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DESIGN AND ANALYSIS OF A WIDEBAND MICRO-STRIP
ANTENNA FOR HIGH SPEED WLAN

Abstract

The wired local area network is becoming wireless day by day. The
allocation of frequency spectrum for this Wireless LAN is different in different
countries. This presents a myriad of exciting opportunities and challenges for design
in the communications arena, including antenna design. The high speed WLAN has
many standards and most antennas available do not cover all the standards.

The objective in thesis is to design a suitable antenna that can be used for
high speed WLAN application. The primary goal is to design antenna with smallest
possible size and better polarization that covers all the high speed WLAN standards
ranging from from 4.90 GHz to 5.82 GHz.

Many works are going on throughout the world in field of antenna designing.
Recent works on this field is studied in this thesis to find out most suitable antenna
shape for the specific application. Zeland’s IE3D simulation software has been used
to design and simulate antenna for WLAN frequency band. A parametric study has
been presented in process to the designed antenna for an effective bandwidth of 4.9-
5.825 GHz. Return loss -10 dB or lower is taken as acceptable limit.

Finally single E shape microstrip patch antenna having a dimension of 24x19
mm? is demonstrated with a frequency band of 4.89 GHz to 5.83 GHz. The antenna
presents a good current distribution and radiation pattern for all four standards of

WLAN that falls inside this frequency range.



CHAPTER 1
INTRODUCTION

1.1 Wireless Local Area Network (WLAN)

Wireless local area network (WLAN) is a technology that links two or more
devices using wireless distribution method and usually providing a connection to the
wider internet. This gives users the mobility to move around within a local coverage
area and still be connected to the network. WLANS have become popular in the
home due to ease of installation and in commercial complexes offering wireless
access to their customers; often for free. Large wireless network projects are being
put up in many major cities around the globe. Most modern WLANS are based on
IEEE 802.11 standards, marketed under the Wi-Fi brand name.

WLANSs are used worldwide and at different region of world different
frequency bands are used. The first generation WLANs IEEE 802.11b and IEEE
802.11g standards utilize the 2.4 GHz band [1]. It supports relatively low data rates,
just up to 10 Mbits/s compared with wired counterparts. In most cases this frequency
band is license-free, hence the WLAN equipment of this band suffers interference
from other devices that use this same band. The current fastest and robust WLAN
standard IEEE 802.11a operate in the 5-6 GHz band, which can provide reliable
high-speed connectivity up to 54 Mbits/s. The 802.11a standard is much cleaner and
developed to support high-speed WLAN. But USA, Europe and some other
countries use different frequency bands for this high speed 802.11a standard.
Among the two popular bands used for IEEE 802.11a standard; USA uses 5.15-5.35
GHz band and Europe uses 5.725-5.825 GHz band. Some countries allow the
operation in the 5.47-5.825GHz band. Another new band of 4.9-5.1 GHz has been
proposed for WLAN system as IEEE 802.11j in Japan [1]. Most of the current
antennas available at the point supports only one or at max two of those standards.
So people have to use different transceivers for different region because of this
variety of frequency band unless we can design an antenna that can cover the whole
high speed WLAN range of 4.9 — 5.825 GHz. Our main objective in this thesis is to

find a suitable antenna that can do so.



Different kind antennas and their suitability in the WLAN applications have
been studied throughout the literature review. Finally a coaxial probe fed, single
stacked, E — shaped microstrip patch antenna has been chosen for the specific case.
Then an exhaustive parametric study has been performed on the antenna in order to
optimize the antenna for the mentioned wide bandwidth. An antenna with a
bandwidth of 925 MHz starting from 4.890 GHz to 5.825 GHz and size of 26x19
mm? is found which is much smaller than other available antennas. As the main
objective is satisfied, simulations for current distribution and radiation patterns have
been examined at different frequencies inside that bandwidth to observe the
antennas behavior on the whole frequency. Then a brief comparison with other
available antenna with the proposed antenna is described along with a summary of

the parametric study. Finally scopes for future works are mentioned in conclusion.

1.2 Microstrip Patch Antenna

In recent years, the current trend in commercial and government
communication systems has been to develop low cost, minimal weight, low profile
antennas that are capable of maintaining high performance over a large spectrum of
frequencies. This technological trend has focused much effort into the design of
microstrip patch antennas. With a simple geometry, patch antennas offer many
advantages not commonly exhibited in other antenna configurations. For example,
they are extremely low profile, lightweight, simple and inexpensive to fabricate
using modern day printed circuit board technology, compatible with microwave and
millimeter-wave integrated circuits (MMIC) and have the ability to conform to
planar and non-planar surfaces. In addition, once the shape and operating mode of
the patch are selected, designs become very versatile in terms of operating
frequency, polarization, pattern, and impedance. The variety in design that is
possible with microstrip antennas probably exceeds that of any other type of antenna
element. However, standard rectangular microstrip patch antenna also has the
drawbacks of narrow bandwidth. Researchers have made many efforts to overcome

this problem and many configurations have been presented to extend the bandwidth.



Our primary objective is to find out the most suitable antenna shape
applicable to be used in the multi-standard WLAN applications around the globe.
Different shapes and their use in various fields of wireless communications [1-12]
have been studied in the literature review portion. The most suitable shape for
WLAN application based on different advantages and disadvantages mentioned in

the literatures is found through the study.

Once the most suitable shape is found, an antenna is chosen based on the
best option available for the WLAN band. Then the antenna is designed in IE3D
simulation software. IE3D is a general purpose electromagnetic simulation and
optimization package that has been developed for the design and analysis of planar
and 3D structures encountered in microwave and MMIC, high temperature
superconductor (HTS) circuits, microstrip antennas, Radio frequency (RF) printed
circuit board (PCB) and high speed digital circuit packaging. Based upon an integral
equation, method of moment (MoM) algorithm, the simulator can accurately and
efficiently simulate arbitrarily shaped and oriented 3D metallic structures in multi-
layer dielectric substrates. It is very popular and recognized software for antenna
simulation. This software can be used to examine different parameters, 2D, 3D
radiation patterns and current distributions inside the antenna. We can also easily
compare the output of different antennas in the same graph/window allowing us to

take decisions regarding the best antenna.

Then IE3D is used to carry out a comprehensive parametric study to
understand the effects of various dimensional parameters and to optimize the
performance of the antenna. An insight on how different design parameter affects
operating frequency, bandwidth and other output parameters is also found. Finally
based on the comparison we can select a perfect antenna for WLAN application with

wider bandwidth and multi-band capability.



1.3 Contribution of the Thesis

An antenna for high speed WLAN standards covering a bandwidth from 4.90
GHz to 5.82 GHz has been designed and simulated in this thesis. A parametric study
of E shape antenna has also been presented which can be very useful to understand
the effects of various parameters on the bandwidth.

1.4  Organisation of the Thesis

The dissertation is mainly divided into five chapters. Introduction to WLAN,
microsrtip antenna and main objectives of the thesis have already been expressed in
Chapter 1.

Chapter 2 provides some information about basic properties of antenna and
the literature review done in the process. Based on the literature review an antenna is
taken for optimization. Optimization is done by simulating the antenna with variable
parameters. The effects of this parametric study and the final optimized design are

discussed in Chapter 3.

The average and vector current distributions, 2D and 3D radiation patterns of
the final optimized antenna for all basic 802.11 standards in 5-6GHz range are
shown and discussed in Chapter 4. Also the effects of parametric study have been
summarized to understand the effect of different parameters on bandwidth,
resonance and return loss. A comparison with existing antennas and proposed

antenna is also briefly discussed in this chapter.

Finally conclusive discussion and scope for future works are described in the
fifth and the final chapter.



CHAPTER 2
BACKGROUND

2.1 Antenna Characteristics

An antenna is an electrical device which converts electric currents into radio
waves, and vice versa. It is usually used with a radio transmitter or radio receiver. In
transmission, a radio transmitter applies 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, an antenna intercepts
some of the power of an electromagnetic wave in order to produce a tiny voltage at
its terminals, which is applied to a receiver to be amplified. An antenna can be used
for both transmitting and receiving. So in short, antenna is a device that is made to
efficiently radiate and receive radiated electromagnetic waves. There are several
important antenna characteristics that should be considered when choosing an

antenna for any particular application such as:
e Bandwidth (BW)
e Return Loss (RL)
e Gain
e VSWR
¢ Radiation Pattern

Polarization

Input impedance is an important characteristic of antenna. For an efficient
transfer of energy, impedances of all the elements must match each other or in other
words impedance of the radio, of the antenna and of the transmission cable
connecting them must be the same. Transceivers and their transmission lines are
typically designed for particular impedance. If the antenna has impedance different

from that, then there is a mismatch and an impedance matching circuit is required.



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

When a signal is fed into an antenna, the antenna will emit radiation
distributed in space in a certain way. A graphical representation of the relative
distribution of the radiated power in space is called a radiation pattern. The radiation
pattern describes the relative strength of the radiated field in various directions from
the antenna, at a constant distance. The radiation pattern is a reception pattern as
well, since it also describes the receiving properties of the antenna. The radiation
pattern is three-dimensional, but usually the measured radiation patterns are a two-
dimensional slice of the three-dimensional pattern, in the horizontal or vertical
planes. These pattern measurements are presented in either a rectangular or a polar

format.

