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ABSTRACT

This thesis is base on the Design and Construction of a MQlti-Channel
Frequency Modulation (FM) Transmitter.

in chapter one an introduction to communication system with a view on the
block diagram of a communication were covered. Chapter two and three literature
review and design analysis elaborates on the history of radio broadcasting,
frequencies and wavelength ranges giving emphasis on some equation and technical
terms governing frequency modulation (FM) describing basic building blocks for an
FM transmitter and designs under consideration of quantitative overview of some of
the possible design that were considered in the progress of the: project was given. In
chapter four system design and construction the final design was discyssed in full,

stage by stage construction and assembling along with details of components and

working principles.

Finally chapter five result and conclusion gives the result of the various tests

used on the design with discussion and recommendation for improvement on design.
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Chapter One
1.0 Introduction

1.1 Communication Systems

Communication, the process of transmitting and receiving ideas, information,
and messages. The rapid transmission of information over long distances and ready
access to information have become conspicuous and important features of human
society, especially in the past 150 years, and in the past two decades, increasingly so[2].

With the growth of civilization and the development of written languages came
the need to communicate regularly at longer distances as well, so as to conduct the trade
and other affairs of nations and empires.

With the beginnings of modern understanding of the phenomenon of electricity
in the 18th century, inventors started to search for ways in which electrical signals
might be employed for the rapid relay of messages over long distances. The first
practical telegraph system, however, was not produced until the 19th century, when two
such inventions were announced in the same year of 1837: one, in Britain, by Charles
Wheatstone and William F. Cooke, and the other, in America, by Samuel F. B. Morse.
Morse also developed the code system of dots and dashes—Morse code—that was
universally adopted for the new medium. Morse code was in worldwide use until
February 1, 1999, when it was replaced by the Global Maritime Distress and Safety
System, which uses satellite and terrestrial radio communication [1].

Although telegraphy marked a great advance in rapid l(.)ng-distance
communication, early telegraph systems could convey messages only letter by letter.

The search was therefore also on for some means of voice communication by electricity
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as well. Early devices that appeared in the 1850s and 1#605 were capable of
transmitting sound vibrations but not true human speech. The first person to patent an
electric telephone in the modern sense was the American inventor Alexander Graham
Bell, in 1876. At the same time, Edison was also in the process of finding a way to
record and then reproduce sound waves, paving the way for the invention of the record
player {1].

The first radio broadcast was made in 1906, in the United States. The first
broadcast of opera, from the Metropolitan Opera House in New York, was transmitted
by De Forest in 1910. By 1920 several radio stations began transmitting in the United
States, and by 1923 the British Broadcasting Corporation (BBC) was transmitting in the
United Kingdom; by 1925 there were 600 radio stations worldwidé. Nowadays almost
every home has a radio [1].

Historically, the means of communicating have grown alongside the increased
power of people to shape their physical world as well as with their increasing
interdependence. With the telecommunications and data communications revolutions
has been the evolution of the world as a “global village”. The influence of the new
communications media has increased the study of their effects. It is believed by some
that the individual media tend to reinforce personal views rather than to convert people
to other views, and by others that political conversion and influence, depending on who
controls which medium of transmitting information, is prevalent. None the less, the
changing communications media have proven to have long-term effects, which bring

subtle but very important changes to views and perceptions of the audience {1].



In 1947 William Shockley, John Bardeen, and Waiter Brattain invented the
transistor. This enabled the electronics revolution to take place and provided the basis
for a digitalized, rather than mechanical, telecommunications network.

In 1965 Charles Kao put forward the theory that information could be carried
using optical fibres. These have subsequently been developed to provide a means of
carrying huge amounts of information at very high speed. Optical fibres form the
backbone of the global transmission network [1].

Audio-frequency waves must be combined with carrier waves in order to be
transmitted over the radio. Either the frequency (rate of oscillation) or the amplitude
(height) of the waves may be modified in a process called modulation. This accounts for
the option on the radio dial for AM or FM stations; the signals are very different, so
both kinds may not be received simultaneously [7].

There are several ways of carrying information between senders and users. The
options chosen should reflect the type of communication required. For instance, humans
compensate for noise and transmission errors when they talk to each other. Unexpected
delays or echoes cause problems in understanding, however {3]. Computers have the
reverse characteristics—being tolerant of short delays and less so of transmission errors.

Many older telecommunications systems are analogue; the electrical signals
conveying information vary continuously in harmony with the sounds they represent.
The quality of speech across analogue networks is determined by the amount of the
speech spectrum that could be carried. Around 3 kHz was accepted as a reasonable

compromise of cost and quality for normal telephone calls [1].
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Most telecommunications networks today are “integrated” digital systems,
ideally suited to computer networking and other muitimedia applications such as speech
(voice), data, text, fax, and video.

No one can predict with certainty exactly how telecommunications will develop,
but certain trends can be noted. The cost of communication is falling in real terms,
making advanced applications more affordable. Most of these have yet to evolve, but
electronic commerce, mobile commerce, and various information—on—demapd services
are already being developed [1].

Some communication services currently provided by wire are migrating to radio
means for greater convenience and flexibility; this includes not just cordless telephones
in the home and the workplace but also connecting these telephones to the network. The
short-range radio standard (known as Bluetooth) will be used to connect a range of
devices into a fixed network. Conversely radio and television programmes, traditionally
broadcast over the airwaves, are moving on to cable networks [1].

Hence, the only way to effectively carry out communication is through
Modulation which allows low frequency intelligence propagation with a high
frequency carrier. The high frequency carrier chosen are done so that reasonable
antenna size is used {7].

Modulation is a process of putting information onto a high frequency carrier for
transmission. This implies that the transmission is done at high frequency but modified
to carry the lowef frequency information (also called Intelligence Signal). Once the

information has been received, the intelligence signal will have to be removed from the



high frequency carrier to get back your original information. The process which is
called Demodulation |[2].
A high frequency carrier is represented by the mathematical expression of a sine
wave; [8]
V=V, Sine (wt + )
Where, V — Instantaneous value
Vp— Peak value (Amplitude)
w — Angular velocity (2xnf)
® — Phase angle
The phase angle, angular velocity or the peak value can be varied in accordance
with the low frequency information signal to produce a modulated signal which has the
intelligence. If the amplitude term is varied, we have amplitude modulation (AM) and
if the frequency is varied we have frequency modulation (FM) and phase modulation
(PM) when the phase angle is varied [8].
Modulation is therefore important in communication for the following reasons:

1. For Channel Assignment

S @

2. To reduce Noise and Interference, particularly at low frequency
; 3. For easy Radiation and Reception of signals by using practicaﬂy realizable
antenna sizes.
4. For Multiplexing

5. To overcome Equipment Limitations e.g. size and weight.

B .
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1.2 Block Diagram of a Communication System

A modern communication system [2] is shown in block diagram form in fig 1.0.

lnput

_—>
Message

Input
Transducer

Transmitter

Channel

Recciver

Output
Transducer

Fig. 1.0 Simple block diagram of a communication system

Output

Message

Input Transducer: The input message, which may be analogue or digital, must be

converted from its original form into an electrical signal (message signal) to enable it to

be processed by the necessary electrical/electronic equipment.

Transmitter: Essentially, the transmitter couples the message to the channel. It is at the

transmitter that, if necessary, a carrier wave is modulated by the message signal.

Channel: This is the medium through which the transmitted signal gets to the receiver.

Receiver: Basically, the receiver in a communication system extracts and processes the

desired signal from the various signals received at the channel output.

Output Transducer: This is an element or device that converts the electrical output

signal of the receiver into the form desired by the user. For example, a loudspeaker

convert electrical signal to sound waves for the user to hear.




Chapter Two
2.0 Literature Review

2.1 History of Radio Broadcasting

Radio, system of communication using electromagnetic waves propagated
through space [2]. Radio waves are used in wireless telegraphy, telephone transmission,
television, radar, navigation systems, and space communication. They are also used in
radio broadcasting; the term “radio” is therefore most popularly applied to sound
broadcasting in general [1].

In the last quarter of the 19th century many scientists were attempting to transmit
messages over distances without wires. They were not searching for a means of mass-
communication, but simply exploring the possibility of using electromagnetic waves in
order to communicate between two fixed points. Nevertheless, the history of “wireless”
communication eventually became largely the history of broadcasting [1].

Radio had no single inventor, but grew out of several international developments.
The pioneers of radio drew on the work of the British physicist James Clerk Maxwell,
who publishked his theory of electromagnetic waves in 1873. However, it was the German
physicist Heinrich Rudolf Hertz who first generated such waves electrically. Hertz
managed to create an oscillating electric discharge, which radiated some of its energy in
the form of electromagnetic waves. However, the waves produced were incapable of
traveling great distances, and the problem of creating effective transmitters and receivers
remained [1].

Guglielmo Marconi invented radio signaling and was the first person to send

wireless signals across the ocean. His equipment played a vital role in rescuing survivors



i

i AR R S

of sea disasfers such as the sinking of the Titanic. He won the Nobel Prize for physics in
1909 for his work in wireless telegraphy [1].

It was the Italian electrical engineer and inventor Guglielmo Marconi who then
took the most significant steps, combining technical inventiveness with business acumen.
He succeeded in developing both a suitable receiver, or “coherer”, and an improved spark
oscillator, which was connected to a crude but effective antenna to transmit radio waves
over significant distances. His transmitter was modulated with an ordinary telegraph key,
and a crude amplification relay activated a telegraphic instrument at the receiving end [1].

