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Abstract

We propose a new design for built-in handset antennas in that
metal strips as additional resonators are directly connected with a feed
strip. With the new design scheme, a multi-band antenna for covering
GSM900 and UMTS2000 bands for use in mobile built-in handsets are
experimentally carried out. Compared with the parasitic form with a
shorted strip placed away from the main radiator, the size of the
proposed antennas can be reduced by an order of 10 20%, which is
desirable since the size of mobile phones is becoming smaller according
to consumer preferences. Moreover, the impedance matching for each
band of the new antennas becomes easy. The new multi-band handset
antenna is developed within the limits of a 36 *16* 8 mm® volume. The
antenna is also analyzed using the finite-difference time-domain

technique.



Abstrak

Kami memperkenalkan rekabentuk baru bagi antena dalaman telefon bimbit
yang berjalur logam sebagai “resonator” tambahan dan ia telah disambung terus
dengan penyuap berjalur. Eksperimen ini dijalankan untuk memastikan kegunaan
antenna dalaman yang berjalur berbilang sesuai digunakan pada jalur GSM 900 dan
UMTS 2000 pada telefon bimbit. Berbanding dengan bentuk parasitik dengan
meletakkan jalur pendek daripada penyebar utama; size bagi antena yang
dicadangkan dapat dikurangkan sebanyak 20%, dimana ia adalah diigini sebab size
telefon bimbit menjadi semakin kecil dari semasa ke semasa mengikut kehendak
antena pengguna. Selain daripada itu, kesesuaian galangan bagi antena tersebut
dengan setiap jalur menjadi semakin senang ditentukan. Size bagi antena jalur
berbilang telah dicadangkan dalam linkungan 36x16x18 mm®. Antena ini juga akan

dianalisa dengan menggunakan teknik “finite-difference time domain”.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

With the rapid growth of wireless communications there is a growing
demand for mobile phones that are small, attractive, lightweight, and curvy. This has
resulted in the proliferation of handsets with antennas that are internal or hidden
within the device. An internal antenna makes the handset look much nicer and

compact.

The sizes and weights of mobile handsets have rapidly been reduced due to
the development of modern integrated circuit technology and the requirements of
the users. Conventional monopole-like antennas have remained relatively large
compared to the handset itself. Thus, built-in antennas are becoming very promising

candidates for applications in mobile handsets.

Most built-in antennas currently used in mobile phones are based on planar
inverted-F antennas (PIFASs) [1]. In addition, since the antenna is inside the phone it

is not prone to breakage or damage, which is commonly encountered with the so-



called external stub-type antenna. Currently mobile phones with small internal
antennas are already in the market.

Designing an internal antenna for a mobile phone is difficult especially when
dual or Multiband operation is required. Although obtaining dual-frequency
resonance is straightforward, satisfying the bandwidth requirement for the respective
communication bands is difficult. Further complications arise when the antenna has
to operate in close proximity to objects like shielding cans, screws, battery, and
various other metallic objects. Currently, many mobile telephones use one or more
of the following frequency bands: the GSM band, centered at 900 MHz; the DCS
band, centered at 1800 MHz; and the PCS band, centered at 1900 MHz. Triple-band
built-in antennas to operate at GSM900, DCS1800, and PCS1900 bands
demonstrated in [2], [3] .

If merger of technologies is considered where both advanced mobile phone
systems (AMPS) and global system for mobile (GSM) systems are integrated in one
phone, triple-band or even quad-band antennas may be needed. For instance,
consider a device that operates in the AMPS 800, GSM 900, and TDMA /GSM1900
MHz bands. This means that the device operates in the 824-894 MHz, 880-960
MHz, and 1850-1990 MHz bands making it triple band from antenna perspective.
In the lower band the required bandwidth is 136 MHz or 15.25% which is almost

twice as much of that required for GSM or AMPS alone.

1.2 Historical review

In 1897 Marconi demonstrate the first practical demonstration of wireless
communication when he established a continues radio contact between shore and
ship traveling in the English channel, and after years of research leads to mid of 20th
century when the mobile communication industry was strictly limited by the size and
weight of the early mobile phone and normally these based on the simple amplitude

modulation technique.



After the World War 11, the development of transistor reduces the power and
space demand of the electronic devices and also mobile phone, the need of shrinking

of the size of mobile radio system has continued to the present day.

1.2.1 Mobile communication

Mobile communication is one of the fastest growing and consider as the
most important telecommunication application. it is the most powerful catalyst for

change in lifestyle of the people.

The mobile communication was used in limited applications due to costly
analogue technologies and restricted service (only phone calls were possible). The

tiny high technologies are now become a necessary need of every individuals life.

