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Abstract— In the optical communication in a backbone infra-

structure, flexibility means, for example, programmable 

bitrates requiring a PLL with robust operation over a wide 

range of frequency range. A wide range PLL could be used 

by different protocols and applications so that maximize the 

reusability. A digital phase-locked loop (DPLL) has been 

recently developed to exploit the increasing transistor speed 

of modern process technology. By employing a digitally 

controlled oscillator (DCO) and a time-to-digital converter 

(TDC), the loop filter of a DPLL becomes all-digital. Instead 

of designing the loop filter by digitizing a continuous-time 

loop response as has been commonly done, more 

sophisticated control schemes can be employed. In this paper, 

we propose to design the feedback loop in the time-domain 

by first modeling the DCO and TDC as a noisy “plant” in 

state-space form. Based on a Kalman observer of the “plant,” 

the proposed approach then generates optimal control signals 

that accurately account for the additive noise as well as the 

transport delay in the digital feedback system. The proposed 

observer-controller loop filter achieves rapid transient 

response time and significantly reduces the steady-state phase 

noise jitter compared to the conventional DPLL 
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I. INTRODUCTION 

The phase locked loops are the one which helps us to keep 

our world in order. For example, in our television sets the 

head and the bottom are kept in order by phase locked loops 

and if our television set is color set then a phase locked loop 

help us keep the color green and red at their place. 

A phase locked loop helps a system to track another 

system so that they come in terms with each other. A phase 

locked loop system synchronizes input signal (reference 

signal) with output signal in both frequency and phase. When 

the system is synchronized which is known as locked state the 

frequency is same and phase difference is either zero or 

constant. If there is an error in phase, then there is control 

mechanism applied so that it is controlled. Since a feedback 

is used to control the system and in such a system the phase 

is locked therefore it is known as phase locked loop [1]. 

A Phase Locked Loop is a device that generates a 

signal whose phase is having a fixed relation with the phase 

of the input signal. A conventional PLL consists of a phase 

frequency detector, charge pump, low pass filter and voltage 

controlled oscillator. The phase frequency detector compares 

the frequencies of input and output signal. The advantage of 

phase-lock loops is that they receive an input signal, compare 

this to the feedback of their internal clock generated by a 

voltage-controlled oscillator (VCO), and adjust the VCO by 

way of the charge pump to match the new input frequency 

and synchronize the internal and external clocks. The analog 

VCO is either a ring-oscillator type or a multivibrator type. 

The VCO can also be designed using a multistage tapped 

delay line that is calibrated to a precise delay per stage (a 

digital approach). The charge-pump design has various 

approaches using inverters, switches, and a passive RC low-

pass filter. The phase detector is the second most-important 

element. The input from the external clock enters the phase 

detector, which is a set of balancing buffers and highly 

balanced D-type flip-flops. The phase detector must always 

be active. This clock input is compared to feedback input D 

from The difference between the two is given to the charge 

pump, which converts the same into current. The output from 

charge pump is given to voltage controlled oscillator, which 

converts it into voltage with appropriate frequency. 

The phase locked loops are of many types such as: 

1) Linear phase locked loop 

2) Digital phase locked loop 

3) All digital phase locked loop 

4) Software phase locked loop 

A phase locked loop mainly consists of three basic blocks: 

1) Phase detector.  

2) Loop filter. 

3) Voltage controlled oscillator 

Classification of Phase locked loops are as follows – 

1) Linear phase locked loop consists of quadrant analog 

multiplier, RC active low pass filter and a VCO. 

2) Digital phase locked loop consists of a phase detector 

which is digital in nature either a JK flip flop or EXOR 

gate and rest other was similar to LPLL. 

3) All digital phase locked loop which is made of all digital 

functional blocks. 

4) Software phase locked loop in which hardware is no 

longer used and in its place computer program is used. 

LPLL and DPLL perform almost similarly but 

ADPLL performance is different from these two. SPLL 

basically uses microcontroller or a digital signal processor as 

hardware and its program is used to detect the phase. 

When the PLL is made digitally then it has 

advantage over LPLL since its implementation becomes easy 

and fast. And its immunity to noise is also increased. The 

basic block diagram  

1) Hold range the frequency range in phase locked loop can 

statically maintain phase locking. It is range in which in 

which the PLL is stable. 

2) Pull out range it is the dynamic frequency range in which 

PLL can lock. It is the generally for fast process. 

3) Pull in range it is the frequency range in which PLL 

remain lock. It is used for slow process. 

4) Lock range it is the frequency range in which PLL can 

lock within in a single step. It basically tells the 

resolution of PLL [3],[4]. 
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Fig. 1: Phase Locked Loop 

II. DIGITAL PHASE LOCKED LOOP 

The phase locked loop (PLL) is a very important and common 

part of high performance microprocessors. Traditionally, a 

PLL is made to function as an analog building block, but 

integrating an analog PLL on a digital chip is difficult. 