In 1896 Marconi transmitted signals for a distance exceeding 1.6 km (1 mi) and
applied for his first British patent. Within a year of his first demonstration he transmitted
signals from shore to a ship at sea 29 km (18 mi) away. In 1899 he established
commercial communication between England and France, and in 1901 he succeeded in
sending a simple message across the Atlantic. He had demonstrated that radio waves
could travel beyond the horizon, and had used his flair for the dramatic to bring the
concept of radio to the attention of governmental agencies and business interests [1]).

This was still only wireless telegraphy (the transmission of signals) rather than
wireless telephony (the transmission of sound itself). However, on Christmas Eve in 1906
an American, Reginald Fessenden, managed to transmit both speech and music over
several hundred miles out to sea from the Massachusetts coast. Over the next few years
other demonstrations followed in the United States, Britain, and Europe [1].

The creation of the “vacuum tube oscillator” helped the steady transition from

telegraphy to telephony, since it provided a continuous signal that was effective for
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transmitting speech. rather than just the short bursts ol radio waves generated for carly
telegraphic miessages.

It was, however, the development of the radio valve that proved to be crucial in
advancing the transition from wireless to broadcasting. In 1904 the British electrical
engineer John Ambrose Fleming experimented with the first thermionic two-electrode
valve, or diode; a triode was created by the American Lee de Forest by inserting a third
electrode into the valve. This device meant that a weak signal could be amplified. More
sensitive wireless receivers could now be made, and radio-telephone messages picked up
at far greater distances than had earlier been thought possible | 1}.

The combination of continuous signals being sent out from transmitters and more
sensitive receivers laid the technical basis for more wide-scale listening, bui there was in
the pre-World War I years still little appreciation of the medium’s social possibilities.
Radio was thought of at this stgge as a private means of point-to-point communication,
rather than a more public means of mass communication: the very fact that signals were
broadcast, reaching anyone with a receiver, rather than remaining confidential between
the transmitter and the particular individual being addressed, was scen as a sign of the
technology’s primitiveness [1].

The first significant users of radio—coastal, marine, army, and intelligence
services—were, however, content with this approach. Indeed, World War I, with both
British and German forces using radio to communicate to naval forces from the outset,
and governments commandeering all wireless stations, seemed to entrench this patter‘n.
World War 1 also stimulated technical research, boosted large-scale production of the

thermionic valve, and introduced many soldiers, sailors, and airmen to radi;. When these
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people were demobilized afler 1918, the small and scattered bands of home enthusiasts
with primitive receivers of their own were joined by a new and bigger wave of wireless
“amateurs”, who began to show the social possibilities of radio as a medium of mass
communication [1}].

In 1920 the first true radio station (KDKA) began regular broadcasting in
Pittsburgh, Pennsylvania, in the United States. Within two years the number of stations in
America reached into the hundreds, concerts were being broadcast regularly in Europe
from The Hague, and in Britain, Marconi stations broadcast trom Chelmsford, Essex, and

then London |1].

2.2 Radio Frequency and Wavelength Ranges

Radio waves have a wide range of applications, including communication during
emergency rescues (transistor and shortwave radios). international broadcasts (satellites).
and cooking food (microwaves). A radio wave is described by its wavelength (the
distance from one crest to the next) or its frequency (the number of crests that move past
a point in one second). Wavelengths of radio waves range from 100,000 m (270,000 f1) to
1 mm (.004 in). Frequencies range from 3 kilohertz to 300 gigahertz [1].

The various frequency ranges and their designation [2} are shown in Table 1.0.
The frequency that is of interest for FM is 88-108 MHz with wave lengths of 3.4 and
2.78 meters.

ie. V=1*

Where V = 3*10* m/s




Table 1.0 Radio Frequency and Wavelength

FREQUENCY DESIGNATION ____ABBR. WAVELENGTH

3-30 kHz Very low frequency VLF 100,000-10,000 m

30-300 kiiz Low frequency LF 10,000-1,000 m

300-3.000 kHz Medium frequency MF 1.000-100 m

3-30 MIH~ High frequency (Short wave)  HF 100-10 m i

30-300 MHz Very high frequency VHF 10-1 m

300-3,000 MHz Ultrahigh frequency UHF I m-10 cm
'3-30GHz  Superhigh frequency ~ SHF  10-lcm T

30-300 GHz Extremely high frequency EHEF 1 cm-1 mm

KHz=kilohertz, or 1,000 H

MHz=megahertz, or 1,000 kHz

GHz=gigahertz, or 1,000 MHz

Because of their varying characteristics, radio waves of diflerent lengths are

employed for different purposes, and are usually identified by their frequency. The

shortest waves have the highest frequency, or number of cycles per second; the longest

waves have the lowest frequency, or fewest cycles per sccond.

Heinrich Hertz's name has been given to the cycle per second (hertz, Hz), with 1

kilohertz (kHz) being 1,000 cycles per second, and | megahertz (Mliz) being 1 million

cycles per second. Low and medium frequencies (30 to 3,000 kHz) are used by radio

broadcasters transmitting on those parts of the spectrum traditionally described as long or

medium wave, and most early transmissions in Europe and the United States were solely

11
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of this type. Because clectromagnetic waves in a untform atmosphere travel in straight
lines and because the Earth’s surface is approximately spherical, long-distance radio
communication is made possible by the reflection of radio waves from the Earth’s
ionosphere. This allows programmes to be received both nationally and beyond national
borders. However, these frequencies tend only to be able to use reflection from the
ionosphere to bounce round the Earth’s curvature under night-time . atmospheric
conditions, thus creating the possibility of each radio station covering a much wider area,
but simultaneously contributing to increased interference between rival signals [3].

What people actually listened to was, and still is, crucially dependent, not just on
what programme-makers construct but on the allocation of wavelengths and the
distribution of transmitters. The discovery that electromagnetic waves could carry radio
signals over the horizon had raised the prospect of broadcasting on an international scale,
but governments and broadcasting organizations rapidly realized the inherent problems of
the growth in the medium: if radio stations operated on the same or very similar
wavelengths, listeners would suffer severe interference in reception [3].

In 1925 an international agreement over the allocation of wavelengths was
reached in Europe in 1925 through the so-called Geneva Plan of the Union lntemationalé
de Radiophonie, and in the United States, Congress passed the Radio Act in 1927 to
create the Federal Radio Commission. Regulation of the world’s electromagnetic
spectrum has since been enacted largely by national governments through the
International Telecommunication Union based in Geneva; however, from these earlier
dates onward, transmission technology has been concerned primarily with the range and

frequency of the signal being broadcast [1].

12
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2.3 Radio Transmitter

Lissential components of a radio transmitter include an oscillation generator for
converting commercial electric power into oscillations of a predetermined radio
frequency; amplifiers for increasing the intensity of these oscillations while retaining the
desired frequency; and a transducer for converting the information to be transmitted into
a varying electrical voltage proportional to each successive instantaneous intensity. For
sound transmission a microphone is the transducer; for picture transmission the
transducer is a photoelectric device [1].

Other important components of the radio transmitter are the modulator, which
uses these proportionate voltages to control the variations in the oscillation intensity or
the instantaneous frequency of the carrier, and the antenna, which radiates a similarly
modulated carrier wave. Every antenna has some directional properties, that is, it radiates
more energy in some directions than in others, but the antenna can be modified so that the
radiation pattern varies from a comparatively narrow beam to a comparatively even
distribution in all directions; the latter type of radiation is employed in broadcasting | 1].

The particular method of designing and arranging the various components
depends on the effects desired. The principal criteria of a radio in a commercial or
military aircraft, for example, are lightness of weight and intelligibility; cost is a
secondary consideration, and fidelity of reproduction is entirely unimportant. In a
commercial broadcasting station, on the other hand, size and weight are of comparatively
little importance; cost is of some importance; and fidelity is of the utmost importance.
particularly for FM stations; rigid control of frequency is an absolute necessity. In the

United States. for example, a typical commercial station broadcasting on 1,000 kilz is

13




assigned a bandwidth of 10 kllz, but this width may be used only for modulation: the
carrier frequency itself must be kept precisely at 1,000 kHz, for a deviation of one-
hundredth of 1 per cent would cause serious interference with even distant stations on the

same frequency [3].

2.4 AM and FM Broadcasting

“FM” stands for “frequency modulation”, as opposed to “AM™, or “amplitude
modulation”. Both terms apply to techniques for imposing a meaningful pattern of
variations on an otherwise unvaried stream of energy during transmission, but they have
also come to be applied to whole categories of broadcast radio [2].

AM modulates the carrier radio wave by varying the amplitude (strength of the
wave) in accordance with the variations of frequency and intensity of a sound signal.
such as a musical note. Such modulation is vulnerable to electrical interference, and the
sound quality is variable. Throughout the first half of the century, most standard radio
broadcasting was achicved using this technique, and today some music and a great deal
of speech radio, which does not necessarily demand high-quality reception. is still found
on the AM dial [2].

FM works by varying the frequency of the carrier wave within a narrowly fixed
range at a rate corresponding to the frequency of a sound signal. It is used within the
VHF band, so that the terms “VHF” and “FM” have become synonymous for most radio
listeners. FM reaches only to the horizon, so a transmitter’s remit is focal rather than
national in scale. This geographical restriction has the advantage of rcducing interfercnee,

and coverage is therefore more stable, day or night. The signal itself is inherently static-

14



free, unlike that for AM, and a suitable receiving-set can take advamage of its more
generous frequency range and dynamic range to reproduce high-fidelity sound | 7).

