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have a large eccentricity of nearly 1. Another condition is that the noise has to be low in
power and variance to reveal a more common size planet like Jupiter or Saturn.

Figure 3 : Comparison of the widths of the PDF lobe when there is a planet and no noise
and noise without planet around the star

4.2 Autocorrelation and adaptive filtering

As the astronomer would like to reveal the periodicity of the planet, we looked for a method
that could do it. Correlation can reveal the periodic signal from the planet. This technique was
used in spectrographs like ELODIE in southern France, in 1995 it allowed to realise a
performance at the time of 15 m/s radial velocity and this spectrograph was the first that had a
success in planetary discoveries. (Baranne et al, 1996)

In our work, the signal giving the evolution of the spectral line was auto correlated, and the
resulting curve was afterwards baseline corrected, to reveal its variation compared to 0.

This method not only was able to reveal the wobbling signal but allowed to derive its
periodicity.

The autocorrelation enabled the program to reveal planets with more common characteristics
than the statistical method. However the signal can still be noisy and big planets could be
found with just auto correlation. Astrophysicians and scientists are more interested in finding
smaller planets than Jupiter or Saturn.

In the research, sometime are reported the discoveries of multiple planetary systems. But the
three or four planets were not found at first. Several measures were performed with radial
velocity and one first planet was found, and then later several others were found after
updating new measures and revising the equations. The graphs obtained in research are like
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group of points and astronomers have to find the best fitted curve. Such story can be read in
the Extra Planet Encyclopaedia (Schneider, 2004), like a recent discovery of two Neptune like
planets (September 2004), (McArthur et al., 2004) and (Santos et al., 2004)

This method is similar to adaptive filtering. Adaptive filters are structure in signal processing
that can estimate the noise or error. It exist two structures the Least Mean Square, LMS and
the Recursive Least Squares, RLS. The main difference is that RLS estimates the error with
its variance, as LMS requires an ideal estimate of the curve. In our case the estimate could be
a possible solution.

The results of both adaptive filter schemes are similar. But if noise or the estimate is not well
approximated, the wobbling from the planet could by cleaned, as noise.
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Figure 4 : Output of the adaptive filter after auto correlation. The curve reveals the
wobbling of the planet superposed to the star one.

With this method we are able to localise planets of the size of Uranus, 10 times smaller than
Saturn, as the one shown in Figure 4.

However the use of adaptive filtering has to be done with caution as it can lead to a false
detection or errors if the parameters of the adaptive filter are not properly adjusted. Several
estimate curves have to be tested, and compared to reveal the variations from the noise. The
advantage of adaptive filtering is when the estimate is correct, the algorithm will make the
curve tends to this estimate more rapidly than with a false one. The false one will still be
noisy instead. Some of the variations then seen as noise, could then come from the planet’s
perturbations. Figure 5 shows the differences in these two algorithms and that the adaptive
correction is more efficient to discover planet periodicity.
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5. Conclusion

Comparing these techniques of noise cancellation that we studied averaging, autocorrelation,
and then adaptive filtering showed us than in our simulation adaptive filtering was more
efficient because it allows discoveries of smaller planets, when it is carefully used. Other
methods might be explored in that sense to find the ways to enhance their results to find the
evidence of faint distant worlds.
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Figure 5 : Comparison in the estimation of the period found with the different
algorithms with autocorrelation
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Abstract

In this paper fibre optic infrastructure is compared between a developed country such as United Kingdom and a
developing country such as Pakistan so that it can be found that how much there is difference between these
countries in this fascinating technology. To carry out this project, three sectors were used, Telecommunication
companies, educational Institutions and government bodies in both countries. The research part of this study
consists of an in-depth literature review, and explanatory research with questionnaires. For collecting data and
information three different questionnaires were sent to relevant bodies in both countries. After analysing the
returned questionnaires and other information, a significant difference is found between a developed country,
UK and developing country, Pakistan. Fibre optics was invented in the UK many years ago and has been
installed extensively, while in Pakistan it has only recently been introduced.
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1. Introduction

Optical fibre is a thin filament of glass or any other material through which light travels
according to the principle of total internal reflection. In a fibre the signal propagates in the
form of light rather than electronic. Typical dimensions for single-mode fibre are 8um for the
core and 125um for the cladding. Fibre optics is being a backbone of today’s modern
telecommunications because of its high bandwidth, high speed and reliability. It is widely
used in local Area Networks, Community Antenna Television, telephone exchanges and
closed circuit cameras.