Analog PLLs are also more susceptible to noise and process 

variations. Digital PLLs allow a faster lock time to be 

achieved and are attractive for clock generation on high 

performance microprocessors. 

Digital PLLs allow a faster lock time to be achieved 

and are attractive for clock generation on high performance 

microprocessors. The phase locked loop (PLL) is a very 

important and common part of high performance 

microprocessors.  Analog PLLs are also more susceptible to 

noise and process variations. The salient features of the DPLL 

are that the phase detector (PD) is performed digitally using 

a time-to-digital converter (TDC), and the voltage-controlled 

oscillator (VCO) is digitally controlled and referred to as a 

digitally controlled oscillator (DCO). DPLLs are easier to 

design and implement, and are less sensitive to voltage noise 

than analog PLLs, however they typically suffer from higher 

phase noise due to the quantization error of using a non-

analog oscillator. For this reason, digital phase locked loops 

are not well-suited to synthesizing higher frequencies or 

handling high frequency reference signals. DPLLs are 

sometimes used for data recovery [2]. 

 
Fig. 2: Digital Phase Locked Loop 

III. IMPLEMENTATION AND SIMULATION 

The DPLL reported is basically a digitized version of a 

conventional analog PLL. The digital loop filter is 

constructed by converting a continuous-time loop response to 

a discrete-time-domain approximation by sampling at the 

reference clock frequency. A digital phase-locked loop 

(DPLL) has been recently developed to exploit the increasing 

transistor speed of\ modern process technology. By 

employing a digitally controlled oscillator (DCO) and a time-

to-digital converter (TDC), the loop filter of a DPLL becomes 

all-digital. Instead of designing the loop filter by digitizing a 

continuous-time loop response as has been commonly done, 

more sophisticated control schemes can be employed. In this 

Chapter provides the detailed description of this complete 

methodology of Digital Phase Locked Loop. 

IV. APPROACH USED 

Now we have to understand the working of PLL. The VCO 

frequency ω2 is determined by the loop filter output. The 

angular frequency ω2  is given by 

ω_2=ω_0+ k*u_f (t) (4.1) 

ω0 is the center frequency of VCO and k is gain 

VCO stage. The phase detector PD compares the phase 

between the input signal and the output signal. And the PD 

output is proportional to the phase error. The output of PD is 

given by equation (4.2) 

u_p (t)=k_(d  )*θ_e (4.2) 

Where kd is the gain of phase detector and θe is the 

phase error between input and output signal. 

The output signal consists of a DC component and 

superimposed AC components and is not desired therefore it 

is cancelled by loop filter. Loop filter used in most cases is a 

first order loop filter. The VCO generates a center frequency 

and when the θ_e is zero then it works at centre frequency 

and in this condition the output of the loop filter should be 

zero.  

When output frequency is less than the reference 

signal then the uf is increased and thus the frequency is locked 

andoutput frequency is more than the reference signal then 

the uf is decreased. It is this qualities that makes PLL to 

perform as a PM and FM signal detector.  

Let us consider multiplier phase detector for 

example. Let u(t) be the input signal  

u(t)=u*sin(ωt+ θ) 

With f frequency and θ phase and let Y(t) be the oscillator 

output signal 

𝑌(𝑡) = 𝑣 ∗ 𝑢 ∗ sin(𝜔𝑡 + 𝜃)

∗ [
4

𝜋
cos(�̂�𝑡 + 𝜑) +

4

3𝜋
cos(3�̂�𝑡 + 𝜑)

+
4

5𝜋
cos(5�̂�𝑡 + 𝜑) … . ] 

                                                                                         (4.3) 

When PLL is locked the output of the phase detector 

consists of a dc term and ac terms as well. The dc term is 

roughly proportional phase error. The remaining terms are ac 

components having frequencies higher and are in multiples of 

input frequency. Because these higher frequencies are 

unwanted signals they are filtered out by loop filter[4]. 

One of the important characteristics of PLL is its 

ability to suppress the noise present in the input signal. The 

VCO consider the average phase of the input signal rather 

than considering the current phase. Thus PLL can track the 

signal with noise as well.   

We have considered two problems in PLL which are as 

follows 

1) If the PLL is initially locked under what conditions at 

remain locked? 

2) If the PLL is initially unlocked then under which 

condition it will lock? 

3) Linear phase locked loop consist of quadrant analog 

multiplier, RC active low pass filter and a VCO. 

4) Digital phase locked loop consist of a phase detector 

which is digital in nature either a JK flip flop or EXOR 

gate and rest other was similar to LPLL. 

