
 

 
 

 

 
Journal of Green Engineering (JGE) 
 

  Volume-10, Issue-10, October 2020 

 
 

  
 

 
 

 
 
 
 

Power Efficient and Jitter Free PFD 
Architecture for Fractional-N Phase Locked 

Loop Frequency Synthesizer 
 

1,*
Azeem Mohammed Abdul and 

2
 Usha Rani Nelakuditi 

 

1,*
Assistant Professor,Department of Electronics and Communication 

Engineering,Vignan’sFoundationfor Science, Technology and Research, Vadlamudi, 

Guntur, Andhra Pradesh, India.E-mail: mohammedazeem123@gmail.com 

2
Professor, Department of Electronics and Communication Engineering, Vignan’s 

Foundation for Science, Technology and Research, Vadlamudi, Guntur, Andhra 

Pradesh, India.E-mail: usharani.nsai@gmail.com 

 
Abstract 
 
This paper deals with the implementation of power efficient, jitter and dead 

zone free minimum transistor count Phase Frequency Detector (PFD) for 

Frequency Synthesizer application of Fractional-N Phase Locked Loop. It 

was implemented in Generic Process Design Kit (GPDK) with 45nm CMOS 

process technology using Virtuoso tool of Cadence. The proposed PFD is 

measured to be have a maximum value of 3.5 GHz switching frequency and 

consumes 168.3µW of power at a supply voltage of 0.45 V. It reduces the 

phase noise and makes the circuit free from the blind zone by the removal of 

the third state reset condition in the conventional PFD.It was observed that 

the proposed PFD has a phase noise of -154.86dBc/Hz and -156.7 dBc/Hz at 

100 kHz and 1 MHz frequency offsets respectively. 

 

Keywords: Phase and Frequency Detector (PFD), Digital Delta Sigma 
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1 Introduction 
 

Ongoing advancements of circuit design techniques and communication 

systems for this Fifth (5G) and Fourth generation (4G) cell phone systems 

demand a high performance Frequency Synthesizers at low cost and less 

noise. Frequency Synthesizers are used as a local oscillator in the transmitter 

and receiver section of on chip mixed signal system. The Fractional-N Phase 

Locked Loop (FNPLL) is a charge pump based PLL, widely used in RF 

transceiver as a frequency synthesizer for the wireless applications. The 

architecture of FNPLL shown in Figure.1 comprises of reference frequency, 

PFD, Charge Pump, Loop Filter, Low Pass Filter, LC-Voltage Control 

Oscillator (LC-VCO) and Digital Delta Sigma Modulator (DDSM). The 

FNPLL architecture is based on negative feedback [14] as shown in Figure 

.1. The PFD is a key building block of FNPLL architecture which is very 

much prone to the in-band noises. The conventional PFD [1] as shown in 

Figure.2 is a tri-state one consists of two D-flipflops with asynchronous reset 

input realized with a maximum transistor count. The dead zone is an 

important parameter which affects the performance of a PFD. Dead zone will 

occur when the two input clocks are very close to each other, which leads to 

phase difference could not be detected by the PFD. If the PFD has zero dead 

zone which reduces the spurious tones in the spectrum. In steady state of 

PLL generates a large amount of jitter due to dead zone [16]. The PFD 

senses frequency and phase differences between the fixed crystal oscillator 

reference signal frequency with feedback signal frequency from the 

programmable divider. 

The conventional tri-stated PFD hasmajor drawbacks such as 1) Large 

dead zone causes increase of phase noise and jitter. 2) Another drawback is 

the blind zone which in turn generates spurious spurs in the spectrum. Blind 

zone condition will occur when the phase difference between the two input 

clocks approaches ±2π. 

