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Abstract: This paper named “Analysis& Implementation of Frequency Modulation in Order to make a Frequency Transmitter” 
using CD4046 Microcontroller is a reliable circuit that takes over the task of transmitting of FM. If the battery become down 
then the amplifier LM741 amplify less voltage, as a result, there is a problem in the output frequency. If we want to get this 
signal in our Mobile phone FM, we need a range of 80-110MHz. But here we get only 1MHz output. 
Keyword: Frequency Transmitter, Stereo FM Transmission, FM demodulator and modulator, synthesis and 
multiplication,Frequency discrimination, Data synchronization and conditioning, Voltage-to-frequency conversion, Tone 
decoding, FSK modulation , Motor speed control. 

I. INTRODUCTION 
A FMtransmitter can either be built into a device or be a portable appliance that plugs into the headphone jack or proprietary output 
port of a portable audio or video device, such as a portable media player, CD player, or satellite radio system. The sound is then 
broadcast through the transmitter, and plays through an FM broadcast band frequency. Purposes for an FM transmitter include 
playing music from a device through a car stereo, or any radio. 
The FM transmitter plugs into the audio output of audio devices and converts the audio output into an FM radio signal, which can 
then be picked up by appliances such as car or portable radios. Most devices on the market typically have a short range of up to 100 
feet (30 meters) with any average radio (up to about 300 feet (100 meters) with a very good radio under perfect conditions) this 
range can also be enhanced if operated in fixed locations of good high elevation, such as a multi-story apartment or tall building and 
can broadcast on any FM frequency from 87.5 to 108.0 MHz in most of the world, (or 88.1 to 107.9 in the US and Canada). Some 
lower-cost transmitters are hard-wired to the 87.7–91.9 MHz band allocated to educationalbroadcasts in the United States, or a 
certain other smaller range of frequencies. 

II. MODULATION 
Modulation is the process of varying one or more properties of a high-frequency periodicwaveform, called the carrier signal, with a 
modulating signal which typically contains information to be transmitted. The three key parameters of a periodic waveform are its 
amplitude ("volume"), its phase ("timing") and its frequency ("pitch"). Any of these properties can be modified in accordance with a 
low frequency signal to obtain the modulated signal. Modulation of a sine waveform is used to transform a baseband message signal 
into a pass band signal, for example low-frequency audio signal into a radio-frequency signal (RF signal). In radio communications, 
cable TV systems or the public switched telephone network for instance, electrical signals can only be transferred over a limited 
pass band frequency spectrum, with specific (non-zero) lower and upper cutoff frequencies. A device that performs modulation is 
known as a modulator and a device that performs the inverse operation of modulation is known as a demodulator (sometimes 
detector). If we look at a general function for a sinusoid. 
f(t)= Asin (ωt+Ø) 
We can see that this sinusoid has 3 parameters that can be altered, to affect the shape of the graph. The first term, A, is called the 
magnitude, or amplitude of the sinusoid. The next term, is known as the frequency, and the last term, is known as the phase angle. 
All 3 parameters can be altered to transmit data.It is important to notice that a simple sinusoidal carrier contains no information of 
its own. 
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A. Amplitude Modulation 
A type of modulation where the amplitude of the carrier signal is modulated (changed) in proportion to the message signal while the 
frequency and phase are kept constant. 

B. Frequency Modulation 
A type of modulation where the frequency of the carrier signal is modulated (changed) in proportion to the message signal while the 
amplitude and phase are kept constant. 

 
Figure 1: Frequency Modulation 

 
C. Phase Modulation 
A type of modulation where the phase of the carrier signal is varied accordance to the low frequency of the message signal is known 
as phase modulation. 

III. DESIGN OF FM TRANSMITTER 
An FM transmitter is a portable device, which converts a specific audio output into an FM radio signal. It can be plugged into a CD 
player, satellite radio system, headphone jack, or a portable media player. One common use of an FM transmitter is to play music 
from an MP3 player through the speakers of a car. The majority of FM transmitters have a range of about 30 feet (about 9 meters). 
A good radio can increase that range to upwards of 75 feet (about 23 meters). Due to its low output, sometimes FM transmitters are 
not suitable for use in large urban areas, as the frequencies they use may become interrupted with other radio signals. This situation 
can be aggravated by strong FM signals that bleed into surrounding frequencies which the transmitter uses. The FM Transmitter 
uses FM waves (frequency modulated waves) to send sound. Frequency modulation transmits data (in our case an audio signal) over 
a carrier wave by changing the frequency of the carrier wave, where the frequency of the carrier wave corresponds to the voltage 
level of the audio signal.  In order to use electromagnetic transmission, the audio signal must first be converted into an electric 
signal. The conversion is accomplished by a transducer, in our case the microphone.  After conversion, the audio signal is used to 
modulate a carrier signal. 