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.

As an electro-magnetic wave travels through the different parts of the
antenna system it may encounter differences in impedance. At each interface,
depending on the impedance match, some fraction of the wave's energy will reflect
back to the source, forming a standing wave in the feed line. The ratio of maximum
power to minimum power in the wave can be measured and is called the standing
wave ratio (SWR). The SWR is usually defined as a voltage ratio called the VSWR.
The VSWR is always a real and positive number for antennas. The smaller the
VSWR is, the better the antenna is matched to the transmission line and the more
power is delivered to the antenna. The minimum VSWR is 1.0. In this case, no
power is reflected from the antenna, which is ideal. As the VSWR increases, there
are 2 main drawbacks. The first is obvious: more power is reflected from the

antenna and therefore not transmitted. However, another problem arises. As VSWR



increases, more power is reflected to the radio, which is transmitting. Large amounts
of reflected power can damage the radio. Usually a VSWR of < 2 is acceptable for
antennas. The return loss (RL) 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 RL is
directly related with the VSWR.

VSWR — 1)

RL = —20log (—
VSWR +1

In practice, the most commonly quoted parameter in regards to antennas is
S11. S11 is actually nothing but the return loss (RL). If S;; = 0 dB, then all the power
is reflected from the antenna and nothing is radiated. If S;; = -10 dB, this implies
that if 3 dB of power is delivered to the antenna, -7 dB is the reflected power. The
acceptable VSWR of < 2 corresponds to a RL or S;; of -9.5 dB or lower. In this

thesis RL of -10 dB or lower is taken as acceptable.

2.2 Characteristics of Basic Microstrip Patch Antenna

In its basic form, a Microstrip Patch antenna consists of a radiating patch on
one side of a dielectric substrate which has a ground plane on the other side as

shown in Figure 2.1.

Patch e

ﬁ

Dielectric
substrate

H___K__‘Ground

plane

Figure 2.1: Basic Microstrip Patch Antenna



The patch is normally made of conducting material such as copper or gold
and can take any possible shape. The radiating patch and the feed lines are usually
photo etched on the dielectric substrate. In order to simplify analysis and
performance estimation, generally square, rectangular, circular, triangular, and
elliptical or some other common shape patches are used for designing a microstrip
antenna. In our case we are going to design E shape patch antenna because of its
dual resonating characteristics which results in wider bandwidth. The microstrip
patch antennas radiate primarily because of the fringing fields between the patch
edge and the ground plane. For good performance of antenna, a thick dielectric
substrate having a low dielectric constant is necessary since it provides larger
bandwidth, better radiation and better efficiency. However, such a typical
configuration leads to a larger antenna size. In order to reduce the size of the
Microstrip patch antenna, substrates with higher dielectric constants must be used
which are less efficient and result in narrow bandwidth. Hence a trade-off must be

realized between the antenna performance and antenna dimensions.

Microstrip patch antennas are mostly used in wireless applications due to
their low- profile structure. Therefore they are extremely compatible for embedded

antennas in handheld wireless devices such as cellular phones, pagers etc.
Some of the principal advantages are given below:

e Light weight and less volume;

e Low fabrication cost, therefore can be manufactured in large

quantities;
e Supports both, linear as well as circular polarization;
e Low profile planar configuration;
e Can be easily integrated with microwave integrated circuits (MICs);
e Capable of dual and triple frequency operations;

e Mechanically robust when mounted on rough surfaces;



Some of their major disadvantages are given below:
e Narrow bandwidth;
e Low efficiency;
e Low gain;
e Low power handling capacity etc.

Microstrip patch antennas also have a very high antenna quality factor (Q). It
represents the losses associated with the antenna where a large Q leads to narrow
bandwidth and low efficiency. Q can be decreased by increasing the thickness of the
dielectric substrate. But as the thickness increases, an increasing fraction of the total
power delivered by the source goes into a surface wave. This surface wave
contribution can be counted as an unwanted power loss since it is ultimately
scattered at the dielectric bends and causes degradation of the antenna

characteristics.

2.3 Analysis of Microstrip Patch Antenna

The most popular models for the analysis of microstrip patch antennas are
the transmission line model, cavity model, and full wave model. The transmission
line model is the simplest of all and it gives good physical insight but it is less
accurate. The cavity model is more accurate and gives good physical insight but is
complex in nature. The full wave models are extremely accurate, versatile and can
treat single elements, finite and infinite arrays, stacked elements, arbitrary shaped
elements and coupling. These give less insight as compared to the two models

mentioned above and are far more complex in nature.
2.3.1 Transmission Line Model

This model represents the microstrip antenna by two slots of width W and

height h, separated by a transmission line of length L as shown in Figure 2.2 (a). The
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microstrip is essentially a nonhomogeneous line of two dielectrics, typically the
substrate and air. Hence, as seen from Figure 2.2 (b), most of the electric field lines

reside in the substrate and parts of some lines in air.

Strip conductor

Dielectric
substrate

Ground
@ plane (b)

Figure 2.2: Transmission line model a) microstrip line and b) electric field lines [14]

As a result, this transmission line cannot support pure TEM mode of
transmission, since the phase velocities would be different in the air and the
substrate. Instead, the dominant mode of propagation would be the quasi-TEM

mode. Hence, an effective dielectric constant (&, ) must be obtained in order to
account for the fringing and the wave propagation in the line. The value of ¢ is

slightly less then ¢, because the fringing fields around the periphery of the patch are

not confined in the dielectric substrate but are also spread in the air as shown in
Figure 2.2 above. The expression for ¢, is given by [14]:
1

1 e -1 -
PRI L {1+12\H ’ 2.1

2 2
where

&

.« = Effective dielectric constant
g, = Dielectric constant of substrate

h = Height of dielectric substrate

W = Width of patch
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Consider Figure 2.3 below, which shows a rectangular microstrip patch
antenna of length L, width W resting on a substrate of height h. The co-ordinate axis
is selected such that the length is along the x direction, width is along the y direction

and the height is along the z direction.

Microstrip Patch
feed

h I Substrate ‘ f

Ground plane

Figure 2.3: Rectangular microstrip patch antenna [15]

In order to operate in the fundamental TM,, mode, the length of the patch
must be slightly less than 1/2 where A is the wavelength in the dielectric medium

and is equal to /10/ &, « Where 4, is the free space wavelength. The TM,, mode

implies that the field varies one /2 cycle along the length, and there is no variation

along the width of the patch. In the Figure 2.4 (a), the microstrip patch antenna is
represented by two slots, separated by a transmission line of length L and open
circuited at both the ends. Along the width of the patch, the voltage is maximum and
current is minimum due to the open ends. The fields at the edges can be resolved

into normal and tangential components with respect to the ground plane.



Radiating slots Ground
/ plane

/ L \ V4
E . | ._E 3
— >
:-—b h W
— >
— —= 4
-

AL

*Patch

(a) (b)
Figure 2.4: Microstrip patch antenna a) top view and b) side view [15]

It is seen from Figure 2.4 (b) that the normal components of the electric field
at the two edges along the width are in opposite directions and thus out of phase

since the patch is 4/2 long and hence they cancel each other in the broadside

direction. The tangential components (seen in Figure 2.4 (b)), which are in phase,
means that the resulting fields combine to give maximum radiated field normal to
the surface of the structure. Hence the edges along the width can be represented as

two radiating slots, which are 1/2 apart and excited in phase and radiating in the

half space above the ground plane. The fringing fields along the width can be
modeled as radiating slots and electrically the patch of the microstrip antenna looks
greater than its physical dimensions. The dimensions of the patch along its length
have now been extended on each end by a distance AL, which is given empirically
by [15]:

(e, o + 0.3{\/\/ + 0.264)
- h

AL =0.412h v
(6, w - 0.258{h + o.sj

2.2

The effective length of the patch L, now becomes

L, =L+2AL 2.3
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For a given resonance frequency f,, the effective length is given by [16]:

Ly =— 2.4

For a rectangular microstrip patch antenna, the resonance frequency for any

TM ,, mode is given by [16]:

2 2 %
C m n
2 gr_eff L W

n

2.5
where m and n are modes along L and W respectively.
For efficient radiation, the width W is given by [16]
w=— ¢ - 2.6
21, g +
2

2.3.2 Cavity Model

Although the transmission line model discussed in the previous section is
easy to use, it has some inherent disadvantages. Specifically, it is useful for patches
of rectangular design and it ignores field variations along the radiating edges. These
disadvantages can be overcome by using the cavity model. In this model, the interior
region of the dielectric substrate is modeled as a cavity bounded by electric walls on
the top and bottom. The basis for this assumption is the following observations for
thin substrates (h<<A) [17]. Since the substrate is thin, the fields in the interior
region do not vary much in the z direction, i.e. normal to the patch. The electric field

is z directed only, and the magnetic field has only the transverse components H,
and H, in the region bounded by the patch metallization and the ground plane. This

observation provides for the electric walls at the top and the bottom.
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W

