
. Faculty of Engineering 

Department of Electrical & Electronics Engineering 

Cellular Hardware 

Graduation Project 
EE 400 

Student : Arshad Hussain Malik (971287) 

Supervisor : Jamal Fathi 

Nicosia 2001 



CONTENTS 

ACKNOWLEDGEMENT 

ABSTRACT 11 

INTRODUCTION l1l 

1. MOBILE WORLD 1 
1.1 GSM Overview 

1.1.1 Introduction 1 
1.1.2 Highlights 3 
1.1.3 GSM Requirements 3 
1.1.4 GSM Features 4 
1.1.5 Statistics 7 

1.2 Telecommunication Standard Characteristics 7 
1.3 Cellular Phone Hardware Accessories 8 

1.3 .1 Antenna Information 8 
1.3 .2 Battery Information 15 
1.3.3 IRDA 23 

2. SMART CARDS 26 
2.1 Smart Card Overview 26 
2.2 Introduction to Smart Cards in Wireless Communications 28 
2.3 Enhanced Security Benefits 29 
2.4 Easing Logistical Issues 30 
2.5 Providing Value-Added Services 31 
2.6 Marketing Opportunities 33 
2. 7 Customer Benefits 35 
2.8 Factors Driving Smart-Card Acceptance 37 

3. THE GSM SYSTEM 39 
3.1 History of the cellular mobile radio and GSM 39 
3.2 Cellular systems 42 

3 .2.1 The cellular structure 42 



3.2.2 Cluster 44 
3 .2.3 Types of cells 44 

3.3 The transition from analog to digital technology 45 

3 .3 .1 The capacity of the system 45 
3 .3 .2 Compatibility with other systems 46 

3.3.3 Aspects ofquality 46 
3 .4 The GSM network 47 

3.4.1 Architecture of the GSM network 47 

3.4.2 The geographical areas of the GSM network 51 

3.4.3 The GSM functions 52 
3.5 The GSM radio interface 57 

3.5.1 Frequency allocation 58 
3.5.2 Multiple access scheme 58 

3.5.3 From source information to radio waves 63 
3.5.4 Discontinuous transmission (DTX) 69 
3. 5. 5 Timing advance 70 
3.5.6 Power control 70 
3.5.7 Discontinuous reception 70 
3.5.8 Multipath and equalization 71 

3. 6 GSM services 71 
3.6.1 Teleservices 72 
3.6.2 Bearer services 72 
3.6.3 Supplementary Services 72 

4. GSM PRODUCT DESIGN 74 
4.1 Baseband-chip set for GSM Phase 2 [ AD20msp41 O] 74 
4.2 RF Performance 75 

4.2.1 FTA 76 
4.2.2 Handset definition 77 
4.2.3 Transmitter 78 
4.2.4 Receiver 82 



4.2.5 Blocking 

4.2.6 Making the trek 

4.3 Physical Layer Protocol 

4.3 .1 The GSM airlink 

4.3.2 Synchronization 

4.3.3 Temporary reception gap 

4.3.4 Timing advance adjustment 

4.3.5 Cell selection and handover 

4.3.6 Ingenuity 
' 5. GSM PHONE ELECTRONICS 

5.1 RF Design of a TDMA Cellular/PCS Handset, (Receivers) 

5 .1.1 Main RF Specifications 

5 .1.2 Handset Block Diagram 

5 .1.3 RF Module Description 

5.1.4 Antenna and Front-End Sections 

5 .1. 5 Receiver 

5.1.6 Receiver Design Trade-Otfs 

5 .1. 7 Receiver Architectures 

5.1.8 Receiver Spurious Responses 

5.2 RF Design of a TDMA Cellular/PCS Handset, (Transmitters) 

5.2.1 Frequency Synthesizer Design Trade-Offs 

5 .2.2 The Transmitter 

5.2.3 Transmitter Design Trade-Offs 

5 .2.4 Handset TRX Frequency Plan 

5.2.5 RF Module Integration 

83 

84 

89 

89 

91 

93 

94 

94 

97 

99 

99 

100 

100 

101 

101 

103 

105 

105 

106 

111 

112 

113 

115 

116 

116 

CONCLUSION 
REFERENCES 

118 

119 



ACKNOWLEDGEMENT 

First of all I am happy to complete the task, which I had given with blessing of God. I 

would like to thank my dearest parents for their moral and financial support to complete my 

ambition and without my father's Mr. Sher Bahadur Malik endless support; I would 

never achieve my ambition. 

