm and length 

·' peration, w le the feed gap is Imm . 

r"o ____ -e- 
L 

n] aieiectic (e) 
© emtalk.com 

Fig 4.7: Model of printed dipole antenna based on differential feeding 

The dipole antenna designed on a low loss substrate from RT_duroid 5880 with a height of 
0.010 inch with a dielectric constant of 10.2 at 3.0 GHz, with a 90 degree phase. 

After excitation and analysis setup , we analyzed the design and found out the results of return 
loss (S11 - parameter) real and imaginary input impedance over ( 2-4) GHz range to confirm 
the resonant frequency . 
The result show that the dipole resonates at 2.75 GHz ( Imag (Zin= 0)). 
And because we use student version of Ansoft designer we can 't make optimization setup . 

We analyzed the design and found out the results of return loss ( S11 - parameter) as shown in 
Fig. 4.8 , the value of S11 < -1 O dB , which is accepted value for reflections due to mismatch . 
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Fig 4.9: Input impedance ofun-optimized printed dipole 

And we also find the radiation pattern of the dipole antenna 

We have two lobes at ( 0 and -180) degree and two nulls at ( 90 and -90) degree at 
Phi = 0 degree . 
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And we also find the radiation pattern of the dipole antenna 

We have two lobes at ( 0 and -180) degree and two nulls at ( 90 and -90) degree at 
Phi = 0 degree . 
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4.5 Design of an E-shaped microstrip antenna 

Based on a recent research paper [ 14] , we designed a dual band E- shaped microstrip antenna 
operates at GSM frequency 1.8 GHz and at wifi frequency 2.4 GHz with a low loss substrate 
from RT_duroid 5880 with a height of 0.787 mm with a dielectric constant of2.2 .We use the E­ 
shaped antenna parameters from the paper , as shown in the table , that used PSO-MOM 
(particle swarm optimization by using method of moment) software, but in our design we use 
Ansoft designer sv. software, and fed the antenna by microstrip line feeding instead of coaxial 
feeding due to software limitation of our student version. 

Table 4.1 : E-shaped microstrip antenna parameters with duroid substrate 

Parameters Lp Wp Ls Ws Ps 
Values 54.9mm 83.9mm 52.4 mm 17.4mm 11mm 

Where: 

Lp: patch length 
Wp :patch width 
Ls: slot length 
Ws: slot width 
Ps : slot position 

d . ed E- shaped microstrip antenna Fig 4.11: Geometry of ·lesign 
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Feeding design : 

To feed the E-shaped microstrip antenna we used microstrip line feeding method with a quarter wavelength line for matching . 

Because there is no standard formula to determine the input impedance of the E- shaped 
microstrip antenna , we used 502 half wavelength transmission line connected to a quarter 
wavelength matching line. We did a few trials to change the impedance of the quarter wave line 
until it matched that of the E-shaped antenna by noting the best return loss. 

Evaluating the impedance of the quarter wavelength transmission line : 

Using the microstrip line calculator, we determined the output impedance of the quarter 
wavelength transmission line which equal 150.72 2 to realize 0.24 width and 30.826 length as 
shown in Fig 4.12. 

Microstrip Line Calculator 

RF Coax Cables 
prolinkproducts_com! 

50ohm and 75 All types of Coax We Customize 
Coax Assemblies 

conducto~--...,.,L-...--/ __ 
71 

w, 
dielectric (Er) 

ground_/ 
substrate Parameters 

AdChoices [> 

© emtolk.com 

Dielectric Constant (-): 2.2 
Dielectric Height (): o7%r [m[] 

4%'cs2 Frequency: 

Electrical Parameters Physical Parameters 

[sihssiie] Width (W): -24 lmmH zo: 150.72ossss ° ,7 encn.- ab.es w[-] 
Elec. Length: 86.6734474982 deg l Anattze l ng ·- 

· trit line calculator of /4 transmission line Fig. 4.12: micros P 

d . d the width and length of the half ls we ietermined ±]; And using the microstrip line calculator a so' d length of 60.91 mm is needed to rea ize 
. . : idth of2.24 mm an a . wavelength transmission line, a WI 

1 8 
GHz as shown in Fig. 4.10 · 

a 50 2 with a 180 degree phase delay at · 
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Microstrip Line Calculator 

RF Coax Inc 
www.rfcoax.com 

RF/Microwave Cables. We offer Ssma, 2.9mm, 
o · 1.85mm, Gpo, Gppo, Smp, Ssmp .. 

( w ►

'4»f 
grounv © emtolk.com 

Substra te Parameters 

Dielectric Constant (G-):,22 

acnes> Detection#eight (y: ors7 [nan[F] 
Freauenoy: is] GHz 

Electrical Parameters Physical Parameters 

f Synthesize I zo: ° ' waw :2z@ms aw[z] 
Elec. Length: 180 !deg ! Ana~yze ! Length (L):160.919Sil42904 jjmmH 

Fig. 4.13 : Microstrip line calculator of 2./2 transmission line 

Finally , we get the value of input impedance of E- shaped antenna as follows 

Z1.4= .,j Z Elli: Z 1./2 
Zl./2= 50 2 

So: 

ZE= 454.33 2 

Pat1 

F. 4.14 ·Designed E- shaped microstrip antenna 1g. . · 
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Fig. 4.15: Return loss ( S 11 - parameter) in dB 

And we also found the radiation pattern of the E- shaped microstrip antenna at resonance 
frequency 1.8 GHz as shown in Fig. 4.16. 

231lec2012 Allsolt Corporallon 
Radiation Patte rn 8 

Fb:,1£1.lt 

+"SE I I +" { 

<GsrAcrptet, 
Pi+Eeg, F·t.ESH? 
Setup 1:Seep 1 

<(GarAccarted, 
Pi» $CZeg, F»t.ESH2 
Sftl. p1:S·:,tt;:1 

Fig. 4.16 : Radiation pattern of the E- shaped microstrip antenna 
at resonance frequency 1.8 GHz 
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And we also find the radiation pattern of the E sh d . . 
frequency 2.25 GHz as shown in Fig. 4. 17, @pe microstnp antenna at resonance 

1D 

'20:d'.A.::a:~ 
Jb,t:a9,.~•2.2!GNz. 
Setup 1:Seep 1 

::l{O.U-.Acot;t:~ 
P»££zig. F·2.2£282 
~~1:$wn;it 

Fig. 4.17 : Radiation pattern of the E- shaped microstrip antenna 
at resonance frequency 2.25 GHz 
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Chapter 5 

Parametric Study of the E-Shaped 

Microstrip Antenna 
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5.1 Overview 

In this chapter we will introduce the design of an E-shaped microstrip antenna with a coaxial­ probe feeding , using HFSS designer software. 

5.2 Design of an E-shaped microstrip antenna 
Based on a recent researched paper [ 14] , we proposed the parameters in table 5 .1 as states 
values. 

We designed a dualband E- shaped microstrip antenna operates at GSM frequencies 1.8 MHz 
and at 2.4 GHz range which is commonly used by wireless local area devices and wireless 
personal area devices such as the 802.11 WIFI and the 802.15.4 Zigbee wireless systems. 

We designed the antenna with a 15 mm air gap and using coaxial probe feeding. 

Table 5.1: E-shaped microstrip antenna parameters with an air gap 

Parameters Lp Wp Ls Ws Ps X; T 
Values 51.9mm 95.6mm 43.4mm 21.3mm 14.7mm 13mm 15 mm 

Where: 
Lp: patch length 
Wp :patch width 
Ls: slot length 
W s: slot width 
Ps : slot position 
Xr feed position 
t:substrate thickness 

. ed E- shaped microstrip antenna 
F. 5 1 . Geometry of design 1g· · 
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5.1 Overview 

In this chapter we will introduce the design of an E-shaped microstrip antenna with a coaxial­ probe feeding, using HFSS designer software. 

5.2 Design of an E-shaped microstrip antenna 
Based on a recent researched paper [14],we proposed the parameters in table 5.1 as states 
values. 
We designed a dualband E- shaped microstrip antenna operates at GSM frequencies 1.8 MHz 
and at 2.4 GHz range which is commonly used by wireless local area devices and wireless 
personal area devices such as the 802.11 WIFI and the 802.15.4 Zigbee wireless systems. 

We designed the antenna with a 15 mm air gap and using coaxial probe feeding. 