5) All digital phase locked loop which is made of all digital 

functional blocks. 

6) Software phase locked loop in which hardware is no 

longer used and in its place computer program is used. 
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7) LPLL and DPLL perform almost similarly but ADPLL 

performance is different from these two. SPLL basically 

uses microcontroller or a digital signal processor as 

hardware and its program is used to detect the phase. 

8) When the PLL is made digitally then it has advantage 

over LPLL since its implementation becomes easy and 

fast. And its immunity to noise is also increased. 

The DCO can be modeled as a conventional VCO 

with aquantized input control signal. The VCO output is 

given by 

𝑠(𝑡) = 𝑠𝑖𝑛 (2𝜋𝑓𝑡 +  𝜑(𝑡) 

𝑠(𝑡) = sin (2𝜋𝑓𝑡 + 𝜙(𝑡) + ∫ 𝑉𝑐𝑡𝑟𝑙

𝑡

0

(𝜏)𝑑𝜏) 

= sin (2𝜋𝑓𝑜𝑡 + 2𝜋𝑓𝑐𝑡 + 𝜙(𝑡) + ∫ 𝑉𝑐𝑡𝑟𝑙

𝑡

0

(𝜏)𝑑𝜏 ) 

      (4.4)  

= sin (2𝜋𝑓𝑜𝑡 + 𝜃(𝑡)) 

Where f is VCO frequency, Φ(t) is the Phase noise 

Vctrl is the VCO control signal voltage 

fo is the nominal frequency is multiple of the reference clock 

frequency fr. 

fe=f-fo. Since the DCO is updated at the reference clock 

frequency  

𝜃𝑘+1 = 𝜃𝑘 +
2𝜋𝑓𝜀

𝑓𝑅
+ 2𝜋𝑞𝑘    

    (4.5) 

Where nk is the additive white Gaussian noise in 

Wiener phase noise, qk  is the DCO input quantization noise. 

𝑒𝑘 = ∫ 𝑉𝑐𝑡𝑟𝑙

𝑘+1

𝑓𝑅
𝑘

𝑓𝑅

(𝑡)𝑑𝑡    

  (4.6) 

 
Fig. 3: Discrete-time model of second-order PLL with N 

transport delay. 

Since the DCO is updated at the reference clock 

frequency, the DPLL can be modeled in discrete time. A 

discrete-time model of the second-order PLL with transport 

delay N of cycles is shown. The effect of transport delay is 

modeled z¬¬-N by in the loop filter. The DPLL N+2 is a pole 

system because of the additional poles introduced by the 

transport  delay. In Figure 4.2, the dc-offset noise at the DCO 

is filtered out by the loop filter, which is a high-pass filter 

from the DCO input. Analysis of the conventional DPLL 

𝑦𝑘 = 𝜃𝜃𝑘,𝑑𝑒𝑠 − 𝜃𝑘 + 𝑣𝑘 

= ∆𝜃𝑘 + 𝑣𝑘     
  (4.7) 

𝑒 = 𝑒𝑘−1 + (𝛼 + 𝛽)𝑦𝑘−𝑁 − 𝛼𝑦𝑘 − 𝑁 − 1 

= 𝛽 ∑ 𝑦𝑙
𝑘−𝑁
𝑙=0 + 𝛼𝑦𝑘 − 𝑁    

  (4.8) 

Where ek =0 for k<N ,vk  represents TDC 

quantization noise, and α and β  are scaling factors of the 

second-order loop filter. Noise vk can also be used to model 

jitter of the reference clock and any additional noise from the 

frequency divider prior to TDC [1],[2],5]. 

V. PROPOSED TECHNIQUE 

DPLLs are easier to design and implement, and are less 

sensitive to voltage noise than analog PLLs, however they 

typically suffer from higher phase noise due to the 

quantization error of using a non-analog oscillator. For this 

reason, digital phase locked loops are not well-suited to 

synthesizing higher frequencies or handling high frequency 

reference signals. We will analyze the noise performance of 

an Analog PLL.Then in the same situation DPLL will be 

employed and its performance will be observed. The phase 

locked loop (PLL) is a very important and common part of 

high performance microprocessors. Analog PLLs are also 

more susceptible to noise and process variations. With recent 

advances in TDC design achieving picosecond resolution 

coupled with the trend toward higher operating carrier 

frequencies, TDC noise contribution should be small relative 

to DCO noise in many DPLLs. Using Discrete Weiner 

Process Acceleration (DWPA)kalman filter as with observer 

controller for my results evaluation. In earlier base paper 

implementation loop filter as kalman filter [15]. 

