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ST T
Due to man’'s curiosity for fast information dissemination, science and
technology has made it so fast that information can be transmitted and
received within seconds by electronic means. Information can be transmitted
from one point to another through ficquency modulation technique.

Transmission ol inforination through this means 18 so common, that it is found

i almost every cormer ol our planet

Frequency modulation, is a modulation technique generated by varying the
trequency of a carrier which is between a frequency range of 88MHy, -
108MH,, , with and audio frequency which is then transmitted in

clectromagnetic waves tor reception and processing into its original audio

form at different locations.
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CHAPTER ONK
1.0 GENERAL INTRODUCTION.

Transmission is an indispensable process in the fickd of clectronies or electrical

communication both in the aspect of intercommunication and telecommunication, 1t is

obvious that the use of frequency modulation (FM) s gaining ground in the design of

conmunication systems such as transmitters and reccivers, 10 will be essential at tiis

pueint (o detine what modutation is and the various types of modulation,

LT DEFINITION

Modulation is defined as a process ol superimposing a “base-hand™ frequency signal
onto o high frequencey carvier wave so that the information may be transmitted over i
considerable distance cither in o cable or in clectromagnetic waves. There are basicaiiy

two mcthod o Analog modulation, Amplitude  modulation (AM)y  and

anglo
modulation. Amplitude modabition (AM) involves varying the amplitade of the carrier
i sympathy with the instantancous value ol the modulating signal. The angic
madulation cmbeaces phase modulation and frequency  modulation with o slipht
difference between them. In phase modulation, the phase angle of the carrier signal s
viied linearly with modubating sipnal while in frequency modulation; the phase angle
of the carrier signal is varied lincarly with the integral of the modulating signal, ‘The

difference between themeis the nature of dependency on modulating signal, However,

the major concern in this praject is the frequency modulation methaod.

T
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112 FREQUENCY MODUTLATION

Frequency modulation involves varying the frequencey of the modulating signal. One ol

the advantages is that 'M is less suseeptible to interference. It could be achicved using

two methaods: direct and indirect methods of modulation.

Direct method is by virying the carrier frequencey direetly with the moduluting signal.
The result is *'I'he wide Band Frequency Modulation™ (WBEM). On the other hand
the indireet method, “Nurrow band frequency modulation™ (NBEM) is obtained and
then multiplicd by some factors using frequency mualtipliers to achicve a wide band
frequency  modulation. Frequency multiplier is a non-linear device designed 1o

multiply the frequency of input signal by a factor.

The FM transmitter may be said to be a single voice-band system, It is not a multi-
channe!l communication system, because only one voice band is allowed or
transmitted per time. The flow of information or message exists in only one direction;

hence itis uni-directional, in terms ol its information or signal fTow,

A Transmitter is an clectronic device, which processes a signal electronically and
transmits it into the atmosphere in form of clectromagnetic waves or through wires
depending on the type of transmitter, Modulating signal such as speech consists of

two components: - Information conveyed by virtue of the frequency of the signal and
information conveyed by virtue of the amplitude of the signal, In 'M transmitter, the
frequency of the carrier conveys the amplitude information while the rate of change of
the carrier frequency conveys the frequencey information, The FM is considered in this
project operates with the frequency of T0SMI 1z with a frequency deviation of 1 50012,

This gives the bundwidth of 104.5MT117 (0 105.5M11z,

A
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The transmitted signal is radiated in to the atmosphere through the antenna in form of
CClectromngnetic waves, These electromagnetic waves abound everywhere in nature
and travel with the speed of tight, The commercial transmitter has some important
considerations in the desipn procedure, such as the frequency of operation, which fulls
between 8&MILz o T0RMI Tz, where 88MIz is the lower limit and 108MIl2 is the
upper limit. Another thing under consideration is the arca under coverage i.e. the
radius that virtually depends on the radiated power, 1t should be borne in mind also
that it has (o be sensitive enough to be able o respond to the voice signal, I'rom the
title of the above named project, the following could be deduced; the type of the

signal modulation i.e. frequency modulation. The FM transmitter is made up of the
following electronic circuit stages/modules:

1) Input stage

2) Radio frequency oscillator stage

3) Frequency modulation stage

4) Output stage.

It is the combination of these modules that gave birth to what is called IF'M transmitter.

1.1.3  PRINCIPLE OF OPERATION
The design and operation of the I'M transmitter are based upon the application of
some engineering principles. ‘These principles are:

1)y Signal transformation

2) Signal (RIY) generation

3) Signal modulation
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4) Signal freguency selection

These prineiples have their applications at specific stages in the circuit of the
cquipment. The signal transformation principle is applied at the input stage. The
signal generation principle is applicd at the radio-frequency (RE) osciflator stage; the
signal 8modulation principle finds its uscefulness at the frequency modulation stage
and the signal frequencey selecetion principie at the output stage. ‘The input sound
transducer (microphone) receives the voice frequency signal from the mouth of the
speaker and converts it into audio-frequency signals of tow amplitude. 'The audio
frequencey signal is applicd to the RE oscillator stage via a coupling capacitor where
the RE oscillator generates the carrier wave signal, ‘The audio-frequency signal and
radio frequency signal are applied o the frequency inudul:\mr where the proper

blending or mixing of both signals is elfected.

The modulated signal produced at the modulator circuit is found to possess three
frequencices To, fet fin and fe-fm, The (e tHin frequency band and the fe-fin frequency
band were discovered to carry the same level of perfection concerning the modulating
signal, henee, one of the two will have 1o be transmitted thus, the need to seleet the

desired frequency band which is to be transmitted via the antenna.

