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ABSTRACT

This project involves the construction of an electronic device that amplifies {ery weak
signals received far away from the transmitting station. The incoming signal through_i the A
receiving antenna is matched with the internally generated signal by an oscillator cir%;_uit and the
resulting signal is amplified through multi-stages of amplification after which the reqmred audio
signal is detected through a low pass filter and the amplified desired signal is fed to the _téi'e.vision
using a driver. The preamplifier consists of two devices, the amplifier component whlch 1s |
contained in a plastic case that is bolted on the antenna and connected directly to th_e_.-‘vantenna
with a short coaxial cable lead. The power for the booster comes from the second co;mpon'ent, a
power supply unit that is mounted indoors and connected to the preamplifier unit with alarger
run of coaxial cable. The complete project was then able to receive UHF sigualsi(bef_vv‘e»e\n 150- -

650MHz) within a range of 120km from the transmitter when mounted at the appropﬁate height.
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CHAPTER ONE

1.0 INTRODUCTION

A television. set usually called television or TV set is a device that is used in viewing
television broadcasts. Modern television consists of a display, antenna or radio frequency
(RF) input and a tuner. The existence of a television tuner in a display device distinguishes it
from a monitor-which receives already processed signal. In electronics, an antenna amplifier,
also called antenna preamplifier or antenna booster is a device that amplifies an antenna
signal usually into an output with the same impedance as the input impedance, typically
750hm for coaxial cable and 300ohm for twin lead cables. An antenna amplifier allows a
weak radio signal to be detected; most devices that receive radio waves already have an RF
amplifier stage in the front end that amplifies the antenna signal. Television signal are
strongest when the TV stations broadcasting antenna and the home receiving antenna are in
line-of-sight. If the line-of-sight is blocked or weakened by hills, buildings or trees, the
signal, likewise will be weakened or lost. The signal will also get weaker as it travels farther
from the broadcast antenna, hence the need for an antenna booster. TV antenna preamplifiers
boost TV signals in poor reception area. Missing channels and a grainy video signal on the
TV set can indicate that the antenna requires a preamplifier to work properly. A préampliﬁer
on the TV antenna boosts the broadcast signal with enough strength to improve the video

quality on the TV set and provide the full range of over- the-air TV channels.[15]

A prominent device which enables a television to convert the recéived
electromagnetic waves into radio frequency signal for further processing is referred to as an
active antenna. An active antenna i§ an antenna that has an amplifier built into it. This allows
an amplifier to be close to the antenna, which minimizes transmission line losses. The design

and construction of an amplifier which the active antennas used in realizing its signal



- improvement for better reception at the receiver (TV set) based on the sensitivity of the
receiver is the basis of this project. Antennas with built in amplifiers are usually uséd only for
receiving, since transmitters usually have their own amplifier, which can handle the high

power Supplicd to the transmitter.[12]
1.1 OBJECTIVES

L To be able to receive VHF-UHF signal over a long distance (120km) withoiut

interruption.
2 To enhance e‘fﬁciency' of reception in television.
i 3 | ‘v"I‘o boost very weak signals.
4. To design effective, cheap and compact system for better reception.
1.2 AIMS

To provide opportunity of multiple TV station selection to viewers in remote areas and far

away from the trénsmittin’g station.
1.3 METHODOLOGY
The power supply unit feeds the preamplifier unit with the power'necessary‘to.' :
afriplify the level of the incoming TV signél that the anteﬁna receives.v This lifts the weak |
signal with enough strength to allow the tuner in the TV set to receive the channel and decode

the video and audio information contained in the signal.




1.4 SCOPE OF WORK

This project is the design and construction of an electronics device that bodgts Very
- weak signals received at a very far distance away from the transmitting station where very
small proportion of this signal is being received at a much lesser strength than the receiver

sensitivity. It operates in the VHF-UHF range (1.SMHZ-650MHZ).
1.5 CONSTRAINTS

'Signa-l'bposter can 'céuse re‘deption problems by boosting local strong TV signals to a
level which they interfere with the Weaker stations that actually require a'mpliﬁcatibn. Local

radio stations can also cause reception problems on amplified antenna systems.
1.6 SOUCES OF MATERIAL

The source of material is 'mé;i orly Internet browsilig and some little additions from |

experience gathered in the course of carrying out the project.