In this paper, the use of fibre optics is investigated in both countries. Optical Fibres are widely
used in developed countries such as UK, USA, Germany, France, Japan, but some developing
countries in the world are not so familiar with this high speed technology. For this project
two countries are chosen for investigation. One is a developed country (UK) and other is
developing country (Pakistan)

This paper describes a small-scale investigation that was conducted by the author in order to
determine the fibre optic infrastructure in both countries. The investigation involved the
distribution of questionnaires. The remainder of the paper describes the survey method that
was employed, followed by a discussion of the results observed.
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2. Methodology

Literature review will be the basis of the research project. First of all literature is collected
related to the topic of project. Literature is searched from all available sources such as the
library, internet, electronic and published journals, newspapers and books.

For this project, some data is collected from online sources and some is collected by
contacting fibre optic companies, educational institutions, and government bodies in both
countries by sending Questionnaires to them asking what have you done, what are you doing,
and in future what you want to do with fibre optics. After collecting the literature, it is read
viewed, analysed and then synthesized.

3. Data Collection

Data collection is a fundamental part of a research project. According to Kent, there are two
main sources of data collection (Kent, 1999):

e Secondary Sources
e Primary sources

3.1 Secondary Data

Secondary data is information that already exists and that is being used for a second purpose
within this category. We can include:

e Published articles in journals, books, newspapers or magazines.
e Data that has been published by various statistical sources, for example, government
statistics or trade association statistics.

These kinds of data have been used in the literature review. Secondary data will also be need
for completing the project. The authors have tried to get information from reports, registration
books and other sources available in both countries.

3.2 Primary data

Primary data is the data specifically obtained for the research. There are several methods for
obtaining this data. Two of the more common methods are:

e Questionnaire
e Personal Interviews

For the purpose of this paper, it was decided to design brief questionnaires with direct
questions which were distributed to the telecom companies and universities in both countries.
By doing this, the author hoped to obtain a higher number of answers about the main issues of
the topic.
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4. Designing the Questionnaires

It was selected a questionnaire approach to get information about fibre optics and its
infrastructure in both countries that is not available by other sources such as internet, library,
and books. It was planned to split a big questionnaire into three small questionnaires, one for
telecom companies, second for educational institutions, and third for government bodies in
both countries so that it will be easy to reply and excellent information can be received.

4.1 Designing the Questionnaire for Telecom/ Fibre-Optic Companies

The questionnaire for telecom and fibre optic companies was developed to obtain the
following information:

How many private or public fibre optic companies are in both countries?

How many local and multinational companies

What is max annual revenue of fibre optic companies?

Future of fibre optic technology in both regions of the world.

Where companies use their fibre optic products.

Do companies provide any scholarships to their employees for higher education?
What are the new fibre optic products?

What are current fibre optic projects?

How many companies provide fibre optic training?

How many companies manufacture educational kits?

How many MSc or PhD persons related to fibre-optic are working in companies?

4.2 Developing the Questionnaire for Universities
The questionnaire for universities was developed for the following purpose:

How many universities are public and private?

e How many people are MSc or PhD in engineering faculties?

e How many universities teach fibre optic related modules and have fibre optic
laboratory facilities in both areas of the world.

e Do universities provide short courses related to fibre optics?

4.3 Designing the Questionnaire for Government Bodies
This questionnaire was developed to obtain the following information:

Current coverage of fibre optic infrastructure

Future plans for fibre optic coverage

Are fibre optic applications being encouraged by government?
Are universities being connected through fibre cable?