L4 AREA OF APPLICATION

Fhe M transmitter hay many areas ol application. 1ts limit is only a function of the
user’s imaginative power. Some of the common arcas of application are indicated
below,

1) Security application

§
i




2) Intercom appliestion
3) Talking-piece of n waikice-talkic
4) Public address system (single voice-band PA system)

5) Mimicking a voice-transmitting radio station,

1LL1.S  AIMS AND OBJECTIVES
The understated aims and objectives are pivoted to the design and construction of the
10SMI 7 transmitter,
1y Development ol indigenous engineering technology
2) Ensuring the development of basic project construction skills
3) Enabling us young engineers to put to practice what we learnt in the classroom
4) lHelp us appreciate the realities of what we studied during the course of our
program
5) Help us student engineer’s, perfect basic trouble-shooting techniques.
1.1.6 - SCOPE OF 'FHE PROJECT
The scope of the project includes the design and physical construction ol a 105Mllz
I'M transmitter.
The project is therefore Hiaited o the design and  construction of o 105Milz

transmitter whose technology has application in television and radio stations,

e S s



CHAPTER TWO

2.1 FREQUENCY MODULATION
Frequency modulation utilizes the audio modulation signal to vary the frequency of
the RE carrier, The greater the amplitude of the modulation frequency, the greater the
frequency deviation from the central carrier frequency. The rate of the frequency
devintion is the direet function of the frequency of the audio modulating signal. In the
M modulation. multiple puivs of sidebands are produced, ‘The actual number of side
bunds that make up o modulated wave is determined by the modulating index (M1) of
the system. ‘The modulation index is o function of frequency of the system and the
applicd modulating system.
Mi= Frequencey deviation/ Modulating frequency.
As the Ml inereases these are more sidebands produced. As the modulating frequency
increases for a given maximum deviation, there will be a smalfer number of sidebands
spaced at wider intervals, Unlike amplitude modulation, which has a percentage of
modulation directly proportional to the carrier power; the percentage of modulation in
I'M is generally referenced (o the maximum allowable occupied bandwidth set by
regulation.” For example, I'M broadeast stations are required to restrict frequency
devintion o 1/- 75Kz from the main carrier, This is referred to as 100% modulation

for I'M broadeuast stations,

To determine the frequency spectrum of the transmitted FM waveform, it is necessary
to compute a Fouricr series or Fourier expansion to show the actual signal component
involved. This work is difficuit tor a waveform of this type, as the integrals that must

be performed in the Fourier expansion or Fourier serics are dilficult to solve, 'The

O
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netual result is that the integral produces a particular cluss of solution that is identified
a8 the Bessel Punction,

Supporting mathematics will show that an M signal using the modulation indices
that brondeast systems will have a multitude of sidebands, 'To achieve no distortion,
all sidebands would have o be trunsmitted, received, and demodulated, Tlowever, in
reatity, the V/- 75 Kllz maximum devintions, which is used in I'M broadcasting,
aHows the trunsmission and reception o nudio with negligible distortion.

The power transmitted by an FM transmitter is virtually constant, regardless of the
modulating signal. Additional noise or distortion of the amplitude of the waveform
has virtually no effect on the quantity-received audio. Thus, FM transmitters may
utitize class C type amplifiers, which cause distortion and alfow greater power o be
generated, but are inherently more efficient than the less amplitude distorting class A
or class B3 types of amplifiers. tn addition, atmospheric and man-made noise has very
little effect, since the reeciver clips all the amplitude variation off the signal prior to

demodulation. This is why I'M allows high fidelity with very low noise.

2.2 FREQUENCY MODULATION (FM) BROADCASTING,

The monophonic system of M broadeasting was  developed to allow  sound
lrm\smissinﬁ of voice and music for reception by the general public for audio
frequencies from 50 1o 15,000 Tz, all 1o be contained within a 1/- 75-KHz RF
bandwidth. This technie provided higher fidelity reeeption than was available with
stundard  broadeast AM along with less received noise and  interference. I'M
broadeasting in the LS is allocated the 88-108 Mz frequency band.

Pre-emphasis is employed in an FM broadcast transmitter to improve the reccived

sigial-to-noise ratio. The pre-emphasis upper-frequency limit is based on a time
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constrnint of 75 pis a8 required by the FGC for I'M broadeast trmsmitters. Audio
frequencies from 50 to 212012 are ransmitted with normal FM: whereas audio
frequencies from 212017 to I5KHZ are transimitted are emphasized with a larger
modulation index. ‘There is a significant signal-to-noise improvement at the reeeiver,

which is cquipped with a matehing de-emphasis circuit.,

2.3 I'M BROADCAST MODULATION TECHNIQUES

I'M stereos was developed in 1961 to provide transmission capability for a left- and
right- stereo audio signal. Stereophonic transmission is accomplished by adding left-
and right- channel sterco information together in the bascband signal. In addition, a
left-minus right is added and frequency multiplexed on u sub carrier of 38-K11z using
double sideband suppressed currier modulation. An unmodulated 19-KHz subcearrier
is derived from the 38-K1lz subcarrier to provide a synchronous detector at 38-Kiiz
recovers the lefl-minus right channel information, which is then combined with left-
plus right channel information in sum and ditference combiners, produce the original
left-channel and right-channel signals, The system works and, because the baseband
mono signal is o combination of both left and right audio, provides full compatibility

with monophonic I'M reccivers.

2.4  FREQUENCY ALLOCATIONS

The 100 carrier frequencies for I'M brondeast range from 88.1 to 107.9 Ml and arc
equally spaced every 200 Kliz ‘The channels from 88.1 to 91.9 MlIz are reserved for
ceducation and non-commercial broadcasting, and those form 92,1 (o 107.9 Mz for
commercial broadeasting. ach channel has a 200-Kilz bandwidth. The maximum

(requency swing, under normal conditions is t/- 75 Kilz Stations operating, with SCA

e e



may, under certain condition exceed this tevel, but in no ense exceed o frequency
switg of 1/- 82,5 Kilz. The carrier centre frequency is maintained with /- 2000 Tz,
The frequency used for I'M broadeusting limit the coverage to essentindly linc-of-sight
distances. As a result. consistent FM coverage is limited for a maximum receivable
range of a few hundred kilometres depending, on the antenna height above average
terrain (HAAT) and effective radiated power (ERP). The actual coverage area for a
given station can be relinbly predicted after the power and the antenna height are
knosvn, Either increasing, the power or raising the antenna will inerense the covernge

areq.