I wish to thank my supervisor Mr. Jamal Fatih for intellectual support, encouragement, 

and enthusiasm, which made this project possible, and his patience for correcting both my 

stylistic and scientific errors. 

My sincerest thanks go to my teachers Prof. Dr. Fakhreddin Mamedov and Mr. Shanol 

Bektash, who shared their suggestions and evaluations throughout the completion of my 

professional degree. 

A bundle of thanks go to Miss. Bee Turk, who has given me a lot of moral support and 

strong passion in order to achieve my professional degree. 



ABSTRACT 

GSM, the Global System for Mobile communications, is a digital cellular 

communications system, which has rapidly gained acceptance and market share worldwide, 

although it was initially developed in a European context. In addition to digital 

transmission, GSM incorporates many advanced services and features, including ISDN 

compatibility and worldwide roaming in other GSM networks. The advanced services and 

architecture of GSM have made it a model for future third-generation cellular systems, such 

as UMTS. This project will give an overview of the services offered by GSM, the system 

architecture, the radio transmission structure, the signaling functional architecture and the 

general cellular handset information. 
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INTRODUCTION 

Communication, It goes without saying that it is a basic need of this world. There are 

many ways of communication such as phone, Internet, mobile, pager etc. Mobile it is a very 

easy way to communicate you don't need a computer or wire line, so mobile have become 

very important part of our life. There are a big growing number of customers of the 

telecommunication administration and operators would like to have modem communication 

facilities at their disposal wherever and whenever they need them. 

In order to meet this demand on an international scale, the European 

Telecommunication Standards Institute (ETST) has specified the Global System for Mobile 

Communication (GSM) and the Digital Communication System (DCS) on the basis of the 

Global System For Mobile Communication (GSM). Chapter 3 contains the information 

about the history of cellular mobile radio according to the GSM. The basic GSM networks 

and cellular systems are defined to understand the interfacing between cell structures an 

cellular handsets. The GSM radio interfacing and the transition from analog to digital 

technology is explained. 

Chapter 2 presents a business case for the use of smart cards or subscriber identity 

modules (SIMs) in the marketing and network operations of wireless communications 

operators. The business case focuses on the SIM card's marketing, financial, and technical 

benefits to network operators as well as benefits to wireless consumers. Some key external 

factors likely to accelerate customer acceptance and the SIM card's basic functionality in 

wireless communications are also discussed. 

Time-to-market pressure makes the primary goal of handset development the 

successful completion of full type approval (FTA). In chapter 4, the phase error, transmit 

power, RF output spectrum, receiver sensitivity, and blocking performance are addressed. 

Operational characteristics of the physical layer, time-division multiple access, which 

handles airlink management, channel maintenance, and cell transfers, can be difficult to 
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verify prior to full type approval. This discussion is described to understand physical layer 

operation. 

Chapter 5 describes a typical RF architecture and focuses on key RF design 

considerations and trade-offs as applied to a typical dual-band TDMA transceiver RF 

section. It will continue with a discussion of frequency synthesizers and their application in 

the example design. The focus will then shift to the handset's transmitter section, 

transmitter design trade-offs, and the handset receive/transmit frequency plan. 
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CHAPTERl 

MOBILE WORLD 

1.1 GSM Overview 

1.1.1 Introduction 

The development of GSM started in the early 1980s. It was seen then as the mainstay 

of the plans for Europe's mobile communication infrastructure for the 1990s. Today, GSM 

and its DCS 1800 and PCS 1900 versions have spread far beyond Western Europe with 
networks installed across all continents. 

The story begins in 1982 when the European Conference of Posts and 

Telecommunications Administrations (CEPT), consisting then of the telecommunication 

administrations of twenty six nations made two very significant decisions. The first was to 

establish a team with the title "Groupe Speciale Mobile" (hence the term "GSM", which 

today stands for Global System for Mobile Communications) to develop a set of common 

standards for a future pan-European cellular network. The second was to recommend that 

two blocks of frequencies in the 900 MHz band be set aside for the system. 