Main barriers to deployment and take up of fibre optics
Essential elements for fibre optic deployment

Current governmental fibre optic projects
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5. Search for Companies, Universities and Government Organisations

Firstly, telecom and fibre-optic companies, Universities and government organisations were
browsed by internet in both countries. By this research, 48 telecom companies in the UK and
25 in Pakistan were found. 54 universities related to telecom courses are found in the UK and
24 in Pakistan as shown in table below.

UK Pakistan Total
Telecom/ Fibre-
Optic Companies 48 20 68
Educational
Institutions 54 24 78

Table 1 : Breakdown of Telecom Companies and Universities in UK and Pakistan

The email addresses of companies and universities are noted then the questionnaires were sent
by email. Some emails were not delivered due to error. Later, questionnaires were sent to
them by post. Reminder emails were also sent.

UK Pakistan Total
Questionnaires sent 43 18 61
by e-mail
E-mails not 5 2 7
Delivered
Questionnaires sent 5 2 7
by post

Table 2 : Breakdown of the Questionnaires sent by post and email
in the UK and Pakistan

6. Extended Survey Method

A quick response was expected. Although a few companies and universities responded
quickly and letter of thanks were sent to them, after three weeks the response looked pretty
poor. The author, therefore, chose to send a reminder e-mail, which was sent approximately
three weeks after the first one.

As a backup the author decided to send the survey by post that were not delivered by e-mail.
These were 2 to Pakistan and 5 within UK.
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7. Total Response
A breakdown of the total survey is shown in Figure 1.

Total response (5.4%)

Response through letters (21.21%

Response through Email (4.63%),

No response (68.76%)

Figure 1 : Breakdown of Survey Response

The total response to the survey in the UK is 7 out of 102, which is a 6.68% response rate.
The response rate for the survey sent to Pakistan is 8.33%, since 4 out of 48 were returned
completed. The overall response is 11 out of 146, which results in a response rate of 7.53 %.

What can be concluded is that the response rate for the e-mail surveys in the United Kingdom
is much higher. This may lead to the conclusion that the British companies, universities and
their employees are more experienced with this way of communication than that in the
Pakistan. The response rate for the survey by post is also higher in the UK.

The author was disappointed to receive only a few questionnaire replies, due to which the
received information is less than the author’s expectations.

8. Results

Basically, the aim of the project is to investigate the fibre optics infrastructure in both
countries so, literature review forms the main results of the work conducted. Here are some
more results that are found by getting information from questionnaires.

Below are the results of the questionnaires that are received by either post or by e-mail from
companies, universities and government bodies from both countries. Because the questions of
these questionnaires are open-ended due to which results are not drawn in table or chart
format.
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8.1 Results of Questionnaires Replies form British universities
From British universities, only 4 questionnaires out of 54 are received. These universities are:

e University of Warwick
e Lancaster University

e The University of Reading
e Queen’s University

Out of these four universities, only university of Warwick has a lot of fibre optic facilities. In
this university, school of engineering has five faculty members who are MSc or PhD in fibre
optics. University has fibre optic laboratory, MSc and PhD degree and short courses facilities.
This is an ideal university in the United Kingdom for a fibre optic professional.

8.2 Results of Questionnaires Replies form Pakistani Universities

From Pakistani universities, only one out of 24 questionnaire reply is received, may be
because many universities is constructing their web-sites. This reply is from the private,
Hamdard University. In this university no facility related to fibre has been found.

8.3 Results of Questionnaire Received from Telecom Minister, Pakistan

One questionnaire is replied by Minister for IT and Telecom from Pakistan.. According to this
information, there is approximately 40% coverage of fibre optic infrastructure in Pakistan and
further it is the government’s plan to cover remaining non-fibre areas, at this time government
has connected sixteen universities through fibre optic cable and further are being considered
on demand. According to the minister’s information, low teledensity is the main barrier in
deployment of fibre optic cabling in the country. Bandwidth enhancement is the essential
element of government’s strategy for fibre optic deployment and a specific process is being
organised to provide leadership in the design and implementation of the fibre optic strategy.
The fibre optic deployment will be boosted in future.