CHAPTER TWO

2.0 LITERATURE REVIEW/THEORITICAL BACKGROUND
2.1 BRIEF HISTORY OF ANTENNA

The first experiments that involved the coupling of electricity and magnetism and
showed a definitive relationship was that done by Faraday somewhere around the 1830s. He
slid a magnet around the coils of a wire attached to a galvanometer. In moving the magnet, he
was in effect creating a time-varying magnetic field, which as a result (from MaxWell’s
Equations), must have had a time-varying electric field. The coil acted as a loop antenna and
received the electromagnetic radiation, which was received (detected) bylthe galvanometer -
the work of an antenna. Interestingly, the concept of electromagnetic waves had not even
been thought up at this point. In 1886, Heinrich Hertz developed a wireless communication
system in which he forced an electrical spark to occur in the gap of a dipole antenna. He used

a loop antenna as a receiver, and observed a similar disturbance. [4]

The word Antenna was popularized by an Italian scientist named Guglielmo Marconi.
Way back 1895; this Italian scientist was doing an experiment on wireless equipment in the
Alps of Salvan, Switzerland. Antenna is known to the Italians as “I’antenna central” and this
also refers to a tent pole, é tent pole which Marconi later discovered that was able to serve as
a device or access point in receiving and transmitting wireless signals. Marconi was the
person who named “I’antenna central” as antenna as known today and which is universally
known as the equipment to transmit and receive wireless signals. By 1901, Marconi was
sending information across the atlantics. For a transmit antenna, he used several vertical
wires attached to the ground. Across the atlantics, the receiver antenna was a 200 meter wire
held up by a kite. In 1906, Columbia University had an Experimental Wireless Staﬁon where

they used a transmitting aerial cage, this was a cage made up of wires and suspended in the

4



air, resembling a cage. The followings are major common antennas and their discovery dates;
Yagi-Uda Antenna (1920s), Horn antennas (1939), Antenna Arrays (1940s), Parabolic

Reflectors ( late 1940s early 1950s), Patch Antennas (1970s),PIFA (1980s). [4]

2.2 THEORITICAL BACKGROUND

Basically, antenna is an electrical gadget created in order to receive and transmit
electromagnetic waves. Often a device called a TV antenna amplifier is used toggther with a
TV antenna in order to boost TV signal and antennas are normally used in many ways such as
in radio, television, radar, cell phones and other practice that needs the electromagnetic

waves. The figure below shows the basic block diagram of a TV receiver.

Antenna

b 4

Impedance preamplification| | Oscillator| | Intermediate | | Oscillator w Pass
Matching Circuit Circuit 1 frequency

circuit2 filters

Fig 3,0 BLOCK DIAGRAM OF UHF BOOSTER

Fig 2.0 Basic block.diagram of a VHF-UHF booster receiver
2.2.1 AMPLIFIERS

A common theme in many electronic circuits is the need to increase the level of
‘voltage, current or power present. This need is satisfied by some form of amplifier. While this
design is devoted to amplifier circuits generally, it excludes all form of circuit based on

general purpose integrated circuit operational amplifiers.



2.2.1.1 Amplifier characteristics and specification

'Amplifier may be categorized under a number of characteristics such as ﬁ'eque';ncy'
response, class of operation and the type of circuitry employed. The following are six general

categories that are commonly used:
: 32.2.1.2A Classification according to frequency response
1. Audio frequency amplifier: a low frequency amplifier which typically Opgriates o_vef
the frequency range 20Hz to 20kHz

2. Radio frequency amplifier: A high frequency amplifier which is invariably frequency

selective

3. Wideband: An amplifier with an extends frequency response (typically from below

10Hz to 10MHz)
2.2.13 ClaSsiﬁcation according to operating point

8 Linear: operation is confined to the linear part of the transistor in which thé. output of

the amplifier is directly proportional to the input
& Non-Linear: operation extends into tﬁe non-linear part of the characteristics. This is

when the linear operation of the amplifier is exceeded and the output is no _r"nore‘

proportional to the input thereby creating additional noise to the device




2.2.1.4 Classification according to signal amplitude

S Smail'-sigrlal amplifiers: Signals are of sufficiently smali'alnplitudes forparamcters to
be considered constant, hence generalized small equivalent circuit may be used in

circuit analysis.

2. Large signal amplifiers: Signals are of relatively large amplitude and parameters _
:cann‘dt be relied upon to remain constant, Small equivalent circuits are then not

particularly relevant.

3. Preamplifier: A low level small-signal amplifier which precedes signal ‘amp_'liﬁer or
- power output stage.
4. Power amplifier: A large signal amplifier designed to develop an able levei-: of power
in a specified load.

' 2.2.1.5 Classification according to noise and/or distortion

1. Low noise amplifier: An amplifier which by virtue of its design and 'selepﬁl\:r{e‘deyices
contributes a negligible amount of noise to the undergoing ampliﬁcation.._ ]
2. Low distortion: An amplifier which by virtue of its.desigri and appropriate‘..éelection

- of active devices contributes a negligible amount of distortion to the signal‘

undergoing amplification.