FM station classifications, powers and Antenna Heights

Station class Maximum ERP HAAT, m (1) Distance, Km
A ' 6 KW (7.8 dbk) 100(328) 28

B1 25 KW (14.0dbk) | 100(328) 139

B S50 KW (17.0.dbk) | 150(492) ' 52

«y 25 KW (14.0 dbk) | 100(328) |3y
S S0 KW (17.0dbk) | 150(492) 2
Cl ' 100 KW (20.0 dbk) | 299(981) 72
¢TI0 KW (2000 dbK) | 600(1968) 92 o

Tuble 2.1 'M station classilications,

2.5 TRANSMITTERS.

I'M broadeast transmitters typically range in power output from 10W to 50W and
have performance standards similar to specified above for AM broadcast transmitters

Digitul technology is being used extensively in the processing und exciter stuges,

g



allowing  for precision  modulation  control, - wherens solid-state devices  ure

predominately used for RE drivers and amplifiers up o several kilowatts, High-power
transmitters still rely on tubes in the final stages for the generation of RIY power, but

! manufacturers are developing new devices and technology that will make high-power

solid-state transmitters cost efficient and more reliable.

2.6  ANTENNA SYSTEM

M broudcast antenna systems are required to have a horizontally polarized
component. Most antenna systems, however, are circularly polarized, having both
horizontal and vertical components. The antenna system, which usually consist of
several individual radinting bays, is fed as o phase array mount-ed on a tower, has o
radiation characteristic that concentrates the transmitted energy in the horizontal plane
towurds the population to be served, minimizing the radiation out into space und down
towards the ground. Thus, the ERP towards the horizon is increased with the power
paing up o 10-DP. That means that a 5-KW transmitter coupled to an antenna system
with a 10-DP gain would have an ERP of 50 KW, The RF power is transferred to the
antenna vin the transmission line, At I'M broadceasting frequencies and  powers,
coaxial transmission line is used, ranging in the size from 7/8in outside diameters to 3
in. the dielectric (the material between the inner and outer conductors in coaxial
transmission lines) is foam or for air types, cither dry air or nitrogen. These coax
cables are not 100% efficient, and some are lost as heat in the line. The larger
diameter air type cables have the least loss, The combination if transmitter power
output (TPQO), feedline loss, and antenna gain determine the actual ERP of the station.
For a given ERP, a station must install a large, multi bay antenna with high gain and

relatively low ‘TPO or use a low-gain antenna and a high TPO. The choice is

10
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determined by o number ol fuctors, including, service aren, terrnin in the aren and
cconomices,

The radintion pattern of o non-directional M broadceast antenna system is designed o
radiate cqually well in all directions. However, when mounted on a tower as a support
structure, the structure distorts the uniformity of the pattern, especially on towers with
large  cross-seminal  dimension over 36 in. It is possible o optimise  the
omnidirectional  pattern.  'The use of such  clements allows an  international
directionalization of the patiern using additional parasitic clements to offsct the
eftects of the tower and achieve a more circular pattern. ‘The use of such clements also
allows the intentional directionationalzation of the pattern to avoid interference with
other station or to meet spacing requirements, In other to meet with 1FGC
requirements, o directional 'M antenna must meet striet standards, Figure 103.8 is a
plot of horizontal and vertical components of a typical non-directional circular

polarized M broadeast antenna showing the effeet upon the pattern caused by the

supporting tower,

5
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Figure 2.1 Typical non-directional 92.5-MHz FM antennan  characteristics

showing the effect of the tower structure on the horizontal and vertical radiation
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CHAPTER THRER

3.0  REVIEW OF FM TRANSMITTER

FM TRANSMITTER DESIGN,

'The design of the M transmitter will be using the block diagram. The voice of a human
being produces a signal voltage of the order of o few millivolts {mV} and something
needs (o it to enable effective communication in the audience of a targer number of
people,

‘The block diagram consists of three basic stages namely: the pre-amplifier, the oscillator

aed the outpat power amplificr stage as indicated in fig (3.0)

P ANTENNA
MI(L\ PRE J OSCILATOR]— OUTPUT
/ AMPLIFIER || POWER
| Fig 3.0 BASIC STAGES OF FM | RANSMITTER

12 INPUT STAGE/SOUND TRANSDUCTHR

A transducer may be said to be any engineering device that converts energy existing in

one particular form o another form, A transducer con also be referred (o as an chergy

converter. ‘Table 3.1 below shows some transducers.




SIN ENERGY TRANSITION | ENERGY COVERTER

. SOUND VOITAGHE MICROPHONI:

2 | VOLTAGE  (electrical) 10 | LOUDSPEAK LR
SOUND

3T RIGHT 0 VOLTAGE PHOTOCELL

A LIGHT W RESISTANCE | LIGHT DEPENDENT  RISISTOR &

PHOTO RESISTOR

SO CHEMICAL o BATIERY T
ELECTRICAL
6 [MECHANICAL. 7 10 | GENERATOR T

ELECTRICAY,

e

O TABLEZTYPES OF IRANSDUCERS 7 77 e
3.1.3 TYPES OF MICROPHONE,

. Dynamic microphone
2. High impedanee Microphone
3. Carbon Microphone

4, Cupucitor Microphone

6. Condenser microphone

The Microphone is the pickup of the system. As the name implies, it picks up the audio
signal and converts it to electrienl signal. 10 could be deseribed as an electrical deviee
whose electrical resistance varics in accordance with the waveform of the sound incident

upon it, ‘The input stage is essentially an audio/voltage transducer otherwise calegorized
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as o sound-voltape energy converter as illustented in the first row of the table (3.1). it
converts the input audio frequency signal into electrical impulses, which subsequently is
applied to the transmitter electrienl bonrd, For this particular projeet, the microphone
shall be used as our input sound transducer. This device receives voice signal input and
converts it to alternating voltage signal that is sent at its own frequency of oscillation to
the RF oscillation. The clectrical signal in the microphone is then coupled to the pre-

amplitied stuge with a coupling capacitor,

The pre-amplifier receives the signal in the order of g few millivolts and amplifies it. The
output of the amplificrs is at a higher level of the audio frequency signal level to the
modulation. A copulating capacitor is also used in the coupling of the output of the pre-

amplifier stage to the stage of modulating input.

