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Abstract:  Digital phase locked loop (DPLL) plays an immense game changer role to the development of the application-specified integrated 

circuits. By the help of the ASIC technology the time taken by the circuits to give throughput was decreased.  Because DPLL is the main leading 
building block of the many devices like clock generation, processors, screw circuits and many more. Because of its locking capabilities it can be 

used for various sectors. Nowadays wireless technology can lead our lives. Researchers, engineers, and developers focused on the 

miniaturization of the components and scale the devices. Radio frequency transmission is essential for speediness data transfer in wireless 

communication. By the help of frequency synthesis RF transmitter and receiver uses a stable timing signal generated from phase locked loop. In 
the middle of all techniques to provide the stable waveforms this technique is vitally used. By the help of this particulars survey, the technique, 

design, and development of DPLL can be framed. 

 

Index Terms – Phase Locked Loop, Ring Oscillator, jitter and power dissipation  

I. INTRODUCTION 

Phase locked loop system has basically feedback control mechanism to compares the output signal to the input signal. Based on 

the signal used the PLL can be categorized like analog PLL, digital PLL and all digital PLL. In analog PLL all the main building 

blocks of PLL are analog in nature. It will scrutinize the output and generated a feedback voltage to alter the input voltage. By the 

comparison of both signals an error voltage will be produced [1, 2]. And that voltage will alter the output voltage with respect to 

input.   Nevertheless this PLL has a number of drawbacks like clock screw, noise effect, coupling effect at output and jitter 

management. Application specific Integration, analog technologies is much complicated at low supply voltage.  
 

Another oscillator is ring type, can be fabricated using CMOS transistors. The main advantages are compact circuit design, high 

packing density and low power consumption. Nonetheless it will suffer with the low phase noise rejection. Phase noise can 

increase the rate of bit error in the communications link. Phase noise and imitation tone of oscillator circuits determine the 

constraint of selectivity [5, 6]. Basically sensitivity is the least detecting Radio frequency power measured at the input terminal. 

The active and passive devices bound the sensitivity of trans-receiver. VCO noise can be eliminated by the loop filter but the 

offbeat noise of VCO cannot filter via the PLL and this will alter the overall structure performance. The building block diagram 

of a DPLL is discussed by the Fig. 1. It consists of four main blocks: 

 

1. Phase Detector or Phase Frequency Detector 

2. Low Pass Filter (LPF) 

3. Voltage Controlled Oscillator (VCO) 

4. Divide by N Counter 

 
 

Figure 1: Basic DPLL Block Diagram 

 
Phase detector is the essential block for PLL. It compares the input and feedback clock frequency and phase. By the comparison 

of both signals (CKref, CKfeedback) it will produces an error signal. By the deviation of error signals, up and down signals will be 

generated. This error signal is fed to the low pass filter to produce a DC control voltage. This voltage changes the phase and 

frequency of the voltage controlled oscillator [7, 13]. Output signal (CKout) is feedback to the input using a divide by n counter to 

alter the input signal.  An idyllic PLL generates clock pulse with fixed duty cycle. Conversely actual PLL clock suffer with tiny 

variations in the timing pulse from their idyllic time. This is called jitter. By using loop filter, high frequencies jitter can be 

filtered to smooth out the response of the system. 
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II. VOLTAGE CONTROLLED OSCILLATOR  

 

VCO is conceivably the most significant block of PLL. It is used to manage the mid range frequency so that bandwidth will be 

controlled. Tuning range will follow the centre frequency changes. As the gain of the VCO changed with the error voltage, non 

linearity of tuning range will occur. The main characteristic of VCO is to achieve a constant oscillation so that the generated 

voltage will maintain the lock condition. Yet a constant error voltage is given to the input of VCO, the VCO output is not ideally 

periodic.  