 
Figure 1: An example of frequency modulation. The top diagram shows the modulating signal superimposed on the carrier wave. 

The bottom diagram shows the resulting frequency-modulated signal. 
A. Circuit Diagram 
Input audio signal is reproduced by V4 voltage source. Output signal from pin 4 of U2 (MC14046B PLL IC not found in PSpice, 
therefore CD4046 IC used.  Both IC’s have same pin configurations) will be passed to LED circuit. 
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Figure2: P spice design for transmitter; the circuit on the left is the amplifier and the one on theright is the VCO circuit. 

3.2 FM Transmitter and Receive Circuits Parts list 
Description  ID Value   Total 

Quantity 
Unity Price  Total Cost  

Resistor R4, R6, R7 5.1k   3 2tk 6tk 
Resistor R2 18k   1 2tk 2tk 
Resistor R1,R3, R5 1k   3 2tk 6tk 
Connector Female    3 5tk 15tk 
Capacitor C2 62pF   1 10tk 10tk 
Capacitor C1 470uF   1 20tk 20tk 
Microcontroller  CD4046    1 50tk 50tk 
Op-Amp LM741    1 80tk 80tk 
Battery  V1, V2, V3 9V   3 50tk 150tk 
Total=     17  339tk 

 
IV. DESIGN OF FM TRANSMITTER 

A. P-Spice Circuit of FM Transmitter 

 

Figure 3: P-spice design for transmitter; the circuit on the left is the amplifier and the one on the right is the VCO circuit. 
From the Figure we can see, Input audio signal is reproduced by V3 voltage source. Output signal from pin 4 of CD4046, is 
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transmitted by an antenna. 

B. Simulation of FM Transmitter 

 
Figure 4: Simulation result of FM transmitter 

C. Simulation Results of Different Part Is Shown Individually 

 
Figure 5: Input signal (green): from V3 voltage source Figure 6: Input signal (green): amplifier output before C1 

capacitor 
[Note Output signal (red):  amplifier output before C1 capacitor ] 

D. Simulation of FM Transmitter Amplifier Input and Output 
Input signal (red): zoomed in view of amplifier output/VCO input 
Output signal (green):  VCO output (digital signal with 9V amplitude) (shows center frequency of approximately 1.3MHz but our 
circuit will use the MC14046B, not the CD4046) 

 
Figure 7: Transmitter amplifier input and output 
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E. Transmitter Experimental Result 
For our transmitter side, we use the VCO circuit that is integrated into the CD4046 chip (phase locked loop chip).  

 
Figure 8: Amplifier and VCO circuit (Source: LM741 and CD4046 datasheets) 

V. PROJECT BOARD& TOTAL PHOTO 

 
Figure 9: Bread board design of the FM transmitter& Full photo of the project 

 
Figure 10: VCO output and the center frequency & Output of amplifier for transmitter with Input Audio Signal 50Hz 
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Figure 11: Output of amplifier for transmitter with Input Audio Signal 150Hz& Output of transmitter’s VCO with Audio Signal 

100Hz 

 
Figure 12: Output of transmitter’s VCO with Audio Signal 200Hz, Output of transmitter’s VCO with Audio Signal 10 kHz & 

Output of transmitter’s VCO with Audio Signal 1 kHz 

 
Figure 13:  FM Transmitter PCB layouts, FM Transmitter Circuit (top view) & FM Transmitter Circuit (back view) 

 
VI. CONCLUSION & DISCUSSION 

While doing the designation of FM transmitter circuit, we have faced a problem with the electronic component such the transistor 
and the variable capacitor referred with the serial number and the value to be used. In this part of problem wewere required to solve 
it and some alternative and creativity are needed to apply. While doing the construction process we found that several components 
are hard to do the soldering. It’s cause of the tracks circuit is design too thin at printed circuit board (PCB), and it makes the copper 
on the track draw out when soldering process done for many times. It is very important to hold attention due to produce the printed 
circuit board soon. We have to care about the value of the components related where the values of the components will affect the 
output of the FM transmitter circuit. After do the adjustment of the component’s value we have to do the simulation where the 
simulation result is performed by waveforms. We have been analyzing the waveforms and do comparisons with the theory due to 
checked and identified for any error when occurred. During completing this project, we had experienced several problems related 
for any scope of project. If anybody will run into any problem, the alternatives have been taken due to resolve the problem related to 
their research. We have to care for any alternatives taken to makes an excellent feedback for this research. 
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