The modulator receives the signal from the pre-amplifier stage and  modulates by super
imposing the audio frequency signal on a high frequency called the carrier frequency. For
n signal o be frequently translated to another part of the frequency spectrum, it is
neeessary (or the signal to vaey one ol the characteristics of a sinusoidal wave, usually
known as carrier wave whose tequency oceupies the required part of the spectrum, The
process by which one of the characteristics of a carrier wave is modified in accordance
with the characteristics of o modulating signal is known as modulation, An oscillator
generates the modulation frequencey. It will then be of importance o know what an
oscillator is, and it is defined as follows: an oscillator is an electronic circuit that has been

designed to produce an alternating ¢.m.f of known waveform. It could also be described
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s an amplifier that provides it input signal, the input signal being derived from the

output signal as seen below,

C
AMPLIFIER oy OUTPUT SIGNAL
L_..l"l""‘L-—-—‘
-]
INPUT ’ | s
STGNAL ’
LZ

Fig (3.1) THE PRINCIPLE OF AN OSCILATOR

Where ¢ is a capacitor [T & 1.2 are inductors

314 R OSCILLATOR

The input signal generated by the input sound transducer is very small. 1f it is applied to
the transmitting antenna that way, before the signal gets to the receiver, it must have
faded-out totally, henee no work done. In trying to avoid thislkind of problem, the radio
frequency oscillation stage is included in the design and constraction of I'M transmitter,
The RIC oscillution generates a signal at a particular strength and frequency that has the
capability nl'.curryinp, or enveloping the modulating signal or the design signal to its

destination without fading-out or losing details.

The signal generated by the RIC oscillator stage is called carrier signal operating or

oscillating ot o frequency ealled enrrier frequency,

16
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115 OSCHLLATION

Osciilation is u very important process (o the comniunication engineering industry. ‘The
most conmon method of generating signal is via oscillution cireuit.

The need for oscillation is on a very wide spectrum  and  many clectronic

cquipments/gadgets make use of oscillation inone form or the other.

31,6 CHOICE OF OSCHLLATORS,
There are many types of oscillators in use. The choice of o particalar one is based upon
the under listed fuctors.

1) Purity of output

2) Vrequeney stability

3) Fregueney operation

4) Output Amplitude.

3.1.7  CONDITIONS FOR OSCILLATION
For many oscillators, the under listed conditions must be satisficd other wise the circuit
arranged cannot be called oscillator,
1. There must be a feedbuck path. This path usually exists between the output and

input lcrmimils.
The feedback path takes a portion of the input signal and returns it to the input terminal.
1t therefore acts as an add on signal to the input signal.

2. The signal that is fed back into the oscillator must be in phase wilh the original input

signud,

J—
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TYPES OF OSCILLATORS
Multi-Vibrator

Phase-Shift Oscillutor
Hartley's Oscillator

Crystal Oscillator

Transistor Oscillator: One stage R-C coupled Amplifier oscillator.

Collpits Oscillator.

6.

319

Collpits Oscillator

WAVIY/SIGNAL PARAMETER THAT CAN BE MODULATED.

Amplitude: This may be said to be the maximum displacement of a signal from its
zero position on the Cartesian graph.

Frequency: This is detfined as the number of cyceles that the wave/signal can
successfully complete in a sccond. A frequency metre measures it and its standard
unit is Hertz (12), Kilo Hertz (KHz) Mega Hertz, (MEz) and Giga Hertz (Glz)
respectively.,

The frequency modulation stage is a very important module because it does the
mixing of the RIC oscillating signal and incoming oscitlating signal. 1t is at this
stage ihul the actual enveloping of the modulating signal by the carrier signal is
elfected. Depending on the types of modulation involved, a particular parameter
of the carrier wave is varied in accordance with the frequency of the modulating

signal, then the frequency modulating technique are at work.

18
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1.1.10 ADVANTAGES OF M OVER AM,
1. M is used for sound hrondeasting in the VI band
2. M is used in sound signal 625-line television broadeasting.
3 It is useful in multi-channel telephony system operating in UHF band.
4. 1Uis also useful in mobile communication systems,
5. Suppression of ground noise
0. 1t has very good moduiiting index.
Modulating index = Ratio of frequency deviation to Modulation {requency.

Prequency deviations (K17 (43
I

Where F(1) = high frequency signal
K - constant

= 22/7.

In summary, modulation may be defined as the process whereby signals which naturally
oceur in a given frequency bund (known as the base band) are translated into another
frequency which s characicristic of the (ransmission machine that is the channel

modulation translates signal irom there base band into frequency spectrum  associated

with o carrier frequency.

I the given carrier wave is a sinusoidal waveform of frequency (Fe) and arbitrary phase

and amplitude.
The carrier is defined as:

C ()= A cos [2r fic) 1 D).
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Where A = signal/earrier Amplitude.
e = carrier frequency.

& == carrier phase angle.

The oscillator is then coupled 1o the output power amplifier, The rudio requency (RI;

power amplifier processes the signal via a coupling capacitor and amplifies it. Another
coupling capacitor couples the radio (requencey signal to the antenna where radiatios
takes place. The signal is radiated into the atmosphere in form of electromagnetic wave

The quality and size of the antenna influences the radiation per antenna.