Frequency modulation has several advantages over the systern of amplitude
modulation (AM) used in the alternate form of radio broadcasting. The most important of
these advantages is that an FM system has greater freedom from interference and static.
Various electrical disturbances, such as those caused by thunderstorms and car ignition
systems: create amplitude modulated radio signals that are received as noise by AM
receivers. A well-designed IFM receiver is not sensitive to such disturbances when it is
tuned to an FM signal of sufficient strength. Also, the signal-to-noise ratio in an FM
system is much higher than that of an AM system. FM broadcasting stations can be
operated in the very-high-frequency bands at which AM interference is frequently severe;
commercial FM radio statious are assigned frequencies between 88 and 108 MHz. The
range of transmission on these bands is limited so that stations operating on the same
frequency can be located within a few hundred miles of one another without mutual
interference [7].

These features, coupled with the comparatively low cost of equipment for an FM
broadcasting station, resulted in rapid growth in the years following World War II.
Within three years after the close of the war, 600 licensed FM stations were broadcasting
in the United States and by the end of the 1980s there were over 4,000, Similar trends
have occurred in Britain and other countries. Because of crowding in the AM broadcast
band and the inability of standard AM receivers to eliminate noise, the tonal fidelity of
standard stations is purposely limited. FM does not have these drawbacks and therefore

can be used to transmit music reproducing the original performance with a degree of

s i



fidelity that cannot be reached on AM bands. M stercophonic broadeasting has drawn
increasing numbers of listeners 1o popular as well as classical music, so that commercial
M stations draw higher audience ratings than AM stations [1]. )

FM’s quality advantage over AM, exaggerated further with the development of
stereo, has proved particularly suitable for the broadcasting of music and explains the

rapid growth in the number of FM stations—oflen associated with rock and pop—in the

1960s, 1970s, and 1980s | 1].

2.4.1 Analogue/Digital Broadcasting

Both AM and I'M radio depends on traditional analogue technology, where the
signal consists of a continuously changing pattern corresponding to the continuous flow
of sound captured by a microphone. Such signals are inherently vulnerable 1o all sorts of
distortions which restrict their ability to carry information without degradation. Digital
processing, which breaks a signal down into a stream of individual energy pulses
assigned a binary code, can resist distortion and convey far more information. Most
large-scale radio broadcasters are now developing digital audio broadcasting, which
promises a quality of sound equivalent to that of a Compact Discs (CD), and an increase

in the number of radio services available within the existing electromagnetic spectrum

12].
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Chapter Three
3.0 Design Analysis

3.1 Equation Governing FM
Using a Voltage Controlled Oscillator {VCO) with a running frequency Fc,
a voltage source of Vm (t) which makes the VCO to deviate from Fc by F. which is

then multiplied by its sensitivity (Ky). The output is an FM voltage

vCO — Vi
i
Vin(t)
Vi =AxCos 6() (1)
F = F. + Af (2)

‘ \l Where' A/ = K() x l/m (t) '
i 4 Fo=Fo+ K,V () (3)
_ | ése set of equations govern the VCO's output

_}c-mxt&,"J

o - 420 4y 4
: dt

Differentiating the angle 6(t)gives the angular velocity of the output and

equating it to 2xf.

il-()—(ﬂ =27k, +2aAf (3)

dt
From F = F,. + Af
Cross Multiplying

do(t)= 2nk,. + 27Af Mt (6)



O()=2xb |div2m Kb, () (7)
v.(()=V, Cos 2rl 1) (8)

Substituting into @(r) the equation becomes

()= 2af,. |di + 27 | K.V, (1)Cos (278, 1) 9)
2xF,. + 27K
o) = ‘ 0 10
) 2xF,V,. Sine Q7F 1) (0
Hence,
()= 2xF .t + MfSine (2xF 1) (11)
W here, Mf = _I,(.,Q,V!’!-’..
lfm
. Af
e Mf = =
Le. Mf -

Substituting into the FM cquation gives;
V= ACos 0t) = ACos 2nF, 1t + MfSine 2xF, 1)} (12)

This gives the standard FM equation.

3.2 Technical Terms Associated With FM
Some of the important terms are stated as follows;
o Capture Effect: It is said to occur when the I'M receiver is able to pick up
the stronger signal out of several transmitted signals while suppressing the
weaker ones. This occurs mostly when transmission is done at the same or

nearly the same frequency by several transmitling stations.
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Modulation Index: It was known as modulation factor. It is a measure of the
extent to which a carrier is varied by the intelligence (modulating signal).

Af
F

m

Mf =

Frequency Modulation: It is defined as the increase or decrease by the
carrier frequency around its reference value. The maximum departure of the

instantaneous frequency of the FM wave from the carrier wave.

Where, K — Phase sensitivity of the circuit

Vi — Peak Amplitude

Carrier Swing: This is always twice the instantancous deviation from the
carrier frequency also known as the dilfercnce between the highest and
lowest frequency attained by the I'M signal.

F carrier swine = 2AF¢.

The equation applies only for symmetrical modulating signal.
Carson’s Rule: The rule states that the bandwidth needed for transmission
of FM signals should be twice the maximum carrier frequency deviation and
instantaneous frequency of the base band.

BW =2 2AF.+ F,)

BW = 2F, (Mf+1)

Where Fp,— Maximum Frequency component of the modulating signal
AF - Frequency Deviation

Deviation Ratio: This is the largest allowable modulation index or the

maximum possible frequency deviation over the maximum input frequency.



o Percentage Modulation: This is a factor which describes the ratio of the

instantaneous carrier deviation to the maximum carrier deviation ('.e. to say

it gives the relationship between the relative amplitude of the carrier and the

intelligence signals).

. AF,.
Percentage Modulation = ————x 100

3.3 System Description

MAX

The general viewof an FM transmitter can be given as a block diagram with

cach block performing the actions that are required of it. The block diagram is

shown as in Fig. 3.0 below:

Microphone

AF
processing&

filter

Antenna

RE Power
Amplifier

|

AF amplifier

Modulator

Transmitter
Oscillator

RF
Fregquency
Muitiplier

Discriminator

1" Amplifier

Mixer

Frequency

A

Muitiplier

Fig. 3.0 Block diagram of I'M sound transmitter

Crustal
Oscillator
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The microphone converts the voice information to a message signal which is
processed, filtered, and amplified within the required voice bandwidth of about
4kHz. The FM modulator converts the changes in the message signal amplitude into
frequency changes. The modulator may consist of a reactance modulator (e.g.
varactor modulator) and an oscillator whose frequency is changed in accordance
with the variation in the instantaneous value of the message signal. The resufting
signal is then passed through a series of frequency multipliers that produce the
reqinired operating frequency. The final RF power amplifier boosts the powerto a’
fevel high enough for radiation by the antenna.

The lower part of the circuitry constitutes the automatic frequency control
(AFC) network. Broadcasting regulations require that the centrc‘ frequency oi'the
carrier (i.e. unmodulated carrier frequency) be held constant within specified-limits.
The aim of the network 1s, therefore, to stabilize the centre frequency. The
intermediate frequency signal is boosted in amplitude by the tuned IF amplifiers.
The output voltage is finally applied to a phase-shift discriminator circuit which
produces a fixed d.c voltage output as long as the input frequency is constant. Any
variation in the input frequency leads to a change in the output voltage ot the
discriminator. This then serves as a reference potential for establishing the proper
operating frequency of the transmitter.

Frequency-modulated (FM) transmitters are commonly used above the HF
range, particularly for sound transmission e.g. the 88 — 108MHz band. Because of
such high frequencies involved, it is difficult to obtain crystals that will oscillate
well. Other oscillator types are also found to be very unstable at high frequency. One
obvious method of circumventing this is to employ a low-frequency oscillator (e.g.

crystal oscillator) and then multiply the output frequency as many times as to give
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the required high frequency. Such frequency multiplicr may take the form of class €
amplifiers tuned to the‘required frequency. A better alternative is to make use of
frequency synthesizers which provide better frequency agility than the crystal-
controlled oscillator. A frequency synthesizer basically accepts a single frequency of
high stability which is processed to provide full frequency coverage. The figure

below shows how FM can be generated using Voltage-Controlled Osciltator (VCO).

l Vin (1)

vCO
I'requency Mixer Band-pass F'requency Band-pass :
Multiplier Filter » Multiplier [ Filter L
Fixed
Oscillator

Fig. 3.1 Direct method of generating FM using VCO

The direct method of generating an FM wave can be accomplished by
varying the frequency of the VCO. The VCO is followed by a series of frequency
multiplicrs and mixcrs as shown in Fig. 3.1. This lcads to a more stable oscillator
design, constant proportionality between input-yoltage and output-frequency

changes, as well as adequate modulator bandwidth to achieve wideband FM.

3.4 Input Transducer (Microphone)
The input transducer employed in communication systems convett the audio

input message (sound), which may be analogue or digital, into clectrical current or
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voltage to give the message signal. In electrical communication of speech, the sound
wave is converted to voltage variations by means of'a microphone which is the
transducer.