Figure 2.5: Charge distribution and current density on microstrip patch [17]

Consider Figure 2.5 shown above. When the microstrip patch is provided
power, a charge distribution is seen on the upper and lower surfaces of the patch and
at the bottom of the ground plane. This charge distribution is controlled by two
mechanisms an attractive mechanism and a repulsive mechanism as discussed by
[18]. The attractive mechanism is between the opposite charges on the bottom side
of the patch and the ground plane, which helps in keeping the charge concentration
intact at the bottom of the patch. The repulsive mechanism is between the like
charges on the bottom surface of the patch, which causes pushing of some charges
from the bottom, to the top of the patch. As a result of this charge movement,
currents flow at the top and bottom surface of the patch. The cavity model assumes
that the height to width ratio (i.e. height of substrate and width of the patch) is very
small and as a result of this the attractive mechanism dominates and causes most of
the charge concentration and the current to be below the patch surface. Much less
current would flow on the top surface of the patch and as the height to width ratio
further decreases, the current on the top surface of the patch would be almost equal
to zero, which would not allow the creation of any tangential magnetic field
components to the patch edges. Hence, the four sidewalls could be modeled as
perfectly magnetic conducting surfaces. This implies that the magnetic fields and the
electric field distribution beneath the patch would not be disturbed. However, in
practice, a finite width to height ratio would be there and this would not make the
tangential magnetic fields to be completely zero, but they being very small, the side

walls could be approximated to be perfectly magnetic conducting [19].
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Since the walls of the cavity, as well as the material within it are lossless, the
cavity would not radiate and its input impedance would be purely reactive. Hence, in

order to account for radiation and a loss mechanism, one must introduce a radiation
resistance R, and a loss resistance R,. A lossy cavity would now represent an
antenna and the loss is taken into account by the effective loss tangent &, which is

given as
Sur =YQr 2.7

Q; is the total antenna quality factor and has been expressed by [16] in the

form
1r_ 1,1 1 2.8
Q Q Q. Q
Q, represents the quality factor of the dielectric and is given by
Qq = w'F::VT =$ 2.9
where
o, is the angular resonant frequency
Wy, is the total energy stored in the patch at resonance
P, is the dielectric loss
tan o is the loss tangent of the dielectric
Q. represents the quality factor of the conductor and is given by
W; h
Q. = w"P : = 2.10
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where

P. is the conductor loss

A is the skin depth of the conductor
h is the height of the substrate

Q, represents the quality factor for radiation and is given by

Q, == 2.11

where P, is the power radiated from the patch.
Substituting equations 2.8, 2.9, 2.10 and 2.11 in equation 2.7, it found that

P
Ot :tan§+%+ - 2.12

o, W;

Thus, equation 2.12 describes the total effective loss tangent for the

microstrip patch antenna.

2.3.3 Full Wave Solutions-Method of Moments

One of the methods, that provide the full wave analysis for the microstrip
patch antenna, is the Method of Moments. In this method, the surface currents are
used to model the microstrip patch and the volume polarization currents are used to
model the fields in the dielectric slab. It has been shown by [17], how an integral
equation is obtained for these unknown currents and using the Method of Moments,
these electric field integral equations are converted into matrix equations which can
then be solved by various techniques of algebra to provide the result. The basic form

of the equation to be solved by the Method of Moment is
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F(g)=h 2.13

where F is a known linear operator, g is an unknown function, and h is the
source or excitation function. The aim here is to find g, when F and h are known.

The unknown function g can be expanded as a linear combination of N terms given

by

N
g=>a,0, =a,0; + 3,0, +...... + 3y G 2.14

n-1

where a, is an unknown constant and g, is a known function usually called

a basis or expansion function. Using the linearity property of the operator F, it can
be present by

N
> a,F(g,)=h 2.15
n-1

The basis functions g, must be selected in such a way, that each F(g,) in
the above equation 2.15 can be calculated. The unknown constants a, cannot be

determined directly because there are N unknowns, but only one equation. One
method of finding these constants is the method of weighted residuals. In this
method, a set of trial solutions is established with one or more variable parameters.
The residuals are a measure of the difference between the trial solution and the true
solution. The variable parameters are selected in a way which guarantees a best fit of
the trial functions based on the minimization of the residuals. This is done by

defining a set of N weighting (or testing) functions {w_}=w,,w,,.....w, in the

domain of the operator F. Taking the inner product of these functions, equation 2.15

becomes
> a,(w,,F(g,))=(w,.h) 2.16

where m=12,........ N
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Writing in matrix form as shown in [14]

[Fo I ]1=[h,] 2.17
where
- - EN (wy, h) |
<W1’ F(gl)><W1' F(gz)> """ a <W2,h>
7, J=| (e F@I POl e o =) )
E ] ay | (W) |

The unknown constants a, can now be found using algebraic techniques

such as LU decomposition or Gaussian elimination. It must be remembered that the

weighting functions must be selected appropriately so that elements of {w_} are not

only linearly independent but they also minimize the computations required to
evaluate the inner product. One such choice of the weighting functions may be to let

the weighting and the basis function be the same, that is, w, =g, . This is called as

the Galerkin’s Method as described by [14]. From the antenna theory point of view,

it can write the Electric field integral equation as
E=1,(J) 2.18
where
E is the known incident electric field
J is the unknown induced current

f, is the linear operator

The first step in the moment method solution process would be to expand J

as a finite sum of basis function given by
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J=>Jb 2.19

where b, is the ith basis function and J; is an unknown coefficient. The

second step involves the defining of a set of M linearly independent weighting

functions, w; . Taking the inner product on both sides and substituting equation 2.19

in equation 2.18, can be present by

<wj,E>:i<wj, f,(3;.0)) 2.20

i=1
where j=12,------ M

Writing in Matrix form as,

\_Zij JJ]=|_EJ.J 2.21

where
Z;= <Wj o (bi)>
E; =(w;,H)

J is the current vector containing the unknown quantities.

The vector E contains the known incident field quantities and the terms of
the Z matrix are functions of geometry. The unknown coefficients of the induced
current are the terms of the J vector. Using any of the algebraic schemes mentioned
earlier, these equations can be solved to give the current and then the other
parameters such as the scattered electric and magnetic fields can be calculated
directly from the induced currents. Thus, the moment method has been briefly
explained for use in antenna problems. The software used in this thesis, Zeland Inc’s

IE3D (2007) is a moment method simulator [20].
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2.4  Feeding Techniques

Microstrip patch antennas can be fed by a variety of methods. These methods
can be classified into two categories- contacting and non-contacting. In the
contacting method, the RF power is fed directly to the radiating patch using a
connecting element such as a microstrip line. In the non-contacting scheme,
electromagnetic field coupling is done to transfer power between the microstrip line
and the radiating patch. The four most popular feed techniques used are the
microstrip line, coaxial probe (both contacting schemes), aperture coupling and
proximity coupling (both non-contacting schemes).

In microstrip line feed technique, a conducting strip is connected directly to
the edge of the microstrip patch. 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. But this
feeding technique leads to undesired cross polarized radiation and spurious feed

radiation which as a result hampers the bandwidth.

Microstrip feed Patch

Dielectric substrate

Ground plane

Figure 2.6: Microstrip Line Feed
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Patch Aperture/slot

Microstrip line

- Substrate 1
Ground plane *

Substrate 2

Figure 2.7: Aperture-coupled Feed

In aperture coupled feed technique coupling between the patch and the feed

line is made through a slot or an aperture in the ground plane. Both cross-

polarization and spurious radiation are minimized in this feeding technique. 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.

Patch

Microstrip line

Substrate 1

Substrate 2

Figure 2.8: Proximity-coupled Feed
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In Proximity coupled feed, 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. But it is difficult to fabricate
because of the two dielectric layers which need proper alignment. Also, there is an
increase in the overall thickness of the antenna.

The Coaxial feed or probe feed is a very common technique used for feeding
microstrip patch antennas. As seen from Figure 2.9, 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. 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. Among all these feeding
techniques coaxial probe feed has been chosen for the proposed antenna for its

advantages.

Feed
point

w i X,.Y)

Patch

; Ground
L3 i hﬁ\"‘"

plane

Dielectric
substrate

Coaxial Ground plane

connector

Figure 2.9: Coaxial Probe Feed



23

Generally for a rectangular patch antenna resonant length determines the
resonant frequency. But for specially modified patches like U shape, V shape and E
shape patches the relation between the resonant frequency and length or width
becomes much complex because their multiple resonance characteristics and

complex geometry.