3L ANTENNA

An antennn may be defined as a structure usually made from a good conducting materiai

that hay been designed to have a shape and size that - will radiate electromagnetic power

in an cificient manner.,

It is o well-established facet that time-varying currents will
rudiate electromagnetic waves. ‘Thus, an antenna is a strut on which time-varying currents
can be excited with a relatively large amplitude when the antenna is connected to

suitable source usually by means of transmission line or wave guide.

There are almost endless varicties of structural shapes that can be used for an antenna.
However, {rom a practical point of view, those structures that are simple and cconomicai

(o fabricate are the one most commonly used. In other to radiate effectively, the minimun:
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size of antenna must be comparable (o the wavelength, 1t is apparent from  thesc
considerations that the size of radiations required is inversely proportional to the
frequency. Lvery radiator has directional characteristic, as a result of which it send out

stronger waves in certain direction than in the other.

3112 SOME BASIC ANTENNA PARAMICTERS
I RADIATION PATTERN: ‘The out word movenent of the wave from the source i
alled Radiation. "There are two main types of ficld.
1. The induction tickd: ‘The niajority of this field exist mainly ncar the source.
IL "The radiation ficld: This exists some distance away from the source i.c. it means
that although it stunds as minority, its spreads mach far away from the source where i
is very much a majority.
2, Gain: Antenna gain (G) is defined as the ratio of maximuam radiation intensity to max.

Radiation intensity from refercice antenna with some power inputs.

G- KD

Where 1D = directivity, is defined as the ratio of max. Radiation intensity to the average

radiation intensity.

D = max. Radintion intensity © Average radintion intensity.

3113 TYPES OF ANTENNA
1. Low Frequency Antenna: This applies to acrial antenna that operates with systems

operating, ot less than 300 Kz frequency of operation. The acrinl / Antenni

21



system are normafly restricted to vertical radiators of relatively simple for

supported by two or more wires or mast that ure electronicaltly short,

2 Medium  Frequency Antenna: ‘These antenna embraces  those  that are used
between 300KHz2z and about IMIEz. Most medium frequency acrial had been
construeted in form of o ™ arrangement of conductors suspended between, but
insulated from the towers.

3. Ultra-High Frequency Acrial: Radio transmitters operating at UHE can employ
relative small size that produces a small narrow beam of radiation,

T ANTENNA
o/
‘/’
INPUT » ™ . Frequency
_STAaGt MODU LATOR selector
RF
Oscifator
stage

Fig (3.2) Simplified Block diagram of FM Transmitter
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CHAPTER FOUR

4.0 ANALYSIS

For the purpose of our design and construction of 10SMlz, 1 WATT, 300 METRES

rnge M transmitter, the block dingram in the fig below is o be used.

4.1.0 BLOCK DIAGRAM OF I'M TRANSMITTTER

A Batd “reguency Band pass

v p ITE LG
! Yomreatien y|motipiacs W : ,,,,,,,, pass nuitiptier | filter
osciltator ‘ ’ filter
Vixed
oscilator
I REOUENCY
TRANSIATON

lig 4.0 BLOCK IMAGRAM OF M TRANSMITTER

Frequency modulator for communication and telemetry purpose generally fall into the
category of what may be termed “hard™ oscillator having relatively high-Q frequency
determining networks, or they fall into category of “Soft” oscillator having supply and

bius sources as the frequency-determining networks. xamples of cach are shown below:




P Gam, G
i tmpendence

switch S S|
s [ ] —z =z }—

Yo !
vi d

ra

Fig 4, 1al%0tt osciltator]

Fig 4.1b [Mard oscillator]

Control of hard oscillator is exeeuted by symmetrical incremental variation of reactive
components. For the case of a Hardtley Oscillator, Z1 and Z2 are inductors and 73 is &
cupacitor, nllowing the use of varicaps poralieling 23 a8 the voltnge controflable
reactance. In such a case,

I'o - |

2r[Cy (111 1.2)] 2

Where Cais the total capacitance of the variable and fixed capacitor of 7.3,

Note that the frequency-depending impedances of” the network determine the bandwidth
of the modulator, i.c. the overall Q and centre freguency. In view of the need of certain
mininum  bandwidth requirements, and the need for oscillator stability, the totai
frequency deviation required is sometimes obtained by following the oscillator with o
series of frequency multipliers and {requency transiator as shown in the block diagram.
This  configuration permits  the  attainment  of  good  oscillator  stability, constant
proportionality between output frequency change and input voltage, and the necessary

modulation bandwidth to achieve o wide band 1I'M.

24
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Control for the solt oscillator is introduced as a change in the switching level of active
device switches. The (requency of transistor version of the oscitlator is, roughly,

L B
2RIC Injl v VI/V2)

Since this type of oscillators is a relaxation oscillator, the rate at which the frequency of
the oscillation can be changed is limited only by the rate at which the switching poirnis
can be altered by voltuge control. Modulators of this kind can be designed  with
bandwidth greater than the frequency of oscillation. The disadvantage of such network is
the relatively poor frequencey stability compared with the high-Q hard oscillators,

For the purpose of this project, we shall be using “tHard Oscillators™,

4. 1.0 FUNCTION OF THE RESPECTIVE BLOCKS

In practice, Vi is the input signal (i.c. voice) and might need to be amplificd depending
on the requirements of the design. For simplicity, one might work on the Vi without
amplification first, but the signal fevel when viewed through an oscilloscope wiil
determine whether such amplifieation is necessary or not. Based on the requirements ol
this project, in the terms of puwer output (i.c. | Watt). 'The amplitude of the signal from
the microphone is nbout 10-50mV.

I CTHE VOLTAGE CONTROLLED OSCILLATOR (VCO)

This is an oscillstor whose ouput frequency is o function of the input voltage. It could be

lincar or non-lincar as the case may be.