 

Regenerative Feedback System 
 

An oscillator is a circuit that produces a periodic signal, without any specific input signal except internal noise [4]. An oscillator 

can be viewed as a feedback system, figure 2 with a transfer function of 

 
 

Figure 2: Regenerative Feedback System 

 
Vo

Vin
=

H(s)

1+H(s)
      (1) 

 

If in this transfer function, H(s) = -1 then the gain would come close to infinity, which results infinity amplification of the noise 

component at the oscillation frequency. 

 

 For oscillation at one specific frequency two criterion are assured. The first criterion is the total phase shift around the loop is 

180°. The second criterion is that the feedback system amplifies its own noise at the frequency of oscillation. This means the 

feedback signal is a negative imitation of the input signal, which produces a larger difference between the input signal and the 

feedback signal [2, 9]. This circuit is regenerative feedback system. At some point the amplitude of the regenerating feedback 

system should be limited and gain should be equal to one. This fulfilled the Barkhausen’s criterion and give steady state 

oscillations. 

In practice, RLC networks can have secondary (or more) resonant frequencies, which cause undesirable behaviour for the circuit. 

In LC oscillator, high ‘Q’ resonator provides good stability but low phase noise. The open loop gain should be greater than one (A 

β ≥ 1) to sustained the oscillations. Hartley Oscillator uses a tapped inductor. This is quite costly and due to losses that is not 

popular for IC implementations. Colpitts oscillator is Similar to Hartley oscillator. Here capacitor is tapped ground and inductor is 

used as feedback element. Crystal oscillator is a very stable circuit. In this circuit, crystal is used as frequency determining 

element. This is connected in series feedback path. The frequency range of crystal oscillator is very wide. The RC oscillator 

circuits uses phase shift of combine RC network for determining the required circuit phase shift. This circuit suffers from poor 

stability. 

 

Mainly all the electronic devices suffer with supply noise that added up to the output and causes jitter [3, 12]. Mainly oscillators 

are of two types:  

 

 Resonant oscillator 

 Waveform oscillator 

 

The resonant oscillator can be divided in two categories i.e. LC oscillator and crystal oscillator. The waveform oscillator also be 

divided the same like ring oscillator and relaxation oscillator. 

 

1) LC oscillator 

 
This type of oscillator is also known as tank oscillator where capacitors and inductors are running parallel. If tank circuit is 

providing impulse current, the energy is transferred backwards and forwards among inductor and capacitor. Nevertheless, this 

happen simply when L and C are lossless. 
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Figure 3: LC circuit 

 

 

Parallel LC tank shows is figure 3 with parallel losses. The inductor and capacitor quality factors can be computed by the 

following equation:  

𝑄𝐿 =
𝜔𝐿

𝑅𝑠
      (2) 

𝑄𝐶 =
1

𝜔𝐶𝑅𝑠𝑐
     (3) 

The characteristic impedance Z0 of the tank circuit are as follows: 

𝑍0 = 
1

𝜔𝐶
 = 𝜔𝐿 = √

𝐿

𝐶
     (4) 

Total quality factor for the circuit is given by the following equation 
1

𝑄𝑇
=

𝑍0

𝑅𝑝
+  

1

𝑄𝐿
+

1

𝑄𝐶
    (5) 

The value of QT is the lowest quality factor in the circuit. The value of centre frequency can be dependent on the values of L and 

C. the Z0 is directly proportional to the value of inductor. To balance the losses at Rsc, parallel resistance Rp is connected to 

sustain oscillations [8, 11].  

 

2) Ring oscillator 

 
The most frequent oscillator used in PLL is the ring oscillator as shown in Fig.4. In this, odd number of inverters is connected in 
series and the output is feedback to the input of first inverter.  

 

 
Figure 4:  Five Stage ring oscillator 

 

By using odd numbers of inverters, the circuit cannot have fixed operating point.  As a result the output should be oscillating. The 
total oscillation period is given by the following equation (6).  