The CEPT made these decisions in an attempt to solve the problems created by the 

uncoordinated development of individual national mobile communication systems using 

incompatible standards. The impossibility of using the same terminal in different countries 

whilst traveling across Europe was one of these problems; another was the difficulty of 

establishing a Europe-wide mobile communications industry that would be competitive in 

world markets due to the lack of a sufficiently larger home market with common standards 

with its attendant economies of scale. 
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By 1986 it was clear that some of these analogue cellular networks would run out of 

capacity by the early 1990s. As a result, a directive was issued for two blocks of 

frequencies in the 900 MHz band, albeit somewhat smaller than recommended by the 

CEPT, to be reserved absolutely for a pan-European service to be opened in 1991. 

In the meantime the GSM members were making excellent progress with the 

development of agreed standards. One major decision was to adopt a digital rather than an 

analogue system. 

The digital system would offer improved spectrum efficiency, better quality 

transmission and new services with enhanced features including security. It would also 

permit the use of Very Large Scale Integration (VLSI) technology, which would lead to 

smaller and cheaper mobiles, including hand held terminals. Finally, a digital approach 

would complement the development of the Integrated Services Digital Network (ISDN) 

with which GSM would have to interface. 

GSM initially stood for Groupe Special Mobile, the CEPT (Conference of European 

Posts & Telegraphs) formed the group to develop a Pan-European cellular system to 

replace the many systems already in place in Europe that were all incompatible. 

The main features of GSM were to be International Roaming ability, good sound 

quality, small cheap handsets and ability to handle high volumes of users. GSM was taken 

over in 1989 by the ETSI (European Telecommunications Standards Institute) and they 

finalized the GSM standard in 1990. GSM service started in 1991. It was also renamed this 

year to Global System for Mobile communications (GSM). 

Today there are approx. 105 countries with GSM networks or planned networks and 

many more are planned with around 32 million subscribers worldwide on the 139 networks. 

This accounts for over 25% of the world's cellular market. 
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The MoU "Memorandum of Understanding" has over 210 members from 105 

countries, this organization meets ever three to four months to look at new or better 

implementations to the GSM system [1]. 

1.1.2 Highlights 

1982 CEPT forms Groupe Speciale Mobile (GSM) and recommends reservation of 

frequencies in 900 MHz band for future pan-European cellular system. 

1987 Memorandum of Understanding (MoU) signed in Copenhagen by operators from 

thirteen European countries. 

1992 First commercial GSM networks start to come into service. 

1992 First international roaming agreement signed between Telecom Finland's and 

Vodafone (UK's) GSM networks. 

1992 Australian operators are first non-European operators to sign the MoU. 

1993 Status report: thirty GSM networks in ( end) service worldwide with more than one 

million customers. Seventy MoU members from forty five countries. 

1994 Status report: sixty GSM networks in service ( end) worldwide with more than four 

million customers. Over one hundred MoU members from sixty countries. 

1995 Status report: one hundred and twenty ( end) GSM networks in service worldwide 

with more than twelve million customers. Over one hundred and fifty MoU members from 

ninety countries [ 1]. 

1.1.3 GSM Requirements 

The quality of Voice in the GSM system must be better then that achieved by the 900MHz 

analogue systems over all the operating conditions. 

The system must offer encryption of user information. 

The system must operate in the entire frequency band 890-915MHz and 935-960MHz. 

An international standardized signaling system must be used to allow the interconnection of 

mobile switching center's and location registers. 
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Minimize modifications to the existing fixed public networks. 

Design the system so handset costs are minimized. 

Handsets must be able to be used in all participating countries. 

Maximum flexibility for other services like ISDN. 

System should maximize the functions and services available to cater for the special nature 

of mobile communications [ 1]. 

1.1.4 GSM Features 

Quality 

With digital, sound quality is sharp and clear. Background sounds and static are vastly 

reduced .and crossed-line conversations are also eliminated. In comparison with analogue 

there are also far fewer dropouts, and overall the quality is more like that of a fixed 

telephone. 

Security 

Unlike analogue, everything you say and send within the digital network is safe and 

secure. Some features are user authentication that prohibits unauthorized access, encryption 

key distribution that guarantees the privacy of the call and caller identification restrictions 

that can prevent the delivery of the calling users number to the receiver. 