25 Literature Review

As mentioned earlier although the microstrip patch antenna has a lot of
advantages but it also has the drawback of narrow bandwidth. Many researchers
have been working to increase the bandwidth of microstrip antenna. It has been
observed that the bandwidth of microstrip antenna may be increased by using air
substrate [2], increasing the substrate thickness, introducing parasitic patches
element either in co-planar or stack configuration. In [3], an aperture-coupled
microstrip antenna is described with parasitic patches stacked on the top of the main
patch. However, all these methods typically enlarge the antenna size, either in the
antenna plane or in the antenna height. Another very popular way to increase
bandwidth of single patch antenna is to modify the shape of a common radiator
patch by cutting slots strategically in the metallic patch. This approach is
particularly attractive because it can provide excellent bandwidth improvement and
maintain a single-layer radiating structure to preserve the antenna’s thin profile
characteristic. The successful examples include U-slot patch antennas [4], Half U
shape antenna or L shape [5], V-slot patch antennas [6], double-C patch antennas [7]

and E-shaped patch antennas [1, 8-11].

Recently in a study [4], it was shown that a half U-slot patch antenna
maintains similar wide-band behavior like the full U-slot patch. In [5] it was shown
that modifying the U-slot to a truncated V-slot can improve the antenna bandwidth
considerably. Double C path antennas have been used commercially since 1995 [7].
But among all the shapes E shapes have gained most of the popularities because of

its simplicity and robustness. When two parallel slots are incorporated into the
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antenna patch to form a E shape, the bandwidth increases significantly.

The E-shaped patch is formed by inserting a pair of wide slits at the

boundary of a microstrip patch.

: r "

(a)

L, C,

(®)

Figure 2.10: Equivalent circuits of (a) Rectangular Patch and (b) E shaped Micros trip Antennas.

A common rectangular patch antenna can be represented by means of the
equivalent circuit of Figure 2.10 (a). The resonant frequency is determined by L1C1.
At the resonant frequency, the impedance of the series LC circuit is zero, and the
antenna input impedance is given by resistance R. By varying the feed location, the
value of resistance R may be controlled such that it matches the characteristic
impedance of the coaxial feed, usually the input impedance is match at 50 Q. When
a pair of slots is incorporated, the equivalent circuit can be modified into the form as
shown in Figure 2.10 (b).

The second resonant frequency is determined by L2C2. Analysis of the

circuit network shows that the antenna input impedance is given by —
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(whi — 1/wCq) (wLe — 1/wCy)
w (L1 + L) — (1/wC + 1/wC3)

Zin:R+j

The imaginary part of the input impedance is zero at the two series resonant
frequencies determined by L1C1 and L2C2, respectively. Of course, this is by no
mean the exact model of the E-shaped antenna because the equation shows that there
is a parallel-resonant mode between the two series-resonant frequencies.
Nevertheless, it serves to explain the operating principle of the antenna design. If the
two series resonant frequencies are too far apart, the reactance of the antenna at the
midband frequency may be too high and the reflection coefficient at the antenna
input may be unsatisfactory. If the two series-resonant frequencies are set too near to
each other, the parallel-resonant mode may affect the overall frequency response and
the reflection coefficient near each of the series-resonant frequencies may be
degraded. The question now is: how would the slot length, slot width, slot position
and the length of center arm affect the values of L2 and C2 .This patch shape has
shown to enhance gain as well as bandwidth of microstrip patch antenna. E-shaped
patch antenna is much simpler in construction. By only adjusting the length, width,
and position of the slots, we can obtain satisfactory performances. In the E shaped
antenna, 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. That
means effect of the slots are not significant in high frequencies and the patch works
like ordinary patch. Therefore, the high resonant frequency is mainly determined by
the patch width, less affected by the slots. While at the low frequency, the
amplitudes of the currents around slots are greater than those at high frequency. The
slots assemble the currents and this effect can be modeled as an inductance. Due to
this additional inductance effect, it resonates at a low frequency. Because of the dual
resonant character, this kind of microstrip antenna can achieve a wide bandwidth [1,
2, 3].
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An E shaped patch antenna is designed to cover frequency band of 2.34-2.57
GHz having a size of 76x45 mm?® Although the antenna is for lower frequency
range but it provides us with a good insight of the E shaped patch antenna. The
antenna is a modified form of the conventional E-shaped patch. By letting the two
parallel slots of the E patch be unequal, asymmetry is introduced. This leads to two
orthogonal currents on the patch and, hence, circularly polarized fields are excited.
The proposed technique exhibits the advantage of the simplicity of the E-shaped
patch design, which requires only the slot lengths, widths, and position parameters
to be determined. Investigations of the effect of various dimensions of the antenna
have been carried out via parametric analysis. Based on these investigations, a

design procedure for a circularly polarized E-shaped patch was developed [9].

In [6] researchers designed another E shaped microstrip patch antenna for
IEEE 802.11b standard. The wide-band mechanism of this antenna is explored by
investigating the behavior of the currents on the patch. The slot length, width, and
position are optimized to achieve a wide bandwidth. Finally, E-shaped patch
antenna, resonating at wireless communication frequencies of 1.9 and 2.4 GHz, is
designed, fabricated, and measured. The radiation pattern and directivity are also

presented. This antenna dimension was in scale of 70x50 mm?.

In 2008 M A Matin and M A Mohd Ali demonstrated a low cost, compact
stacked E-shaped patch antenna. The simulation results of its performance are
investigated and the return loss is found under -10 dB for the band 3.1-4.9 GHz,
which is better than the square patch stacked E-shape patch antenna. The dimension
and position of the rectangular patch as well as the shift of coaxial probe location
have been optimized to achieve this wide bandwidth and it can be used for UWB
lower band applications. This antenna has double substrate layer resulting a total
height of 11.6 mm. Size of the antenna is 37.4x31.7 mm? [21].

Another patch antenna with a slot and a tuning stub, or called a Modified E-
shaped Patch (ESP), has been studied in [8]. Simulation has shown that the tuning
stub has introduced a new resonant frequency, resulting in a bandwidth of 380 MHz
(5.3-5.75 GHz) with a central frequency of 5.58 GHz while the bandwidth of a
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common rectangular patch of the same size on the same substrate is 220 MHz by
simulation and 254 MHz by experiment.

In [7] a very good antenna having a size of 33.2x22.2 mm? is described.
Theoretical analyses and preliminary experiments indicate that these antennas have a
return loss > 10 dB in the two IEEE 802.1la wireless bands, namely 5.15-5.35 GHz
and 5.725-5.825 GHz. This antenna can cover USA and European standard of
WLAN, where this thesis targets a higher frequency band that covers all the
standards in between 4.9 GHz to 5.825 GHz.

Another antenna coving two different bands resonating at 5.3 GHz and 7.4
GHz is designed in [22] with impedance bandwidth of 760.43 MHz and 1.39 GHz
respectively. Slots in the ground plane and multiple element arrays are used to
achieve better bandwidth. The antenna can be used for high speed (IEEE 802.11a)
wireless computer local area network (WLAN) and other wireless application.
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CHAPTER 3
PROPOSED ANTENNA

3.1  Specifications

Our primary objective is to design an antenna that can serve all the hi-speed
WLAN standards available throughout the world in the 5-6 GHz ranges. More
specifically our antenna should support:

e 802.11a (USA) or 5.15-5.35 GHz band;

e FEuropean 802.11a or 5.725-5.825 GHz band;

e Middle-eastern WLAN or 5.47-5.825 GHz band;

e Newly approved IEEE 802.11j or 4.9-5.1 GHz band;

So overall my proposed design should provide at least -10 dB return loss for
the total band of 4.90-5.825 GHz. Actually the bandwidth of the antenna can be said
to be those range of frequencies over which the RL is less than -9.5 dB (-9.5 dB
corresponds to a VSWR of 2 which is an acceptable figure). But to be on the safe
side here -10 dB return loss is taken as acceptable. Recent works on the E shaped
patch antenna shows us that antenna dimensions for 5-6 GHz band was limited by

33.2x22.2 mm?. The optimized antenna should have smaller dimensions.

Expression for resonance frequency of an E-shaped microstrip antenna has
been found in [23]. Here the resonance frequencies are calculated by equating its
area to an equivalent area of a rectangular microstrip patch antenna. A expression
for effective dielectric constant is given for the E-shaped microstrip patch antenna.
The new expression of resonance frequencies showed a good agreement with
measured result. Here in this thesis those expressions are used to find out different
dimensions of the E shape patch antenna for lower resonance frequency of 4.95 GHz
and higher resonance frequency of 5.77 GHz. Substrate dielectric constant is chosen
as 2.2 and height as 5 mm. Parameters found from the calculation are: W = 33.89
mm, L = 18.69 mm, W1 = 10.45 mm, W2 = 8.87 mm, L1 = 12.66 mm and Ls =
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13.81 mm. As a starting reference we are going to use these parameters to design a
simplest form of the E shape antenna. Then optimization is done by changing
several parameters to find out the most suitable antenna for our particular operation.
To observe the the resonance condition, return loss S;; parameter is taken into
account. After finding out the parameters which can produce an acceptable return
loss response for 4.9-5.82 GHz range, we proceed to observe radiation pattern and

current distribution of the found antenna at different operating frequency.

3.2  Optimization

As stated earlier antenna dimensions have been found using empirical
expressions from [23]. To keep the design simple the parameters are rounded up to
the nearest integers. So the antenna dimensions are W = 34 mm, L = 19 mm, W1 =
10 mm, W2 =9 mm, L1 = 13 mm and Ls = 13.8 mm. Substrate Dielectric Constant,

g = 2.2 and H =5 mm. Now a single antenna with these dimensions is designed and

simulated using IE3D.