Current fibre optic projects under the supervision of government are:

e 10,000 Km optical fibre to be laid in next three years.
e Access network in big cities.

8.4 Results of Questionnaire Received from Pakistani Telecom / Fibre optic Companies
2 out of 24 replies from telecom/fibre companies in Pakistan were received which are:

e Alcatel Pakistan Limited
e Siemens Pakistan Engineering Company Limited

Both companies are non-local, multinational and have been playing a vital role in telecom
development in Pakistan for many years. According to information provided by both
companies, fibre optics is still expanding in Pakistan and reaching more and more cities.
Neither are providing any scholarships to their employees for higher study, but providing
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fibre training facility in the country. No employee having MSc or PhD degree has been found
in these companies in Pakistan. They are using their products in LAN, campus networks and
linking switches in the cities and their annual revenue is excellent.

8.5 Results of Questionnaire Received from British Telecom/Fibre optic Companies
From British Telecom/fibre companies 3 out of 48 replies are received. These are:

e Halcyon Optical Services
e Fibreco Limited
e Ridgemout Technologies Ltd

All these are private and British-based companies with excellent annual revenue. All these
companies have replied that Fibre Optic Technology is currently expanding. These companies
are manufacturers of fibre products.

New products of these companies are:

VF-20: Fibre Inspection Interferometer

MPX: Mode Distribution Measurement
Interferometers for end face symmetry measurements.
Harsh Environment Expanded Beam products.

The products of these companies are being used in:
e Test equipment for fibre manufactures and installers.
e All communication applications; Telecom networks, military, Aerospace and transport
e Data Communication.
Current fibre optic projects and services of these companies are:
e Fibre measurements, optical design, consultancy
e Test and measurement services and equipment speciality cable assemblies and
transmission equipment.

e One of these companies, Ridgemount Technologies Ltd provides fibre optic training
as well. One MSC or PhD person is found working for this company.

9. Further Results

These are the results that are found during the literature search.
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No | Comparison Points UK Pakistan
1 | New products Yes No
2 | New projects Yes No
3 | Training provider companies More than 30 2
4 | Manufacturer of educational kits Yes No
5 | Universities/ colleges with fibre optic More than 30 2
modules
6 | MSc/PhD persons in fibre optic 5 in just one 2 in all country
university
7 | Member of ITU Yes Yes
8 | PhD Opportunities Yes No
9 | Scholarships by companies No No
10 | Scholarships by Government Yes Yes
11 | Data Rate of internet High Low
12 | Fibre optic Vendors Yes No
13 | Standard SDH/SONET SDH SDH
14 | Fibre Optic Link between exchanges All Optical Now replacing copper
to fibre
15 | Public Companies 1
16 | Private More than 48 4
17 | Local Companies More than 30 2
18 | Multinatioanl Companies More than 15 4
19 | Fibre optic installation standard BS6701 None
20 | Fibre optic association Yes No
21 | Fibre optic magazines or journals Yes No
22 | Fibre optic research laboratory Yes No
23 | Budget for education High Low
24 | Research in universities Yes No
25 | Web site of companies and universities Constructed Under Construction
26 | No of R&D Scientists 107,500 8428
27 | No of R&D Scientists per Population 1886 85
28 | Teledensity (year 2001) 58.8 2.4

Table 3 : Fibre optics Comparison between UK and Pakistan

10. Conclusions

10.1 Conclusion of Fibre-optic Technology

Over the last few years fibre optic technology has advanced at a tremendous rate in a rather
quiet and reserved manner driven by the need for higher bandwidths on long distance

backbone links.