Convenience 

With digital, better technology means better battery life. You get up to twice as much 

talk time from' each battery charge, compared with analogue. In addition the digital service 

allows more calls to be handled at any one time, therefore reducing congestion in areas of 

dense population and high .usage. 

Roaming 

With digital, you are able to use your mobile phone, and number in other countries 

around the world who operate a GSM network. You can just take your SIM card and use 
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another GSM phone. Your home carrier must have a roaming agreement in place and must 

be notified before leaving so that you can be activated in that country. All you need to do is 

switch on the phone at your destination and you will automatically log into the network. 

Dependent on the country you can still use your old SIM, but some countries will require 

you to get a loan SIM from your carrier before going there. This will give you a new 

number whilst in that country but you can easily set up a diversion to the new number if 

need be. 

GSM Phase 1 features 

Call Forwarding 

All Calls 

No Answer 

Engaged 

Unreachable 

Call Barring 

Outgoing - Bar certain outgoing calls(e.g. ISD) 

Incoming - Bar certain incoming calls (Useful if in another country) 

Global roaming - Visit any other country with GSM and a roaming agreement and use your 

phone and existing number 

GSM Phase 2 features 

SMS - Short Message Service - Allows you to send text messages from phones 

Multi Party Calling - Talk to five other parties as well as yourself at the same time 

Call Holding - Place a call on Hold 

Call Waiting - Notifies you of another call whilst on a call 

Mobile Data Services - Allows handsets to communicate with computers 

Mobile Fax Service - Allows handsets to send, retrieve and receive faxes 

Calling Line Identity Service - This facility allows you to see the telephone number of the 

incoming caller on our handset before answering 

Advice of Charge - Allows you to keep track of call costs 
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Cell Broadcast - Allows you to subscribe to local news channels 

Mobile Terminating Fax - Another number you are issued with that receives faxes that you 

can then download to the nearest fax machine. 

GSM Phase 2 + features 
Available by 1998 

Upgrade and improvements to existing services 

Majority of the upgrade concerns data transmission, including bearer services and packet 

switched data at 64 kbit/s and above 

DECT access to GSM 

PMR/Public Access Mobile Radio (P AMR)-like capabilities 

GSM in the local loop 

Virtual Private Networks 

Packet Radio 

SIM enhancements 

Premium rate services ( eg Stock prices sent to your phone) 

GSM 96 features 

In fact, there is no such thing as GSM 96. In MoU SERO there is a document called 

SE.03. In SE.03 you find the date for implementation of services. The date is 'coded' E in 

case this is essential at the start of operation of a GSM network. Services of that kind are: 

TSll (basic speech), TS12 (emergency calls/112), SMS MT, Call-forwarding/Call barring 

services and data/fax. Then there are E96 services, savvies to be implemented for roamers 

before end 1996. The only service in this section is ODB Phase 2. (ODB=Operator 

Determined Barring). E97 is SMS MO (Short Message/Mobile Originated). The list for 

E98 is longer. One reason is to put pressure on suppliers. Services included are CAMEL (to 

support PNP as a start), SOR, USSD, HSCSD and GPRS [1]. 
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1.1.5 Statistics 

GSM Association total members (October 2000) - 493 

GSM Networks on Air (September 2000) - 373 

GSM Countries on Air (September 2000) - 159 

GSM Total Subscribers - 380.5 million (to end of September 2000) 

World Subscriber Growth - 655 million (to end of December 2000) 

SMS messages sent per month - 9 Billion (to end of August 2000) 

SMS forecast to year end 2000 - 10 Billion per month 

GSM accounts for 68% of the World's digital market and 59.9% of the World's wireless 

market [1]. 

1.2 Telecommunication Standard Characteristics 

Table 1.1 Comparison b/w analog & digital cellular telephones 

r. ANALOG CELLULAR 
DIGITAL CELLULAR TELEPHONE 

TELEPHONES 

IS-54/- 
AMPS IS-95 

TACS NMT 136 GSM PDC Advanced !North 
Total Access Nordic North Global System DCS Personal Standard Mobile American 
Communication Mobile American for Mobile 1800 Digital 

Phone Digital 
System Telephone Digital Communications Cellular 

Service Cellular 
Cellular 

ET ACS: NMT-450: Rx: Rx: 810- Mobile Rx:869- 
Rx:916-949 Rx:463- Rx: 869- Rx: 869- 1805- 826 Tx: Frequency 894 Rx:925-960 
Tx:871-904 468 894 Tx: 894 Tx: 1880 Tx: 940-956 