~ 2.2.1.6 Important characteristics associated with amplifiers

1.

Gain: This is the ratio of output voltage to input voltage (voltage gain), output current
to input current (current gain), or output power to input power (power gain). Gains are

expressed in decibels (dB).

Input impedance: This is the ratio of input voltage to input current and is expressed in
ohms. The input of an amplifier is normally resistive in the minimum of its frequency

range.

Output impedance: This is the ratio of open-circuit output voltage to the short-circuit
output current and is measured in ohms. Note that impedance is internal to the

amplifier and should not be confused with the impedance of the load.

Frequency response: Frequency response is usually specified in terms of the upper
and lower cut-off frequencies of the amplifier. These frequencies are those at which
the output power has dropped to 50% (otherwise known as the -3dB points) or where

the voltage gain has dropped to 70.7% of its mid-band value.

Bandwidth: The bandwidth of an amplifier of an amplifier is usually taken as the

difference between the two cut-off frequencies.

2.2.2 IMPEDANCE MATCHING

This is the practice of designing the input impedance of an electrical load or the output

impedance of its corresponding signal source in order to maximise the power transfer and/or

minimise reflections on load. The concept of impedance matching was originally developed

for electrical power but can be applied to any other field where a form of energy is

transferred between a source and a load. Impedance matching to minimise reflections and

maximize power transfer over a relatively large bandwidth (also called reflectionless
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matching or broadband matching) is the most commonly used. To prevent all reflection of the
signal back into the source, the load must be matched exactly to the source impedance. In this
case if a transmission line is used to connect the source and load together, it must also be the

same impedance:
Zload = Zline = Source
Where Zline is the characteristic impedance of the transmission line

Although source and load should be totally resistive for this form of matching to work, the
more general form of impedance is still used to describe the source and load characteristics.

Any reactance present in the source or the load will affect the match.[11]
2.2.3 INTERMEDIATE FREQUENCY

In communiéations and electronics engineering, an intermediate frequency (IF) is a
frequency in which a carrier frequency is shifted as an intermediate step in transmission or
reception of a signal, it is created by mixing the carrier signal with a local oscillator signal in
a process called heterodyning resulting in a signal at the difference or beat frequency.
Intermediate frequency is used when at very high frequencies, signal processing circuitry
performs poorly and active devices such as transistors cannot deliver much amplification
(gain) without becoming unstable, it is also used when ordinary circuits using capacitors and
- inductors must be replaced with cumbersome high frequency techniques such as strip lines
and waveguides before processing, so a high frequency signal is converted to a low IF for
processing. Another way to use an IF in receivers that can be tuned to different stations is to

convert the various different frequencies of the station to a common frequency for the

processing of the signal.



Since it is difficult to build amplifiers, filters and detectors that éan be tunéd to
different frequencies, but easy to build tune-ablé oscillators, superheterodyne receiileré are
',t_unéd in differenf stations simply by adjusting the frequehcy of the local oscillator é;t the input
stage and all processing after that is done at the same frequency. Without using an IF, all the

; ‘démplicéted filters and detectors in a radio or_.teleﬁision would have to be tuned ip?;nison'
each time the station was changed, as was necessary in the early tuned radio freqﬁéhc& ‘

receivers.[10]
2.2.4 The Mixer-Oscillator circuit

One cirbc.:‘uit'cc')mmonlya employed for frequency chanéinQ is the mixer oééillator. Itis
used in radio and TV receivers to produce the intermediate frequency and figure 2.2 shows
such a circuit suitable fér an am radio receiver. The RF carrier f is selected by tunéd circuit
VCi-Cs-Ly and fed into the base of TR, ﬂlia transformer coupling L;-L, and coupling
ééi)écitOr .'C‘l.‘The output developed across Ly is fed back via transformer coupling Pl-Ls;L;; ;

into the emitter of the transistor. The feedback is positi\"e', producing oscillators.

¥8




Fig. 2.1 Mixer oscillator circuit for r.f receivers

The frequency of oscillation fo is determined by the tuned circuit L5-C.{-VC2. The t;—vVo ;
frequencies fy and f; are mixed together to produce the original two fr_equencies'as_}'ﬁell as
their sum fy+f; and their difference fo-f;. The collector load C,-Ls is tuned to the diﬁ'efence

fo-f; which is the IF.
23 LITERATURE REVIEW

The neé,rly similar project that has been previouély constructed which give rise to the
thought of this project is the normal antenna booster that is currently in market. This booster
cover both the VHF land UHF in it’s cdnstruction and can only ampiify 5ignal in a distance

fﬁnge far more less than this proj‘ebt' (about 50km). It’s construction is similar t‘o‘thiis project
only that the coﬁ.‘struction involved the use of single amplifier stage and the selebﬁén of

amplifier is based on the it’s high frequency response.