A microphone essentially converts acoustic signals i.c. sound waves, into
electric signals. There are different types of microphones available for different
applications ranging from, telephone handset transmitter, public address system,
recording, and broadcasting to scientific measurements. Some factors to consider
while choosing a particular microphone include amongst others, cost, robustness.
frequency response, size, sensitivity, etc. Most microphones operate on one of the
folowing principles:

e Variable contact resistance (e.g. carbon microphone)

e Piezoelectricity (e.g. crystal microphone)

e Electrodynamics (e.g. moving coil, moving-iron and ribbon microphone)
e Electrostatic (e.g. capacitor microphone)

The capacitor microphone (electret) is most commonly used. In the capacitor
microphone, an clectret element is used, which acts as a special capacitor with one
fixed diaphragm. Once voltage is applied to the electret element, the capacitor is
charged but no current flows apart from the leakage current which is negligible. The
sound waves hitting the diaphragm change the amount of capacitance (which
depends on the separation between the plates). The capacitance varies which in tune
varies the voltage across the capacitor to maintain the constant charge of the
capacitor. The capacitor microphone has high impedance, but an IGFET pre-
amplifier (built in the microphone module) can provide current and typical
impedance. The output sound quality is excellent but needs a polarizing voltage to

charge the capacitor which is done with a .5V battery.
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3.5 Pre-Emphasis and De-Emphasis

ORI ———

In FM. noise is a factor that has to be dealt with for good output. The higher

noi cases. Hence
the intelligence frequencies, the tendency of noise to be suppressed decreases He

electrical amplitude of the higher frequencies will have to be given a boost

(artificial).

Pre-emphasis is a process in FM transmission that amplifies high frequency
more than low frequency audio signals to rescue the effect of noise (i.e. increasing
the relative strenéth of high frequency components of the audio signal before being
fed to the modulator).

The main reason for pre-cmphasis is to prevent high frequency components
of the transmitted intelligence from being degraded by noise that would have more -
effect on the higher than on the lower intelligence frequencies. The natural balance
(ratio) between the high and low frequencies are altered, as pre-emphasis is done.

Hence De-emphasis is carried out which is the process in an FM receiver
that reduces the amplitudes of high frequency audio signals down to their original
values to counteract the effect of pre-emphasis network in the transmitter. The

circuits are as shown below:

Fig 3.2a Pre-emphasis Fig 3.2b De-emphasis
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3.6 Radio Frequency Oscillators (Generators)

This is a circuit that is used fo generate waveforms that occur at some
repetitive frequency. For an oscillator to be chosen for a particular application, some
criteria have to be considered such as the output frequency required, the frequency
stability required, whether the frequency to be variable, the allowable waveform
distortion and the power output required. Some popular oscillators used are LC
oscillator, Hartley oscillator, Colpitts oscillator, Clapp oscillator, and Crystal
Oscillator.

The carrier oscillator is used in FM to generate a stable'sine wave at the
carrier frequency when no modulating signal is applicd to it. A parallel 1.C tank
circuit found in the heart of oscillators should have positive feedback network which
serves to increase or sustain the self generated output and an amplifier.

The criteria for oscillation is then given by the Barkhausen criteria which
states that

i. Loop gain must be unity and

ii. Phase shift must be 0° or 360°

From the given criteria above, any impulse applied to the LC circuit is
feedback and amplified; and it is sustained at a natural or resonant frequency

I :w_'__:n: (13)

' n\/ LC
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However, for frequency higher than 1MHz, a Colpitts or Hartley's oscillator
can be used.

_"\ l QrP

toe s

i
B ) j‘l‘

Fig. 3.3 Colpitts Oscillator

Fig 3.3 is a Colpitts oscillator which has an LC tank (L, C2, C3) helped by a
common emitter amplifier and a feedback capacitor which sustains the oscillation

FeeH;

"2z fLC.,

Where, C,, = ——C-zc—'l—(equivalent ~ capacitan ce)
2 + C3

Hence,

F= ! )

2zAL, —C2C~"
C, +C,

Radio frequency oscillators use tuned LC circuits consisting of a capacitor

(C) and inductor (L). Every combination of an inductor and capacitor has resonant
frequency. For oscillation to take place at the resonant frequency, transformer action
is employed to provide the (180° phase shift) necessary positive (regenerative)

feedback.
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3.6.1 Modulator

In FM, when the base band signal is zero, the carrier is at its cairier
frequency, and the carrier deviation is maximum when it is at its peak and vice
versa. The deviation is either quickening or slowing down the frequency around the
carrier Irequency by an amount proportional to the base band signal. In order to
achieve this, the inductance or capacitance of the 1.C tank must be varicd by a
varactor diode,

The varactor diode when in reverse bias has a capacitance across it which is
proportional to the magnitude of the reverse bias applied to it, From the formula
given for instantaneous capacitance, as reverse bias is increased, the capacitance
decreased,

C ___to (13)

L ety

Where C,- instantaneous capacitance about the diode's terminals

Co - Capacitance at zero reverses bias voltage

When this is applied to an LC tank as the capacitance decreasces, the
frequency increases. When a fixed reverse bias is on the varactor diode, a fixed
capacitance will be got which can be placed in parallel with a capacitor and
Inductor. A bypass capacitor is then used to feed the base band voltage of the
varactor diode, the sine wave base band voltage has the effect of varying the
capacitance of the varactor up and down from the level set by the fixed reverse
voltage bias.

The cases considered of maximum, minimum and nominal capacitance will

give the frequencies as follows:-
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Cnom T = ——5
2” L\C | +( INOAS

!

Hz i.c. no base band influcnce.  (16)

——— [1z i.e. with peak (-ve) base band influence (17)

F e L
MIN 271’\/11(( ‘\ + ("I)AM.\j

|

Fuax = - -
27r,/Li(| +(,,,M,Ni

3.6.2 Signal Amplifier

1z ie. with peak (+ve) base band influence (18)

This acts as a high input impedance with low gain and low output

impedance. The high input impedance prevents the foading effects from the

oscillator section. The high impedance can help in stabilizing the frequency. The

signal amplificr is a common emitter configuration with low voltage gain or an

emitter follower transistor conliguration.

gt

NGO

)
= | ‘—I }— —:ﬁpui

:-L

Fig 3.4 Common Emitter Amplifier
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Increase in the input voltage increase the Base and Emitter current. As the
Emitter Current 11 = Collector Current Ic, then the current flowing through the
emitter rises and voltage also rises.

The base voltage is always 0.6 or 0.7V greater than Emitter Voltage (i.c. the
emitter voltage is always less than the base voltage (i.e. a voltage gain of less than
1). Hence since it has high input resistance and the output resistance is small, it is
then used ideally in preventing loading of one circuit on another and feeding the

next one with little voltage loss hence acting as a buffer between 2 circuits.

3.7 Frequency Multipliers

Frequency Modulation of the carrier by the base band can be done at a high
modulation index, but frequency drift of the LC tank is prone. For this to be avoided,
modulation can take place at lower frequencies where the Q-factor of the LC tanks is
high, and the carrier can be created by a crystal controlled oscillator. This oscillator
is used when greater frequency stability than that provided by the LC oscillator is
required. At low frequency deviation, the crystal oscillator can produce modulated
signals that can keep audio distortion under | %. The narrowband angle modulated
wave can then be multiplied to the required transmission frequency. The deviation
brought about by the base band is also multiplied which implies that the percentage
modulation and Q-factor are not altered.

In frequency multipliers, the output of the resonant tank frequency is a

multiple of the input frequency. The circuit diagram is shown below:
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Fig 3.5 Frequency Mulitiplier Circuit

The circuit shown in Fig 3.5 above is good for multiplying faciors (2, 3, and
4Y; current idlers are used to improve the efficiency. The serics resonant 1.Cs help in
the output filtering of the input and also aid in circulation of harmonic currents to
enhance the transistors non-linearity. The output of the tank is tuned to N* Fi = Fo.
In respeet of high cfficiency transistor power amplifiers, most of the ncn-liﬁcarity is
provided in the collector base junction and n(;t base emitter in order to maintain a

high current gain.

3.8 Power Output Amplifier

This takes energy from the DC supply and converts to AC signal that is to be
radiated. In order to generate good power output, the output power amplifier should

be a Class C amplifier which can be used for high modulation systems. The
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clficiency of the Class C amplifier is 85%. The choice of amplifier type depends to a

large extent on the output power and the intended range of'the transmitter.

3.9 Antenna

This is a circuit clement that converts the I'M signal to EM waves which is
then radiated into the atmosphere (i.c. a device that is used in transmission or
reception of EM waves carrying some signal and are used to interface the transmitter
or receiver to free space) hence making it the final stage of the transmitter. The
shape and number of antennas in a system depends on the types of waves being used
and the frequency at which they are transmitted.

The antenna of a transmitter need not be close to the transmitier itself.
Commercial broadcasting at medium frequencies generally requires a very large
antenna, which is best located at an isolated point far from cities, whereas the
broadcasting studio is usually in the heart of the city. FM, television, and other very-
high-frequency broadcasts must have very high antennas if appreciably long range is
to be achieved, and it may not be convenient to locate such a high antenna near the
broadcasting studio. In all such cases, the signals may be transmitted by wires.
Ordinary telephone lines are satisfactory for most commercial-radio broadcasts; if
high fidelity or very high frequencies are required, coaxial cables are used.

The antenna's can be classified as being resonant or non-resonant. Resonant
antennas are those that are efficient propagator or receptor of EM energy at its
designed wavelength.

For maximum power transfer by an antenna, some factors have to put into

considerations which are: -

e Power Gain,
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e Radiation Resistance,
e Polarization, Reciprocity,
e Power Transfer, and

e Radiation Pattern

¢ Power Gain (G)

The power gain of an antenna is the ratio of its radiation intensity to that of
an isotropic antenna radiating the same total power as accepted by the real antenna.
An isotropic antenna is one that radiates power equally in all directions.