Range Tx:824- Tx:880-915 
NT ACS: Tx:453- 824-849 824-849 1710- Rx: 

(MHz) 849 
Rx:860-870 458 NMT- 1785 1429- 
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Tx:915-925 900: 1453 Tx: 

Rx:935- 1477- 
960 1501 

Tx:890- 

915 

Multiple 
TDMA/ CDMA/ TDMA/ TDMA/ Access FDMA FDMA FDMA TDMA/FDM 
FDM FDM FDM FDM Method 

Duplex 
FDD FDD FDD FDD FDD FDD FDD FDD Method 

NMT-450: 832 (3 20(798 374 (81600 ( Number of ETACS:1240 124 (8 users 832 200 NMT- users users users users Channels NTACS:400 /channel) 
900: 1999 /channel) I/channel) /channel) /channel) 

NMT-450: 
ETACS: 25kHz 

Channel 25kHz 
30kHz NT ACS: 30kHz 1250kHz 200kHz 200kHz 25kHz Spacing NMT-900: 

12.5kHz 
12.5kHz 

GMSK 
(7l;4 QPSK GMSK (0.3 (0.3 ( 77 /4 Modulation FM FM FM 
DQPSK) /OQPSK Gaussian Filter), Gaussian DQPSK) 

Filter) 

Channel 1.2288 270.833 n/a n/a n/a 48.6 kb/s 270.833 kb/s 42 kb/s Bit Rate Mb/s kb/s 

1.3 Cellular Phone Hardware Accessories 

1.3.1 Antenna Information 

Antenna 

Getting energy out from a transmitter and in to a receiver is critically dependent upon 

the ability of the transmitter to pass energy (radio signals) from its antenna to free space, 

similarly the same is true of a receiver. 
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There are a number of factors involved including:­ 

Frequency (wavelength). 

Gain. 

Impedance. 

Polarization. 

Frequency 

Each antenna has a resonant frequency, the frequency at which it is most efficient at 

either transmitting or receiving energy. The resonant frequency is set by the physical length 

of the antenna. Frequency and wavelength are related, the wavelength (in meters) is equal 

to the speed of light (in meters/sec) divided by the frequency (in Hertz - Hz). 

Similarly the frequency is equal to the speed of light divided by the wavelength. So in 

the good old days when Radio 4 was the Long Wave it transmitted on a wavelength of 

1500m. The speed of light is 300,000,000 meters a second so 300,000,000 I 1,500 = 
200,000Hz or 200 kHz. If we find an old radio, we will find 1500m on the dial, newer ones 

have 200 kHz (and yes, thank to some interfering French politicians Radio 4 is now on 198 

kHz which took away a lovely stable frequency reference - but that's another story). A 

frequency of 1800 MHz (GSM 1800) equates to a wavelength of: - 

300,000,000 I 1,800,000,000 = 0.167m 

or a wavelength of about 16.7cm. At 900 MHz everything is twice as big, so 900 MHz 

gives a wavelength of 33.4cm. Antennae are usually referred to by the fraction of a· 

wavelength represented by their physical length, so a full wave antenna at 1800 MHz 

would be 16.7cm long (In practice it would be a slightly different length to allow for 

corrections for end effects). A half wave antenna at 1800 MHz would be 8.4cm and so on. 

Most phone antennae are about 1/4 wavelength long. 

Gain 

The basic pattern of energy coming from a "perfect" antenna with no gain is a bit like a 

ball (with the antenna in the middle), the antenna radiates equally in all directions (the 

"isotropic" antenna). This isn't always what is wanted. In most mobile phone antennae we 
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want most of the energy coming out near the ground and not too much going vertically into 

space. 

A standard dipole radiation pattern is not isotropic - it looks bit like a doughnut with 

the antenna in place of the hole. 

An antenna can only put out what is put in to it, so when you see adverts for antennae 

with "gain" (for example 3dB gain) what it means is that the energy is being directed more 

in one direction than others (It also means the area the energy was redirected from will get 

less.) 

Going back to the doughnut, if you press down on the top of the ball it gets wider and 

shorter, the wider axis is showing gain, the shorter one loss. 