25




2, FREQUSRENCY MULTIPLIER

This is a cireuit having a non-linear device designed to multiply the frequencies of the
input signal by a given factor. For the purpose of this project, we shall employ a simpie
one-stage transistor circuit, biased in class C o function both voltage controlled oscillatoy
and frequency multiplier as well.

3. THE FIXED OSCILLATOR,

‘T'his is o circuit that changes its state at regular intervals or a circuit that oscillates at o
fixed or constant frequency

4, THE MIXER

This i8 o circuit or device that combines two or more range of frequencies to give &
common range of frequencey. in this particular case, it combines the output frequencies of
the fixed oscillator with that of the frequency multiplier to produce lower and higher
frequencices.

5. BANDPASS FIL'TER

This is a device or cireuit timt allows or passes a particular range ol frequencies aid

blocks or alternates the rest frequencices.




H(w)]

0 Wh w2z

Fig 4.2 BAND PASS FILTER (IDEAL CASE)

The combination of mixer, fixed {requency oscillator and the band pass filter as arranged
in the block diagram function as a frequency translator.

For the purpose of this project, portability, simplicity and clarity of the received
transmitted signal is ol primary concern. So, a single stage transistor circuit will be used
to exeeute the function of voltage-controlled oscillutor and the first frequency multiplicr.
Another single transistor circuit will be used o do the work of the second frequency

multiplicr while n passive band pass filter will be used at the output.
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Fig 4.3 COWPLETE CIRCUIT DIAGRAM OF AN FM TRANSMITTER.
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The frequency translation cireuit (e, mixer, fixed oscillator and first band pass filter)
may not be employed in this cireuit for simplicity and cconomical purposes but rathes
good stubility will be achicved by careful selection of components and its arrangemcenis

on the cirenit board as well as stable and regulated power supply.

4.1.2 POWLR SUPPLY ANALYSIS

ywitih K
[ i :
- - [t R N N o ]_c]
— 3 ’T* =T L2
T oy 1
T | .
LEDY
.. {

Figure 4.4 Power supply unit

The transmitter power output is 1 Watt, The power supply provides a -+ 5Volts at 400mA,
which gives a power output of 2-Watts such that there is always excess (1 Walt) power
for transmitter circuit. 1Cr = 78MOS, €2 cancels the effect of inductance in the leads
stability, C2 = 0,01l (ceramic type). €3 removes ripples from the DC output current (i.c.
filters the output) and stores the carrent in the form of charge such that the circuit will not
be starved ni: adequate current when it needs it most and consequently reduces varintios
of the output current,

C3 is chosen to be 10p1/ 10y,

C1 s taken to be 100pE/Tov, which scrves as o reservoir for the regualutor (i.e. 1C1),




D1 and D2 send DC transient or oseilltions: whose amplitude are preater than the inpu
voltage back to the input terminal thereby protecting 1CTirom being damaged and biases

the apposite polarity. The power dissipation (P dimiipation) of the 1C is given by

(P dissipation) = (Vin-Vo)*|,

S (O-5) 10010 Walls
-~ 1.OW

Therefore 1C1 will need a heat sink for cooling. LED1 is used as the ON/OF#
INDICATOR™,

R1 limits the current flowing into LEDI,

From the specification of LEDI, maximum forward current v of LED1 = 35mA.
Therefore let normal forward current of LEDT -- 1OMA . For the worst case, the internat

resistance ol LEDT O£ Therciore using ohim’™s law,

Ry~ Vs- Vi

Normal forward current of LEDI
But Vs = Ov (battery powered), for simplicity and portabitity Vi is approximaltely equals

2.0v-2.5v. Normal forward current of 1LED1 = 10mA

E:> ' RI- 92 (1))
10*10-*

R1 = 7000, Therefore R1 -~ 6806 (preferred value)

Power dissipation on R1T will be Pry = (V= V1) 2 (watt)
R1

30
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(9-2)7 007 Wall
700

‘Therefore. R1 = 680€2, 0.25 Watt Carbon resistor. 81 is used as ON/OIF switch that
switches the cireuit ON and OFF and saves the current form the battery from running,

down when the transmitter is not in usc.
B is a 9v battery (lype 61722)
403 OSCHEATION FREQUENCY COMPUTATION

Q2 has a resonant tank circuit whose frequency is given by

V= __1_

2rN1.C

l.«‘ hand “___,‘_,,_l. R
V1313

Vo -
4n2 (1312

Let CE3 = 10PE, 1 105M1 1y,

Ly = 0.229ul1
Li = 0.229ull is an adjustabic air core inductor. C15 removes the inductance form the
feads (cable) by balaneing, it's effeet. C15 is chosen o be 0,01M(Ceramice capacitor). For
good output frequency  stability, the oscillator frequency of the voltage-controlled

oscillator (Veo) built with Q1 should be (1/3), one third of the output frequency,

31
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Output frequency = 105M1z,
Theretore, Veo frequency == 105/3 =35 Milz.
Let 111 1.2 (Series connection) = L

Fyveo = b
20NLCO
But Fveo = 35M1lz, let C9 = 18pl
[ 1
4292

L= 1.14876pl1.

L1 and 1.2 form basically AC voltage divider, preventing, excess AC signal from getting

into Q2 there causing hums wlicn there is no signal coming from the microphone.

Let L1 & L2 divide the AC voltage into the ratio 1:3. 'The excess ol ity if any could be

compensated by proper sclection of Co,

L1 = 1,
112 3
L1210,

Therefore,

l SR __m_,_l.x,l,_ﬂlgi.-w.u I
3

1148711 = .

10382922 uld
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12110
— 1. 14876- 00389922 1

~0.765838p11.

C10 forms a feedback that feeds some of the energy in the output back to the input to

compensate for the energy lost as heat, by so doing, the oscillation is sustained.