Since an isotropic antenma is hardly realizable, then the A2 dipole antenna is
usually used as the reference antenna. It is measured in dBi (which indicates that the

antenna gain is relative to an isotropic radiator).

e Radiation Resistance

This is the portion of the antenna's input impedance that results in power
radiated into space. It is given by the pointing vector theorem

p=E*H

E- Electric Field Strength

H- Magnetic Field Strength
Which is multiplied by a certain area nr2 and equated to the resulting power I“R,

Power =1>R, =80 * 1t * 2 * 12 (dI/)

R, =80 n? (dI/A)" (19)
Where di -Length of antenna

A -Wavelength
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n - Exponent value that can be found by using (d1/A) on the y-axis, the n can

be found on the x-axis.

o Polarization
This is the alignment of the clectric ficld vector of the plane wave relative to
the direction of the plane wave relative to the direction of propagation ( i.e. the plane
in which the clectric field lics).
It can also be the orientation of the electric field radiated from the antenna.
E.g. a horizontally polarized antenna radiates a horizontally polarized EM wave and

a circularly polarized antenna has the electric field rotating in a circular pattern.

s Reciprocity
The theorem states that if a voltage is applied to the terminals of an antenna
A, and the current measured at the terminals of another Antenna B, then an equal
current will be obtained at the terminals of Antenna A, if the same voltage is applied
to Antenna B.

This means that any antenna will work well for transmitting and receiving,

hence the theorem holds for any linear time-invariant medium.

o Power Transfer

In order to produce an efficient transmitter, maximum power transfer has to

take place from the circuit to the antenna. If Zin is the impedance of the receiver
antenna and connected with the input terminal which is terminated with a resistance

Rg; then maximum power transfer gives the current flowing in the receiver.
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The power transferred is I’R,

Differentiating with respect to Rg and putting the derivate to zero for
maximum power transfer

Lt Ry= 2R,

L Ry (2h)

For maximum transfer of power at an input, the output ifnpedance of'the
transducer, such as a microphone, should be equal to the input impedance of the
amplifier. Similarly for maximum transfer of power at the output, the output
impedance of the amplifier should be equal to the impedance of the load, such as a
loudspeaker. Making the input and output impedances equal is called load matching
and is most desirable for efficient transfer of power.

Until recently, transformers were used for load matching in audio amplifiers,
for example, from an amplifier of several hundred ohms output impedance to a
loudspeaker of 4, 8, or 15-ohm impedance. Nowadays, transformers are seldom used
because of their cost, bulk, and poor low frequency response.

The common-coliector amplifier (emitter follower) has high input impedance
and low output impedance. It is used as a ‘buffer’ to match an input transducer of
high output impedance, such as a crystal microphone, to a low impedance load, such

as the input of a common-emitter amplifier.

s Radiation Pattern
This is the polar diagram representing the spatial distribution of the radiated

energy.
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Now that a qualitative view of some of the characteristics ol an antenna have
been looked at, it is now time to look at some of the basic types of antennz that can

be considered for this project.

3.9.1 Hertzian Dipole Antenna

This is also called the half-wave dipole and it is used mostly for frequencies
above 2MHz. The impedance of a hertzian dipole is maximum at the open ends and
minimum at the source end. (i.e. the impedance varies from a minimum at the source
end to maximum at the open ends). The impedance at the terminals is high (typically |
2500Q) and at the open ends is low (73£2), which accounts for minimum voltage at
the terminals and maximum voltage at the ends. This makes it possible to accept

electrical energy and radiate into space as Electro-Magnetic (EM) waves.

3.9.2 Monopole or Marconi Antenna

Gugliemo Marconi opened a whole new area of experimentation by
popularizing the vertically polarized quarter wave dipole antenna, it was theorized
that earth would act as the second quarter wave dipole antenna. Comparing the
signal emanating from the quarter wave antenna in pV/m, it has been shown .
experimentally that for a reduction in the antenna from A2 to M4 a reduction of 40%
(in pV/m) takes place, for a reduction A4 to /10 a reduction of only 5% (in uV/m).

This slight reduction of 0.05 in transmitted power for a decrease of 0.75 in antenna

length seems impressive, but there is a decrease in the area of coverage.
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3.10 Impedance Matching

Between the final power amplifier of the transmitter and the antenna. an
impedance matching network may be considered. One of the possible surprises in
power amplifier is that realization that output impedance matching is not based on
the maximum power criterta. One reason for this is the fact that matching the load to
the device output impedance results in power transfer at 50% efﬁéiency.

An impedance matching system maybe merely a special wide-band
transformer which is used for broadband matching (i.e. between 88 to 108MHz).
The purpose of the impedance matching network is to transform load impedance to
impedance appropriate for optimum circuit operation. Detailed description and

calculations will be used latter on when evaluating the final design of the system.
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Chapter Four

4.0 System Design and Construction

The circuit of the transmitter is shown in figure 4.0 (a) and (b) as can be seen it is
quite simple. Figure 4.0 (b) shows the drafled circuit and how it is being connected on the
vero-board. The first stage of the transmitter circuit is the oscitlator stage followed by the
output stage. Although the entire circuitry comprises of a power supply. and an audio
input stage coupled to first stage.

The circuit is analyzed into four (4) stages;

4.1 Power Supply Stage

The circuit of figure 4.1 shows the power supply. Although the circuit can be
powered using a 9V or 12V battery. The power supply is converted from its A.C voltage
(240V) to D.C voltage of approximately 12VDC after stepping down the A.C voltage

supplied by PHCN (240V) to 12VAC by the use of a transformer.

This circuit achieves full-wave rectification without the use of a centre tapped
transformer. It employs four (4) diodes connected in a fashion of arrangement that looks
similar to the Wheastone Bridge circuit. The cathode leads of D, and D, are connected
together to form the positive output terminal bridge circuit, while the anode leads of Ds
and Dy are connected together to form the negative output terminal of the bridge circuit.

The A.C voltage developed by T is applied to point A and B while the combined output

of the circuit is developed across the capacitor C; producing filtered rectified output (+ve
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Figure 4.0 (a) Multi-Channel FM Transmitter Circuit Diagram
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and —ve) which is then de

collector of Regulator (7812) through capacitor C to ground and across lo

veloped across Resistor Rl through Zener Diode 12V to the
ad resistor Ry,

light emitting diode (LED).

¢ iy o )
; s

Y
Fars

Figure 4.1 Power Supply Circuit

4.2 Audio Input Stage

This stage of the system comprises the Microphone in series with a 10kohms

resistor R3 coupled to the next stage via a coupling capacitor C; in series with a

100Kohms resistor Ry.

The microphone is a condenser microphone (electret mic) which can be seen in

figure 4.2 below. The 10Kohms resistor is provided for because of the type of

microphone used in the circuit.
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Figure 4.2 The Condenser Microphone (Electret Mic).

4.3 Low Signal Stage (oscillator stage)

This stage of the system amplifies the input voltage or signal detected.

The circuit built around transistor Q; (BC549) is a basic low power variable

frequency VHF oscillator.
The circuit configuration used for the low signal is the Common Base amplifier

configuration as can be seen in figure 4.3.

The performance of the transistor and amplifier always depends on the DC

operating point (i.e. the value of I, and V).
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Fig 4.3 Common Base amplifier configuration of Low Signal Stage

The signal is applied between base and emitter. For the oscillator circuit of the
common base amplifier above, the DC parameters was calculated and obtained as thus;

Applying KVL to the circuit above,

Ve =1. xR, +V,

Where, R; is the load resistance of the LC tank circuit which gives the impedance
of the circuit.

Ve = Iy xRy + V),

Using Ve =9V

Vi = 0.7V (for silicon transistor)

But,
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> Vo= tap, = ix9=45y
2 2

V. =01xV,. =0.1x9 =09V

/\ISO, lc = l[-;

I'rom the transistor manufacturers data sheet attached.

hie = 400
le=1mA= 1x10'4

So that,

R, = N = Jj—; =4500Q =4.5KQ

o Ix10°

Vn V|: } Vm: ()() ' ()7 o l.()v

| I, 1x10
roly= = 22 5%10 4

hfe 400

o Ve 9-0.
R, =L hm . 9707 5350000
o 2.5x10 °

B

Ve Yy 67x107 4
R, +R, 4500-+900

I(.(sat) =

The voltage across collector and emitter (Vi) = Ve - Vi =4.5-0.9 = 3.6V

And, the operating frequency of the oscillator can be estimated as thus;
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Choosing the value of Cy= 12plso that it is far grater than Cy = 5.0pt and the variable

capacitor C3 = 4 — 22pf, assuming the variable is varied to equal C; (12pf), the equivalent

capacitance of the capacitors Ceq,

o

Al Al “ .
oo 218G e - (sz‘22r+5.6:6+5.6:H.(;p/
' C,+C, 12+12

1
From the equation, V = ———==
' d 27 1C,

If the frequency range of FM is 88 — 108MHz the average frequency of operation

will be 98MHz. so that we can estimate the value of inductor:

IC ="
2f

)

X l = l 6} x{m———l——w—l—;}z().Z_?uH
C 2x3.142x100%x10 11.6x10 -

4.4 The OQutput Stage

The second stage is a power amplifier circuit connected to the first stage (low
power oscillator circuit). The succeeding equations used for the first stage holds.

The power amplifier used for this stage is simple but efficient enough to transmit
the FM wave generated by the circuit to the free space. This is achieved by connecting
the output of the biased transistor Q, (BC549) collector terminal to a matching antenna

via coupling capacitor C; (33pf). The circuit is a frequency multiplier circuit as seen in

figure 4.4 below.
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Figure 4.4 Frequency Multiplier Circuit of the Power Qutput Stage

The maximum output of the circuit will be at resonance frequency (i.e. Xp = X¢).
The turned circuit can be achieved by either connecting the inductor and capacitor in -

series or parallel. Thus the nominal values of the reactances of the inductor and the :

capacitor will be equal.