This performance enhancement has gone hand-in-hand with the development of suitable
transmission and access methodologies such as Synchronous Digital Hierarchy (SDH). The
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higher rates defined by SDH would not be possible without the improvements that have taken
place in fibre optics.

The fibre optics industry is a multibillion dollar business which is growing at almost 20%
each year. (Jerry, 1997) In this industry, in which new technology dominates the headlines,
the old is finding it still has a bright future.

10.2 Conclusion of Fibre-optic in the UK

The UK was one of the pioneers of fibre optics technology, and its science and industry base
has continued to be at the leading edge of research and development world-wide. UK is in one
of the top 50 international telecommunication routes in the world.

In particular, its academics have become much more adept at taking their work out of the
laboratory and into the world of business

In United Kingdom, all telephone exchanges are linked via fibre optic cable. Further research
is being done on its use in sensors and avionics, while in Pakistan, this technology is being
introduced recently because of less knowledge and understanding.

As a result of government and EU funding over the past 15 years or so (JOERS, LINK etc)
the UK is in a strong position to exploit the opportunities for nanotechnology in optical fibre
communications systems (Baker, 1999).

10.3 Conclusion of Fibre optics in Pakistan

In Pakistan, IT and Telecom is being introduced and developed by both Government and
private efforts. Many government and educational institutions are constructing their web-sites.
Government has established many new institutions and universities in big cities that are
running courses related to information technology. Many private sector universities are also
playing a vital role in developing IT in the country, but if fibre-optic is discussed, it is still not
so developed in the country. Fibre optics is secondary case, many parts of the country
including the author’s own rural area does not have the telephone facility, but major and main
cities of the country are being linked through optical fibre cable, for high speed data and voice
transmission.

There is an only one factory that is manufacturing optical fibre cable and other components,
but many major fibre optic components are imported from developed countries to fulfil the
demands. In some universities, modules related to optical communication systems is taught,
but no fibre optic Laboratory facilities are found in the universities because of lack of
knowledge of this technology and also because fibre-optic lab facilities are very expensive.
Many web-sites of companies, educational institutions and government departments are found
under construction. The main obstacle is lack of familiarity with this fascinating technology.

It can be concluded that there is a significant difference between the fibre optic infrastructure
in the UK and Pakistan.
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Abstract

The growing trend of decreasing mobile phone handset size has created the need for small antennas coupled with
the need to fulfill growing demands of multiband operation. In this paper the various designs of mobile handset
antennas are presented. The paper focused mainly on internal antennas due to the current manufacturing trend in
mobile phones design. A low profile planar monopole antenna for multiband operation is designed and
subsequently manufactured. A novel technique in planar monopole antennas, in which part of the ground plane
operates as a parasitic element, was devised in order to overcome the planar antennas’ problem of a narrow
bandwidth and cover the three communications systems DCS (1710-1880), PCS (1850-1990), UMTS (1920-
2170). Subsequently, a detailed description of antenna design is provided in order to describe the way the
antenna operates and to demonstrate the role of the parasitic element in detail.
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1. Introduction

In this paper, a survey regarding current antenna designs for mobile phones including design
for future trends was presented. The limited power of mobile handsets and the growing trend
for small devices over the last decade has led to significant improvement of antenna
performance and different types of antennas being developed. The antenna designer’s goal is
to ultimately reduce the size of antennas without degradation of the bandwidth, gain,
efficiency and ability to operate in multi band frequencies.

Mobile phone antennas are divided into two main categories, external and internal. The use of
the internal antennas has become very common over the last few years, mainly because of
their compact size.

Internal antennas are subsequently divided into six main types, namely the microstrip-patch
antennas, the printed monopole, the planar inverted-F (PIFA) and the ceramic chip antennas.
The most commonly used type is the planar inverted-F antenna due to its ability of combining
small dimensions and flexibility in multiband operation. However, the constant demands for
even smaller mobile phones in combination with the growing knowledge in dielectric antenna
design have made the chip antenna the most promising type for the future mobile handsets.

