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ABSTRACT 

Phase locked loop (PLL) is a feedback device which are often found in 

communication systems. Generally, the transmission of signals m 

communication system is performed through a transmitter and receiver. PLL is 

an electronic circuit that consists of phase detector, low pass filter and voltage 

controlled oscillator. The characteristic in PLL has made it as a preferable 

method to built the frequency modulator and frequency demodulator. This can 

be done by doing the simulation process by using MATLAB software. 
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ABSTRAK 

Gelung Terkunci Fasa (PLL) merupakan litar suap balik yang biasanya 

digunakan di dalam sistem komunikasi. Umumnya, penghantaran isyarat 

dalam system komunikasi disampaikan melalui alat pemancar dan alat 

penerima. Gelung terkunci fasa (PLL) adalah litar elektronik yang 

mengandungi pengesan fasa , penapis laluan rendah dan pengayun terkawal 

voltan. Ciri-ciri yang terdapat pada "PLL" telah menjadikan ia satu kaedah 

yang paling sesuai untuk membentuk rangkaian nyahmodulat frequensi dan 

modulasi frekuensi. Ini boleh dilakukan melalui proses simulasi dengan 

menggunakan perisian MATLAB. 
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CHAPTER 1 


INTRODUCTION 


1.1 General background 

The basic phase-locked loop (PLL) concept has been known and widely 

utilized since first being proposed in 1922. Since that time, phase-locked loops 

have been used in instrumentation, space telemetry and many other 

applications requiring a high degree of noise immunity and narrow bandwidth 

[10]. 

Originated in 1932, phase-locked loop was given a new life by integrated 

circuit technology. Prior to its availability in a single integrated circuit (IC) 

package in 1970, its complexity in discrete circuitry form made it economically 

unfeasible for most applications [1]. System that has been designed using the 

latest PLL technology has many benefits such as the operation is straight 

forward and easy to learn , the appliances are compact, light weight and 

unobtrusive when worn. Apart from that it is low cost and can provide high 

performance. 

Thus, for aU these years, phase-locked loops (PLLs) have found wide 

application in many general purpose such as in control systems, navigation 

systems, radar, telemetry tracking and especially in communication systems. All 

this application employ various forms of phase-locked loops to improve 

performance and enhance capability [10]. 
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1.2 Communication system 

Communicatian system invalves the transfer af information fram ane 

place to another aver relatively long distance [1]. It can be classified as either 

analog or digital. Same categaries af cammunicatians systems are radio., 

television, telephony, radar, navigation, satellite, data and telemetry. Generally, 

a simple cammunication system cantains three parts, namely, the transmitter, 

the transmissian medium and the receiver. The cammunicatian system may use 

amplitude madulatian (AM), frequency madulation (FM) ar ather madulatian 

techniques to. send informatian. Any methad can be used as lang as the 

demodulatian methad match the madulatian pracess methad to. recaver the 

transmitted signal carrectly. Far this thesis project, the madulatian and 

demodulation block in a cammunicatian system are cancerned. This praject 

focuses an how phase-lacked laop can be used with ane type af analag 

modulatian, that is frequency modulation (FM), in typical applicatian such as 

modulator and demodulator. 

1.3 Objectives 

The main abjective af this praject is to camprehend essentially haw the 

phase locked loop (PLL) aperates. The backgraund and characteristics af PLL 

and its applicatian will be examined. Meanwhile, the secand appraach in this 

praject is to learn how the PLL can be applied with FM. Later, the acquired 

knawledge will be utilized to. canstruct a simulation block diagram af FM 

modulator and demodulator. MATLAB software will be used far the simulation 

purpose. 
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1.4 Thesis Outline 

The material in this thesis is organized as following: 

Chapter 2 provides a brief literature review on phase locked loop (PLL). Here, 

the PLL is defined, and basic applications are discussed. The discussion is based 

on basic concept of PLL such as PLL components, how it operates and its 

typical specifications. Chapter 3 presents a basic introduction to frequency 

modulation (FM) and discuss the role of PLL in frequency modulator and 

frequency demodulator. In this section, FM is defined and how the PLL can be 

used as frequency modulator and frequency demodulator is reviewed. It also 

contains all the equations of PLL, FM modulator and FM demodulator. 

Simulation using MATLAB software is done by using these equations. Chapter 

4 describes the MATLAB software. In this section, a short introduction on 

MATLAB software and the toolbox used for the simulation purpose will be 

presented. Chapter 5 deals with the simulations, results and discussion. Finally, 

the conclusion of the project is covered in Chapter 6 with the recommendation in 

future. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Intr oduction 

Phase-locked loop (PLL) is one of the integrated circuits containing both 

linear and digital circuits. The PLL consists of three basic functional blocks [10]: 

1. A phase detector (PD) 

2. A low-pass filter (LPF) 

3. A voltage-controlled oscillator (VCO). 

2.2 Basic concept of PLL 

The phase-locked loop is used to track output signal with input signal in 

frequency as well as in phase and ~ecover it from noise [13]. Figure 2.2-1 

illustrate the basic phase-locked loop system. More precisely, a PLL is a circuit 

synchronizing an output signal generated by an oscillator with the frequency of 

input signal. In synchronized state, any change in input signal will appears as a 

change in phase between oscillator signal and input signal. This phase shift acts 

as an error signal to make the output signal same as the input signal. The 

locking on to a phase relationship between input signal and the output signal 

accounts for the name of phase-locked loop. 
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The idea of the combination of these three parts is to make the PLL an 

electronic servo capable of locking onto an input-signal frequency so that its 

output frequency is the same as that of the input reference. A significant criteria 

of PLL is that tne output can be large, clean signal, frequency-locked to a low-

level, noisy input signal. 

in Hae 
dereda-

Low-JINi 
fiJrer 

Ernrvoltageru 

er; 

.. ---.. 