» XL = XC
. ]
> 2k L= —
27k, C
]

[, =

C amdIcC

Where, I’ — Resonance Frequency.
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Since the resonant frequency of a tuned circuit is fixed by the L * C, we have
infinite number of values which will tune to give the frequency. this makes the values to
be chosen using practical considerations.

In Class-C transmitter, the collector load is replaced by a parallel tuned circuit.
An amplifier is then created which will only amplify frequencies of selected range. With
the collector load replaced by the tuned circuit as above, the optimum choice of L/C ratio
is ditticult hence as a compromise, it is assumed that the value of C is 1.5p{ per meter of
the wavelength. Since FM is from 88 — 108MHz, the capacitor value is as follows;

V=F*)

Where, V =3x10*m/s (speed of light) and

F = 98MHz (average frequency)

3Ix10°
1= SxIV =3.00m

98x10"
> =3.06x1.5=4.6pf
Only one (1) resistor was used for this part of the circuit, thus;
I, =1x1074
Vee=4.5V
Vi =01xV,.,. =0.1x4.5=045V

Vo=V, +V, =045+0.7 =115V

A

. R - Ve =V, _45-115 C335K0
! / Ix107° '

B
The coupling of the circuitry is generally with the use of capacitor coupling. This

can be obtained to be approximately;
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1

C2y = 024x10"f
[2x3.142x98x10°V3.35x107)

=z

The value of inductance use for the tank will be

1
1“ =
Y NIT &

2 2
L= —L X L :{~4—— l 6} ><J ! P}=().5711H
2nf C] 7 12x3.142x98x10° |~ |4.6x10 "

The combined circuits are what were obtained in figure 4.0 above.

4.5 Details of Components/Materials used

The following are list of components / material usced for the practical construction of this

project work.
» Transformer Ty =12--0- 12V
» Silicon Diodes Dy — Dy (IN4001)
» Zener Diode 12V
» Condenser Microphone (Electret Mic)
» Light Emitting Diode (LED) Green
» Transistors, Q, and Q,= BC549
Q3 = IC Regulator 7812
> Resistors, R; = Rs = Rg = R;=10Kohms
R; = 68Kohms

R;= 1800hms
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R4 100Kohms
Inductors, L; =1.,= 0.13ul
Capacitors, C, = 330uf

Cy=Ce=12pf

C3=22pf (variable capacitor()

Cq = 5.6pf
Cs=Cy=33pf
Cs = 100nt
Cy= 10nf
Cijo=Inf

Ciy =220uf
Ci.»=350uf

Vero-Board and Bread Board

Jumper Wires

Tmm (20swg) inameled Wire

Soldering lror/ soldering Lead

Lead Sucker (for removing unwanted pail of solder)

3mm Drill Bit (for breaking off unwanted joints).

The detail for the construction of inductor 1., and L; can be seen in figure 4.5 (a)

and (b) below, showing

» N = Number of turns in inches

» R = Radius of winding in inches

» X = Length of coil in inches




» 1 = Diameter of winding
» L = Inductance in utl
9.5 turns | mm enameled copper wire closed wound ont a 3mm

L and L, are

diameter former before it is then pulled out.

r [rumnber of tums)

R A -
rlinches) | l BN R I nTro [H]
B+ e
A e e e
¥ [inches|

Figure 4.5 (a) Details of construction of inductor 1.1 and 1.2

P L
]
M) M
N
N :
(A A | b
# T

Figure 4.5 (b) Showing conductor closed wound to form an inductor.
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4.6 Mode of Operation (Basic Working Principle)

From figure 4.0, when the circuit is supplied with source of power by switching it
to its ON state the transformer Ty steps down the AC source 240V to 12V-0-12V
transformer voltage {AC).The four (4) diodes D;- D4 (bridge rectifier) will convert the
output transformer voltage to a DC voltage (rectification process) where the output of the
rectified AC source is connected across capacitor Cyy which act as a filter through Ry and
zener diode. 1t is then output through the IC regulator (7812) through load or limiting
resistor Ry and LED thereby indicating power ON.

The filtered DC is now connected to the next stage which is the transmitter. The
first stage is the oscillator, and is turned with the variable capacitor. Select an unused
frequency, and carefully adjust C; until the background noise stops (you may have to
disable the FM receiver’s mute circuit to hear this).

Because the trimmer capacitor is very sensitive, make the final adjustment on the
receiver. A small piece of non copper-clad circuit board can be used to make the
adjustment — this is so as not to alter the frequency.

Q. is the oscillator, and is a conventional Colpitts design. L, and C; (in parallel
with C) turn the circuit to the desired frequency, and the outpult (from the emitter of Qy)
is fed to the Buffer and amplifier Q,. This isolates the antenna from the oscillator giving
much better frequency stability, as well as providing considerable extra gain. 1., and Cs
form a tuned collector load, and C5 helps to further isolate the circuit from the antenna, as
well as preventing any possibility of short circuits should the antenna contact the

grounded metal case that would normally be used for the complete transmitter.
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The audio signal applied to base of Q; causes the frequency to change. as the

transistor’s collector current is modulated by the audio. This provides the frequency

modulation (FM) that can be received on any standard FM band receiver. The audio input

must be kept to a maximum of about 100mV, although this will vary somewhat from one

unit to the next.

4.7 Trouble Shooting and Maintenance

S/No: | SYMPTOMS CAUSE REMEDY
1 Power does not No supply from the mains | Plug in main cord into the
come ON mains outlet
2 Transformer Bridging or short circuit Clear the bridge or short
heating between terminals circuit by opening
appropriate places
3 Fuse out High voltage Replace fuse
Filter capacitor short Replace capacitor and fuse
4 LED not lighting No power supply to the Check the source of power
terminals supply
High voltage across Replace LED and check
terminals other faults
5 Signal not heard at | Frequency of operation not | Vary the variable capacitor
the receiver properly set C; and adjust the frequency
of receiver until signal is
Microphone not properly heard
connected or bad
Check the terminals of the
microphone or replace it
6 Variable capacitor | Variable capacitor bad or | Check the terminals of the
not varying terminals not properly variable capacitor or replace
connected it ’
7 Transistor heating | Transistor bad Replace the transistor
no short circuit
8 Transistor heating | Bridging or short circuit Clear the bridge or short

between terminals

circuit by opening
appropriate places
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Chapter Five

5.0 Result and Conclusion

This chapter will discuss some of the more detaifed tests carried out on the final

circuit which was discussed in the previous chapter.

5.1 Result and Test

Due to lack of equipments used in analyzing circuitry (such as, spectrum analyzer.
and frequency meter) so that the vital information that should have been provided about
the advantages and disadvantages of the design could not be met. During the course of
final test the equipment used were a digital multi-meter, an analogue and digital FM radio

receiver was used.

Radio Receiver: An analogue (dial turn) and digital (push-button) receiver was
used in demodulating the modulated carrier wave generated by the transmitter. The
signal was clear at the receiver at a frequency of approximately 99-100MHz using a 9V

battery.

At an open field the transmitter can transmit up 1o about 40-100m (although this

value was not expertly measured).



5.2 Discussion

The design chosen was miniature, low powered and tunable to different
frequencies. The parts used are very common and the circuit is very easily constructed.
The circuit was first built on a bread board and worked rather well without applying any
real effective RF techniques. The vero board, as expected performed equally well, all that
had to be adhered to was to keep the leads short and compact the circuitry as possible but
more of a better attempt had to be made in matching the antenna and shielding of the RF

section from the output.

5.3 Conclusions

The Miniaturized Multi-Channel FM transmitter is essentially a Design and
lmplémentation project. To approach a project like this a parallel path has‘ to be taken in
regards to the Theory and practical circuitry, for a successtul conclusion in any project
the paths must meet, and this only happens when they are fully understood. This is why a
good grounding in the basics of Communication theory and Analogue design must be
achieved before ever approaching a project like this. To start off looking at block
diagrams of basic transmitter was a must, even if it scemed abstract and obscure the
underlying meaning of each block can be found out one by one. This is what made the

overall project challenging and rewarding.
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5.4 Recommendations

The design used for this project is essentially quite simple, and  is this simplicity
which partly brings it down when it comes to the overall reliable performance. The main
arca of instability is the oscillator part of the circuit. Shiclding the oscillator should help
in part to counteract this. Afler fearning a lot from this project, there would have been a

few things that could have been done to the final design to improve its performance.

e Rather than a simple single transistor amplifier, using an opamp gives

better distortion figures and more predictable output impedance to the

transmitter.
e Follow the oscillator with a buffer amplifier to reduce the effect of load
change.

e Use negative temperature coefficients to compensate for typically positive

temperature coefficient tuned circuit.

e Use of coaxial cable in matching the antenna should improve the distance
and signal strength of the transmitter.

e Use foil paper to wrap the entire pre-amp unit and making sure it is well

grounded or the shielding will make serve no purpose.