Making the C10 too small does not sustain the oscillation while making it too big sustains
the oscillation but reduces the signal level of the Veo output since most of the energy is
fed back to the cireuit thereby causing unaceeptable distortion in the output. C10 is

chosen to be 18plF, C10= 18P

4.1.4  MICROPIHONE INPUT STAGL

R
MIC MI’ll IONF R2
Y
- X
" R4

-

FIG 4.5 Microphone input stage INote; coil microphone impendence is 6000

13
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It is desired that the microphone input sub-circuit allows frequency in the range 1.2K1H2,
1o 6.2KHz to pass through the reach of the Veo. This range of frequencies has been

proved to give good speech quality,

The parallel combination of R3 and C5 forms a low pass filter (LPF) whose cut-oft

frequency is set to 12Kz This attenuates the input signal by 20Db,
Fra= V2R 1y 12K,

Let Cs < 0.00470k¢

This implies, Ry = 12209 ,Us

=28.218K.

Ry =27 KQ. (Preferred value).

Similarly, let the series combination of Ry, Ry AND Ry be R, 'Phe parallel combination of’
Cq and R attenuates the signal at 6.2K 112, frequency by 20dB, thereby making it difficult
for signals above 6.2 K1z (o reach the Veo.

Fy, |
2nRCY

2nFlaR

= 3.20% (-1

C4 upproximated 0.00033uf,

34
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Also C4 increases the input inipedance as seen by the Veo. Taking a typical specch signal
to be in the neighbourhood of 1,2K11z, the parallel combination of R3 and C'5 has an
impedance of’
RIIXCS = _RIXCS
R3-+X(5

XCs= 1
2al!

R3/IXCS = RAOAFCS)HRI1/201CS)~ R3/(142nFC5R3)=2.8* 10" €)

R2, 7R3 " C5 and R4 form a voltage divider. ‘T'his shows that basically, R2 and R4 is

what determine the voltage applied to the Veo.

LetZ1 < R3[| XCs  2.8+10" @,



- N/w”/\/ NNI\/V T
S

Vx - S S|
Vy [R2:4714R4|

Let 95% of the voltage Vy at point y reach X,
Vx=005=]__ R_ ]

Vy [R21711R4|

R4~ 0.05R2 1 0.057.1 1 0.05R4

RAJ1-0.05] - 0.0058R2 1 00574,

09RA = 0.058R2 1 1400,

R4 = 0.623R2 1 1473.7.

Let R2 = 3.3k€). (Not too big to attenuate the speech signal).

R4 = (0.023 * 3300) + 1473.7

36




R4 LAKCQ, (Preferred)

4.1.5 DC ANALYSIS OF Veo

{af‘.‘__,f’_“l'f‘_';'«.
| b
3 o ’,.w"‘J‘
B

Fig 4.6 Analysis of Vao

F.et Vi (ON) of Q1 (silicon transistor) — 0.06V

Because resistance of L1, 1.2 approximates 0Q at de, Ve -

Veii = 4,67V

Vee =~ 5.00V

Vi: == ll;ll{7 == Vee  Veu
= 5.00 -- 4.67

Therelore Vi = 0,33V

Vi Vi (ON) | Vi

37
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=06 10,33

=(L93V,

But Vi = IkR7=0.33V

Let R7 = 1201,

This implies, 1¢ - 0.33/120 2.75mA

Ic+=1Irand Ic = hre In

This implies hew iy 1y = gy = s (b + )

=1/ (his+ 1y

In=2,75% 10210 /200 ). therefore In = 0,01 368mA

Also, Vi = |R,,

IR6 == (1,93 V.,

Let RO 47K

This implies |+ 0.93/47000

[=0.01979mA.

Vee -V = Rs(Ip + 1)

3093 = REO0197 * 107 1 (0,01 368 *+ 1074

I8
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4,07 = 0.03347 * 107 Rs
RS = 4.07/0.03347 * 10~
= 121.6K2, approximately 12062 (preferred value)
Let Fi, set by R7 and Cii be half the Veo output.
This implics 1. = 35 MHiz/2 = 17.5M117.
Fr.=1/21ICIIR7
R7 = 1206 1. = 17.5Ml 1z
LG 1 Rl S
2ni1.R7

= TS 78PF.CHT = 82pl (preferred value).

C7 cancels the effect of inductance in the power supply lcads. C7 is chosen to be 0.01{
(cernmic type). Co together with the parallel combination of Rs and Re forms o high pass
filter whose cut-oft frequency (1FC) is set by the value of Co, R5s and Re respectively
(ignoring the high-input impendence of transistor).

R6|| RS 47KQ || 47K

= (47000)(47000)
(47000} 1 (47000)

~23.5KQ

39




Let Fe = 1017 so that every fiequency that comes owt of the microphone input circuit
will reach the Veo.

Thig implies that, Fe= 1L
2ake|R5 || RO)

C6 = |

2mlic|R5 [ RO

= 1
2 10*2.35* 10

= (.677261F

= 0.68ul¢

Therctore, C6 = 1pl

4.1.6  DC ANALYSIS OF FREQUENCY MULTIPLIER

Voc
':r, L

-

RO "

Fip 4.7 DC analysis of frequency multiplier

40
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Q7 is binsed by Vee at cut-off
Vi = Vi + Vi
Ry = Vi + T:Ro.
Vi = lnRy = IRy,
But Iy + 1= le = Inhge

This implics. Vi = Iy Ry Ry (ib i Inhye)

= I [ Ry~ Ry (- hl'c),l

VB = Ry = Ro (1 hy)
I

Let Vbe = 0.6V, and 1o = 13.0mA|Big cnough to send adequate collector current
to give an output power of I Watt minimum|.

eV

Ry Ro(lt hy) —
13.0% 1076 A

R8 ~ RY (1 + hy) = 4615385
Q2= C9018
This implies, hg - 200 typical

R8 -- RO (1 +200)46153.85

41
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RR  201R9 — 4615385

Let R8 = 47000€2,(i.c. 47KL2)

