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Abstract: Communication is the transfer or exchange of information between two or more parties. An
electronic transmitter enables information to be transferred through long distances by the use of relevant
electronic circuitry. In previous literature, the power of the transmitter required to cover an area of 5.94 x
10°m2was found to be 18dBm. In this research, the radio transmitter required to give the output power is
designed, constructed and tested. After testing it was concluded that the radio transmitter with an output
power of 18dBm with a telescopic antenna placed 10m above the ground and broadcasting at a frequency of
102MHzcanfavourably cover the area of 1375m radius.
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1. INTRODUCTION

Communication involves transmission of verbal and non-verbal messages Munodawa (2018).
According to him, communication consists of a sender, a receiver and a channel of communication. In
his argument however he skipped a very important component of communication which is the
message being communicated. The transmission of signals over long distances such as by telegraph,
radio or television is called Telecommunication (Freeman, 1999) ,Telecommunications may also be
seen as the suite of technologies, devices, equipment, facilities, networks, and applications that
support communication at a distance (Lucky & Elsenberg , 2006).A transmitter is an electronic
device, which, with the aid of an antenna, propagates an electromagnetic signal such as radio,
television or other telecommunication signals (Ogbuanya et al., 2017). To achieve transmission, the
signal to be transmitted has to be first converted to electrical signal if it is not already in the electrical
form by the use of transducers. To enable the signal travel large distance with minimal loss, the signal
is joined with a stronger signal known as the carrier signal through a process known as modulation. In
electronics and communication, modulation is the process of varying one or more properties of a
periodic waveform called the carrier signal, with a modulating signal that typically contains
information to be transmitted. There are different types of modulation that are applicable to digital
and analog signals. Since voice is an analog signal, more emphasis is made on analog modulation.
There are three types of analog modulation namely: Amplitude Modulation: In this type of
modulation, the maximum displacement of the carrier signal is varied in accordance with that of the
modulating signal, Frequency Modulation: In frequency modulation, the frequency of the carrier
signal is varied in accordance with the frequency of the modulating signal. Phase Modulation: In this
type of modulation, the phase (the initial angle of a sinusoidal function at its origin) of the carrier
signal is varied in accordance with that of the modulating signal. Of all three types of modulation,
frequency modulation is the most suitable for the type of broadcasting required for this project due to
its not too complicated circuitry and other advantages like resilience to noise, resilience to signal
strength variations (Couch, 2009). Radio is the use of electromagnetic waves to carry information
such as sound by systematically modulating some property of electromagnetic energy waves
transmitted through space such as amplitude, frequency, phase or pulse width (Farlex, 2014)..Radio
frequencies occupy the range from 3 kHz to 300GHz, although commercially important uses of radio
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use only a small part of this spectrum. A radio system sends signals by radio (Smith & Gervelis,
2003). It has been estimated that a Frequency Modulated Transmitter of 18dBm output power will be
a able to cover 1375m radius (lyen et al., 2017). Different techniques for construction and uses have
been discovered for the F.M Transmitter (Okae & Anquandah, 2013; Acharya & Biswas, 2015;
Popleteev et al., 2010: Niedev, 2000; Moslehpour et al., 2010; Lemunyan et al., 1959)

2. MATERIALS AND METHODS

2.1.Materials

Transistors: (BC107A, 2N2222A, 2N3866),

Resistors: 8kQ, 178k, 55kQ, 10kQ, 365kQ, 62kQ, 1000, 2.8k, 2kQ, 18002, 117Q, 10kQ,

Electric Microphone, Telescopic antenna, 3.2uF Electrolytic Capacitor, Ceramic Capacitors:
0.01uF,9.5uF,1nF,15pF, 4.7pF, 155pF, 24pF, 218uF ,0.2uH Inductor, Light Emitting Diode,
12Volts Power Supply DC Battery, 10 — 20pF Variable Capacitor, Bread board, Vero board,
Soldering Iron, Soldering lead, AutoCAD Software, F.M radio receiver, Oscilloscope, Frequency
Counter, RF watt meter, Multimeter, Jumper Wires, Bolts and nuts, Plastic Casing, Plastic bending
device