2.4 Limitations

Preamplifier can cause reception problem by boosting local strong TV si’gn_j:é_lls toa
level where they interfere with the weaker stations that actually require ampliﬁcatian. Local

radio stations can also cause reception problems on amplifier antenna system.

11




CHAPTER THREE

3.0 DESIGN, IMPLEMENTATION AND CONSTRUCTION

UHF signal booster comprises number of stages from the input when the signal is
received by the antenna to the output when the amplified RF signal is driven to the television.

The realization of this project follows the arrangement of circuit as shown in the

block diagram below;
Power supply
Antenna Circuit
v 10
Impedance Preamplifier | Oscillator Low pass IF Output
matching Circuit —>| Circuit > filter —>| Amplifier p Circuit
circuit

Fig3.0 BLOCK DIAGRAM OF THE DESIGN
3.1 PRE-DESGIN ANALYSIS

In TV broadcasting, several RF signals are impinging on the receiving antenna but
most of these signals do not have enough power for the receiver to detect and only
transmitters nearer to the receiver are being detected for further processing. In order for the
far away signals to have sufficient strength at the receiver, an amplifier is needed to boost the
signal power to meet up with the sensitivity of the receiver. To estimate the amount of
amplification that is required on the received signal, the analysis of the transmission link

known as link budget is required.
3.1.1 Link budget

Link budget is the process of determining what is required to achieve a. minimum
signal level at the receiver. It is the accounting of all the gains and losses from the transmitter

through the medium to the receiver in a telecommunication network system.

12



Received power at the receiver is given as,
Py = P — Losses | T s B 3.0

For Isotropically radiated antenna; path loss in dB is expressed below for a signal operating at

500MHZ from a distance of 120km from the transmitter.
'LdB = ~20l0g(A) + 2010g(d) + 2198 ..ecvrurirerrirnrireirciecrienens R r
path loss in dB,

A=

o

.................. P TN VN ST,

SO g
et L ‘
500%106

=0.6m
d=120,000m -
LdB = —20log (0.6) + 20log (120,000) + 21.98dB
=‘4.44'd3-+ 101.‘58'+ 21.98
% 128dBW
Assuming the antenna is transmitting.at' 2000watts.
7 "‘Pa,"(dB) = 10logy, (2000) ‘
=33dB

~ Received Power, P, = 33 — 128 = —95dBw

.~ —=95dBw =3.16 x 10~ Watt

13




Since, amphﬁer is a device that amplifies the voltagc level of the signal to a level at which it
can have sufficient strength at the receiver, it become necessary to obtain the recelvcd voltage

level of the signal at such power obtained above.
To obtain the received voltage levél of the signal

Characteristics Impedance of the line

_ [ ,_4_”_10"__ Q | |
zo_J-:o_ o = 377%/m 3

For a distance of _120hn, the characteristics Impedance‘is
Zy =377 %x 120,000

=45.24 x 10°Q

voltage

Power = -
. Impedance

...... SIPECARIRY Pl I v 2 (L

Received Voltage = Regeived Power X Characteristics Impedance

,V5=PR' X Z, T e o S
.=3.16lx.:10'1.‘.-’l~x 452 x 106

=0.014Volts

For a Telev1s1on receiver whose minimum sensitivity is —50dBm, it became necessary that
”thc dcs1gn spe01ﬁcat10n should be to amplify the voltage signal to a level at whlch the
received signal level (RSL) is equal or greater than the sensitivity of the receive‘r" in order to

‘have a visible communi_cation across the link.

14




The voltage level required to obtain a received signal level (power) of -¥30dBW at the
receiver which gives a enough loss. margin for good quality signal reception in bad Wéather is

expressed as shown below;

' From equation 3.5,
Réceived Voltage = Received Power X Chéracteristics Impedance
ia Va= P X Z
v P,R =—30dBw
~30dB = 10log "PR
Pg = Antilog (_1—?)
' ‘P-R‘——' 1 x 10-3W
Z; =45.24 X 1(_56a
Vr=1 x‘10'5 X 45.24 x 106
=452.4Volts -
= 452volts
Vo (dB) = 20l0gy, 452

. =S31dBv

15




3.1.2 Antenna Height

The distance between two antennas in km with height h; and h, respectively is given as -

GBS i) ek b .36
if hy = height of the transmitting antenna
h, =height of the receiving antenna
=4/, (constant)

With a transmitting distance off 120km and transmitting helght of 200m, the cor:respondmg

receiving height is expressed below
20= 3.57-(;-/@ +JkRy)
Jkhy +\Jkh, —;is‘;
.-‘khl +khy; =33.6
| JEE - 36— Khi |
Jkh; =33.6 —/133 X 200
Ry =336~ 16.3
“ Jkh = 173 ‘
kh, =17.32
: _-k,hz =299

299
' Therefore, h, = rrey

16




Ry = 305

‘This means that a receiving antenna must be at least 220 meters high in order to ‘r_eceive the

transmitted signal clearly.