Table 5.1: E-shaped microstrip antenna parameters with an air gap 

Parameters Lp Wp Ls Ws Ps X; T 
Values 51.9mm 95.6mm 43.4mm 21.3mm 14.7mm 13mm 15 mm 

Where: 
Lp: patch length 
Wp :patch width 
Ls: slot length 
W s: slot width 
Ps : slot position 
Xr: feed position 
t:substrate thickness 

3 

d . ed E- shaped microstrip antenna Fig 5.1 : Geometry of ·lesign 
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Fig 5.2: Return loss ( S11- parameter in dB) of the designed E-shaped microstrip antenna 
at (1800 &2400 )MHz 

To get the resonance exactly at 1800 MHz and 2400 MHz the patch width ( Wp) 
had to be scaled up , which made the frequencies down to the required values . 
That increased Wp from 95.6 mm to 98.6 mm . 

mm!,,, 0 

. . d design of the E- shaped microstrip antenna Fig 5.3 : Geometry of the optimized 5fp, 
using HFSS so are 

. trip antenna parameters with an air gap Table 5.2: Near - optimized E-shaped micros 

Ws Ps Xr t Parameters 

Values 

Lp Wp Ls 

51.9mm 98.6mm 43.4mm 21.3mm 14.7mm 13mm 15 mm 
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Fig 5.4: Return loss (Su-parameter in dB) of the o . . . . 
microstrip antenna ith: s; 9ptimized dimensions for the E- shaped 

wI' an arr gap at ( 1800 & 2400 ) MHz . 

The results are summarized as follows: 

• Bandwidth at the lower resonance frequency ( 1800 MHz ) = 0.13 GHz. 

Bandwidth percentage = (A B/ fr)* 100% 
= (0.1311.8)*100% 
=7.2%. 

where: AB is the bandwidth. 
f, is the resonance frequency. 

• Bandwidth at the higher resonance frequency ( 2400 MHz ) = 0.16 GHz . 

Bandwidth percentage =(AB/ fr) * 100% 
= (0.1612.4)*100% 
=6.7%. 

• Return loss < -1 0 dB , this means we have a good matching and low reflection at 
the two resonance frequencies 

Return loss =-13 dB at the higher resonance frequency and -18 dB at the lower 
resonance frequency . 
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And we also found the radiation pattern of the li :1 
1 

. 
. h unearly po anzed E h d . . with an air gap at t e two resonance frequencies as follows : - s ape microstrip antenna 

Radiation Pattern 1 

-180 

Fig. 5.5: Stimulated radiation pattern of the E-shaped microstrip 
antenna with an air gap at 1.8 GHz 

Radiation Pattern 2 
0 

-90 

-28.00 

\ ~/ -~) j I 2 ' - 

-180 

90 

Curve Info 
- dB(GalnTolal) 
Setup1 : lastAdaptive 
Freq=1.8GHz Phi=0deg' 
- dB(GalnTolal) 
Selup1 :LastAdaptive 
Freq=1.8GHz Phi=sodeg' 

Curve Info 
- dB(GoinTolllf) 
Selup1 : LastAdaptive 
Freq=2.4GHz Phi='0deg' 
- dB(GainTolal) 
Selup1 : LastAdaptive 
Freq=2.4GHz Phi='9Odeg' - - - 

. . tt f the E-shaped microstrip Fig. 5.6: Stimulated radiation pattern01 4 GHz 
antenna with an air gap at 2· 
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5.3 Parametric studies 

We have done manual optimization that provides a good insight on the effects of various dun. enswnal parameters. It provides guidance on the design a d t· 'ti ·f Eh ·d 
. n optimization o -s ape microstrip patch antenna. 

To expand the antenna bandwidth, two parallel slots are incorporated into this patch and 
positioned symmetrically with respect to the feed point, since the amplitudes of currents around 
the slots are different at low resonant frequencies and high resonant frequencies. It means that 
the effects of the slots at these two resonant frequencies are different , this is the key reason why 
the slots can extend the bandwidth. 

At the high frequency, the amplitudes of the currents around the slots are almost the same as 
those at the left and right edges of the patch. The effect of the slots are not significant. The patch 
works like ordinary patch. Therefore, the high resonant frequency is mainly determined by the 
patch width Wp , less affected by the slots. While at the low frequency, the amplitudes of the 
currents around slots are greater than those at high frequency. 
Now it can be concluded that the antenna width controls the higher resonant frequency while the 
slots control the lower resonant frequency because of the dual resonant character, this kind of 
microstrip antenna can achieve a wide bandwidth . 

J 

¢ 

Feed Point 

: ditribution of the designed E- shaped microstrip antenna Fig 5.7: Current list vu 

. . r arameters are optimized to achieve a wide The slot length, width, and position and anothe P 
bandwidth. 
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5.3.1 Parameters effects : 

1. Length of the slots {Ls} : 

By decreasing Ls, both resonant curves shift towards the higher resonance frequency and vise versa. 

• Ls decreased to be equal 41.4 mm instead of 43.4 mm of an E- shaped antenna 
while other parameters were kept constant . 

HFSSDesign1 ~ 

-25.00 -l- - --- 

],,,,,,,s_sass1.sss_A -JO.OD 1 0 UO 1. 0 1. 0 . Freq (GHz! 

Fig 5. 8: Return loss ( Sj- parameter in dB) of the E- shaped microstrip 
after decreasmg Ls 

b 1 45 4 mm instead of 43.4 mm, while other parameters were • Ls increased to e equa · 
kept constant . 
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2. Width of the slots (Ws): 

The slot width W s is useful to d' . . 11 f a ~ust couplmg d hi margma y a fects the two resonance fr .: an acl eve good matching while it e trequencies . 

• W s increased to be equal 22 3 . 
the middle slot of an E- shap~d r;:n; lilStead of 21 ·3 mm , By changing the width of 
resonance frequency. ntenna only 'the curve shifts toward the lower 

""s "l, rev.± : ' - HFSS0esign1 .!., 
f Crveinto 

-5.00 
~ j I 
i10.00 _ !-- r- 
j-1500 {>---]-] ------J--4,[ 
E 
$fa» 
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-25.00 -+-----+-- 

~rt1T1P9rtlT1U 

3000 l,,,,,,,,',,-,t..1...4....l 
1. 0 1.40 1. 0 1. 0 2. 0 2 0 

Freq [GHz] 240 260 280 3.00 

Fig 5.10: Return loss (S;- parameter in dB) of the E- shaped microstrip 
after increasing W s 

• Ws increased to be equal 23.3 mm instead of21.3 mm, by changing the upper & 
lower slots of an E- shaped antenna each by 2 while other parameters were kept 
constant ; the curve shifts toward the higher resonance frequency and the antenna 
resonating enhanced specially at the lower resonance frequency. 
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Fig 5.11: Return loss ( S11- parameter": 

after decreasmg W s 
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3. Length of the patch (Lp) : 

The length of the patch can be changed to tune the frequency of the higher resonance 
mode, since it affects it more than the lower resonance mode. 

• Lp decreased to be equal 47.9 mm instead of 51.9 mm while other parameters were 
kept constant ; the curve shifts toward the higher resonance frequency . 
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Fig 5.12: Return loss ( Sw parameter_ in dB) of the E- shaped microstrip 
after decreasrng Lp. 

• . d f 51 9 mm while other parameters were . 1 55 9 mm rnstea o • , 
Lp rncreased to be equa hift toward the lower resonance frequency . kept constant ; the curve s s 
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Patch width ( Wp): 4. 

The patch width Wp affects the resonance frequency of the lower mode more than the 
higher mode. By decreasing Wp ,the whole VSWR curve shifts towards the higher resonance 
frequency and vise versa . 

• Wp increased to be equal 101.6 mm instead of95.6 mm, while other parameters 
were kept constant . 
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5. Feed position ( Xrl: 

The position of the feed affects matching and various performance parameters such as 
gain, radiation pattern and return loss of the antenna. 

• Xr was increased to be equal 16 mm instead of 13 mm , while other parameters 
were kept constant . The higher resonance frequency only shifted to the right , but 
the return loss magnitude remained the same of the two frequencies. 
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6. Substrate dielectric constant (&, ) : 

It is used for microstrip antenna generally at low value (typically s, = 2.5) and fringing 
field will be reduced . But for less critical applications this is to obtain a compact 
radiating structure that meets the demanding bandwidth specification. Since as Er 
increases the bandwidth will be decreases , so the bandwidth of the microstrip antenna 
will be increased using an air gap as a second substrate . However , dielectric substrate 
must be used if compact antenna size is required . The effects will be shown in the next 
chapter. 
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Chapter 6 

Design of a Linearly Polarized E- Shaped Microstrip Antenna 

Using HFSS Designer Software 
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6.1 Overview 

In this chapter we will introduce th d • 
:. th e 1esign of a linearly 5l = microstrip antenna with coaxial feeding using HFSg ®Ily polarized E-shaped 

the dual resonatmg frequencies at (900 and f200) designer software .We choose 
measurement on the antenna lab volt range . MHz to enable radiation pattern 

We will introduce the design of a single layer E h d 
with thickaesst =29.5 mm, and from ia('4]",""®"®"om air (Ce, =19 

r witl icknesst= 1.6 mm. 