In addition to the survey of mobile handsets antennas, the design and subsequent manufacture
of a planar monopole internal antenna is also presented. The role of the ground plane as a
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potential parameter in antenna design is discussed, tested and assessed based on simulations
and real measurements.

2. External antennas

The dipole is the most common and efficient antenna. However, the use of a dipole antenna in
a mobile handset is inappropriate because of its shape, so the A/4 monopole antenna is
preferred. Another type of external antennas that are used instead of the A/4 monopoles is the
Helical antennas (Kerry, 2002).

3. Internal antennas

Internal antennas are compact antennas built in the upper part of the handset. The ground
plane contributes to the radiation of the internal antenna as an asymmetrical dipole.

3.1 Microstrip antennas

The light weight and low manufacturing cost of microstrip antennas makes them suitable as
internal antennas in mobile handsets. Another advantage is that when the patch shape and
mode are selected, the resonant frequency, polarization radiation pattern and impedance can
be modified. On the other hand, the bandwidths of microstrip antennas represent their main
drawback. A lot of techniques have been suggested to improve the bandwidth of microstrip
antennas. The most effective is the etching of a small slot, known as U-slot (Guo et al 2002).

3.2 Planar monopole antennas

The planar monopole antennas create resonance by using metal plates. These plates are paths
of one quarter wavelength. The planar monopoles are fed by a microstrip line and they are
located in the top of the ground plane.

The planar monopole antenna has a large profile. It is essential to reduce its height in order to
be implemented as internal antenna in mobile handsets (folded planar monopole antenna).
The folded planar monopole antenna is achieved by wrapping the planar monopole into a
compact box-like structure (Chang et al, 2002).

3.3 Meander Line Antennas

The Meander Line Antenna (MLA) is a type of 3D radiating element, but needs less height
than PIFA. It is a combination of wire and planar strip lines which provides wide bandwidths
in different frequency bands simultaneously. One of the basic characteristic of MLA is that its
electrical length depends on the features of the meander line (Centurion Wireless
Technologies, 2000).
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3.4 Planar inverted-F Antennas

Planar Inverted Antenna (PIFA) is the most widely used antenna in applications of cellular
communication because of its ability to be tuned in various frequencies, its small dimensions
and wide bandwidth. PIFA typically consists of a rectangular planar element supported above
the ground plane by a low-loss plastic (Centurion Wireless Technologies, 2000). Multiband
operation is achieved by dividing the top patch into individual radiating elements. A
multiband PIFA which also uses parasitic elements for bandwidth extension is illustrated in
Figure 1.

Slot No. 2 PCB 40.5 mm x 105 mm
Slot No. 1

Capacitive load :
Height = 7.5 mm

Parasitic shorted patch No. 1
38.5mm x 25.5 mm x 8.5 mm

Main patch
32 mm x 22 mm x 8.5 mm

# Capacitive load :
- Height= 8 mm
-Length=13mm 1625

Parasitic shorted patch No. 3.
183mmx4 mmx85mm

Shorting strip of
the main patch

/ Parasitic shorted patch No. 2
4 mm x 22 mm x 8.5 mm

Shorting strip

of patch No. 3 "

Shorting strip of patch No. 2

Coaxial probe Shorting strip Feeding strip of
of patch No. 1 the main patch
(a) (by

Figure 1 : Structure of a six band PIFA (Cias et al, 2004)
3.5 Chip antenna

In most of the chip antennas the radiation element is mounted on the chip which usually is
either ceramic or plastic. The ceramic chip antennas have higher relative permittivity than the
plastic ones. High relative permittivity reduces the size but also leads to narrower bandwidths.
On the other hand the plastic chip antenna is lighter and less fragile (Wong et al, 2002).