2.2.Methods
Oscillator/Mo Power
Pre-Amplifier
Input dulator Sub Amplifier Antenna
Sub circuit >
circuit Sub circuit

Figurel. Block Diagram of a Transmitter

An electronic amplifier is an electronic device that can increase the power of a signal (Cova et al.,
1991). Works have been carried out on types of amplifiers, their design and uses (Gene, 1987; Cova et
al., 1991; Goldan & Goto, 1974; Smith et al., 1968; Sapna et al., 2004; Dimitry, 2015).An electronic
Oscillator is an electronic circuit that produces a periodic oscillating electronic signal often a sine
wave or a square wave (Snelgrove, 2011).An antenna is used for converting Radio waves into
electrical signals and vice versa (Schantz& Gregory, 2003). Alot of literature cover the types of
antenna and their uses (Hartzell et al,, 2013; Harvey, 2010; Landecker et al., 1997; Sayeed and Kim,
2009)
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Figure2. Reference Diagram for an Amplifier
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Figure3. Reference Diagram for a Modulator / Oscillator Circuit

2.3.Preamplifier Circuit
By using KVL on the amplifier reference circuit shown in Figure 2 we obtain R, = 10kQ

By using the Rule of Thumbif = 21

Ve = 055 we obtain V; = 0.36V

By Employing Ohm’s Law and knowing that Iy =~ I = 0.001A we obtain
036

Rr = ool = 364Q
Using the relation
Vg — Vpg = Vg

We obtain  Vp = 1.06 Volts
2.3.1. Choosing a Transistor

For the preamplifier transistor, we choose a general purpose transistor which can handle the voltage
levels, for the preamplifier, we choose BC107A which is a general purpose NPN transistor with
Ic max of 200mA and a current gain § = 200

2.3.2. Biasing of the Pre Amplifier

Ry < 0.1 x 150 X Ry = 0.1 x 150 X 365 = 5.5 kQ
Ry = Ry (Y=28) == 178kQ
E

2.3.3. Estimating the Input Impedance and the Value of the Input Coupling Capacitor of the
Preamplifier

The equivalent AC resistance of the Emitter Diode will be given by:

25mV 25mV
T, = = = 25Q
e Ig 1mA

=~ The total input impedance of the amplifier will be given by:

1 _ 1 1 1 4
7 = RillR, 1 B(rp) = Ta000 T 5300 T o0 xz5) = 4.076 x 10

_ 1
T 2nfZp,

= 3.2uF

2.3.4. Estimating the value of the Bypass Capacitor For Ry

1 1
C=gp  WhereXe=3;Rp, Xo = 3650, = C = 218uF

2.4. The Tank and Modulation Circuit

1
f_er\/E

International Journal of Innovative Research in Electronics and Communications (IJIREC) Page | 22



Design and Construction of a 18 dbm Frequency Modulated Radio Transmitter to Cover 1375 m
Radius

For our circuit we will be using an inductor of 0.2uH. C = m
For the lowest frequency of the bandwidth we obtain

C = 16.5pF

For the higher frequency of the FM bandwidth we obtain

C = 10.89pF

For our tank circuit, we therefore need a variable capacitor of between10.9pF to 16.5pF. Based on
availability, we therefore choose a variable capacitor of between 10 to 20pF

2.4.1. Input Coupling Capacitor to the Oscillator/Modulator Circuit.
Also using similar approach as that for the preamplifier circuit, we have:
C = 9.5uF

2.5. The Power Amplifier Circuit

The output power of the transmitter is related to the collector current and the collector emitter voltage
by the equation
P =IcVcg

Where P is the estimated output power of the transmitter which was calculated and obtained in
previous literature (lyen et al., 2017) and Ic is the assumed quiescent collector current used for the
amplifier design which is Ic=1mA