3.2 DETAILED DESIGN PROCESS

32.1 Immdance Matching Circuit

~ With an operating ﬁequency of 500MHZ the design of a resonance circuit that 'Wil]?;f;‘gs’qnaté at iy

the same frequency with an incoming signal for a proper ﬁatch was arrived at usjng’ tl%@'follbwing
circuit constants

besign parameters:

choosing an indugtor of 10nH, the qoSresppénding capacitor that will resonate at SOOMHZ Was '

obtained by the following expression

F—meL_c, T PP IRppRTP PR 37
1
VIC = —

e g i ;
: \/ﬁ = m -—}3.1}83 X .10‘6 .

LC =1.013 x 107?°

_ 1.013x1071°

— ——=10.13 x 10~12

.



~220pF

.L1-al '
s iwnﬁ' lf‘s"F-

fig 3.1 impedance matching circuit

11

The impedance matching circuit was deSigned as shown above with the two circuit

parameters (inductor and capacitor) connected in parallel with each other

~ 3.2.2 Pre-amplification stage

fig 3.2 pre-amplification circuit

- This is the second stage of the design and it is particularly necessary in order to amplify the
received signal tp a level that the signal can be sensed by the booster circuit for further

processing.




If the received sig11a1 =0.014v

The outpuf voltage 6f the preamplifier is as expressed below;

Prcampliﬁcation gains:

ol :letagg.,Gain of common emitter éonﬁg\lratién is givenas

I U — TR iR 3
Vin  Te+tRE

The negative sign indicate negative feedback.

M = Vc;ltage gain between collectbr to ground

,Re'= Emitter Internal Resistance
» RE = Emitter Resistance

| R;N = kc [ .‘7'ce‘ [ -kL

Re= Coll.ector,Resistance

rcg = Dynamic rcsiétance between Collector & Emitter
RL = Load iiésistance

From figure 3.2

‘Re = XLy W XC,
Xy 27FL, = 21 X 500 X 106 x 85 x 10~°
X12= 2670 | S .
i <4 -
2nFL 27 x 500 x 106 x 500 x 1012

Xca

19



=0.568Q

267 x.0.568

e 2 D B BT
Re= 56770568 °

Ry = 100k
ree = 100k (constant)
~ Rey = 0.567 1 100000 || 100000

1 A
L= +—— = 1.76370
Rey 0567  100x103 ~ 100x10

4 RCN = 0.5670

_meact i el e
g ot B ‘. L s
) But AIE=IC
Ic = Blg
_ VeexVpe ) ;
g, e 3

220%220

2204220 = 1109'

From figure 3.2 Ren = Ry Il Ry =

‘vRE=R4“Cs‘

T 1 =4 » -3
_ Xes = 2nFCs  2mx500%106%x270%x10~9 1179 x107°0

E R _ 100000X1.179x10~3
E™ 100000+1.179x10-3

=1179x 1073 Q

o 12%0.7
B ™ 110+300%1.179x10-3

= 0.0764
Ic =1Ig = Bly =300 x 0.076 = 22.844

- From equation 3.10,

_26x1073

Bt S 10740
r= "o = 1138 x 1070

20




Voltage Gain of the preamplifier

i 0.567
V7 7138x 104+ 1.179 x 1073
Ay = 4386
Ay ~ 440

The output of the praInpliﬁer

Ve = Vin X Ay i R

 Vour = 0.014 X 440 = 6.14V

3.2.3 Tuned Oscillators

|1 C12
L S c10 33 ==

220&0233?“': " nH cu -
| K3 c13

Fig 3.3 Tuned Oscillator circuit 1



R25 C25
20% Toonpr L9 | €26
30pF
100nH‘ l C28
e C3355/ Q7 C21 220pF
JI! , --5591:
10nF
R24 c24

150 220pF Lp22
.J- 1000

Fig 3.4 Tuned Oscillator circuit 2

The oscillator uses inductive (L) and tunable capacitive (C) element. The frequency of
its oscillation in the tank circuit is determined by the parameters of the circuit (L&C). The

actual frequency is the resonance frequency (Natural Frequency of the tank circuit) which is

given by
g ,
F= r— v, A8 N O LMD OLSR  hb0 3:13

This oscillation frequency is required in order to convert the received signal into lower |
intermediate frequency (IF) for processing since at very high frequency (as required in this
design), signal processing circuiting performs poorly and also the transistor cannot deliver
much application (gain) without becoming unstable.