Also, we will introduce the design of a multilayer E- sha ed 
substrate from Rogers RT/duroid 5880 (&,= 2 2) w·th thi knp antenna , the upper 

fr . . . r • 1 c ess t; = 1.6mm and the lower substrate rom air (&,= l) with thickness t»= 25 mm. 

6.2 Design of a single layer E- shaped microstrip antenna 

6.2.1 Design of an E- shaped microstrip antenna with an air gap 

We firs designed a dualband E- shaped microstrip antenna that operated at GSM 
frequency 1.8 GHz and at wifi frequency 2.4 GHz with a 15 mm air gap and using 
coaxial feeding. We scaled up the dimensions of the design to be radiated at GSM 
frequency 900 MHz, and L2- band GPS frequency 1200 MHz. 

We then fabricated the antenna using Protomat S62 machine , and measured it using 
lab volt antenna range system ; available in our university's lab which operates at 
limited range of frequencies from (750- 1300) MHz. 

Table 6.1 : Scaled dimensions of the E-shaped microstrip antenna with an air gap 

parameters Lp Wp Ls Ws X; 

Values 3 85.5mm 41.96mm 25.6mm 102.2mm 188. mm 29.5 mm 
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Fig 6.1: Return loss ( S11- parameter in dB ) of the scaled dimensions for the E- shaped 
microstrip antenna with an air gap 

To get resonating exactly at 1.2 GHz, we decreased the length of the middle slot to 
be equal 76 mm instead of 85.5 mm, and at Xr= 13 mm instead of25.6 mm, and 
we noted that the antenna becomes more resonating . 
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Fig 6.2: Return loss ( S11- parameter in dB) of the scaled dimensions for the E- shaped 

microstrip antenna with an air gap at 1200 MHz 

. we increased the patch width (Wp) to be To get resonatmg exactly at 900 MHz' 
equal 201.3 mm instead of 188.3 mm. 
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To get better matching and bandwidth at the tw 
increased the feed position point from X _ 0 resonance frequencies , we 

r= 13 mm to be equal 151.97 mm. 

0.00 

-5.00 

=-10 00 , 
E-15.00 

~ 
{-20 00 

I 
£ 8-2500= 
5 
g-30.00 

-35.00 

HFSSOesign1 ~ 
Curve Into 

---- - 

g I 

000 ,},,,,,,,,,,,,......./ 
0.0 0.80 090 1.00 

" Freq (GHz! 1.lO 1 0 1 o 

Fig 6.4: Return loss ( S11- parameter in dB) of the scaled dimensions for the E- h :d . . . s ape 
microstrip antenna with an air gap at ( 900 & 1200) MHz with better bandwidth 

The results are summarized as follows: 

XV Plot 1 
I 

• Bandwidth at the lower resonance frequency (900MHz) = 0.045 GHz. 

Bandwidth percentage = (A B/ fr) 100 % 
= (0.045/0.9) 100 % 
=5% 

• Bandwidth at the higher resonance frequency ( 1200 MHz) = 0.06 GHz • 

Bandwidth percentage = (A B/ fr)* 100 % 
= (0.06/0.9) 100 % 
=6.7% 

1. 0 

d tching and low loss at the • Return loss <-10 dB , this means we have a goo ma c 
two resonance frequencies 

fr and -14 dB at the Return loss = -14.5 dB at the higher resonance equency 
lower resonance frequency. 
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Table 6.2 :Optimized di .: 
nmmensions of E-shar , 

with. s:, 3ped microstrip antenna an air gap 

parameters Lp Wp Ls Ws 
Values 102.2mm 

X; 
201.3mm 85.5mm 48.45mm 25.6mm 29.5mm 

0 200 

Fig 6.5 : Geometry of the optimized design of the E- shaped microstrip antenna with 
an air gap using HFSS software 

And we also found the radiation pattern of the linearly polarized E- shaped 
microstrip antenna with an air gap at the two resonance frequencies as follows : 

Radiation Pattern 1 
0 

-90 i 
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90 

Curve Info 
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Selup1 : LastAdaptive 
Freq=0.9GHz Phi=0deg' 
dB(GainTotal) 
Setup1 : LastAdaptive 
Freq=0.9GHz Phi='90deg' 

.180 

f th E shaped micro strip antenna 
Fig. 6.6: Stimulated radiation pattern ° e - 

with an air gap at 0.9 GHz 
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Radiation Pattern 2 
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Freq=1 .2GHz Phi-godeg 

-180 

Fig. 6.7: Stimulated radiation pattern of the E- shaped microstrip antenna 

with an air gap at 1.2 GHz 

6.2.2 Design of an E- shaped microstrip antenna with FR4 substrate 

We designed an E-shaped antenna operated at the same range of frequencies but 
using a dielectric substrate from FR4 (Er= 4.4) with thickness t = 1.6 mm instead of 
the air gap. 

FR4 has low cost, ease of availability ,and is more practical since it has compact size. 

. . d d si n of the E- shaped microstrip antenna 
Fig 6.8 : Geometry of the optimize 1e g . HFSS 

with FR4 substrate using 



Table 6.3 :Optimized di: ., 1mensions of E- ,, -s aped micro t · FR4 substrate s np antenna with 

parameters Lp Wp Ls Ws 
Values 81.928mm 121.812mm 

X; 
71.968mm 19.626mm 19.76mm 1.6mm 

0.00 

= -500 

i 
, 1o.oo 

y 
8-15.00 

20.00 { 
0.i0 0.15 0. 0 o. 5 0. 0 0. 5 

t 
I 

0.J0 0. 5 0.0 0. 5 1. 0 1. 5 Freq (GHz! 1\0 1. 5 1 0 1 .5 1 \0 

Fig 6.9: Return loss (S;1- parameter in dB) of the scaled dimensions for the E- shaped 
microstrip antenna with FR4 substrate at ( 850 & 1200) MHz 

The results are summarized as follows: 

• Bandwidth at the lower resonance frequency ( 850 MHz) = 0.01 GHz. 

• Bandwidth at the higher resonance frequency ( 1200 MHz) = 0.012 GHz. 

• Return loss <-10 dB , this means we have a good matching and low loss at the 
two resonance frequencies 

Return loss =-16 dB at the higher resonance frequency and - 14 dB at the 
lower resonance frequency. 
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Radiation Pattern 1 
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Curve Info 
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-180 

Fig. 6.10: Stimulated radiation tt pa em of the E- shaped . . microstrip antenna 
with FR4 substrate at 850 MHz 

Radiation Pattern 2 
0 

-90 90 

/ 

-180 

Curve Info 
- dB(GainTotal) - 
Setup1 : LastAdaptive 
Freq='1.2GHz Phi=0deg' 
> dB(GainTotal) 
Setup1 :LastAdaptive 
Freq='1.2GHz Phi=90deg' 

Fig. 6.11: Stimulated radiation pattern of the E- shaped micros trip antenna 

with FR4 substrate at 1200 MHz 

6.3 Design of multilayer E- shaped microstrip antenna 

To get better resonance at the two desired resonance frequencies ( 900 & 1200) MHz 
we designed a multilayer E-shaped microstrip antenna . 

The lower layer is an air substrate with thiclmess t2 = 25 mm , and the upper layer is 
Rogers RT/duroid 5880 substrate with thiclmess t1 = 1.6mm · 
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Table 6.4 : Multilayer E-sh . 
s aped microstrip antenn a parameters 

parameters Lp Wp Ls Ws Ps 
Values 102.2mm 188.3mm 

X; 
85.5mm 41.96mm 28.9mm 25.6mm 

0.00 

-200 

XY Plot1 

~ -4.00 
I 

F 
3 -s00 

~ 
E -a00 

3 
~-10.00 
'0 

-12.00 - - - - 

t 

HFSSDesign1 ~ 
Clnetnfo 

- dB(Sl(porl1_T1,portf_T1)) 
Setup'f : Sweep 

1 0 1 0 

Fig 6.12: Return loss ( S 11- parameter in dB ) of the multilayer E- shaped micros trip antenna 

We adopted the mentioned parameters at table 6.4 of the E-shaped antenna and 
changed the feed position in order to get better resonance and bandwidth at the two 
desired resonant frequencies ( 900 & 1200) MHz, we get the following results: 
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Table 6.5 : Multilayer E-shaped microstrip antenna 'th d'ffi 
WI L terent values 

of feed position 
r---- 

No.of X; 1" 2"® 
Return Return Bandwidth Bandwidth trials (mm) resonant resonant loss for loss for f st 

for 2nd freq or 1 freq frequency frequency first second 
frequency frequency glee 

1 131.97 0.92GHz 1.21GHz -13.9dB -lldB 0.035GHz 0.02GHz r 

2 14*1.97 0.92GHz 1.21GHz -13dB -lldB 0.065GHz 0.03GHz ~ 
3 151.97 0.92GHz 1.23GHz -12.5dB -10.5dB 0.035GHz 0.025GHz 4 13 0.905GHz 1.12GHz -15dB -15.2dB 0.075GHz 0.035GHz 5 13.5 0.905GHz 1.12GHz -15dB -lSdB 0.065GHz 0.035GHz 6 15 0.91GHz 1.15GHz -15.2dB -14dB 0.06GHz 0.03GHz 

According to the results, we adopted the fourth trial (Xr= 13 mm) because we 
have the best value of bandwidth and return loss. 

