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Abstract In this paper present a phase locked loop (PLL) system used in commercial applications because of their low cost. Phase locked 

loop used to track the phase and the frequency of the carrier component of an incoming signal. This paper discusses about the 

implementation of PLL device and also presents the VCO, phase comparator and Loop Filter based through demodulation of FM signal. 

PLL is beneficial device for the demodulation of angle modulated signals, especially when signal to noise ratio is poor and improve the 

threshold properties also. 

Index Terms - Phase locked loop, Voltage controlled oscillator, Frequency Modulating frequency, Low Pass filter, Phase error. 

 

I.INTRODUCTION 

PLL is a negative feedback system which performs 

tracking of phase and frequency components from the 

input carrier signal. PLL is used now –a-days in 

commercial FM receivers, because of their low cost and 

superior performance. A PLL Circuit diagram is shown in 

Fig.1. It consist of three components         

                                                           

 
 Fig.1 phase locked loop 

 A voltage controlled oscillator  

  A multiplier serving as a phase detector (or) a 

phase comparator 

 A loop filter which is a low pass filter.  

The frequency of VCO can be controlled by the external 

voltage. In a VCO the oscillation frequency varies linearly 

with its input voltage. The output of the multiplier is 

passed through a low pass filter and then applied to the 

input of the VCO. This voltage then charges the frequency 

of the VCO and keeps the loop in locked condition. 

Initially the control voltage to VCO is zero then is 

adjusted so that 

 I) the frequency of the VCO is exactly made equal to the 

un-modulated carrier frequency Fc ; 

II) The VCO output has a phase Shift of 90o with respect 

to the un-modulated carrier wave. 

 
Fig.2 

Suppose that the input signal applied to PLL is an FM 

wave 

 
With a modulating signal m (t) we have  

     

If r (t) denotes the o/p of VCO then  

       
If v (t) is the control voltage applied as i/p voltage to VCO 

then 

 
Where Kv is the frequency sensitivity of VCO and Kv is 

measured in HZ/volt. 

The incoming FM wave s (t) and the VCO o/p, r (t) are the 

two inputs to multiplier. The o/p e (t) which is i/p to the 

loop filter will be 

    E (t) = Km[s (t)] [r (t)]                eq.5 

Where km is multiplier gain 

 
Now  

This is the input to the loop filter which is a low pass filter 

which will attenuate the first term in the above eq. which 

is high frequency. 

        E (t) =1/2 Km Ac Av sin [Ø1 (t)-Ø2 (t)]               eq.9 

                =1/2 Km Ac Av sin [Øe (t)] 

Where Øe (t) is the phase error 

      ThereforeØe(t)=Ø1(t)-2  eq.10 

The loop filter operates on its i/p e (t) to produce the o/p 

 
Where h(t) is the impulse response of the filter. Substitute 

v (t) value in Eq.10 

 
Differentiating eq12 with respect to time  

            

Therefore 

 
           Where Ko is a loop Parameter defined as Ko =KM 

Kv Ac Av. 

II. NONLINEAR MODEL OF PLL 

The equation 14 suggest the nonlinear model as shown in 

fig 2.This model includes the relationship between v(t) 

and E(t) as represented by eq.9 and eq.12 this model 

resembles the block diagram shown in fig.3.the multiplier 
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is replaced by subtractor and a sinusoidal nonlinearity, 

and VCO by an integrator. 

 
                 Fig.3 Non-linear model of phase locked loop 

III. LINEAR MODEL OF PHASE LOCKED LOOP 

     The phase locked loop is said to be in phase lock when 

the phase error Øe (t) is zero when phase error Øe (t)is 

less than one radian, we may use the approximation 

 Sin [Øe (t) ≈ Øe (t)]                 eq.15 

The above eq. is accurate to within 4% for Øe(t) less than 

0.5 rad. This approximation tells that we can consider 

loop near to phase lock when Øe(t) is less than 0.5 rad. 

This approximation allows to disregard the sinusoidal 

nonlinearity.Thefig.4 shows the linear model of phase 

locked loop eliminating sinusoidal non-linearity. 

 

 
    Fig.4 linear model of phase locked loop 

From the linear model of phase locked loop we can write 

 
We know that 

 
Substituting value of Ø2 (t) given by the eq.16 ineq.17 we 

get 

 
Assuming again small error Øe (t) 

 
For FM wave input: 

 
Differentiating both sides with respect to time t; 

Kv [v (t)] = Kf [m (t)] 

V (t) is directly proportional to m (t) 

Thus the o/p v (t) of the low pass loop filter is 

proportional to the original modulating signal i or in other 

Words the input FM signal is demodulated and at the o/p 

of loop filter, we get the modulating signal. 

An interesting feature of PLL, FM demodulator is that the 

bandwidth of the incoming FM wave can be much wider 

than that of the loop filter. The baseband of the loop filter 

has a bandwidth equal to that of the modulating signal i.e. 

the control signal of the VCO has the bandwidth of the 

message signal m(t); but the VCO o/p is a wideband 

frequency modulated wave whose instantaneous 

frequency tracks that of the incoming FM wave. 

IV.CONCLUSION 

In conclusion firstly the loop filter, VCO and multiplier 

are investigated of PLL. After investigation multiplier of 

PLL are replaced by sub tractor and sinusoidal 

nonlinearity and the VCO by an integrator in non linear 

model of PLL. If the phase error is less than one radian we 

may approximation allows disregarding the sinusoidal 

nonlinearity. The input FM signal is demodulated and at 

the o/p of loop filter, we get the modulating signal. The 

baseband of the loop filter has a bandwidth equal to that 

of the modulating signal i.e. the control signal of the VCO 

has the bandwidth of the message signal m(t); but the 

VCO o/p is a wideband frequency modulated wave whose 

instantaneous frequency tracks that of the incoming FM 

wave. 
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