Finally, 1 would like to suggest to the appropriate authorities that small project (it
can be a take home project) should be included as part of curriculum for Engineering
Students most especially Electrical Electronics/Computer Engineering Department. This
will definitely go a long way in improving the technical ability of students to approach

constructive project thereby technically developing the Nation.
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Appendix B: LM7812 (Regulator)
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BC546 THRU BC549

Small Signal Transistors (NPN)

T0-92 __FEATURES

BLes) ey ¢ NPN Silicon Epitaxial Planar Transistors

f ¢ These transistors are subdivided into tnree groups
; A, B and C according to their current gain. The type
; BC546 is available in groups A and B, how-
|
i
|
(

supplied in all three groups. The BC549 is a
low-noise type and available in groups B and
C. As complementary types, the PNP transis-
tors BC556 ... BC559 are recommended.

ever, the types BC547 and BC548 can be 9

min..492 (12.5) 181 (4.6)

H max@.022 (0.55) | _
098(25) ¢ On special request, these transistors are also
] - manufactured in the pin configuration TO-18.
: MECHANICAL DATA
Case: TO-92 Plastic Package
Dimensions in inches and (milimeters) Welght approx. 0.18 9]

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS

2nas at 25 °C ambient temperature unless otherwise specified

Value
Collector Base Vottage BC546 80 o
BC547 50
; BCS48 BC549 30
Collector-Emitter Voltage BCS467 » 80 - »
BC547 50
} BC548 BC549 30
{ Collector-Emitter Voltage BCS46 65
: BC547 45
BC548, BC549 30
| Emitter-Base Voltage BC546, BC547 6
; BCS48 BC549 5
’ Collector Current - N M”tu‘a‘* )
’ Peak Collector Current 200
Peak Base Current ‘ - —~:2-(—)6~~ A
Peak Emitter Current - T _2(;0 A
; Power Drssrpatton at Tamb 25 °C - - €;0~0”» -
i Junctron Temperature 150
)
i Storage Temperature Range —65 to +150

IR o

g R Vahd provrded that leads are kept at ambrent temperature at a drstance of 2 mm from case v .

{\ GrNrRAL
<G

SEMICONDUCTOR



BC546 THRU BC549

ELECTRICAL CHARACTERISTICS

GRS

S S sty s

Collector- Emltter Cutoff Current

Mr;;l‘D;é;meters atVep =5V, Ig =2 mA,

f=1kHz, .
Small Signal Cusrent Gain )
Current Gain Group A

ow

Input Impedance ~ Current Gain Group A

Output Admittance  Current Gain Group

Reverse Voltage Transfer Ratio
Current Gain Group

Owmr» OWwrOw

DC Current Gain
atVee =5V, Ic = 10pA .
Current Gain Group A

w

atVee =5V, Ic=2mA
Current Gain Group

atVee =5V, Ic = 100 mA
Current Gain Group

Owrx> Owme O

Thermal Resistance Juncnon to Ambnent AIT

Collector Saturatlon Voltage
atlc=10mA, Ig =0.5 mA
atlc"100mA Is =5 mA

Base Saturation Voltage
atlc=10mA, Ig=0.5mA
atlc=100mA, Ig = 5 mA

| Tt lOmAl=sma

Base-Emitter Voltage
atVee =5V, Ic=2mA
atVCE 5VIC°1OmA

atVeg =80V BC546
atVep =50V BC547
atVep =30V BC548, BC549
atVeg = 80V, Tj=125°C BC546
at VCE 50 V TJ = 125 "C BC547

T
!

VBe

hre
hee
hre

hre
hre
hre

hre
hre
hFE

thJA

VCEsa(
CEsat

VBEsal
BEsal

Ve

Ices
Ices

lces

lces
Ices

" Valid provuded that leads are kept at amblent temperature ata dnstance of 2 mm from case

I ®ow=1 |
N o

f

N vMin.

%

} Max J Unit

|

|
45 kQ
8.5 kQ
15 kQ
30 uS
60 uS
110 uS

220
450
800

GENFRAL

SEMICONDUCTOR




BC546 THRU BC549

ELECTRICAL CHARACTERISTICS

éatings at 25 °C ambient femperature unless otherwise specified

atVeg = 30V, TJ_125 °C BC548, BC549 | lcgs

VGalhiBandWIdth Producl fr
; atVeg =5V, lc— 10mA, f= 100 MHz

st

; Collector—Base Capacntance Cceo
atVCB— 10V, f=1MHz

! Emitter-Base Capamtance Ceso
jatVes=05V,1=1MHz

» Noise Flguro
4 atVeg =5V, ic = 200 pA, Rg = 2 kQ),

' f=1kHz, Af = 200 Hz BC546, BC547 F
i BC548 F
! BC549

*atVCE 5V, Ic = 200 pA, Rg = 2 kQ,
if—30 15000HZ BC549 l F

b

oMin | T | Max. Unit |

- - HA
4 A

- 300 | - MHz
- | 35 6 pF
- 9 - pF
- 2 10 dB
~ 1.2 4 dB
- 1.4 4 dB

L R D S O

RATINGS AND CHARACTERISTIC CURVES BC546 THRU BC549

Admissible power dissipation
versus temperature

Valid provided that leads are kept at amblent
temperature at a distance of 2 mm from cass

mw BC646...BC549

400
aof

i o R o B A i3 o

; 200
}
3
3 \
A 100 | |
| \
! 0
0 100 200 ¢
! " Tumb

Pulse thermal resistance
versus pulse duration

Valid provided that leads are kept at amblent
temperature st a distance of 2 mm from case

KW BC546...BC549
108 ]
s —t—t—t 1
2 7 —
102 192 |~ -
Ttha g 4
s (0.3 //*f‘l*' [
T , 0.05 //“ ]
0.02 /;/
10 55 7
s é At ]
0.005
. J_J*
! /v =0 "l Iy v
5 v=.7.g PI
L e e - T -
107!
0% 10* 492 1 10%s
—,

[ GENERAL
<G

SEMICONDUCTOR’



RATINGS AND CHARACTERISTIC CURVES BC546 THRU BC549

DC current gain
versus collector current

BC546...BC549

W
)y,

Collector current versus
base-emitter voltage

mA BC546...BC549

10’ Veg=5V /////

/
/
/

N oL oawn

1rf
aval
an

10
/ c

1 I
Lmp =100 c/ I -50 C

1V

Collector-base cutoff current
versus ambient temperature

nAd BC546...BC549
10 y
'1
4
’l

3 /

10 ” 7
Ieso s
/
10° 4 /
/ //
/ /
|7 /
10 —4 /'
/ Test voltage V.;
1 // equal to the given
maximum value Vgq
— typical
y -~ — = maximur

-1

10
0 100 200 C

> Tamb

Collector saturation voltage
versus collector current

v BC546...BC549
05
Ie[lg =20
0.4
Veesat
0.3
02 Tamp= 100 (y
amb= /
AT
\ /
/ 4
0.1 . (
L] 50 C
0 |
0': s 1 2 s 10 2 s 10°mA

[, GENERAL
:6 SEMICONDUCTOR

st



RATINGS AND CHARACTERISTIC CURVES BC546 THRU BC549

Collector-base capacitance,
Emitter-base capacitance
versus reverse bias voltage

pF BC546...BC549
10

8
Ceso

Gepo
\ Ceso
6 — I

Ceso
4 I~
\
2
Tmy=25 C
0

0.1 0.2 05 1 2 5 10V
* Veso, Yeso

Gain-bandwidth product
versus collector current

MHz BC546..BC549
10°
, ||
Tormb=25 C
. Ve =10V
o TR
: ’7/A 2V N
| Z \

AN

g

10
01 s 1 2 s 10 2 s 100mA

—

Relative h-parameters
versus collector current

-t

BC546..8C549
10 1
6
h(l) i
hell = 2 mA)
h
T 10 \{
&
Y
PR W N y,
\ /’
, N L/
N
1
. I~ fe = 2N
§
4 // L/‘
Frow N
2 VCE=SV
ol Tamp=25 €

10" . 4 1 2 1 10mA

Noise figure
versus collector currer:t

dB BC549
20 7

Vee=5V /
18 {r=120Hz )

. Tp=25C / /

RG=1MV/100kV 10kV [1kV|

14

=]

500 V
12 \
10

\\ /

————» T

\K
i
K

6 "4 \
NI
L 4 /) 1KV
2 4
o LI |
1073 102 10" 1 10 mA

. GENERAL
:6 SEMICONDUCTOR



RATINGS AND CHARACTERISTIC CURVES BC546 THRU BC549

Noise figure
versus collector current

dB BC549 dB
20
VCE =5V 20
A, 18 |f=1kHz 18
T...=25C
16 |22 16
Rl / ]
" \soov / | 7 P
12 / /
! \\ Re=1MV | iookv /1o kv Y 12
i 10 | / I
| ‘\ \ / / / 10
! ) kv
8 TN YT | / 8
4 \z / / / d
; N /7 \%7 / 7500v 4
2 T / \\ 2
>4 I
1 0 )
| 10° 102 qg" 1 10 mA o

e, Rt F

Noaise figure
versus collector emitter voltage

BC549

Io=0.2mA
Rg=2kV
f=1kHz
Df=200 Hz
Ton=25 C

1072 5 1 2 510 2 s 102V

> Ve

¢
¢
¢
H
;
;
;
!

C@‘DGENERAL

SEMICONDUCTOR’
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National Semiconductor

LM78XX
Series Voltage Regulators

General Description

The LM78XX series of three terminal regulators is available
with several fixed output voltages making them useful in a
wide range of applications. One of these is focal on card
regulation, eliminating the distribution problems associaled
with single point regulation. The voltages available allow
these regulators to be used in logic systems, instrumenta-
tion, HiFi, and other solid state electronic equipment. Al-
though designed primarily as fixed voltage regulators these
devices can be used with external components to obtain ad-
justable voltages and currents.

The LM78XX series is available in an aluminum TO-3 pack-
age which will allow over 1.0A load current if adequate heat
sinking is provided. Current limiting is included to limit the
peak output current to a safe value. Safe area protection for
the output transistor is provided to limit internal power dissi-
pation. if internal power dissipation becomes oo high for the
heat sinking provided, the thermal shuldown circuit takes
over preventing the {C from overheating.