::: -5.00 ff], \ 41-f 
_5 a 
0: ·9.00 4------,;-=------:--:---~­ 
[-py 
+ff0 
52n 
g 4 
4g------.-r--- B 
46.00 
·17.00 

±,,a »+ ± ·19.00 - __,. 1.00 1.10 120 a- ii #& 050 d 70 ikai 

" . dB of the multilayer E- shaped microstrip antenna Fig 6.13: Return loss (Su-parameter m ) 

at Xr= 13 mm 
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To get the resonance exactly at 900 MH d 
z anc 1200 MHz 

(Wp) to be equal 213mm instead of 188 332 we changed the patch width 
equal 82.5mm instead of 85.5 mm. · nun ' and the slot length (Ls ) to be 

Fig 6.14: Return loss (S- parameter in dB ) of the multilayer E- shaped microstrip antenna 
after decreasing Ls and increasing Wp, resonating at (900 & 1200) MHz 

The results are summarized as follows: 

• Bandwidth at the lower resonance frequency ( 900 MHz)= 0.065 GHz instead 
of 0.075 GHz 

Bandwidth percentage = (A B I fr) 100 % 
= (0.06/0.9) 100 % 
=7.2% 

• Bandwidth at the higher resonance frequency (1200 MHz ) = 0.025 GHz 
instead of 0.035 GHz. 

Bandwidth percentage = (AB I fr) 100 % 
= (0.025/1.2) 100 % 
= 2.08 % 

frequency and -15 dB at the 
• Rerun toss equals -11 dB at he higher i""",,,%'i is fess an -10 a. 

lower resonance frequency ,which is accep 
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Also we found the radiation pattern of the multile 1 . 
haped microstrip antenna at the two resonance fr: ayer layer linearly polarized E- 

sI quencies as follows : 

Radiation Pattern 1 
0 

-90 

- dB(GalnTotaJ) 
Setup 1 : Sweep 
Freq=09GHz Phi-0deg 
dB(GainTotal) 
Setup 1 : Sweep 
Freq=0.9GHz Phi=9ode; 

90 

Curve Info 

-180 

Fig. 6.15: Stimulated radiation pattern of multilayer E- shaped microstrip 

antenna at 0.9GHz 

Radiation Pattern 1 
0 

Curve Info =- dB(GainTotai) 
Selup1 :LastAdaptive 
Freq='1.2GHz Phi='0deg' 
dB(GainTotal) 
Setup1 :LastAdaptive 
Freq='1.2GHz Phi='90deg' 

90 

-180 

. . f multilayer E- shaped microstrip Fig. 6.16: Stimulated radiation pattern ° 
antenna at 1.2 GHz 
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Table 6.6 : Optimized dimensions of th . · 
e multilayer E-shaped. . microstrip antenna 

parameters Lp Wp Ls Ws 
Values 102.2mm 213 mm 

X; 
82.5mm 41.96mm 25.6mm 

0 200 400 (mm) 

Fig 6.17: Geometry of the optimized design of the multilayer E- shaped microstrip 

antenna using HFSS 



Chapter 7 

Design of a Circularly Polarized E-Shaped Microstrip Antenna 

Using HFSS Designer Software 
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7.1 Overview 

Circularly polarized (CP) microstrip ant 
li : ennas have b • wireless applications such as GPS and RFID een widely used in diff 

· · systems th i 1erent of both microstrip antennas and circular-pol . . as ey combine the advant 
arzation characteristics, n ages 

Microstrip antennas have a planar profile 1 
1 . . , ow cost and me ch • 

circular polarization can reduce the transmi < > echanical robustness while 
:. 1ssion loss ca d by > between antennas of stationary and mobile terminals ®Sed oy the misalignment 

to achieve polarization match which allows fi ' an~ ~t _ is an attractive solution 
. . d . . or more flexibility in th 

transmitting an recerving antennas, reduces the effect . e angle between 
enhances weather penetration and allows for th sn,, multipath reflections, 
the receiver. e mo i ity of both the transmitter and 

Circular polarization can thus be used in broadb d 1. . . 
polarization flexibility, alleviates multipath ab,,,""P®®Fons , provides better 
io linearly polarized antenna for line of sight app,, ""® elay spread, compared 
. t f S b didth. s an maximizes performance In erms o 11 an w1 . 

7 .2 Design of a circularly polarized E-shaped microstrip 
antenna 

After having encouraging results for linearly polarized E- shaped antenna , we 
designed a circularly polarized E-shaped microstrip antenna using HFSS designer 
software which is based on FEM ( Finite Element method ) . 

To generate circular polarization, we introduced a bar, that generates asymmetric 
orthogonal currents with a quadrature phase , to the designed linearly polarized E - 
shaped microstrip antenna . This way the radiation field decomposes . to two 
components right hand circularly polarized (RHCP) E-field and left hand circularly 
polarized ( LHCP) E-field. 
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7.2.1 Design of an E- shaped micro t . Strip antenna with .: at an air gap 

We designed a single layer circularly p 1 . 
thickness t=2Omm. The resonance freque: anzed E-shaped antenna with an a. f 

d . th d . cy measured 2 65 GHz ir gap o 
was use m e es1gn to reduce losses. · and coaxial feeding 

0 200 (mm) 

Fig 7 .1 : Geometry of the optimized design of the circularly polarized E- shaped 

microstrip antenna with an air gap 

Table 7 .1 : Circularly polarized E-shaped microstrip antenna parameters with an air gap 

parameters Lp Wp Ls Ws Xf Lb T 

V l 21 3 18mm 14.5 mm 20 mm alues 39.2mm 94.8mm 35.2mm • mm 
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The length of the middle slot was inc sd crease to 3 5 2 fr resonance at 2.65 GHz . · mm om 30.2 mm to get the 

XY Plot 1 

2 .5 2. 0 
2. 0 2 '5 2. 0 

Fig 7.2: Return loss (S;- parameter in dB) of the circularly polarized E- shaped microstrip 
antenna with an air gap at 2.65 GHz 

The following results are observed : 

HFSSDesigt .2 

• Bandwidth at the resonance frequency ( 2.65 GHz ) = 0.12 GHz. 

Bandwidth percentage = (A B /fr) 100 % 

= ( 0.12/2.65) * 100 % 
=4.5% 

• Return loss= -29 dB, much less than -10 dB, this means we have a good 
matching and very low loss at the resonance frequency. 
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- 
And we also find the radiation pattern of the circularly polarized E- shaped microstrip 
antenna with an air gap at the resonance frequency as follows : 

Radiation Pattern 1 
0 

-90 
90 

-180 

Fig 7.3: Stimulated radiation pattern of the circularly polarized E-shaped 

microstrip antenna with an air gap at 2.65 GHz & Phi=0 

Radiation Pattern 2 
0 

60 

-90 90 

Curve Into 
dB(GainLHCP) 
Setup1 : Last/Adaptive 
Freq=2.65GHz Phi0deg' \ 
dB(GainRHCP) 
Setup 1 : LastAdaptive 
Freq=2.65GHz Phi'Odeg 

Curve Info 
dB(GainL.HCP) 
Setup1 :LastAdaptive 
Freq=2.65GHz Phi='90deg 
dB(GainRHCP) 
Setup1 :LastAdaptive 
Freq=2.65GHz Phi='Odeg 

-180 

f the circularly polarized E-shaped d. t' pattern o F. 7.4: Stimulated ra ia wn . o 
1g/.:. iGHz &Phi=90 

'th an air gap at 2.65 microstrip antenna Wl 
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7.2.2 Design of an E- shaped microstrip antenna with FR4 substrate 

We designed a single layer circularly polarized E-shaped antenna from FR4 substrate 
(Er =4.4), with thickness t= 1.6 mm at 2.61 GHz resonance frequency using coaxial feeding. 