1.2.2 The Wireless Revolution

The wireless revolution is creating a flood of new wireless devices that
dramatically increase the availability of voice and data nearly anywhere in the world.
While this revolution is significantly expanding the opportunity for new, smaller and
better wireless communication terminals. It also requires the new and small antenna

design.

1.3 Problem background

Traditionally most mobile phones and handset haven been equipped with the

monopole antenna .monopole antenna are very simple in design and construction and



are well suited to mobile communication application. The most ¥+ monopole
antenna is the wipe antenna, which can operate at range of frequencies and deal with

most environmental conditions better than other monopole antennas.

However, the monopole antenna possesses a number of drawbacks.
Monopole antennas are relatively large in size and protrude from the handset case in
an awkward way. This problem with the monopole’s obstructive and space
demanding structure also complicate any efforts taken to equip a handset with
several antennas to enable multilane operation. Monopole antennas also lack any
built-in shielding mechanisms, to direct any radiating waves away from user’s body,
thus increasing the potential risk of producing cancerous tumors growth in the user’s

head and reducing the antenna efficiency.

In recent years, the demand for compact handheld communication devices
has grown significantly. Devices smaller than palm size have appeared in the
market .antenna size is a major factor that limits device miniaturization. In addition
to solve the problem of broadening the antenna bandwidth to the required
specification of the system, one has to worry about developing new structure for
devices that require more than one frequency band of operation.

Multiband wireless phone has become popular recently because they permit
people to use the same phone in multi network that have different frequencies. Table
1.1 lists a few useful wireless applications and their operating frequencies. Systems
that require multiband operation require antenna that resonate at the specific

frequencies. This only adds complexity to the antenna design problem.

Table 1.1: Frequency Bands for a few Wireless Applications.

Wireless Applications | Frequency Bands (MHz)

GSM-900 890-960
GSM-1800 1710-1880
GSM-1900(USA) 1850-1990

3G-(UMTS2000) 1885-2200




(WLAN) 2400-2483

Therefore, the problem statement of this project can be summarized as

following:

The sizes and weights of mobile handsets have rapidly been reduced due to
the development of modern integrated circuit technology and the requirements of

the users.

The built-in antennas are becoming very promising candidates for
applications in mobile handsets. =~ Conventional monopole antennas are simple,

omni-directional pattern and gain that is suited for mobile application.

But they have remained relatively large compared to the handset itself, and
they have lack of shielding mechanisms, to direct any radiating waves away from

user’s body which causes potential harm to the user’s health and causes cancers.

Currently many different wireless standards are available for mobile
communication; therefore it requires that the same mobile phone can work for
different frequency bands. Since it is not feasible to equip the device with many
antennas for each frequency band, built-in antennas provide the feature of low

profile and multi-band reception.

1.4 Objectives and Methodology of the Project

The fundamental aim of this thesis is to design a multi band antenna suitable
for telephone handset. By using suitable antenna, the space demand of the antenna
as part of a telephone handset can be minimized, thus reducing the obtrusiveness of

the handset’s appearance. This design has these primary objectives



Select and design an efficient, low profile and realizable antenna capable of
operating at a number of frequencies bands (900MHz, 1800 MHz, 1900 MHz and
2000MHz) antenna for GSM and the third generation (3G) mobile system.

Verify the operations of the antenna at the prescribed frequencies in terms of
input impedance and field patterns, using electromagnetic simulation software
ZELAND FIDELITY which is based on Finite- difference. Discuss the simulated

result in term of Return loss and Radiation pattern.

In order to achieve the first objective as set out above, a comprehensive
literature review is required to obtain an antenna that requires minimal modification
to suit the requirements of this design. As the process of optimizing an antenna’s
dimensions to meet a set of specifications is highly rigorous, fading an antenna that
operates efficiently at the three required frequencies, as well being compact and

having a low profile, is very much desired.

1.5 Organization of the Project

Chapter one includes the introduction part of the project, the problem
background with the objectives, methodology and the implementation plan of this

project.

Chapter two represents the literature review, including the historical

developments and representing the latest techniques.

Chapter three includes an optimum design of compact antennas for mobile
communications such as monopole antennas, planer antennas, microstrip patch

antennas, planar inverted-F Antenna and Dielectric Resonator antennas



Chapter four represents an antenna design and structure, simulation
procedure, introduction to Zeland fidelity software and overview on The Finite-
Difference Time-Domain (FDTD) Technique.

Chapter five includes the result and the discussion of the simulation in terms
of return Loss, effects of the additional strip position and its size, effects of the
ground plane size, the three-dimensional far field patterns, the two-dimensional far

field patterns and the antenna gain.

Chapter six represents conclusion and future.
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