4. Future trends

Although, current technology has found an answer to the market demands for small multiband
internal antennas, it seems that future market demands can not be met by the same
technology. The barrier for further size reduction of the most commonly used type of internal
antennas (PIFA) is proven to be their physical height. Similar barriers can be found in other
types of internal antennas where the minimum achievable size is limited by their physical
length. Furthermore the size problem becomes even more intense due to the addition of
parasitic elements within the antenna structure as a means of succeeding multiband operation.

All the today’s design methods seem to have reached their fundamentals limits. Further
reduction of mobile handsets size would reduce the available PCB area which acts as a
ground in internal antennas. Dielectric materials seem to be the only way for further
development of internal antennas. Chip antennas make use of the properties of the dielectric
materials mainly for size reduction purposes. The most promising design method involves use
of high dielectric materials as in the case of the High Dielectric Antennas (HAD) by
Antennova.
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The compact size of HAD antennas allows development of multi built-in antenna structures
occupying less space than even the smallest currently used internal antennas. Such a
breakthrough opens up the way for the use of Multiple Input Multiple Output (MIMO)
systems. MIMO systems, combined with adaptive coding and modulation, could provide 30
times higher data rates than those of 3G systems. A drawback of MIMO is that until now
bands bellow 1GHz cannot be covered. The current proposed solution is the use of parasitic
elements for covering the AMPS and the GSM bands. (Antenova, 2004)

5. Design

The designed and manufactured antenna is based in a low profile planar monopole antenna
proposed by Wong et al (2003), capable of covering four mobile communication systems.

One of the first problems that has been noticed was that even though it seemed the antenna
could be tuned as Wong et al (2003) proposed ( low frequency bands by the outside patch,
and the three upper by the inside patch and the outside as half wavelength resonant mode) the
obtained bands were too narrow.

The design has been divided in two parts. In the first part the antenna has been optimised
based on Wong et al (2003) design and the effect of ground plane in the obtained bandwidth
has been investigated.

The optimised design did not cover satisfactorily (-6dB return loss) any of the desired bands.
Extending the length of the ground plane did not increase the bandwidth and the resulted shift
towards the upper frequencies made the tuning of the antenna very difficult. The widest
bandwidth was achieved with length of ground plane equal to the length of the feeding line.
Figure 2 shows the designed antennas and the obtained bandwidths. Notice that there is
difference between the two dB scales. The first is from 0 to -25dB and the second from 0 to -
8dB.
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Figure 2 : Structures of the antennas and the obtain bandwidths in the first design part
The optimized designed antenna and the obtained bandwidth (b) The same antenna with

maximum ground length
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Section 2 — Communications Engineering & Signal Processing

In the second part, various methods have been investigated to overcome the problem of the
narrow bandwidths.

The use of parasitic elements is a popular and effective method of extending narrow
bandwidths. The disadvantage of this method is the increase of the antenna’s volume. Inspired
by Abedin and Ali (2003) who modifies the ground plane of a PIFA in order to reduce its
height, the use of part of the ground plane as parasitic has been investigated. This method
offers extended bandwidth without increasing the antenna volume, by enlarging the slit and
fitting a patch of ground in the space between the two radiating patch elements. The length of
the additional ground used as parasitic element depends on the frequencies under interest.

The parasitic element was tuned approximately at 1750MHz to ensure coverage of the lower
limit of the three overlapping bands. The antenna has been modified (larger slit, dimension of
patches, etc) so that the resonant modes of the two subpatches and the parasitic element are
optimally coupled.

The modifications are limited in the width of the radiation elements, because any change in
their lengths would disturb the tuning of the antenna. Further modifications have also been
introduced into the patch which is attached to the feeding point of the antenna. The effect of
the ground parasitic element has been further investigated by comparing the characteristics of
this antenna versus a replica of the designed antenna with no extended grounds parts. Figure 3
illustrates the structures of the designed antenna and its replica and the obtained bandwidths.
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(a) Structure and bandwidth of the antenna used (b) Structure and bandwidth of the replica
the parasitic ground element antenna without using parasitic ground
element.

Figure 3 : Structures of the antennas and the obtain bandwidths in the first design part
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