We designed the antenna at Xr= 5 mm, we get a 0.08 GHz bandwidth and-14 dB 
return loss at resonance frequency 2.68 GHz. 

XYP1ot2 
HF SSDesign f ~ 0.00 

Curve Info 

- SM0rt1 TL2rf1 TL) ~ 
-5.00 

:::: 

.L ooo 
r 1 
t 

~ .. 15.00 
E 
J-20.00 

[ 
® 

I I I 
2. 5 2 0 2. 5 2. 0 2.%5 2. 0 2..5 2. 0 

Freq (GHz] 

Fig 7.5: Return loss (Sj- parameter in dB) of the circularly polarized E- shaped microstrip 
antenna with FR4 at 2.68 GHz 

. . . t ( X ) to become 1 o mm , the bandwidth When we increased the feed position pomnt r . 1 =- 26 dB 
d d b e O 2 GHz We observed better matching; return oss enhance an ecam • · 

at lower resonance frequency 2.65 GHz. 

0.00 
XY Plot 1 

-5.00 

I 
I - -t 
I : 

(10.ooT---11----+--- 
F-15.oo 

l-20.00 
g 

HFSSDesignt .2 

-25.00 lL~---:~-~---rl;;---21~-;:;;;2:is--~-m---2.2.fs5--~-- 22A 0 I 2 I 2. 0 fraq[GHz! 2. 2. 0 .J0.00 2. 2 0 

h . larly polarized E- shaped microstrip ameter in dB) of the circu Fig 7.6: Return loss (Si1- para jh FR4 at 2.65 GHz 
antenna w1 
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We tried to enhance the bandwidth by optimi: 
be equal 15 mm : pI zing the feed position point (Xr) to 

0.00 XY Plot 1 
HF SSDesgt ., 
Curve Into 

-5.00 
/E[Sant! TL.pot1 TD) 

2 .. 
ow 

f 

~ 

l 
-is00 
i: 
0 

i-20.00 

s I I 

-25.00 - - _ _I __ 

-30.00 
2 5 2 \0 2 5 2.40 2. 5 2 0 2. 5 2. 0 2. 5 2. 0 

Freq [GHz] 2/5 2. 0 2 5 2.30 2 35 330 

Fig 7. 7: Return loss ( Sj- parameter in dB) of the circularly polarized E- shaped 

microstrip antenna with FR4 at 2.61 GHz after optimizing X; 

The following results are observed : 

• Bandwidth at the resonance frequency ( 2.61 GHz) = 0.32 GHz. 

Bandwidth percentage = (A B / fr) * 100 % 

= ( 0.12/2.61) * 100 % 
= 12.26 % 

• Return loss= -24 dB, much less than -10 dB, this means we have a good 
matching at the resonance frequency. 
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X 

0 

Fig 7.8 : Geometry of the optimized design of the circularly polarized E- shaped 
100 200 (mm) 

microstrip antenna with FR4 substrate 

Table 7.2: Circularly polarized E-shaped microstrip antenna parameters with FR4 substrate 

parameters Lp Wp Ls Ws X; Lb 

Values 39.2mm 94.8mm 30.2mm 21.3mm 15mm 14.5 mm 1.6mm 

And we also find the radiation pattern of the circularly polarized E- shaped microstrip 

antenna with FR4 substrate as follows : 

Radiation Pattern 1 
0 

-90 

curve Info 
4B(GainLHcP) 
Setup1: LastAdaptive 
Freq=2.6GHz Phi='deg' 
dB(GainRHCP) 
Setup1 :Last/Adaptive 
Freq=2.6GHz Phi=0deg' 

-180 

90 

. . f he circularly polarized E-shaped Fig. 7.9: Stimulated radiation pattern of t 
ith FR4 substrate at 2.61 GHz & Phi=0° microstrip antenna WI 
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Radiation Pattern 2 
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-120 

-180 

Fig. 7 .10: Stimulated radiation pattern of the circularly polarized E-shaped 

microstrip antenna with FR4 substrate at 2.61 GHz & Phi=90° 

We scaled up the dimensions of the design to measure it at the lab volt range system. 
We found the return loss and radiation pattern of the circularly polarized E- shaped 
microstrip antenna with FR4 substrate at the resonance frequency 1.32 GHz 

Table 7 .3: Scaled dimensions of the E-shaped rnicrostrip antenna with FR4 substrate 

parameters Lp Wp Ls Ws X; 

Values 78.4mm 189.6mm 60.4mm 29mm 30mm 1.6 mm 

HFSSDesign1 • 

-5.00 

f-oo 

' 8-15.00 r 
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f2s.oo 
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h . 1 ly polarized E- shaped rnicrostrip t in dB) oft e CIrCu.ar Fig 7.11: Return loss ( S11- parame er 1 
1 
32 GHz 

antenna with FR4 substrate at • 

- dB(Stfeortt T1 P9rt1 IlU 
Stu 1 ; Sregg 
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The following results are observed : 

• Bandwidth at the resonance frequency (1.32 GHz ) == 100 MHz. 

Bandwidth percentage = (A B / fr) 100 % 

=(0.08/1.32 ) 100 % 
=6.06 % 

• Return loss =-32 dB, much less than -10 dB, this means we have a good 
matching and very low loss at the resonance frequency. 

And we found the radiation pattern at the resonance as follows : 

Radiation Pattern 1 
0 

-90 90 

Curve Info 
> dB(GainLHCP) [ 
Setup 1 : sweep 
Freq='1.32GHz Phi='0deg' 
dB(GainRHCP) 
Setup1 : Sweep 
Freq=1.32GHz Phi='0deg' 

-180 

. . of the E- shaped microstrip antenna Fig 7.12: Stimulated radiation pattern 

32 GHz & Phi= 0° with FR4 substrate at 1. 
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Radiation Pattern 1 
Curve Info 

- dB(GainLHCP) 
Setup 1 : Sweep 
Freq=1.32GHz Phi='9odeg' 
- dB(GainRHCP) 
Setup 1 : Sweep 
Freq=1.32GHz Phi='sodeg' 

-180 

Fig 7 .13: Stimulated radiation pattern of the E- shaped microstrip antenna 

with FR4 substrate at 1.32 GHz & Phi = 90° 
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Chapter 8 

Measurements 
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8.1 Overview 

In this chapter, we will introduce our meas d 
1 • : urec results of the return loss and radiation pattern for two E-shaped micr stri 

. . . . ros P antennas operates at two 
different types of polarizations, linearly and circularly polarization. 

The two antennas were fabricated using FR4 substrate (&r = 4 
4
) • h thi kn 

. p . wit c ess t=1.6 mm usmg rotomat S62 & PCB prototype machines. 

8.2 Measurement results of the linearly polarized E- shaped 
microstrip antenna 

8.2.1 Measured return loss 

We measured the return loss of the E-shaped microstrip antenna using Site Master 
system at al-wataniya mobile company because this system isn't available in our 
university. 

The system was first calibrated for open circuit load, short circuit load and matched 
load (50 2) in order to establish the required reference points for the frequency range 
required. After words the microstrip antenna was connected to the Site Master via an 
SMA/N1 connector. 

Here are the results that determine the return loss at the two resonance frequencies 
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Zooming the first resonance curve re • . 
quired calibration through (810- 910) MHz: 
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Se!Up/JPG/._ 

Marker 

Fig 8.2: Measured return loss ( S11- parameter in dB) of the E- shaped microstrip antenna 
with FR4 substrate at 854.16 MHz 

The results are summarized as follows: 

• Return loss at the lower resonance frequency ( 854.16 MHz)= -12.4 dB 
less than -10 dB , this means we have a good matching. 

• Return loss at the left limit frequency (848.704 MHz)= -10 dB. 

• Return loss at the right limit frequency ( 860.583 MHz)= -10 dB. 

• Bandwidth = 12 MHz . 
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Zooming the second resonance curve • 
required calibration through (1150= 1250)MHz: 

L.1 c 
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Fig 8.3: Measured return loss ( S 11- parameter in dB) of the E- shaped micros trip antenna 
with FR4 substrate 1206.569 MHz 

The results are summarized as follows: 

• Return loss at the higher resonance frequency ( 1206.569 MHz) 
equals -21.6 dB less than -10 dB, this means we have a good 
matching. 

• Return loss at the left limit frequency (1200.729 MHz ) =-10 dB. 

• Return loss at the right limit frequency ( 1213.136 MHz ) =-10 dB. 