Considerable effort was expanded to make the LM78XX se-
ries of regulators easy to use and minimize the number of
external components. it is not necessary to bypass the out-

put, although this does improve transient response. Input by-
passing is needed only if the regulator is located far from the
filter capacitor of the power supply. .

For output voltage other than 5V, 12V and 15V the LM117
series provides an output voitage range from 1.2V to 57V.

Features

Output current in excess of 1A

Internal thermal overload protection

No external components required
Output transistor safe area protection
Internal short circuit current limit
Available in the aluminum TO-3 package

Voltage Range

LM7805C 5V
Lm7812C 12V
LM7816C 15V

Connection Diagrams

Metal Can Package
TO-3 (K)
Aluminum

ouTPYT —GND

INPUT
DS007746-2
Bottom View
Order Number LM7805CK,
LM7812CK or LM7815CK
See NS Package Number KC02A

Plastic Package
TO-220 (T)

L]
T
| =Dt

| e X

DS007746-3

on — O

o Top View
Order Number LM7805CT,
LM7812CT or LM7815CT
See NS Package Number T03B

© 2000 National Semiconductor Corporation

DS007746

www.national.com

sioje|nbBay abejjoA saieg XX8.LNT
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Absolute Maximum Ratings (Note 3) Maximum Junction Temperature 150°C alo
If Military/Aerospace specified devices are required, (K Package} 150°C ;2
please contact the National Semiconductor Sales Office/ (T Package) . .
Distributors for availability and specifications. Storage Temperature Range ~85°C o +150°C
Input Voltage Lead Temperature (Soldering, 10 sec.} 200
Vg = 5V, 12V and 15V) 35V TO-3 Package K S
Internal Power Dissipation (Note 1) internally Limited 70-220 Package T
Operating Temperature Range (T,) 0Cl0+70C
Electrical Characteristics LM78XXC ote 2)
0°C < T, < 125°C unless otherwise noted.
Output Voltage 5V 12v 15V
Input Voltage (unless otherwise noted) 10v 19V 23V Units
Symbol Parameter Conditions Min [ Typ ]Max Min [ Typ ]Max Min [ Typ 1 Max
Vo Output Voltage | Tj = 25'C, 5mA < 1o < 1A 48 5 521115 12 125|144 15 156| V
Pp £ 15W, 5 mA <15 < 1A 475 525|114 12.6 14.25 15.75 \
Vv € Vin € Vmax (7.5 < Vi < 20) (145<V,y < (17.5<Viu < \Y
. 27) 30)
AVo Line Regulation o = 500 Tj=25C 3 50 4 120 4 150 mv
mA
AV (7T < Vin £ 25) 14.5 <V < 30) (175 <V < \
30)
0°C £ Tj ¢ +125°C 50 120 150 mv
AV\n (8 < Vi £ 20) (15 £ V| £27) (18.5 <V < \Y :
30)
o £1A Tj=25C 50 120 1501 mv
AV (7.5 <V iy <20) (146 <V |y € (177 <V < \
27) 30)
0'C < Tj<+125°C 25 . 60 75 mv
AV (8<V,y<12) (16 <V,y£22) | (20 <V, £26) \
AVo Load Regulation Tj=25C | 5mAsI|y<15A 10 50 12120 12 150y mV
250 mA < 1 < 25 60 75 mv
750 mA
5mA<Ilo 1A 0C<Tjg 50 120 150 { mv
+125°C :
la Quiescent Current { 1, < 1A Tj=25C 8 8 8 mA
0'C<Tj<+125C 8.5 85 85 mA
Mg Quiescent Current | 5mA <lg < 1A 0.5 0.5 0.5 mA
Change Tj=25C, Ip £ 1A 1.0 1.0 1.0 mA
Vv € Vin € Vuax (7.5<Viy$20) | (148 <V $27) (17.9<sVu < \
30)
lo 500 mA, 0°C < Tj < +125°C 1.0 1.0 1.0 mA
Viin € Vin € Vuax (7TSVin<25) | (145 <5V, < 30) (175 sV < \Y
30
Vi Output Noise Ta =25°C, 10 Hz £ 1 < 100 kHz 40 75 90) Y
Voltage
Ripple Rejection Ib<1A, Tj=25C| 62 80 55 72 54 70 dB
AV or
AVour =120 Hz | |5 €500 mA 62 55 54 ds
0'C <Tj<+125°C
Vian € Vin € Vax (8 <Vin<18) (15 <V y S 25) (18.5<V iy < \
28.5)
Ro Dropout Voltage Tj = 25°C, loyr = 1A 20 20 20 \
Output Resistance | f = 1 kHz 8 18 19 mQ

3 www.national.com



Electrical Characteristics LM78XXC (Note 2) (Continued)

LM78XX

0°C €T, < 125°C unless otherwise noted.
Output Voltage 5v 12v 15V .
Input Voltage (unless otherwise noted) 1ov 19v ] 23V Units
Symbol Parameter Conditions Min I Typ [Max Min [ Typ [Max Min [Typ IMax
Short-Circuit Ti=25'C 21 1.5 1.2 A
! Current
Peak Output Tj=25C 24 24 24 A
Current
Average TC of 0'C<Tjs+125C, lo = 5 mA 0.6 1.5 1.8 mv/ C
VOUY
Vin Input Voltage
Regquired to Ti =25C,ig < 1A 7.5 14.6 17.7 \
Maintain
Line Regulation

Note 1: Thermai resistance of the TO-3 package (K. KC) is typically 4°C/W junction to case and 35"0/W case to ambient. Thermal resistance of the TO-220 package

(T} is typically 4'C/W junction to case and 50°C/W case to ambient,
Note 2: All characteristics are measured with capacitor across the in
and ripple rejection ratio are measured using pulse techniques (ty <
be taken into account separately.

Note 3: Apsolute Maximum Ratings indicate fimits beyond which damage to the device may occur. For guaranteed specifications ard the test conditions, see Elec-
b trical Characteristics.

put of 0.22 uF, and a capacitor acrass the output of 0.14F. All characteristics except noise voltage
10 ms, duty cycle < 5%). Output voitage changes due to changes in internal temperature must

i

P s i

i
!

N i o

www.national.com 4

i N



. -
: . . 4s =
! Typical Performance Characteristics 3
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LM78XX

Output Impedance

Typical Performance Characteristics (Continucd)

Dropout Voltage
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(4191 -4 547) ——————— 8

Physical Dimensions inches (mitimeters) unless otherwise noted

0.940 -0.980
—»-((23.88 - 24.89) [«—
0.800 -0.815 DiA 0.250 ~0.350
(20.32 - 20.70)—~|<-———»1{ (53505 899)
0.107 ~0.123 oA ‘
(2718-3128) i
y =
005 A ? 1Y f 0.4450.522
{0.635) — 35 SEATING PLANE (11.30-13.26)
UNCONTROLLED LEAD DIA (3' 429) | L‘* 0038-0.083 *
MAX > (0.965 — 1.092) ‘
DIA TYP
0.420 -0.440
(10.67 —11.18)
0.151-0.161

{3.835—4.089) '\
DA TYP 0.970-1.050

0.165-0.179 (24.64 — 26.57)

RTYP 0.210-0.220 1
{5.334 - 5.588) < 4 1
|, D.655-0.675
{16.64 —17.15)
1477 ~1.197
(29.80- 30.40)

KCO2A (REV C)
Aluminum Metal Can Package (KC)

Order Number LM7805CK, LM7812CK or LM7815CK
NS Package Number KC02A
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Phy5i03| Dimensions inches (millimeters) unless

otherwise noted (Continued)

; s

0.240-0.260 ) 0.330-0.350
~1{6.10-6.60] [ {8.38-8.89)
0.100-0.120 §0.148-0.153
{2.54-3.05] /"% {3.78-3.89
T ey s
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r0.38 7 i - = = T 4.83-5.33
1ro.18 133} f | } l ]
P—~ - = = =
0.048-0.055 |
J 0.130-0.160 .o [1.22-1.40]}
PIN #T 1D {3.30~4.08] TP
1.005~1.035 0.027-0.037
R T . %] [0.69-0.94]
5.53-26.29
t2 ! e

LM78XX Series Voltage Regulators

+ 7
70/'\ (0525-0:555 ) 0.015 2500 (0.38 1541
{13.34~14.10] ‘ l
‘ \.
0.175~0.185 — H
{¢.45-4.70] _ f ,I }
0°-69 ~ ‘ . N
1 [} L— 0505 Tgo [2.67 333 ]
0.048~0,052 o
{v.22-1.32] SEATING PLANE
TAPERED
sioes 10

3
1038 (REV L)

T0-220 Package (T)
Order Number LM7805CT, LM7812CT or LM7815CY
NS Package Number T038

LIFE SUPPORT POLICY

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

2. A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of

the life support device or system, or to affect its
safety or effectiveness.

National Semiconductor Nationa! Semiconductor

o

Corporation Europe

Americas Fax: +49 (0) 180-530 85 86

Tel: 1-800-272-9959 Email: surope.suppori@nsc.com

Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 69 9508 6208

Emait. suppori@nsc.com English  Tel: +44 (0) 870 24 0 2171
www.national.com Frangais Tel: +33 (0) 141 918790

National Semiconductor
Asia Paclfic Customer
Response Graup

Tel: 65-2544466

Fax: 65-2504466

Email: ap.support@nsc.com

National Semiconductar
Japan Ltd,

Tel: 81-3-5639-7560
Fax: 81-3-5638-7507

Nalional does not assume any responsibility for use of any circuitry described, no circuit patent licenses are impli

ied and National reserves the right at any time without notice to change said circuitry and specifications.