You can also put directivity in the azimuth pattern - but for phones this is not a good 

idea! The most common antenna with gain in azimuth is the common TV antenna (a Yagi 

antenna design for the curious) which typically has a beamwidth of about 15 to 20°. 

Antenna gain is usually expressed in decibels and refers to the gain of the design over 

the radiation in that direction given by a perfect isotropic antenna or a dipole. As the 

isotropic antenna and dipole differ anyway it is important to know which is being referred 

to when comparing antennae. Usually if antenna is described as having "3dB gain" it 

means compared with a dipole. If it says "3dBi gain" it means compared with an isotropic 

radiator. 

The most common mobile antenna design to show gain is the co-linear. In most cases 

this will give about 3dB gain over a dipole. Treat all claims for greater gain from non 

directi?nal antennas with severe suspicion! 
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Impedance 

Impedance is to AC circuits roughly what resistance is to DC circuits. It isn't just the 

length of the antenna, which matters but also how you get power into it. For maximum 

transfer of power the source, transmission line, and load must all have the same 

impedance In the case of your phone this means the phone, antenna lead, and antenna 

should all have the same value of impedance. 

This value is 50 ohms for most phones so the transmitter and receiver in the phone 

have a 50 ohm characteristic impedance, the cable is 50 ohms and the antenna impedance 

should be 50 ohms. 

At the base of a 1/4 wave antenna the impedance is indeed about 50 ohms, however at 

the base of a 1/2 wave one it is several thousand ohms. Making dual frequency antennae 

(for use on both 900 and 1800 MHz) is a compromise between length, thickness (which 

also affects impedance) and gain. Nearly all dual frequency antennae will work quite well 

at one of the frequencies and less well at the other. All are outperformed by single 

frequency antennas. 

Polarization 

Polarization is the alignment of the electrical part of the radio frequency energy in 

space. , A vertical antenna produces a vertically polarized signal, a horizontal one a 

horizontally polarized one, and a spiral antenna a circularly polarized one (left or right hand 

depending upon the way the spiral goes). In theory a horizontal receiving antenna will 

receive no energy from a vertical transmitter antenna ( and this works - many continuous 

wave tracking radar's use a left hand circularly polarized signal to transmit and a right hand 

one to receive so they can transmit and receive on the same frequency at the same time. 

The signal from the transmitter strikes many objects along its way and is reflected from 

them, these reflections are often twisted because of the irregular nature of the reflecting 

object. By the time the signal reaches you it has lost much of its initial polarization and 

become scattered. However it will usually still be the case that most of the signal will 
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maintain its original polarization and the more vertical you keep the antenna the better your 

chances of a good signal. 

Special Antennas and Signal Amplifiers 

The Co-linear 

The true co-linear design is a series of dipoles stacked end to end and fed by different 

cables such that the radiation patterns inter-react to give a lower angle of radiation with 

more power in the lower angles than the higher. The antenna called a collinear in mobile 

phones achieves a similar effect by being partial multiples of wavelengths long and having 

tuning and loading coils built in (the single coiled twist in the 1800 MHz antenna shown 

above and the thicker tube about 1/3 of the way up the 900MHz antenna. The extra length 

of the co-linear explains why your antenna is longer than you expected based on the 

calculations. 

The Yagi 

The Yagi antenna design is probably the most common antenna with gain - nearly all 

TV antennae are Yagis. Its use in mobile phones is very limited because it gives directional 

gain in azimuth - you need to know where the base station is and point at it! However it 

does have its uses, models for 900MHz are made mainly for the Nordic market where 

mobile phones are the communication method of choice for the popular remote weekend 

houses. Fitted to a house and pointing at the nearest base station it gives excellent gain and 

will often turn a no hope signal into a strong one. 

Signal Amplifiers\ 

Touted by some as the secret panacea for all ills the linear amplifier (AKA "Burner", 

Power Booster, Power Amplifier) came to infamy in the heyday of CB radio when they 

were brought over from the USA and fitted illegally to Ford Caprice and Cortinas by 

numbers of CB enthusiasts. In general there were two main effects - the car battery ran 

down very quickly and every receiver for miles around was jammed by the spurious out of 

band emissions. Some of these amplifiers were quite impressive - lkW (1000 Watt) linears 

sitting on the boot of ratty Fords were not unknown! 
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