• Bandwidth = 13 MHz . 
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8.2.2 Measured radiation pattern 

We measured the radiation pattern of the E-shaped microstrip antenna using the 
antenna lab volt range system that is available in our university. 

The microstrip antenna was first measured without any calibration of the system , then 
we used SMA/ BNC adapter to make calibration and change the default frequency 
(915 MHz ) to get the required frequencies. 

We measured the radiation pattern of the linearly polarized E-shaped microstrip 
antenna before making calibration and get the following results : 

- 1111 («:Is[EI] (var 3 

J7] 

MSP() Bw' 
215 lJU'S 
mu so 

· E h ed microstrip antenna at 915 MHz with Fig 8.4: Measured radiation pattern of the :-s ap 
76 0 beam width = 136. 

. . antenna at 915 MHz E- shaped microstrIp Fig8.5: 3D- radiation pattern of the 

►



After that, we make calibration of the antenna lab volt range system using a DC 
voltage generator , but we couldn't change the frequency less than 0.1 step because we 
haven't an accurate generators, so the variation couldn't be less than 8 MHz each 
0.1 volt. 
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sha ed microstrip antenna at 842 MHz and 2.1 Fig 8.6: Measured radiation pattern of ~he E- ?d h- 650 
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microstrip antenna at th; lower f the E- shaped 'dth = 68.86 • · pattern o ith beamw Fig 8.7: Measured rad1at10n 850 MHz) and 2.2 volt wi 
resonance frequency ( 
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Fig 8.8: 3D -radiation pattern of the E- shaped microstrip antenna at the lower resonance 
frequency (850 MHz) and 2.2 volt 
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- [ eiciiy'][ 

Fig 8.10: Measured radiation pattern of the E- sha . . ped microstrip antenna at 1200 73 MH 
and 6.6 volt · z 
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Fig 8.11: Measured radiation pattern of the E- shaped microstrip antenna at the higher 
resonance frequency (1206.57 MHz ) and 6.7 volt 
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Fig 8.12: Measured radiation pattern of the E- shaped microstrip antenna at 1213.14 MHz 
and 6.8 volt 

8.2.3 Measured voltage standing wave ratio ( VSWR) 

We also measured the VSWR of the E- shaped antenna and get the results as follows: 

The measured VSWR = 1.5 at the lower resonance frequency ( 845.069 MHz) and 1.25 at the 
higher resonance frequency ( 1206 MHz) , which is acceptable since it isn't more than 1.5. 

. 1 larized E- shaped antenna 
Fig 8 .13: Measured VS WR of the linear Y po 
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S.3 Measurement results of the circularly polarized E- shaped 
micros trip antenna 

8.3.1 Measured return loss 

We measured the return loss of the circularly polarized antenna using the same device 
( Site Master ). 

Here are the results that determine the return loss at the resonance frequency (1100 MHz): 

e 
t . dB) of the E- shaped microstrip antenna Fig 8.14: Measured return loss ( Su- parame er m (1100 MHz). 

with FR4 substrate at the resonance frequency 

The measured return loss equals - l 9 .15 dB 

Measured bandwidth fy- f;= 1106 -1094 

= 12 MHz 
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8.3.2 Measured radiation pattern 

We measured the radiation pattern of the circul 1 1 • · tarry po anzed E-shaped · t · 
antenna after making calibration of the lab volt ran stem1crostrip 

ul 
nge sys em and get the following 

res ts: 

Fig 8.15: Measured radiation pattern of the circularly polarized E- shaped microstrip 
antenna ( RHCP & LHCP) at the resonance frequency (1100 MHz) and 5.4 volt 

with beamwidth = 70 ° 

. . f he circularly polarized E- shaped microstrip 
Fig 8.16: Measured radiation pattern0l';% ·(1100 MHz ) and 5.4 volt 

antenna ( E & H plane ) at the resonance requency 

with beamwidth = 41 ° 
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Fig 8.17: Measured radiation pattern of the circularly polarized E- shaped microstrip 
antenna ( RHCP & LHCP) at 1094 MHz and 5.3 volt 

with beamwidth = 52.6 ° 
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8.3.3 Measured voltage standing wave ratio (VSWR ) 

We also measured the VSWR of the E- shaped antenna and get the results as follows: 

The measured VSWR = 1.26 , which is acceptable since it less than 1.5 
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Fig 8.19: Measured VSWR of the circularly polarized E- shaped antenna 
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Chapter 9 

Results , Conclusion and Challenges 
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9,1 Overview 
This chapter presents verification for the d • 
ass Amsofi and HFSS designer son,,"F red micros.nip antenna 
discusses the sunulated and measured results f ,, asured prototype. It also 

d
. · 0 e antenn · and radiation patterns. It also presents a . as in terms of return loss 

ila s% %4 comparison betwe <i 
multi ayer antenna using different dielectric s b tr . /een single layer and 
or two types of polarization (linear & c,,,""® ith different thickness, and 
designs. > Using coaxial feeding for all 

Also , we examined the challenges that we faced d · th d . . 
fabrication and measurements of the prototypes. unng e tesign using the softwares 

9.2 Results and Conclusion 

Through our design and analysis of microstrip antenna with a transmission line feed 
and a dipole antenna with a differential feed , we find out the effect of many 
parameters of the antenna as follows : 

• As the output impedance of the antenna increased , the width and length of 
the antenna will be decreased ·' 

• As the dielectric constant of the substrate increased , the width and length of 
the antenna will be decreased . 

• As the thickness of the substrate increased , the width of the antenna will be 
decreased , while the antenna length will not affected . 

Also, we designed and analyzed an E-shaped microstrip antenna, we get different 
results of return loss by changing the width of the quarter wave length matching hne 
at the same frequency (1.8GHz) and the same length (L=30.826mm) in order to get 
proper value of return loss ( less than -10 dB ) which means good matching and low 
loss, but we have high losses at 2.21GHz because our resonant frequency is 1.8 GHz 
and at higher frequencies higher losses happened · 
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After that , we designed an E-shaped microstrir .: 
W
ith different thickness for Linear & circular p pl a~te~a usmg different substrates : olarization usi HF 

obtained the followmg results: mg SS software ,we 

1. The dielectric material forms a cavity that stores ener 
the antenna's bandwidth. gy, hence would reduce 

2. The patch is printed on a finite rectangular substrat f d' • . 
id the ·5+ &. 5f teot 1imensions in order to 

avoi e excitation o surface waves, and the antenna is directl 
Q SMA connector. Y fed by a 50­ 

3. The wideband characteristic is due to large separation between the radiating 
patch and the ground plane and due to the use of low permittivity substrate 
with the proposed design, since as substrate dielectric constant (&,) · · · 'T mcreases 
the bandwidth will be decreases, so the bandwidth of the E-shaped microstri 
antenna will be increased using air substrate (Er= 1) p 

4. The effect of the slots, most importantly, the amplitudes of currents around the 
slots are different at low resonant frequencies and high resonant frequencies. 
So , by decreasing slot length the whole return loss curve shifts towards the 
higher resonance frequency and vise versa. 

5. We changed the slot width (W s) in two ways , first we increased it from the 
middle slot of the E- shaped antenna , we note that the curve shifts toward the 
lower resonance frequency. 

Then , we increased W s , by changing the upper & lower slots of an E­ 
shaped antenna we note that the curve shifts toward the higher resonance 
frequency and the antenna resonating enhanced specially at the lower 

resonance frequency. 

6. Patch length (Lp) affects the S 11 - parameter curve , when it decreased the 
curve shifts toward the higher resonance frequency and vice versa . 

7. The patch width (Wp) affects the resonance frequency of the lower mode 
• W the whole return loss curve 

more than the higher mode .By decreasing 'p , . 
shifts towards the higher resonance frequency and vise versa · 

~ d osition ( Xr) ' since unmatching 
8. To preserve matching ,we must scale feec P 

cause: 
• Frequency shift. 

. 1 bandwidth at the two resonance frequencies ' one 
• Asymmetrical >a 

narrow and other wide. 
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9, We scaled up the dimensions of th d . e tes1gn to be d; 
900 MHz, and L; -band GPS fre ' radiated at GSM frequ . . equency l 200 MH» ency 
using lab volt devices that availabl . . . z that can be measured 
%sited1 1ein our university's lab s% 
limited range of frequencies from (750. 'S lab which operates at 1200 ) MHz. 

to. We designed a multilayer E-shaped . . microstrip antenna t 
at the two desired resonance freque . ( 9 ° get better resonance · ·nc1es 900 & 1200 ) 
we had physical restrictions of duroid ' MHz · We found that 1 material and we ldn' . 
Also the resonance curve magnitudes 1 cou t fabncate it . were c ose to -10 dB. 