0.063 = 0.001 X Vg, Vep = % = 6.3 Volts

As earlier known

Vee = 12 Volts Ve = 6.3 Volts = 7 Volts, Ve = 8Volts, Icg = 1mA, Igg = 1mA

To get the value for R, we have by using Kirchoff’s Voltage Law we have:

Vee = IcRe = V¢

Our chosen transistor T; = 2N3866 because it is a radio frequency transistor and it can handle the
expected power. From our calculations we have that:

Veg = 7 Volts, We know thatlg = I, = Iz = 0.0014

For our power amplifier, we choose to use a radio frequency npn transistor with a maximum output
power of 1 Watt which is more than our anticipated output power, this is to enable us draw power
from the transistor efficiently. For our power amplifier design, it is worthy of note that:

— R3
VB a VCC X (R2+R3)
VB - VE = 0.7 Volts

v 1

= Ry = —,~ Ry = ——— = 1kQ, R, = 50 ohms, P = 0.063W, V. = 0.063 X 50,= 1.78 Volts
Iy 0.001

P=1I.R

_0.063

= 0.063 = 1.2 x50, ;% = > 10> =1.26%1073, 1, = 0.0364,= 36mA

Ve = Ve — IcRe, Using Ve = 5 Vee = 6V
Ve =12 —0.036 X R, 6V = 12 — 0.036 X R;, 12 — 6 = 0.036 X R, 6 = 0.036 X R
= Re = —— = 167Q ~ 180Q
0.036
From our calculation we have that:

International Journal of Innovative Research in Electronics and Communications (IJIREC) Page | 23



Design and Construction of a 18 dbm Frequency Modulated Radio Transmitter to Cover 1375 m
Radius

Ve = 1.78 Volts, Ve = 6Volts, =V, — Vg = 1.78Volts,6V — V; = 1.78Volts
6 — 1.78 = V;,= V; = 4.22Volts

Using similar procedures as in other stages, we obtain that:
Iz = 0.0364,R; = 117Q,V; = 5.0V

The gain of the chosen transistor which in this case is 2N3866 is 200, Also using procedures as before
we have:

R3 = 2000Q, R, = 2.8kQ

The emitter capacitor is gotten to be Cz = 155pF

2.5.1. Estimating Power Amplifier Load Coupling Capacitor
Using the same formula and taking the load impedance to be 50Q
C = 24pF

2.5.2. Calculating the Power Amplifier Input Coupling Capacitor

Using similar procedure as in the preamplifier stage we obtain that the power amplifier input coupling
capacitor value is C=15pF

3. RESULTS

The output power of the radio when constructed was measured using an RF watt meter which gave an
output power of 18dBm at a frequency of 102MHz which lies within the frequency modulated signal
range of between 88-108MHz

And the antenna was placed on a roof top and signals were heard clearly for a distance of about 1
kilometer in which we were able to obtain line of sight with the transmitter antenna, the signals were
blocked by obstructions and buildings at greater distances.

mnm
00167

IF

Antenna

Electret 0
Microphone

Figure4. Final Finished Circuit of the FM Transmitter
"

Figure 5: Final Packaged Circuit
4. DISCUSSION

Pearce (2012) built an FM transmitter which transmits at a frequency of 98.2 MHz with an output
power of 6.3dBm. His transmitter was able to cover a distance of 500 metres. Likewise, Collision
(2009) built an FM transmitter which transmits at a frequency of 107.2 MHz with an output power of
3.98dBm which was able to cover 206 metres.

The works referred above show that the FM transmitter constructed in this project work which
transmits at a frequency of 102 MHz with an output power of 18dBm with a range of over 1
Kilometre can compete favourably with those constructed in other parts of the world.
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5. CONCLUSION

The Design and Construction of the radio transmitter resulted in an FM Transmitter which transmits at
a frequency of 102MHz with an output power of 18dBm which with a telescopic antenna at 10 meters
above the ground was able to transmit to a distance of 1.3 Kilometers. This shows that Locally
Designing, Construction and Packaging of FM transmitters is very feasible and much cheaper than
importing the transmitters and therefore, it is highly encouraged.
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