3.2.4 Intermediate Frequency (IF) stage 1

IF is created by mixing the incoming signal with a local oscillator signal in a process called

heterodymics, resulting in a signal at the lower band for further amplication before final

detection is carried out.



Design of the local oscillator if the incoming signal has a frequency
Fi=500MHz.
| Fo= local oscillator frequency

1
" 2nVIC

Fo

" Choosing an inductor of L=10nH

To obtain Fy of about 545MHZ, the corresponding capacitance is given by théf"éxprgssion

below

i 545)( 10° =

1
2nVLC

YR T -10
VIC = amxsasxios — 202 % 10 :

LC = (2.92 x 10710)2

o 8.53 x 10~2°
A7 10°% 1079

C = 8.53Pf

C=8.53pf

Based on the above calculated value of capacitance, a variable capacitor (Tuner capacitor) of
~ 10-2pF was used in the design.

Fo = 545MHz
F;=500MHz
3 Upper band frequencies,
Bt Fim 454500 L0456
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~ Lower band frequency
Fo- F1=545-500 = 45MHz

The high ﬁeqﬁency signal of 1 GHz is filtered off by the low pass filter (LC) circuit
_connected to bypass the high frequency and allow only the low frequepcy signg.l due to_its

high reactance.

3.2.5 Design of the second local oscillator

Another reason for using the sécond frequency (IF) is that it makés t‘;he _;eceiver :
 to be tumned into different stations (selectively) by converting the various_ diﬁ'erént
frequencies of the sfatibns to a common frequency for processing. Since it is difﬁ@lt,to»tl)uild ‘
ampliﬁers, filters and detectors that can be tuned to different frequencies, then deS1gnmg ofa :

tunable oscillator becomes a necessity at the output stage of this desigi1

~ Design of second local oscillator:

If the output of the amplification stages (ihcoming signal to the second local oscillator) is

45MHz i.e F1' = 45MHZ
~ Choosing an inductor of 10nH -
Choosing a capacitor of 30Pf

1

F0=2n_m »  sessesesesescsnes ‘.....n.., .......................... 3.14 e
e % '
: 0 o 2;71(”('.1‘0-—19 v

Fy =290MHZ

Upper band ﬁequeﬁcy

F,+ F,=290+45= 335MHz
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Lower band frequency

F,- F,=290-45=245MHz

The upper band frequency was filtered off by the low pass filter circuit of the output circuit.
3.2.6 Time constant

Time constant of oscillator 1 is the time it takes for the oscillation to resume after no

oscillation period. From fig. 3.3

Tc =Ry XCyp o p AR AR A A i e LR 3.15
=220 % 107 % 220 x 10712

Tc = 4.8u§

3.2.7 At Oscillation 1

The higher band frequency of 1.045GHz of the intermediate frequency (IF) was filtered off
by the de-coupler arrangement of the transistor and only the lower band frequency which
contains the real information was fed through the base of the transistor (negative feedback)
and sent through the six stages of amplification in order to deliver the signal with a sufficient

power enough to be sensed and processed by the output circuit.
Delay time of the oscillation:

In order for the information to be meaningful, the rate of oscillation should not be continuous
since communication of meaningful information required ‘listening time’ or a day time- the

time at which there is no oscillation.

Behaviour of oscillation delay time:
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fig.3.5 diagram of oscillation and delay time
No oscillation timg = delay time

Since the minimum voltage required to turn ON a silicon transistor is 0.67v:,1" when the
transistor is ON it shows that there is no oscillation and oscillation period means the

transistor is inactive
- No oscillation condition;

Using voltage divider theorem,

From figure 3.6b below,
_ RiXV¢e ' ‘ '
W = Rorhy - RERITE TP PP e 3.16

Where V, is the supply voltage

_ 100 x 12
b7 220 + 100

= 5.751"

* “When there is no oscillation, V> 0.67, therefore the transistor is ON

270pF

100kQ

Fig.3.6a0scillation *



Fig. 3.6b No Oscillation
Fom figure 3.6a

Using voltage divider theorem,

RXVee R : '
B=%x°—: PPV AL - M- 7 5. . 13 <y 8
oy i
e InFG
- 1 = 1.45Q
T 2mx 500 x 106 x 220 x 1012~
Vs 145 x 12 = 7.89 X 10-5V
BT 1.45+220x103 °°

Al '_Sinqe the base voltage, Vg is less than 0.67v the transistor is off and the tank circuit starts to -

oscillate.