11. Thin materials provides sharper resonance which means less band .dth Wl . 

9 .3 Challenges 

During perform our design we face many problems : 

1- In the introduction of the graduation project, we used Ansoft designer sv. 
software , and fed the antenna by microstrip line feeding instead of coaxial 
feeding due to software limitation of our student version. 

2- Since there is no standard formula to determine the input impedance of the E­ 
shaped microstrip antenna , we used 502 half wavelength transmission line 
connected to a quarter wavelength matching line. 
We also did many trials to optimize the impedance of the quarter wave line 
until it become matched by noting the best return loss , 

3- Getting the HFSS software cracking, and learning how to use to be familiar 
with it, and learning how to design the E-shaped microstrip antenna since it 
different from the Ansoft designer that we used in the introduction of the 

graduation project. 
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4- Getting appropriate tutorial for designing an E-shar :d . . 
:. E. 1pec microstrip antenna using coax feeding, we first started with the design of -, 

. 0 a pate antenna and then apply it on our E- shaped antenna . 

5- Lack of researches and papers about the E- shaped microstrip antenna, since 
it is a new and hot topic in antennas , we faced many problems during the 
design to get good matching ( appropriate return loss s11 < -lOdB) and 
bandwidth at the two desired resonant frequencies, and we perform a 
parametric studies to analyze the E-shaped antenna and see the effect of each 
parameter on the resonance and bandwidth at the desired frequencies. 

6- Lack of the materials that used to implement the design ,although we 
communicated with many companies, we get only one offer from Int. ­ 
Engineers company which provides the desired materials from Britain. 

7- Limitation in the range of operation frequencies of the measurement devices 
( 650 MHz= 1400 MHz ), since we fabricated and measured the designed E­ 
shaped microstrip antenna using lab volt range system that is available in our 
university's lab. 

8- In order to get broadband frequency, we faced up to a new challenge aided by 
our supervisor of added a bar and designed a circularly polarized microstrip 
antenna , also we changed several parameters such as feed position (Xr) to 
get a good matching and bandwidth . 
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Appendix (A) 

: TUtorials / simple patch antenna 

{escribtion at: 
s http://openems.de/index.php/Tutorial:_Simple_Patch_Antenna 

l aescea with 
g - Matlab 2011a / Octave 3.4.3 
% _ openEMS vo . 0 . 2 7 

% 
% (C) 2010-2012 Thorsten Liebig <thorsten.liebig@uni-due.de> 

close all 
clear 
clc 

%% setup the simulation 
physical_constants; 
unit = le-3; % all length in mm 

% patch width in x-direction 
patch.width = 30; % resonant length 
patch length in y-direction 
patch.length= 40; 

%substrate setup 
substrate. epsR 3 . 3 8 ; 
substrate.kappa = le-3 2pi2.45e9 EPS0*substrate.epsR; 
substrate. width = 60; 
substrate.length 60; 
substrate.thickness= 1.524; 
substrate. cells = 4; 

%setup feeding 
feed.pos = -6; %feeding position in x-direction 
feed.width = 2; %feeding port width 
feed.R = 50; %feed resistance 

% size of the simulation box 
SimBox = [200 200 150) ; 

&% setup FDTD parameter & excitation function 
fO = 2e9; % center frequency 
fc = le9; % 20 dB corner frequency 
FDTD = InitFDTD ( 30000 ) ; 
FDTD = SetGaussExci te ( FDTD, f 0, f c ) ; 
BC = {'MUR' 'MUR' 'MUR' 'MUR' 'MUR' 'MUR'}; % 
FDTD = SetBoundaryCond ( FDTD, BC ) i 

boundary conditions 

% setup CSXCAD geometry & mesh 
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CSX = InitCSX(); 

%initialize the mesh with the "air-box" dimensions 
mesh.x = [-SimBox(1)/2 SimBox(1)/2]: 
mesh.y = [-SimBox(2)/2 SimBox(2)/2] '. 
mesh.z [-SimBox(3)/3 SimBox(3)2/3], 

%% create patch 

CSX = AddMetal( CSX, 'patch' ) ; % create a perfect electric conductor {PEC) 
start [-patch.width/2 -patch.length/2 substrate.thickness]; 
stop = [ patch.width/2 patch.length/2 substrate.thickness]; 
CSX = AddBox (CSX, 'patch' ,10,start,stop); % add a box-primitive to the metal 
property 'patch' 

%% create substrate 
CSX= AddMaterial( CSX, 'substrate' ) ; 
CSX= SetMaterialProperty( CSX, 'substrate', 'Epsilon', substrate.epsR, 
'Kappa', substrate.kappa); 
start= [-substrate.width/2 -substrate.length/2 0]; 
stop = [ substrate.width/2 substrate.length/2 substrate.thickness]; 
CSX = AddBox( CSX, 'substrate•, 0, start, stop); 

% add extra cells to discretize the substrate thickness 
mesh.z = [linspace(0,substrate.thickness,substrate.cells+l) mesh.z]; 

%% create ground (same size as substrate) 
CSX= AddMetal( CSX, 'gnd' ) ; % create a perfect electric conductor {PEC) 
start(3)=0; 
stop(3) =0; 
CSX = AddBox(CSX,'gnd',10,start,stop) ; 

%% apply the excitation & resist as a current source 
start= [feed.pos-feed.width/2 -feed.width/2 0]; 
stop = [feed.pos+feed.width/2 +feed.width/2 substrate.thickness]; 
[CSX port] = AddLumpedPort(CSX, 5 ,1 ,feed.R, start, stop, [0 0 l], true); 

%% finalize the mesh 
% generate a smooth mesh with max. cell size: lambda_min / 20 
mesh= DetectEdges(CSX, mesh); 
mesh = SmoothMesh(mesh, cO / (f0+fc) / unit / 20); 
CSX= DefineRectGrid(CSX, unit, mesh); 

%% add a nf2ff calc box; size is 3 cells away from MUR boundary condition 
start = [mesh.x(4) mesh.y(4) mesh.z(±)l7_, 
stop = [mesh x(end-3) mesh.y(end-3) mesh.z(end- )] ' ) 
[CSX nf2ff] = CreateNF2FFBox(CSX, 'nf2ff', start, stop); 

%% prepare simulation folder 
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sim_Path = 'tmp_Patch_Ant'; 
sim_CSX = •patch_ant.xml'; 

[status, message, 
directory 
[status, message, 
folder 

messageid] = 

message id] 

rmdir( Sim_Path, , , ) 0 1 s ; ~ c ear previous 

mkdir( Sim_Path ); % create empty simulation 

%% write openEMS compatible xml-file 
writeopenEMS( [Sim_Path '/' Sim_CSX], FDTD, CSX ); 

%% show the structure 
CSxGeomPlot ( [Sim_Path '/' Sim_CSX] ) ; 

%% run openEMS 
RunOpenEMS ( Sim_Path, Sim_CSX) ; 

%% postprocessing & do the plots 
freq linspace( max([le9,f0-fc]), f0+fc, 501); 
port= calcPort(port, Sim_Path, freq); 

Zin= port.uf.tot ./ port.if.tot; 
sll = port.uf.ref ./ port.uf.inc; 
P_in = 0.5 * port.uf.inc • conj (port.if.inc); % antenna feed power 

% plot feed point impedance 
figure 
plot( freq/le6, real(Zin), 'k-', 'Linewidth', 2 ); 
hold on 
grid on 
plot( freq/le6, imag(Zin), 'r--', 'Linewidth', 2 ); 
title( 'feed point impedance' ) ; 
xlabel( 'frequency f / MHz' ) ; 
ylabel( •impedance z_{in} / Ohm' ) ; 
legend( 'real', 'imag' ) ; 

% plot reflection coefficient S11 
figure 
plot ( freq/le6, 20*log10 (abs (sll)) , 'k-', 'Linewidth', 2 ) ; 
grid on 
title( •reflection coefficient S_{11}' ) ; 
xlabel( 'frequency f / MHz' ) ; 
ylabel( 'reflection coefficient [S_{11}]' ); 

drawnow 
o.6.666222294£499,9,% 3 3 % % % % 3 % % % % % %%% % % %% % % % % % % % %% % % NFFF contour plots %%%%%%%%%%555555555 