=, w -
y Y A
:
i ,
k4
L1 L ‘ /
1 ‘\ !!|
|| // ‘
e Y ] ¥ || // /
W2 W2 /" Probe
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Figure 3.1: Primary Antenna

Return loss of the designed antenna shows us a resonant condition at 4.9
GHz. This is due to the anomaly in the expressions used in the calculation. Those

expressions were optimized for E shape patch antenna for lower frequency band of
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2-3 GHz band. Although resonance frequency of this antenna is not what we desire,

but as a starting reference point this antenna is good enough for parametric analysis

in order to optimize the antenna into our desired frequency band of 4.9 GHz to 5.82

GHz.

dB

35

45 5 55 6 6.5
Frequency (GHz)

Figure 3.2: Return loss of the primary antenna

75

dB

Now we are going to observe and comment on the return loss found for the
change of the antenna parameters W, L, L1, W1 and Ls. First W is changed to

higher value.

Figure 3.3: Increasing W
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The width W is increased from 34 mm to 36 mm and 38 mm to see the effect
on the frequency response.

—" W 34mm — -["wW36mm  ----- [~ W 38mm

dB

Frequency (GHz)

Figure 3.4: Frequency Response for W = 34, 36, 38 (mm)

As the W is increased from 34 mm, the resonant frequency shifting to its left
and the return loss is also degrading. Both them are unwanted scenarios. So now we

should decrease W from 34 so that resonant frequency shifts to its right until return
loss reaches its lowest possible value.

- w o
miEr -
wiiEr i

Figure 3.5: Decreasing W
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—~ W 34mm —-Cw2mm  ----- [~ W 24mm — - -[” W 26mm —---]" W 28mm [~ W 30mm
—+ - W32

5
Frequency (GHz)

Figure 3.6: Frequency Response for W = 34, 32, 30, 28, 26, 24, 22 (mm)

So from Figure 3.6 we can see as we were decreasing the value of W, the RL
improves until W = 26 mm. For W = 26 mm, 24 mm RL are almost equal, whereas
at W = 22 mm it starts increasing which is uneanted. Again at W = 26 mm, -10 dB
return loss covers 4.89-5.416 GHz where for W = 24 mm, -10 dB RL crosses our

lower limit of 4.9 GHz. So now W is fixed at 26 mm.

Next set of simulations are done with the width of the middle arm W1. In
original antenna W1 = 10 mm. Now let’s observe the frequency response for W1 =

12 mm.

R L

Y]

Figure 3.7: Increasing W1
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So increased W1 is degrading our frequency response. Now we should

decrease W1 to makes response better. Figure 3.10 shows the frequency response of

the antenna for W1 = 10 mm, 8 mm, 6 mm, 5 mm and 4 mm. Decreasing W1 from

10 mm to 4 mm widens the bandwidth more and more, but at W1 = 4 mm the

response curve moves far right than our desired band. So W1 =5 mm provides the
best return loss of -44 dB at 5.54 GHz with higher than -10 dB return loss for
frequency range of 5.12-6.01 GHz.

=R agm
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Figure 3.9: Decreasing W1
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— W1 10mm —-widmm  ----- [~ W1 5mm — - -"'W1 6mm —---"'W1 8mm

H H H H e H H
45 : : : : : : : 45
3 a5 4 45 5 55 B 6.5 7
Frequency (GHz)

Figure 3.10: Frequency Response for W1 = 10, 8, 6, 5, 4 (mm)

So for the next phase we proceed with W1 =5 mm. Now we are going to
change length L to see its effect on frequency response. At first L is changed by

moving the top boundary up and down by 1 mm.

4 1mm
v Imm

Figure 3.11: Changing L from the top

From Figure 3.12 we observe that both increasing and decreasing of L from
the top side results in more return loss and lower bandwidth. So we can go back to L
= 19 mm. Now L can be changed from the downside to observe its effect on
bandwidth and return loss. It should also be noted that increasing L from top moves

the curves leftwards and decreasing L moves the curves in opposite direction.
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Figure 3.12: Frequency Response for L = 19, 18, 20 (mm)
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Figure 3.13: Changing L from the bottom

Figure 3.14 shows us that changing L from the bottom also degrades our
frequency response by increasing return loss. And again loss just like the previous
case decreasing L from top moves the curves rightwards and decreasing L moves the

curves in opposite direction.

So our length L is now optimized for best output as L = 19 mm. Any change

of length from 19 mm hampers the RL significantly.
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Figure 3.14: Frequency Response for L = 19, 21, 18, 20 (mm)

Figure 3.15: Changing L1

So far three parameters L, W, W1 have been optimized for a frequency range
of 5.12 GHz to 6.01 GHz. The primary objective is to get frequency range of 4.9
GHz to 5.825 GHz. Next phase of optimization is done with the non optimized

parameter L1.
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Figure 3.16: Frequency Response for changing L1

So in the Figure 3.16 we can see changing L1 from 13 to 12 increases the

return loss and moves the resonant frequency to the right. While increasing L1 from

13 to 14 keeps the RL almost same but moves the resonant frequency to left. At L1

= 14 the frequency range having greater than -10dB return loss becomes 4.88-5.811

GHz which almost covers the desired band.

Next W2 is changed from 9 mm to 8 mm and 10 mm to observe the effect on

return loss and bandwidth.

i g
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Figure 3.17: Changing W2
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Figure 3.18: Frequency Response for changing W2

So we can see increasing W2 moves the response leftwards and degrades the
return loss whereas decreasing W2 moves the response rightward and improves the
return loss. But although return loss is lower we cannot take it because the lower -

10dB frequency crossing our threshold of 4.9 GHz. So W2 = 9 mm is best option.

Ls is last parameter to study. Ls is change from 13.8 mm to 12.8 mm and

14.8 mm. Comparison between their return loss vs frequency curve is shown below.

— -MLs13.8mm -~ [T Ls12.8mm —/ Ls14.3mm

dB
dB

Freguency (GHz)

Figure 3.19: Return loss for changing Ls
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Changing Ls changing the resonant frequency which is worse than the
situation L1 = 14 mm of Figure 3.16. Any change in resonant frequency moves the

whole coverage bandwidth with it. So Ls is not changed from 13.8.

Now to satisfy the primary objective many points between L1 = 14 mm and
L1 =13.8 mm were simulated. And finally for L1 = 13.94 mm a frequency response
was found where the whole range from 4.8966 GHz to 5.8258 GHz achieved more
than -10 dB amplification. So our desired criterion is achieved. And final antenna
dimension is W =26 mm, L =19 mm, W1 =5 mm, W2 =9 mm, L1 = 13.94 mm
and Ls = 13.8 mm.
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Figure 3.20: Final outcome with desired bandwidth
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CHAPTER 4
RESULTS AND SIMULATIONS

In the previous chapter an intensive simulation has been done to optimize the
antenna for the frequency range of 4.9-5.825 GHz. As a result we have found an
antenna having an area of 26x19mm? with lower than -10 dB return loss for a
frequency band of 4.8966 GHz to 5.8258 GHz. Another additional band ranging
from 3.8 GHz to 4.1 GHz has also been found under -10 dB return loss which can be
very useful for smart devices that use GPS signals from C band satellites. The
antenna size is smaller than any of the antenna found in the literature review for the
IEEE 802.11a USA and European WLAN standards. Apart from many complex
stacked structures for E shape patch antenna a single element single substrate layer
antenna has been designed with wide bandwidth. Most of the antenna found in
literature review used stacked configuration for substrate layer to enhance the
bandwidth and to reduce antenna size. But stacked configuration makes the antenna
mechanically vulnerable in some application. The simplicity of designed antenna

makes it robust and useful for those operations.

W =26 mm
| -

L1 =13.94 mm

W2 =9 mm W2 =9 mm

Figure 4.1: Structure view of the final antenna with dimension
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Now as our simulated and optimized antenna covers North American WLAN
standard ranging from 5.15 to 5.35 GHz, European WLAN standard ranging from
5.725-5.825 GHz, Asian and Middle-eastern WLAN 5.47-5.63 GHz and the newly
approved Japanese WLAN standard ranging from 4.9 to 5 GHz frequency bands; we
should examine our antenna operation in each of the standards by our antennas
average current distribution, vector current distribution, 2D, 3D radiation patterns
for a frequency in each bands. The current distribution gives us an insight into the
antenna structure by showing the density and the direction of current movement
inside the patch at different frequencies. It also gives us how different part of the
antenna behaves for different operating frequencies. 2D and 3D radiation pattern
shows us how antenna radiates its output signal. 2D radiation profile provides
information about the gain and polarization of E-H fields where as 3D radiation
patterns can show the directivity and emission style. If all the distribution and
pattern at all operating frequencies are found satisfactory only then we can proceed

to future works with this simulated model.