A. Kalman Filter:  

KALMAN filter or KALMAN state estimator gives a state-

space model of the plant and the process and measurement 

noise covariance data. The KALMAN estimator provides the 

optimal solution to the following continuous or discrete 

estimation problem. 

The KALMAN filter has numerous applications in 

technology. A common application is for guidance, 

navigation and control of vehicles, particularly aircraft and 

spacecraft. Furthermore, the KALMAN filter is a widely 

applied concept in time series analysis used in fields such as 

signal processing and econometrics. KALMAN filters also 

are one of the main topics in the field of robotic motion 

planning and control, and they are sometimes included in 

trajectory optimization. The KALMAN filter has also found 

use in modeling the central nervous system's control of 

movement. Due to the time delay between issuing motor 

commands and receiving sensory feedback, use of the 

KALMAN filter provides the needed model for making 

estimates of the current state of the motor system and issuing 

updated commands. KALMAN filtering, also known as linear 

quadratic estimation (LQE), is an algorithm that uses a series 

of measurements observed over time, containing statistical 

noise and other inaccuracies, and produces estimates of 

unknown variables that tend to be more precise than those 

based on a single measurement alone, by using Bayesian 

inference and estimating a joint probability distribution over 

the variables for each timeframe. The filter is named after 

Rudolf E. KÁLMÁN one of the primary developers of its 

theory. 

The algorithm works in a two-step process. In the 

prediction step, the KALMAN filter produces estimates of the 

current state variables, along with their uncertainties. Once 

the outcome of the next measurement (necessarily corrupted 

with some amount of error, including random noise) is 

observed, these estimates are updated using a weighted 

average with more weight being given to estimates with 

higher certainty. The algorithm is recursive. It can run in real 

time using only the present input measurements and the 

previously calculated state and its uncertainty matrix; no 

additional past information is required. 
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The KALMAN filter model assumes that the state of 

a system at a time t evolved from    the prior state at time t-1 

according to the equation 

𝑥𝑡 = 𝐹𝑡𝑥𝑡−1 + 𝐵𝑡𝑢𝑡 + 𝑤𝑡  (4.9) 

Wherextis the state vector containing the terms of 

interest for the system (e.g., position, velocity, heading) at 

time t, utis the vector containing any control inputs (steering 

angle, throttle setting, braking force), Ftis the state transition 

matrix which applies the effect of each system state parameter 

at time t-1 on the system state at time t (e.g., the position and 

velocity at time t-1both affect the position at time t)Btis the 

control input matrix which applies the effect of eachcontrol 

input parameter in thevector uton the state vector (e.g.,applies 

the effect of the throttle settingon the system velocity 

andposition),wtis the vector containing theprocess noise 

terms for each parameterin the state vector. The processnoise 

is assumed to be drawn from azero mean multivariate 

normaldistribution with covariance given bythe covariance 

matrix Qt.[21]. 

VI. RESULT AND DISCUSSION 

 
Fig. 4: The graph between amplitude and time,here we are 

sending 100Mhz message signal. 

 
Fig. 5: 1Khz carrier modulated with a 100Hz message signal 

 
Fig. 6: The graph between Amplitude and time,which is 

showing Digital Phase Locked Loop Output. 

 
Fig. 7: Voltage controlled Oscillator Output 

 
Fig. 8: Phase Detector Output which is constant at a 

significant value. 

 
Fig. 9: The graph between amplitude and time with a 

unmodulated carrier. 
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Fig. 10: Phase noise Spectrum of conventional loop filter 

with injection pulling. 

 
Fig. 11: Phase noise spectrum Observer Controller loop 

filter injection pulling from a frequency offset from carrier 

 
Fig. 12: Step response of 1storder closed loop Transmittanc 

 
Fig. 13: Step Response of Second Order Closed Loop 

Transmittance of Digital Phase Locked Loop. 

 
Fig. 14: The graph shows the comparison between the 

conventional Phase Locked and Observer-Controller Digital 

Phase Locked Loop. 

VII.   RESULTS AFTER COMPARING BOTH TECHNIQUES 

 
Fig. 15: First graphs that the phase error is constant at a 

significant value and the second is comparison of phase 

error and output which is in showing fluctuations. 

 
Fig. 16: The graph between phase error and time step ,which 

is  showing comparison between original Conventional 

PLL,Original Conventional PLL and Original Observer-

Controller DPLL and Filtered Observer-Controller DPLL 

VIII. CONCLUSION 

On the basis of simulated results, it is observed that proposed 

as we are increasing the transistor speed DPLL gives the 

better performance. The proposed approach outperforms the 

conventional DPLL in phase noise performance and transient 

response time. The difference in phase noise performance 

between the two approaches becomes more pronounced when 

the DCO noise is large relative to the TDC noise and/or the 

transport delay is long. 
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