%find resonance frequncy from sll 
f_res ind = find(sll==min(sll)); 
f_res= freq(f_res_ind) ; 

o h' 0 degrees and at phi=9o degrees % calculate the far field at pl.i= 
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disp( 'calculating far field at phi=[o 90] deg ... 1 ) ; 

nf2ff = CalcNF2FF{nf2ff, Sim Path fr _ , es, 
90] *pi/180); - 

[-180:2:180]*pi/180, [O 

% display power and directivity 
disp( ['radiated power: Prad = , num2str(nf2ff P d) 

d. t" · • ra ' Watt']) : 
disp( [' lirect.ivity: Dmax = ' num2str(nf2ff.Dmax) ' (' ' 
num2str(1010g10(nf2ff.Dmax))' dBi)'] ), 
disp( ['efficiency: nu_rad ' num2str(10Of2ff P d./ : , 

, %']); n · ra . real(P_in(f_res_ind) )) 

% normalized directivity 
D_log = 2010g10(nf2ff.E_norm{1}/max(max(nf2ff.E_norm{1}))); 
% directivity 

D_log = D_log + lO*loglO{nf2ff.Dmax); 

%% display polar plot 
figure 
plot( nf2ff.theta, D_log(:,1) ,'k-' ); 
xlabel( 'theta (deg)' ) ; 
ylabel( 'directivity (dBi)'); 
grid on; 
hold on; 
plot( nf2ff.theta, D_log(:,2) ,'r-' ); 
legend('phi=0','phi=9o') 

% % 

disp( •calculating 3D far field pattern and dumping to vtk {use Paraview to 
visualize) ... , ) ; 
thetaRange = (0:2:180); 
phiRange = (0:2:360) - 180; 
nf2ff = CalcNF2FF(nf2ff, Sim Path, f res, thetaRange*pi/180, 
phiRangepi/180, 'Verbose',1,'Outfile','3D_Pattern.h5') ; 

E_far_normalized = nf2ff.E_norm{1} / max(nf2ff.E norm{l}(:}) * nf2ff.Dmax; 
DumpFF2VTK([Sim Path 
'/3D_Pattern.vtk'] ,E_far_normalized,thetaRange,phiRange,le-3); 
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Appendix (B) 

Data sheet of the used materials; RT/Duroid 5880 and FR4. 

Table B.1: Properties of RT/Duroid 5880 

PROPERTY TYPICAL VALUE DIRECTION UNITS CONDITION TEST METHOD 
Dielectric Constant, s, 220 z C24/23/50 1 MHz PC-TM-650 2.5.5.3 220 ± 0.02 spec. z - C24.23/50 10 GHz PC-TM-650 2.5 5.5 
Dissipation Fldor, tan & 0.0004 z - C24/23/SO 1 MHz IPC-TM-650 2.5.5.3 0.0009 z C24/23/50 10 GHz PC-TM-650 2.5.5.5 

Volume Resistivity 2X 101 z Mohm cm C93/35/90 ASTMD257 
Surface Resistivity 3X 10° z Mohm C93135/90 AS1MD257 
Tensile Modulus Test at Test at 100 C MPa (kpsi) A AS1MD638 

23 C X 
1070 (156) 450 (65) y 
860 (125) 380 (55) 

ultimate stress 29 (4.2) 20 (2.9) X MPa (kpsi) 
27 (3.9) 18 (2.6) y 

ultimate strain 6.0 72 X % 
4.9 5.8 y 

Compressive Modulus 710(103) 500 (73) X MPa (kpsi) A ASTM 0695 
710(103) 500 (73) y 
940 (136) 670 (97) z 

ultimate stress 27(3.9) 22 (3.2) X MPa (kpsi) 
21 (3.1) y 

52 (7.5) 43 (6.3) z 
ultimate strain 8.5 8.4 X ~ 

7.7 7.8 y 
12.5 17.6 z 

I Test at 150 C ASTM D621 Deformation Under Load 
24 hr/14 MPa (2kpsi) 1.0 z % 

mg (%) D24123 ASTM0570 Waler Absorption 
Thickness= 0.8 mm (0.031) 0.9 (0.02) 
Thickness = 1.6 mm (0.062) 13 (0.015) 

ASThl0792 
Specific Gravity 22 

1.82 MPa (264 psi) ASTM 0648 Heat Dislortion Temperature >260 (>500) X,Y C(F) 

Jg/K (BTU! F) Calculated 
Specific Heat 0.96(023) 

ASTMC518 
Thermal Conductivity 020 z W/m/K 

ASTM 03386 
X y z <<< mmlm 

(10K/m:n) Thermal Expansion 
.100 C --6.1 8.7 .18.7 

1.8 .6.9 15 
(Values given are total change from a -0.9 

45 25 base temperature of 35 C) -0.5 -0.9 
8.7 75 

1.1 1.5 

28.3 150 
2.3 32 

250 
3.8 5.5 69.5 



Table B.2: Properties ofFR4 

Properties 

Thermal Properties 
Glass Transition Temp. (Tg) 

DSC 
TMA 

Decomposition Temp. (Td) By TGA 
(@5% weight loss) 

Time to Delamination---T260 

Time to Delamination---T288 

Z-axisCTE 
Before Tg 

AfterTg 
Total Expansion [50-260C) 

Thennal Stress @ 288°C 

Electrical Properties 
Dielectric Constant@ 1 GHz 
Dissipation Factor@ 1 GHz 

Volume Resistivity 

After Moisture Resistance 
E-24/125 

Surface Resistivity 
After Moisture Resistance 

E24/125 

Electrical Strength 
Dielectric Breakdown 

Comparative Tracking Index (CTI) 

Arc Resistance 

Mechanical Properties 
Peel Strength (1oz) 

As received 
After thermal stress 

Flexural Strength 

Warp 

Moisture Absorption 
FtammabiLity 

NUNAM IEmAaIRAII] lli#em®died 

IPC-TM-650 2.4.25 •c 110 minimum] 140 
IPC-TM-650 2.4.24 •c 
ASTM D3850 •c 310 

IPC-TM-650 2.4.24.1 Minute 20 
IPC-TM-650 2.4.24.1 Minute 2 

IPC-TM-650 2.4.24 ppm/·C 50 
IPC-TM-650 2.4.24 ppm/·C 250 
IPC-TM-650 2.4.24 % 3.75 
IPC-TM-650 2.4.13.1 Second Pass 10s 300 

IPC-TM-650 5.5.5.9 5.4maximum 4.2 
IPC-TM-650 5.5.5.9 0.035 minimum 0.015 

IPC-TM-650 2.5.17.1 MQ-cm 10 minimum 510 
IPC-TM-650 2.5.17.1 MQ-cm 10"minimum 510 

IPC-TM-650 2,5.17.1 MO 510° 
lee -- - 

IPC-TM-650 2.5.17.1 MO lO'minimum 510! 
IPC-TM-650 2.5.6.2 Volt/mil (KV/mm) 762 (301 minimum 1200-1400 [54] 

IPC-TM-650 2.5.6 KV 40 minimum 60 

ASTM D3638 Rating (Voltl Grade 4 (100-1751 

IPC-TM-650 2.5.1 Second 60 minimum 65 

IPC-TM-650 2.4.8 Lb/in (N/mm) 10-12 [1.7-2.0] 

IPC-TM-650 2.4.8 lb/in(N/mm) 6 (1.05) minimum 9-12 [1.5-2.0] 

IPC-TM-650 2.4.4 Kpsi(MPa) 60 (415) minimum 87 (600) 

IPC-TM-650 2.4.4 Kpsi(MPal 50 (345) minimum 72 (500) 

IPC-TM-650 2.6.2.1 c 0.80 maximum 0.25 I0 

UL-9.4 Rating VO minimum VO 
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Appendix (C ) 

z= p1x\5+ p2x4 + p3x3 + p4xA2+ p5x + p6 

pl =4.8979e-045 
p2= 1.2146e-036 
p3 = -5.53e-026 
p4 = 1.083 le-016 
p5 = -6.7401e-008 
p6 = 12.391 

( C.l) 
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Fig C.1: Relationship between frequency and voltage on the Lab Volt Antenna Range 
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Table C. l : Values of measured frequency with respect to voltage 

Voltage (volt) Frequency (MHz) 

0 652.95 
0.5 713.208 
1 754.658 
1.5 790.453 
2 834.692 
2.2 849.564 
2.4 862.328 
2.6 883.6119 
2.8 898.2119 
3 912.7299 
3.5 946.978 
4 992.213 
4.5 1034.81 
5 1070.468 
5.5 115.15 
6 1157.484 
6.2 1167.849 
6.4 1183.813 
6.6 1199.478 
6.8 1211 
7 1222.989 
7.5 1263.345 
8 1303.791 

1332.047 8.5 
1368.842 9 
1396.339 9.5 
1426.93 10 
1452.407 10.5 
1464.849 11 
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