3.281F amp‘ liﬁéation stage 2

Fig. 3.7 IF amplifier circuit

To obtain the voltage gain of the first intermediate frequehcy amplifier stage usmg common
3 :Eei:nitter"confi'gura'tion‘ (because of its high gain), the ex’pre'ssidn below was ué’ed-for the

design:

Voltage gain of the amplifier,

TR B o . 3.18

Rg is the emitter resistance

re is the emitter internal resistance, and the negative sign indicates that thcré

~ is a phase reversal between Vi, and V(180°phase shift)
Rey = Rellme IRy
Where;

Rc =collective impedance



rce = dynamic resistance between collector and emitter =100k o

Ry = load resistance
|

Re =yR* +X%, RN LT % 319 .
Xi1=2nFLy = 21 X 5040 X 106 x 100 x 10~° o
Xy 31420 |
R =+/100% + 3142
= 10480
Ri=R;=100K
" lto,
1e=100k

Rey = 1.05 11 100000 || 100000

WRETRE VR
 Ren | 105 to Tt 100 0.9720

Rcy = 1.028KQ

2.6 %1073
hick
Ig

But IE’ = IC
Ic = Bl

= YecXVeE ‘ .
_B : Rth"'ﬁxRB I Sevs s v a0 s benbeg 3.20

From figure 3.2 Ry, = Ry || Rg = %‘;ﬁ%‘; = 81.7kQ

RE = RZ " Xcz
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1 1
Xe2 = 50FC, = 2m x 500 x 106 x 1250 X 1012

= 1.27Q

gy o 100X327 _ 4 o
Re = Toor1z7 12600

_ VeeXVBE
B Rﬂ;'ﬁ'ﬁXRE

... =1.02 X 1074
81.7x103+300%1.26 .
- Ic =IE =ﬁIB . ............................T ....................... .321

=300 x 1.02 x 10~* = 0.03074

2.6x1073

00307~ 20850

Te =

Voltage Gain of the preamplifier
1028
Y7 0.085 + 1.26
Ay =764
For seven stages of IF amplification, the above value is multiplied by 7 m order'té_obtain the

~ total of the SEVEN cascaded ampliﬁcation total gain,
Ay =764 X 7 = 5348

Av=m ....... I L L P Py ey Sy, 0. 8 3.22 i

Sy _-iVoung,'xV,n
Where Vi is the 6utput of the preamplifier and is given as 6.16
"i.evm =6.16V
V= 5348 X 6.16 = 32943.68V
Vour = 329500

30




The new re‘c'éiv_éd power, Pr
T T e i e A 323
New P R= s @202 2 me ”

32950 _ ~
X 'PR‘ = 25250000 0.000728watts

Pp = —30dBw but dBm = dBw + 30

Therefore the power delivered to the receiver, Py, = 0dBm

1 ' ==10nF
220pF o3 —

R29 R31 ' 10nE
22!:0? 1000 C3-2_L
2 B -']'{OnF

Fig. 3.8 Output circuit




3.3 Project construction

After the design was neatly arranged on the breadboard and the output circuit has
been tested to deliver the desired output result, the soldering of the various components was

started on the veroboard adopting modular arrangement.

The first stage of the design which comprises the RC tank circuit was built on the
veroboard as shown on the impedance circuit block diagram (figure 3.0) by connecting the
resistor and capacitor in such a way as to resonate at the same frequency .(SOOW{Z) with the
incoming signal. The second stage which is the preamplification stage designed and soldered
as shown in the preamplification circuit diagram using transistor C3355 connected with
resistor, capacitor and inductor to achieve amplification. The first oscillator circuit was then
built to generate a high frequency signal in order to obtain an intermediate frequency signal
for processing while the next module of the design which consists of six stages of IF
amplification was designed and soldered on the veroboard using six different transistors that
~ are configured to amplify the signal six times. The second oscillator was then built to receive
the desired information at a common frequency for easy selectivity of the TV receiver and
lastly the output circuit was designed to amplify the received signal further using C3355
transistor and three numbers of large value capacitor was connected to the output circuit to
filter off the high frequency signal and other noise. The output circuit was finally connected

to the TV receiver RF inlet to display the received signal.
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3.4 DESIGN OF POWER SUPPLY CIRCUIT

240/20V 12V
STEPDOWN , Q
TRANSFORMER
12V regulator

BRIDGE RECTIFIER
7812 ‘
AC MAIN
SUPPLY
1.0K
o

-|- 220 pF

Fig.3.9 Power supply circuit

The power supply comprises basically about four (4) components: Transformer, rectifier,

filter and a voltage regulator.
3.4.1 Selection of transformer

Since that a.c power supply rating of Nigeria is 220-240V,50HZ, a step down
transformer of 230V primary voltage and 12V secondary voltage with secondary current .
rating of 300mA (a.c to d.c rectified voltage, 12V) rating is used. The transformer is assumed

to have a unity powér factor (i.e. ideal situation).
The load resistance, R, is given as,