For 4.9-5 GHz band, we have calculated the average current distribution,
vector current distribution, 2D, 3D radiation patterns for f =5 GHz. For 5.15-5.35
GHz band the average current distribution, vector current distribution, 2D, 3D
radiation patterns has been calculated for f = 5.25 GHz; f = 5.5 GHz has been chosen
for 5.47-5.63 GHz. Finally for 5.725-5.825 GHz band 5.775 GHz is chosen for

pattern calculations.
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4.1  Average Current Distribution

So now we will simulate our antenna four different frequencies f = 5 GHz,
5.25 GHz, 5.5 GHz and 5.775 GHz with 70 cells per wavelength for better precision.

Then we will observe the average current distribution over the antenna surface.

|Max E-Current = 23.861 [4/m)
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Figure 4.2: Average Distribution of Current 5 GHz
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Figure 4.3: Average Distribution of Current 5.25 GHz
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Max E-Current = 26.543 [A/m]

5 dB ~
A dB

A0 de
A28
A48
A6 dB
A8 de
20 de
228
24 df
26 df
26 dB
30 dB
32 d8
34 dB
36 dB
38 dB

. T

|Freq: BAGHz

Lo

o

L3

Part | Maglvs) | angfvs) | Magling) | snalinc) | MagiRef) | anglRef) | Maglv] | Anglv) | Magll) | angll) [ Res) | imzs) [ Z¢ |
1 2 0.000 1 0.000 01151 08.838 1.003 E548 002003 -6573 50 1] 50

Figure 4.4: Average Distribution of Current 5.5 GHz
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Figure 4.5: Average Distribution of Current 5.775 GHz

Above figures show us the average current distribution over the surface of
our optimized patch at different frequencies. For all frequencies current distribution
are mostly in green or in blue color corresponding to an amplification of from -20dB
to -40dB. Which means for all frequencies in the range of 4.9-5.825 GHz our

antenna can work smoothly as a transmitter or a receiver.
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4.2 Current Vector Distribution

For same frequencies we will now compare the current vector distribution on
the surface of patch to understand the frequency response better. Vector distribution
of current can give us insight to the pathway and the movement of current at the
resonant frequency over the patch surface. It can also show us the density of current
at different frequencies.

Figure 4.6: Distribution of Current Vectors at 5 GHz

Figure 4.7: Distribution of Current Vectors at 5.25 GHz
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Figure 4.8: Distribution of Current Vectors at 5.5 GHz

Y

b

Figure 4.9: Distribution of Current Vectors at 5.775 GHz

The vector distributions of the current over the surface of patch are shown in
the above figures. For all four different frequencies current vectors directions are
almost similar but in the lower frequencies we can observe the density is higher on
the side wings where as in the higher frequencies density is high in the central arm
and in the body. But for all frequencies the distribution represents resonant condition
which means even in terms of vector distribution our antenna works fine in the
WLAN range.
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4.3 2D Radiation Pattern

A good antenna should maintain its radiation pattern and polarization
throughout the frequency range that it covers. So for our antenna all four frequencies
the 2D radiation pattern should similar to each other.
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Figure 4.10: 2D Radiation Pattern at 5 GHz
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Figure 4.11: 2D Radiation Pattern at 5.25 GHz
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—=a— basic desi, f=5.5(GHz), E-theta, phi=0 (deg), PG=-12.7766 dB, AG=-20.5933 dB
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Figure 4.12: 2D Radiation Pattern at 5.5 GHz
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Figure 4.13: 2D Radiation Pattern at 5.775 GHz

2D radiation pattern of all four different frequencies are almost the same
indicating that our antenna provides a good radiation pattern and similar polarization
for the entire band of 4.9 to 5.825 GHz.
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4.4 3D Radiation Pattern

Just like the 2D radiation pattern a good antenna should also maintain its 3D
radiation pattern throughout the frequency range that it covers. So for our antenna all
four frequencies the 3D radiation pattern should similar to each other.
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Figure 4.15: 3D radiation pattern at 5.25 GHz
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Figure 4.17: 3D radiation pattern at 5.775 GHz

Just like the 2D radiation patterns, 3D radiation profile of our antenna for all
four different frequencies are almost the same indicating that our antenna provides a

good radiation pattern and similar polarization for the entire band of 4.9 to 5.825
GHz.
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45  Comparison of the designed antenna with existing antennas

Not much work has been done to design antenna that can operate satisfactorily over
all the high speed WLAN standards. In [21], an antenna is designed for 3.1 — 4.9
GHz range covering only a single American special purpose WLAN standard
802.11y where our antenna supports 802.11a, 802.11n, 802.11ac and 802.11j
standards. Also our antenna provides a considerable reduction in antenna size and
height from [21]. Another E shaped antenna is demonstrated with a bandwidth of
380 MHz with a central frequency of 5.58 GHz [8] where as our antenna provides a
huge bandwidth of 925 MHz with frequency band ranging from 4.90 — 5.825 GHz.
An antenna to cover two 802.11a standards is designed in [7] with a size of
33.2x22.2 mm?, where our proposed antenna covers all standards including these
two and have a size of only 26x19 mm?. So comparative study shows that proposed
antenna provides better outputs in terms of bandwidths, coverage and dimensions

than the available antennas.
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4.6  Insight into Parametric Study

In this thesis we have worked with the E shape patch antenna. In rectangular
patch antenna the relation between length, L and width, W with the frequency
response, bandwidth and return loss can be easily understood and realized. But in
the case of E shape patch antenna, we have a lot of parameters including L and W.
For instance we have already optimized the antenna by varying L, W, W1, L1 and
W2 of the patch antenna. As the number of parameters increases the relations

becomes very complex.

- w = - w T
4 A
\/ =W lv

W2 = W2

Figure 4.18: Parameters of rectangular antenna and E shaped patch antenna

We have already tried to apply empirical formulation to design our E shape
antenna, but those formulas are not very accurate because our optimized design is
much changed from the calculated design. So our parametric study can show effect
of different parameters on the return loss, bandwidth and resonant frequency which

can be very useful to optimize any E shape antenna in future.

Now the effect of various parameter changes on the return loss, frequency

range and bandwidth found in this thesis are summarized in the next table.



Table 4.1. Summary of Parametric Study
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Decreasing |  Parameters | Increasing
Return loss Increasing until W= Decreasing
24mm

Primary W

Resonant Increasing (Original=34mm) Decreasing
Frequency (Final=24mm)
Bandwidth Slightly Increasing Almost Similar

Increasing until W1= .

Return loss 5mm Decreasing

Primary W1

Resonant Increasing (Original=10mm) Decreasing
Frequency (Final=5mm)
Bandwidth Increasing until W1= Decreasing

5mm

Return loss Decreasing Decreasing

Primary L

Resonant Increasing (L=19mm) Decreasing
Frequency
Bandwidth Almost Similar Almost Similar

. Almost Similar upto

Return loss Decreasing L1=14mm then decreasing

Primary . LE

Resonant Increasing (Original=13mm) Decreasing
Bandwidth Almost Similar Almost Similar
Return loss Increasing abruptly Decreasing Abruptly

Primary W2

Resonant Decreasing W2=9 Increasing
Frequency (W2=9mm)
Bandwidth Almost Similar Almost Similar
Return loss Increasing Decreasing

Primary Ls

Resonant Decreasing (Ls=13.8mm) Increasing
Frequency
Bandwidth Decreasing Decreasing
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CHAPTER 5
CONCLUSION

In this thesis a single element, coaxial probe fed, single stacked, E shaped
microstrip patch antenna has been design and optimized for a frequency band of 4.9-
5.825 GHz. The antenna showed satisfactory simulation results for all the high speed
WLAN standards available throughout the world. The proposed antenna showed
improvement in terms of bandwidth, return loss and size from any of the existing
antenna in this frequency band. A parametric study has been done to understand the
effect of various parameters on the resonant frequency, return loss, gain and
bandwidth. An increase in bandwidth has been achieved by which now this single
antenna can be used a transceiver throughout world for many WLAN standards
including IEEE 802.11a, IEEE 802.11n and IEEE 802.11j. A reduction of antenna
area has been achieved as our proposed antenna needs only 26x19mm? area which is
much smaller than the antennas found in literature review. The results of the
parametric study is summarized in table which can be used as a reference in any

future works in the field of E-shaped microstrip patches.

All these optimization have performed using Zeland’s IE3D electromagnetic
simulation software. For future works the additional band may be removed for more
precise operation only in WLAN range. Fabrication of this antenna can be
performed to observe real time performance of the antenna. Further improvement
can be achieved by using arrays. Using multiple layer of substrate in stacked
configuration can also improve return loss and bandwidth significantly. If successful
this can be produced commercially to be used in all WLAN applications throughout

the globe.
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APPENDIX A
RESONANCE FREQUENCY OF E- SHAPED ANTENNA

Dual-resonance frequency plays an important role in the enhancement of the
bandwidth of microstrip antennas. In an E-Shaped microstrip patch antenna, two
resonance frequencies are coupled to give a wide bandwidth. Hence, determination
of the two resonance frequencies is an important study for the E-shaped antenna. For
the determination of the resonance frequency of such an antenna, the general
analysis involves using the basic electro- magnetic boundary value problem.
Another way is to solve the integral equations using Green’s function either in space
or the spectral domain. Solution of these equations mostly uses the method of
moments (MoM). During the final numerical solution, the choice of the test function
and the path of integration are most critical. Thus, it involves rigorous mathematical
formulation and extensive numerical procedure. Here an equivalent-area method is
used to determine the resonant frequency, in which the E-Shaped antenna is
converted to an equivalent rectangular microstrip antenna (RMSA) by equating its
area to that of the RMSA. The results are compared with the published experimental

and simulations results, which are in very good agreement with theoretical model.