47000 - 201R9Y =~ 46153.85

201R9 = 47000 - 46153.85

R9 = 846.454
201
= 4.200720047
= 4,20
Since
o= 1
2nC12RR

Let F1 be 1/500 part of the output frequency [ratio of the output frequency to F1

should be in this rangel].
RE — 47K Qulrendy computed)

This i'mplics that Ci2= l

2ul'l.RY

=2 *210 10 *47000
= 16,125 *10-"*

Therefore C'12 = 20pl(Large enough to base Q2 to operate as class C amplifiers
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4.1.7  ANTENNA MATCHING CIRCUTT/ OUTPUT FILTERING CIRCUIT

cla L4 - g
e

Fig 4.8 Antenna Matching circuit

LetL5andLé=1L
L augments the impedance of the antenna used as seen by the frequency
multiplier circuit. Let the impedance presented to the circuit multiplier circuit be 30042,
The Antenna to be used is a straight pole of about 20c¢m in length whose impedance is

20 Bven if the impedance of the antenna used falls to zero Ohms (worst case), Let 1, has
an impedance ot 300€).
X1, o 2nmll,
I~ Al:/ 2l
= 300/2n * 105 * 10
= (.45ull.

1.5+ 1.6 = 0.455nl1
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et 1.5 0.196pl1

Lo=L-1L5

[:> = (0,455 - 0.196(pt1)

L6 =0.259 ull.

N At S

The number of turns of wire used, diameter and length of the turns; Ci4, L4 and
f Cio combination forms a filter that alternates the output signal, thercby restricting the
i output signal from exceeding the specified range given (i.e. 300m in this case). The
values of the Crag La and Cie are determined experimentally using an M receiver
positioned at 300m distance while monitoring the clarity of the reccived signal as well as

the toudness,

Ci4 - 5pl

C16 -~ 30pk;

Ld =013l

44
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CHAPTER FIVE
5.0 RESULTS PROBLEMS AND CONCEUSION

5.1.1  RESULTS

The testing circuit was built on a breadboard. The power supply unit with a power
source ol 9V batlery {type 6122} was built. ICT {78§MOS5) was to regulate a voltage of
SV. The voltage controlled cscillator was then added and the Vbe {ON} 0.6V and

.07V respectively.

Frequency multiplier stage was built and the voltage across the terminal of the
transistor Q2 was also taken as Vi {ON) 0.6V, 'The antenna stage was added and
placing an FM receiver at a 300m position monitored the clarity and loudness of the
received signal. Signal strength was not measured duc to non-availability of Ficld
strength meter which measures the signal strength in millivolts Per meter. ‘To achiceve
the specified arca of coverage, an 'M receiver was positioned at 300m distance while
the values of the capacitors {C1A} 1CT6Y and inductor (1.4} were varied by removing
und replacing with new valucs while monitoring tie clarity and loudness of received
signal. These components as shown in {ig.4.8 attenuate the output signal by restricting

it from cxceeding the specified range {300m}. The result obtained is shown in table

5.1.

| Stge UV L ome N
Clafply 3 4 S e
C16 {pf) 20 30 30 36

15
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1.4 {pH} 0.12 0.13 0.13 0.13
Obrervation Not vl Clewr Very ¢lem Cleary

Fig 5.1 Test for clarity and lotidness

Loudness and clarity was obtained between stage 1, 1 and 1V with the best at stage
11, The distance was measured with measuring tape in meters. 'the final construction
was done by transterring the components [rom the breadboard unto a Vero board and
soldered neatly and carcfully it was housed in o wooden casing with the following
dimension: length =12.5cm, height=4.5¢m, and width=9cm.The completed M radio
tronsmitter was able 1o produce the desired signal, The range of frequency of

transmission was ulso achieved at 104.85MHz to 105.25M1 17 within the specified arca

of coverage,
5.1.2  PROBLEMS AND SOLUTIONS,

At the initial stage of building the cireuit, there was no result due to contact and when

reconstructed by cleaning the tips of all wires used, there was continuity.

During the course of carrying out this project some other problems e¢ncountered

include: -

I Suitability of the conipanents: - This was due to the faet that some components

had to be changed several times for the signal o be well received.

2 Cost: - 'The cost of realizing the design of this radio transmitter can be analysed
not only in terms of the funds spent, but also on the time and labour involved in

the procedure.,
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5.1.3  CONCLUSION AND SUGGESTION FOR IMPROVEMENT,

In fhet, the aim of this project has to design o 105MELZ M Pransmitter capable of

converting 300 meters with power of | Watt.

From the designed specification, the band at which the I'M transmitter is between

104.7- 105,2 M1z eange with the best at 104.8 Mllz,

However, there is need for improvement in the area of the signal clarity ot the receiver-
end; and the distance covered ic. the diameter or radius of coverage, for any one

intending to work on this or similar project.

The transmider can be operated using drey feclunché cells (Direet current), which

enables the radio to be used in local areas, where an A.C. mains is not available.

LIST OF COMPONENTS
[C) = 78OS
Capacitors
Ci= 100pt7tov
Ca- 103pr
Cla= 1Opt7tov
Ca= 331 pf
Ca= 0.0017u0
Co=lpl
Cr=103 pr
Cs-102 pf’
Co-47 ptf

Ci0-39 pf

47
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Cn-8.2pf
Co=20pr
Cu-10pr
Chra=8pl
Cis-103pf

Cie-30pf

RESISTORS

R1 68062
Ra 3.3KQ
R3 27KQ
R4 1.5KQ
Rs 120KQ
R6 47KQ
R7 120K82
Ry 47K

Ry 4,7KQ

INDUCTORS

b o38ul1 s 0.196pd1
12 0.766p11 1o 0.289p11
130.229ut1

la 0.134pi1
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