Ry = VI=12/0.3 =40Q

Turns ratio (k) = Vs/Vp = 12V/240V = 1/20 = 1:20
Or = 0.05< 1 => a step down transformer

d.c current, Iyc = (IrmsV2)/n
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= (2x300mAX\2)/m

' Idc approx. = 270mA is the maxnmum secondary current that can flow.
The voltage across the bridge diode is Vdc, where Vd.c= Vnﬁs*/Z. But since
Vs=Vms=>

Vdo.=12¥2= 1697

3.4.2 Selection of rectifier diodes

The diode used is IN4007 because of its low peak inverse voltage (PIV) of about 50V. and a

bridge rectifier is used because it helps to further lower the PIV.

Because in either positive or negative half cycle we have two diodes, the dioc_i‘es forward

voltage (V) or the d.c. across the rectifier (V) diodes is multiplied by 2, i.e.,
PIV=2xVe=2x17=34V

PIV=34V is used fori the design which is less thah the 50V rated PIV Noté VflS taken .as :

0.7V for general design calculation and is less than 1.1V i.e. Vs= 0.7V and V1.1V,

The peak inverse voltage is the maximum reverse voltage a diode cati withstand beforé it
- b;gaks down‘since,the output voltége of the transformer is 12V with d.c. voltage ;)f 17V, the .
bridge rectiﬁer .dio&e of PIV above Vg (17V) is needed which can handle 500mA. IN4007
diodes are selected to achieve this PIV (PIV of IN4007 = 50V)

3.4.3 Selection of filtering capacitor

The output of the bridge rectifier has ripples whose voltage Vg is calculated as,
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Vr=Vee- Vrms

Where Vpp = peak voltage of the secondary
Vims = roét mean sqhare voitage ‘

Also Vy=ILd.c/2fc

Where f = Frequency of the power supply in HZ

| i O daﬁ'acitance in farad, Capacitor C; should have the capability to filter all ripples voltages

in the supply.
I4c= d.c current
YPP — Vrus = Lao/2fc
C; = Idy/2fc (Vep-Vrms)
1,c=300mA, f = 50HZ, Vpp =17V, Vrus = 12V
© Ci=300mA/ (2x50(17-12)
| C = 600 pF | oK

Hence, an electrolytic capacitor of capacitance greater than 600pF (i.e. 2200pF,35V) was
selected for better filtration, bearing that the higher the value of the capacitor the lesser the

“ripples.
3.4.4 Selection of voltage regulator

For optimum pperation of the circuit, it is necessary to have a good regulat_éd voltage.
'Ihere.fqre 7812 regulator IC was selected for the purpose because of its hlgh quality

precision.

35




Fig. 3.10 Complete circuit diagram of the project
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CHAPTER FOUR

4.0 Tests and Results

The realization of this project was achieved by employing module design approacl?,.and X

combining different modules into a single design. The following tests were carried out in the

course of design to ensure desired output;

»

The power supply was tested to check for the voltage ripples which could cause

serious interference to the circuit and it was found that the ripples has been reduced to

 the bearest minimum to be used to supply power to the circuit

The sensitiVity test of the design was g:a;ried out and the result obtained _shdwed a
clear, audible and spotless picture of the desired station which confirm gob_d
sensitivity level of the design. |

The voitage level of the output signal. was tested to‘.ensure sufficient signal :;strength is
delivered to the receiver and the voltage level was found to have been ampiiﬁed toa
level greéter than the minimum sensitivity of the TV receiver which deterni_i_nes the
feasibility of the transmissionilink. |
Continuity test of the entire soldefed pircuif was carried out to ensure no short cfrcuit
or partial contact at any point in the circuit. e

The regeiving height test was also carried out by mounting the complete packaged .
circuit on a pole at a height lesser than the estimated height and a less cleaf;r signal

was received.
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4.1'Problems encountered -

Noise and interference were the major factor that caused serious setback to the?rgalization
- of the design. 'f'hese losses includes; noise generated locally by the circuit osbi!lgtif;ﬁ 4

effect, noise from non communication systems, noise from low ﬁequenc& sign#ls,

inference from strong nearby station that outbound their frequenby due to highr':boosting

effect (near-far-effect), interference from adjacent stations and interference from power

e supply ripples.
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5.0 Conclusion

t obtained from the
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ut of the circuit. This
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level
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diverse appiications.
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