Figure A-1: Diagram for equating the area of the E-Shaped antenna with RMSA
To determine the resonance frequency at the dominant mode and higher-

order modes, the area of the E-Shaped microstrip patch antenna is equated to that of
a RMSA. Figure A-1 shows the E- shaped microstrip patch antenna and its
equivalent RMSA.
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The length L of the RMSA is taken as equal to the length of the E-shaped
antenna. The width W of the RMSA is calculated as follows:

_ (LEWE - EL:W:)
= L .

where LE and WE are the length and width of the E-Shaped patch antenna,
respectively.

Considering width W and length L of the equivalent RMSA, the effective
dielectric constants € ¢ (W) and ¢ (L) are calculated after accounting for the
dispersion effect. Now, for the equivalent RMSA with parameter h as the thickness
of the substrate, & is the dielectric constant and t is the thickness of the strip
conductor, the frequency dependent formula used for the computation of effective

dielectric constant ¢ . (W) is calculated as

Es_l’_?{H;} =&, - [{.Er - Esff{D}”{l + P}I

where € ¢ (0) is the static effective dielectric constant, given by
1
g,0) = E{(E’ + 1+ (e,— 1)G},

G = (1 + 10h/W)™*8 — [(In 4/m)(t(Wh)~"?)],
(Wh)* + W*(52h)?

: { (Wh)* + 0.432

B = 0.564 exol —0.2/(e. + 0.3)1.

P = P,P,[(0.1844 + P;P,) f,]"5"®,

P, = 0.27488 + [0.6315 + {0.525/(1 + 0.0157f,)®}u

— 0.065683 exp(—8.7513u),

P, =0.33622[1 — exp(—0.03442¢,)],

P; = 0.0363 exp(—4.6u){l — exp[—(f,/38.7)*"]},

P,= 1+ 2751{1 — exp[—(g,/15.916)%]},

fo=47.713kh, wherek = 27/A,,

u=[W+ (dW — W)le]/h,

dW =W + (t/7)[1 + In{d/(t/h)"* + (/=) /(WIt + 1.1)%}].

1 3
A= }+mjmﬂ+mm&wn,

The effective dielectric constant & . (L) corresponding to width equal to L,

is computed by replacing W with L in all above equations. The effective dielectric
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constant is calculated using
eg(f) = [efW)eAL)]"

The effective width Weff and effective length Leff of the equivalent RMSA
is calculated as follows

W= W+ 2Al,,

Ve & dndMare edge extensions of side L and W of the equivalent
RMSA respectively, and are calculated using € (L) and € (W). The edge
extension 12 for the width W of the equivalent RMSA is determined in a similar
way as [16]:

where

e W) + 0.26(W/h)"¥* + 0.236

g W)™ — 0.189(W/h)*** + 0.87°
[th)”‘”l

E=1%5358s 4 1

& = 0.434907

£,4(W)°S + 0.26(W/h)*5* + 0.236
WO = 0.189(W/h) ™% +20.1167 °

& = 0.434907

&= 1+ 0.0377 arctan[0.067(W/h)"*3°] X [6 — 5 exp{0.036(1 — e,

& =1—0.218 exp(—=7.5W/h).

Similarly, 11 is calculated by replacing W by L and & (W) by & (L) in

above equations. Using the all the equations, the resonance frequency for E-
shaped microstrip antenna is calculated as, the lower resonance frequency : [17]:

Uy
fl‘owerz =
2le_ﬁ\"88ﬁ
and the higher frequency of E-shaped microstrip antenna, formula is

modified appropriately as

0.36,
fhe‘gher = Wﬁ 3
A VerNEer/
where vy is the velocity of light in free space.
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APPENDIX B
ANTENNA SIMULATION IN IE3D

Step by step procedure to design an E shape patch antenna with dimensions
=34 mm, L=19 mm, W1 =10 mm, W2=9 mm, L1 =13 mmand Ls =13.8 mm is
discussed here with corresponding screenshots.

1. Run Zeland Program Manager. Click on MGRID.
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[ EREEN & 2

[ ZELRAD isthgrk Licerse Started = ~
gk rand [ 7] Serial Mumbee: [
& Hodua
oy :;:E;\ 51122005
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Figure B-1: Zeland Program Manager

2. MGRID window opens. Click the new button as shown below (O).
& i et e
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For Holp, press FL 100.00% |R2_COPYPEN [No Plane Wave Dafined

Figure B-2: MGRID window



58

3. The basic parameter definition window pops up. In this window basic
parameters of the simulation such as the dielectric constant of different layers,
the units and layout dimensions, and metal types among other parameters can be
defined by users. In “Substrate Layer” section two layers are automatically
defined. At z=0, the program automatically places an infinite ground plane (note
the material conductivity at z = 0) and a second layer is defined at infinity with

the dielectric constant of 1.
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MeshrgAlignment | Meshing signmert iz ensbled wih paramsters: Aligning polygons ard dieleciics cdls meshing, Mos Layer Distancs = 0.0005, R eguar Ses = 14,3556, Aelined
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Figure B-3: Basic Parameter
4. Click on “New Dielectric Layer” button (2:l). Enter the basic dielectric
parameters in this window: Ztop: 5; Dielectric Constant: 2.2, Loss tangent:
0.002. Click OK.

Insert New Substrate Layer by Top Surface Z-Coordinate B

e | Ok Cancel

Top Surface, Ztop 5 Distance to No.0 5 Distance to No.1 |1e+015
Dielectric Constant, Epsr 2.2 Type Marmal - Froperty Dielectrics

Loss Tangent for Eper, TanD(E] [0.002 CAL Limit 1000000 Factor 2.2000044
Prermeability, Mur 1 Enclosure Index |Neo.0 -
Loss Tangent for Mur, TanD(M] |-0
Transparency [0 ]

Feal Fart of Conductivity [s/m] |0 ¥ Prompt users for merging multiple thin layers for simulation efficiency
Imag. Part of Conductivity [s/m] |0 Add Freq ‘ Delete ‘ Remove All ‘ Imnpart ‘ Expart ‘
Freq [GHz) Epsr TanD(E] fdur TanD(M] Fie[Sigmal Im[Sigma)

Figure B-4: New Substrate Layer Dialog box
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5. Click OK again to go back to MGRID window. In Menu bar click
Entity>Rectangle. Rectangle window pops up, enter Length 34, width 3 and
click OK,

- B
Rectangle -es ﬁ

— Reference Point

Mo.0ertex: [0, 0, 5]

#-coordinate I

r-coordinate I

£-coordinate I

Reference Point As I Center

— Rectangle Properties

1]
1]
L
|

width |4
Fiotation [deg.] ||:|

Cancel

After Built IL::u:atiu:un Fixed ;I

Figure B-5: Rectangle Dialog box

6. Click ALL button to see the whole structure. Select two lower vertices. Click
Adv Edit>Continue Straight Path. Continue Path on Edge window pops up.
Enter Path Length 13, Path Start Width 10, Click OK.

-

Continue Path on Edge =

& 15t Direction dzimuth = -30.000000 oK |
" Znd Direction Azimuth = HAA Cancel |

€ Arbitrary Direction Azimuth = |D

Fath Length I‘l 3 [ Intend to build multiple vertex path
Path Start Width I‘I ] Path End “Width I‘l I

Figure B-6: Continue Straight Path Dialog box

7. Click ALL to see the whole structure. The main body with the middle arm has

been created.
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Figure B-7: Main body of antenna with middle arm

8. Click Input>Key In Absolute Location. New window pops up, enter X
coordinate -17, Y coordinate -1.5. Click OK. Program would ask to connect,
always click YES. Then click Input>Key In Relative Location. Another window
pops up, enter X coordinate 9, Y coordinate 0. Click OK. Then again click
Input>Key In Relative Location and enter X coordinate 0, Y coordinate -17.
Click OK. Press Shift+F or Input>Form Rectangle. Leftside arm of the E has

now been created.

Figure B-8: Antenna Structure with two arms

9. Now click Edit>Select Polygon, click on the left arm. Right click on it, from the
menu click Copy. Click right mouse button it anywhere in the MGRID panel and
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click Paste. Click again in the panel. A window pops up. Enter X offset 25, Y
offset 0, Click Ok. Antenna structure is now complete. Next we need to connect

the feed line to the antenna.

Figure B-9: Complete antenna structure

10. Click Entity>Probe Feed to Patch. Enter (0, -12.8) as feed coordinate and click

OK. The antenna is now ready for simulation.