T = 2τpN      (6) 

 Where: T= total time period of the circuit 

 τp= total delay of the circuit 

 N= total number of stages 

 
 

Figure: 5 Output response of ring oscillator 

 

Where: N is the total number of inverters and τp is the propagation delay of each block. As describe by the Fig. 5 A, B and C are 

the clock, input and output waves are shown respectively. The delay of input and output throughput is shown. For all the inverter 

circuit the fan-out is one [14]. The main benefit of ring oscillator is the designing of circuit: with transistor designing, it uses very 

less area so the power density is very low. This oscillator is easy to tune so it provides wide bandwidth. The major problem with 

this oscillator is poor phase noise. As a result this is mainly used for clock recovery, generation, and synchronization. 
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III. OPERATION OF INVERTER CELL 

 

CMOS based inverter circuit is used as delay cell to form the ring oscillator circuit. The odd numbers of inverters are connected 

in series to provide oscillations to the circuit. For the designing of ring oscillator three conjugative stages are used for the proposed 
design.  

  

 
 

Figure 6: CMOS implementation of NOT gate 

 
Fig.6 shows a ring oscillator inverter cell. This is using two transistors (PMOS and NMOS) in a cascaded manner. The circuit 

operates as NOT gate. When the input is high it will provide the low output and vice versa. For 45nm CMOS technology the charge 

carrier mobility of NMOS is 2.5 times of PMOS mobility. So aspect ratio of 2.66 is selected for PMOS and NMOS so they have 

same driving current capability along with the equal charge and discharge time [10, 12]. 

 

 

 

 

 

 

 

 

 

 
Figure 7: Simulated waveform of Inverter cell 

 
The Fig. 7 shows the input and output waveforms of CMOS inverter. As the high input is applied the output waveform is low 

and for low it is high. The propagation delay of inverter is dependent on the time constant of the projected circuit. 

IV. RESULT AND DISCUSSION 

 

The different parameter obtained by the frequency analysis and the output responses are presented by the Table 1. The different 

values of capacitor will alter the values of frequency obtained. As by the result, it is clear that by increasing the capacitor value the 

obtained frequency is low. So both the parameters are inversely proportional.  

 

S.No. Parameter Values 

1 Technology 45nm 

2 nMOS W 120nm 

3 pMOS W 120nm 

4 Supply voltage 1V 

5 Threshold voltage 0.35 to 0.45V 

6 Initial value of 

Capacitor 

1pF 

7 Final value of 

capacitor 

100pF 

8 Total steps 10 

7 Start time 0 

8 Number of 

components 

10 

9 Power dissipation 1.732µW 

10 Delay 4.523ns 

11 Output swing 0-442mW 

12 Absolute voltage 1µV 

13 Absolute current 1pA 

14 Output impedance 50Ω 

 On current(mA/μm) 0.9(PMOS) 

http://www.ijcrt.org/


www.ijcspub.org                                       © 2022 IJCSPUB | Volume 12, Issue 1 February 2022 | ISSN: 2250-1770 

IJCSP22A1092 International Journal of Current Science (IJCSPUB) www.ijcspub.org 765 
 

15 1.2 (NMOS) 

16 Off current(nA/μm) 7(PMOS) 

200(NMOS) 

 

Table 1: Result analysis of ring oscillator with variable capacitors 

 

V. CONCLUSION AND FUTURE WORK 

 

The operational frequency is based on the main parameters like time period and the capacitor values. In the core work, a 45nm 

CMOS transistor is designed and simulated using cadence tool. The main ring oscillator is designed using 1pF fixed capacitor 

and having threshold voltage of 0.35 to 0.45V. The oscillations are smooth without glitch. The striking feature for this paper is 

taken a trade-off among capacitor and frequency values. In this paper various performance curve for the relation of frequency 

and capacitor values is established. 

The projected ring oscillators attain the frequency range of 0.4081 to 5MHz with the variable capacitance for three stage ring 

oscillator. The power consumption of 1.732µW is analyzed at 1V supply for five stage oscillator. This oscillator is used for radio 

communication, clock generation and recovery systems, and low power applications. 
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