Frecp;n;y tada-k 

Voltage­
cairolled 
cscillata 

Figure 2.2-1: Basic phase-locked loop system [4] 

Figure 2.2-2 shows the simplified representation of phase locked loop. 

There are three signals in the PLL, one input and two outputs [4]. An input 

terminal is the input signal to be processed. The output signals are the error 

signal, eE and output frequency, f out. The error signal output eE is proportional 

to the phase difference between input frequency and output frequency 

meanwhile the frequency output functions to follow the input signal frequency. 
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Figure 2.2-2: Simplified representation of PLL [4] 

2.3 PLL components 

As mentioned earlier, the PLL system has three main parts. Referring to 

the figure 2.2-1, the three components are describes as following. 

2.3.1 Phase Detector 

Basically, phase detector is a linear multiplier [11]. It has two input 

signals, an input frequency fin as the reference signal and output frequency, fout 

from VCO. The phase detector is perhaps the most important part of PLL 

system since it is here the input and VCO frequencies are 

compared with each other. 

simultaneously 

2.3.1.1 Phase Detector Characteristic 

The phase difference between the input phase and 

represented by ad. In response to ad, a voltage Vd is produced. 

veo phase is 

A free running 

voltage, Vdo will be generated when no signal Vi is applied to the phase detector. 

The phase error is defined as 

(2.3.1.1-1) 
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Vd (volts) 

Vd in lock 

-Il -Il/2 8co Il/2 n 

Figure 2.3.1.1-1 : Phase Detector characteristic [5] 

Figure 2.3.1.1-1 shows the PD characteristic where Vd versus 8e. By definition, 

Vd =Vdo in response to 8e =o. There is a constant slope Kd in the range - 1t 12 :S; 

9. ~ 1t 12. The signal flow graph in fig 2.3.1.1-2 represents the PD model in linear 

region_ It is modeled by 

(2.3.1.1-2) 

where 	Kd is the PD gain 

ge is phase error of the veo output relative to the input reference. 

Vdo is the free running voltage. 

The values of 8e for which the linear model is valid are the range of phase 

detector. 
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e·1 

Figure 2.3.1.1-2 : Phase detector model [5] 

2.3.1.2 Oper ation of Phase detector 

The expression of input signal, Vi and the reference signal from the veo, Vo 

applied to phase detector can be expressed as [11]; 

Vo= Vo sin (21tfot + 90) 

where 9t and 90 are the relative phase angles of the two signals. 

The phase detector multiplies these two signals and produces a sum and 

difference frequency output, Vd, as follows. 

= Vi Vo .cos [(21tfit + 9i) - (21tfot + 90)] - Vi Vo .cos [(21tfit + 9i) - (21tfot + 90)] 
2 2 

(2.3.1.2-1) 
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When the PLL is in lock, 

/i =/0 

and 

21tfit =21tfot 

Therefore, the phase detector output voltage is 

Vd= Vi Vo jcos (8i - 80) - cos (41tfit + 8i +80) ] (2.3.1.2-2) 

2 

2.8.2 Low pass filter 

Low- pass filter is a circuit that allows the passage of low frequencies and 

dc while suppressing high frequencies components of the multiplication of the 

phase detector [4]. The low- pass loop filter can be passive or active and it can be 

of any order (first, second, third, etc.) [13]. However, most applications are of the 

second order. The output of the filter is a dc voltage corresponding to the phase 

difference of the two inputs at phase detector. This dc voltage is the control 

voltage for voltage-controlled oscillator. 

2.8.2.1 Low - pass filter Characteristic 

Low- pass filter acts as an attenuator at high frequencies and have unity 

gain at dc. In response to this, the bandwidth can be set as desired. The range of 

frequencies passed by a low pass filter within the specified limit is illustrated in 

figure 2.3.2.1-1. From the figure, the filter's output voltage is 70.7% of the 

maximum. This is where the frequency is said critical. 
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(b) 

Figure 2.3.2.1-1: (a) Low- pass filter model and (b) general response curve 

2.3.2.2 Operation of LPF 

The second harmonic term (2 x 2nfit) in Equation 2.3.1.2-2 is filtered out by the 

low-pass filter. The filter output voltage is expressed as 

ViVo 
vc = --cos 8 (2.3.2.2-1)2 e 

where 8e = 8i - 80 . 8e is called the phase error. The filter output voltage is 

proportional to the phase difference between the incoming signal and the veo 

signal and is used as the control voltage for the yeo. This operation is 

illustrated in Figure 2.3.2.2. 
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