Figure B-10: Antenna Structure with feeding Probe
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APPENDIX C
MESHING PARAMETERS AND SIMULATION

For simulation of the antenna, first meshing should be performed. In IE3D
this meshing is used in the Method of Moment (MoM) calculation. Click on

Process>Display Meshing. The “Automatic Meshing Parameters” menu pops up.

Automatic Meshing Parameters L&J
Basic I_:'arametels Cancel
Highest Frequency [GHz): |'|
Cells per ‘W avelength |2D
E stimated Max Cell Size 11.8503

FASTa [Fullwave Accelerated Simulation Technology

Meshing Scheme |Elassical ﬂ Algorithm] allows you to efficiently get results with slightly
lower accuracy.

Rectanglizations | 3 Times -
I™ Enabls FASTA Edit FASTA Parameters | g[i)mu'a“m Parameters -
FASTA Info (47071 0 7705/ |F0rAcculac:_l,l ﬂ |FDI Accuracy ﬂ

I~ Meshing Optirizati ¥ Detect Overappi Dy Olptlnres .
eshing Cplimization B BREIEFAIA Iv FKeep Meshing [+ Remaove Port Extenzions

[T Remove Vertices on Curvature [~ Merge Polygons
Geometry |nfarmation
Warning Limit_| 5000 Mot Exceeded) Vetelpiel gevs £
20430 Area Fatio: 97 : 3
Automatic Edge Cell: Parameters fdin Surface Cells: E
AEC Lapers |MNa w | Multi-Layer Ratio |04 Min Surface Cells [AEC: |21
AEC Ratio 0.1 width  [1.18503 Total Dielectric Calls: 0
AELC Lewel |Applied o open edges only J [ et Cel d
Min Yolume Cells [AEC): |0

teghing Alignment . .
Change Alignment Settings | Mir Tuatal Cells: 6

tMeshing alignment iz enabled with parameters: Aligning polwgons and Min Total Cells [AEC: 21
dielectrics call: meshing, Maw Laver Distance = 0.0005, Regular Size Max. Cell Size: 11.8503
=11.8503, Refined Size = 2.37007, Refined Ratio = 0.2

Figure C-1: Automatic Meshing Parameter dialog box

Here the highest frequency is should be defined as the maximum operating
frequency. In this thesis simulations are done with 9 GHz in the “Highest
Frequency” field and 30 in the “Cells per Wavelength” field. The number of
cells/wavelength determines the density of the mesh. In method of moment
simulations, fewer than 10 cells per wavelength should not be used. The higher the
number of cells per wavelength, the higher the accuracy of the simulation. However,
increasing the number of cells increases the total simulation time and the memory
required for simulating the structure. In most of the simulations using 20 to 30 cells
per wavelength should provide enough accuracy. However, this cannot usually be
generalized and is different in each problem; press OK, a new window pops up that

shows the statistics of the mesh; press OK again and the structure will be meshed.
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Figure C-2: Meshed Antenna for MoM calculation

Now to get S11 parameters of the antenna, Click on Process>Simulate.
Simulation Setup window pops up. Here range of frequency should be entered as 3
GHz to 7 GHz with 0.01 in the Step Hertz field.

Simulation Setup
Meshing Parameters

Meshing Freq (GHz) |3 Automatic Edge Cells AECDisabled
Cells/Wavelength 30
i g Meshing Alignment Meshing alignment is enabled with parameters: Aligning polygons and dielectrics calls

Scheme: Classical -] meshing. Max Layer Distance = 0.0005, Regular Size = 2.24578, Refined Size = 0.449155,
Pmbimmnd Pmbin = 015
[~ Enable FASTA Edit FASTA Parameters FASTAInfo  (4/0/1/0.7/-05/1) Min. Cells: 211 (306 with AEC)
Matrix Solver Adaptive Intelli-Fit
r IEror [02 dB
|Adv. Symmetric Matrix Solver (SMSi) :J [v' Enabled Large Error |0.005 Small Error ]U 2
‘ After Setup \ Post-Processing
[Invoke In-Process IE3D ~] AI F [invoke MODUA |
Frequency Parameters (0 / 201) Excitation and Temmination
\. | Freq(GHz) =i | ] =]
1 1 Output Files
2 1o File Base: C:\Randy\Tutorial2
i : g§ Simulation Input File (.sim) Process Log File (log) Simulation Result (sp)
5 104 [ Current Distribution File (.cur) [No Near Field Calculation :_]
6 105 [ Radiation Pattern File (pat)
7 106
8 107 ASCII Output Parameters Actual ltems for The Structure: 0
3 108 Optimization Definition
10 109 2
1m —
12 11
13 112
14 113 F = Retrieve
B reguencies _Pove |
16 1.15 i
Capture ] Enter Delete [ —J —]
‘ RLCK Variable Bound Factor — — 0K
| Tuning Setting K
L =0 = | |
Process Priority e ————
| | [Nomal ~| File Name Style | = Cancel

Figure C-3: Simulation Setup dialog box

The “Adaptive Intelli-Fit” check box should be checked so that the program

does not perform simulations at all of the specified frequency points. It
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automatically selects a number of frequency points and simulates the structure at
these particular points and interpolates the response based on the simulated points.
Press OK and the structure will be simulated. The simulation progress window
shows the progress of the simulation. It will only take a couple of seconds for the
simulation to finish. After the simulation is completed, IE3D automatically invoked
MODUA and shows the S parameters of the simulated structure. MODUA is a
separate program that comes with the IE3D package. This program is used to post

process the S-parameters of the simulated structure.

From the Control Menu of MODUA the display graph can be defined. Click
Control>Define Display Graph. Display Parameter window pops up with many
option. Any needed data can be chosen for display.

Display Parameters [&J

Current Design |D:

agnitude and Phase of ‘r-Parameters
Real and Imaginary Parts of Y-Parameters
Magnitude and Phase of Z-Parameters
Feal and Imaginary Parts of Z-Parameters
Magnitude and Phase of 5-Parameters
Feal and Imaginary Parts of S-Parameters

dB and Phase of 5-Parameters
WEWH
Magnitude and Phase of Z far 5-Parameters

Fieal and Imaginary Parts of 2 for 5-Parameters
Group Delay of S-Parameters

Conjugate Match Factor

F*alues of Equivalent Circuits

L-Values of Equivalent Circuits

C¥alues of Equivalent Circuits

rutual Coupling KA/ alues of Equivalent Circuits

Cancel

Figure C-4: Display Parameter

For simulation of the current distribution and radiation pattern, Simulation
Setup dialog should be modified. Cell per wavelength should be higher for better
accuracy; a value of 50 to 70 is enough. A single frequency should be given for
which current distribution or radiation pattern would be observed and current

distribution file check box must be checked.



Simulstion Setup - — -~ [

r Meshing Parameter

Meshing Freq (GHz) |3 Automatic E dge Cells IAE: Disabled
|

Cells/wavelength |70

Meshing Alignment
Classical 'I

Meshing alignment is enabled with parameters: Aligning polygons and dielectrics calls meshing, Max Layer

Scheme: Distance = 0.0003, Regular Size = 0.376201, Refined Size = 0.0752402, Refined Ratio = 0.2
I Enabls FASTA Edit FASTA Paramelers | FASTA o [#/0/1/0.7/0571) Min. Cells: 3666 (4109 with AEC)
Matrix Solver Adapive InteliFit
“Adapllve Symmelric Matrix Solver (SMSal ~| [ W Enabled  LegeEnor  [0005  SmalEwor  [02  dB |
After Setup Post-Processing
“Invoke Loeal IE3D Engine < | waiting Unti Finished | ( [lwokemoDue =]

r~ Frequency Parameters [0/ 1] Excitation and Termination
[1] Mo |  FieqGHz) | ’VINOJ Part: wave Source = 1/0 [V /deqg], £=(50,0) ohms, £Zc=50 ohms ;I I cuifyr | ‘
[N 56 i~ Dutpuit Fil

File Base: [C:\Usershasus\DesktopiFresh Folderoutput\Untitld
Simulation Input File [sim] Proces Log File [log) Simulation Result (sp]
¥ Currert Distribution File cur) Mo Near Field Calculation =] [No Lumped Modsl Output |
I~ Radiation Pattern File [pat]: Available Lumped Quantities | Use Default Detault Models
[ Save S-Parameters into FastEM Data ASCI Dutput Parameters | Actual ltems for The Stucture: [0
1~ Dptimization Definition
Tatal Objectives: 0 Wariables: 0 Scheme IAdaplive Etf Optimizer ;I I™ Keep Open

Copure | Enter | Delste |

RLCK Yariable Bound Factor
“ | Taat ||| s || |_Cimaead) ||| Fsmsel|

I "Job Priority ——————————————

~ FastEM Design and EM Tuning Setting oK I
Harmal =l =] | Delie Dfing Al

Frocess Priority
“_y—_lem‘ - File Name Style [Inchids Tune Indices =] Totalsets _ Defaut | Cancel |

Retrieve

Figure C-5: Simulation Setup parameters for Current Distribution and Radiation Pattern
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