 
 
 

 
  
 
 
 
 
 

 

 

 

 

Figure 1.FNPLL Architecture 
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Figure 2. Conventional Tri-state PFD Architecture 

 
As a result of blind zone, there will be missing clock edges and phase 

ambiguity limits the detection range of PFD and degrade the locking 

characteristics of the PLL. In this paper design and simulation of power 

efficient and jitter free PFD which also deals with the dead and blind zone is 

proposed in this work. The remaining part of the paper was organized as 

follows: Section two discusses briefly the mathematical model of jitter by 

noise performance in PFD. Third section explains theproposed PFD. Fourth 

section elaborate on the simulation results and fifth section concludes the 

paper. 

 
2 Mathematical model of Jitter  

 
2.1 PFD Performance Against Noise 
 

Jitter is a source of noise in the FNPLL, by [2], the output signals UP and 

DOWN of PFD are not the cause of jitter. But actually it arises from PFD, 

which will be in random nature of differences between the pulse width of UP 

and DOWN signals. The jitter can be calculated by drawing the timing 

diagram of UP and DOWN signals after PFD block. So each element in PFD 

block can lead to jitter. The phase noises of  PFD can be obtained by 

considering spectral densities of each element, also the differences of the UP 

and DOWN signals.Due to jitter of PFD there will be an error in current to 

be of 'θI' at the CP output. By considering all these undesired jitters and 

summing, Tj, where j=1, 2, 3...., n in the UP and DOWN signals [2] 

 
θ 

2
 ∑   j 2 

j  (1)  
where 'n' represents the transistor count that are used in the PFD block so 

their jitter leads to the difference of the pulse-widths of the UP and DOWN 

signals. The FNPLL output with the bandwidth loop with the transfer 

function to the error currents is given by 
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The Power Spectral Density of this error in the current can be calculated 

as: 
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where STj (fr) is given as spectral density of the elements of jitter Tj and the 

division ratio M is nominal. In the Eq. (3), if a PFD is designed with less 

transistor count, then the FNPLL output can be less effected with jitter. 

Finally it is closure that with less jitter noise will improves the noise 

performance of the PFD block.Hence in the proposed 8 transistor PFD there 

is no jitter effect in the first stage of 4 transistors and in the second stage i.e. 

will be effected by jitter through only 4 transistors. 

 
3 Proposed Phase Frequency Detector 
 

In this work PFD block of a FNPLL is proposed which addresses the 

drawbacks of the existing ones such as phase jitter, dead zone, process 

variations, area and power constraints. Phase jitter is one of the major issue  

in PFDs is proportional to the transistor count. Dead zone is the other issue, 

which prevents the PFD detecting the phase difference between input 

reference and feedback signal, hence PLL will lock to incorrect phase due to 

that in-band noise will increase [3, 4] and also add the delay to the system. 

Figure 3(a) represents the circuit diagram of the proposed 8T PFD andFigure 

3(b) represents the impact of phase jitter. 
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Figure 3.(a) Circuit Diagram of Proposed PFD Block, 

    (b) Jitter(4T) in the Proposed PFD and the Impact of Jitter 
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The proposed two stages PFDas shown in Figure. 3(a) is sensible to the 

rising edges of the input clock signal while determining output. Whenever 

the input signals are not at the same level i.e. if Fref or Fdiv leads, then the 

first stage output will remain in the previous state and the detection range is 

from [-π, π]. 

 
Initially the two input clock signals of PFD, Fref and Fdiv are at the logic 

zero level, devices M3 and M4 transistors will be ON, and the output of the 

first stage will be at logic one level.  The outputs UP and DOWN are also at 

logic zero level, because the second stage will be acting as the pass transistor 

logic through M6 and M8 transistors. 

 During the rising edges of either of the input clock signals i.e. Fref 

(Fdiv), UP (DOWN) signal will be set to one logic level through M8 (M6) 

transistor and DOWN(UP) signal will be set to zero logic level through M5 

(M7) transistor. 

When both the input clock signals are at logic one level then the first 

stage output will be at zero logic level, then the outputs UP and DOWN will 

be set to zero logic level through M5 and M7 transistors. So there will be no 

delay for the reset as in the conventional PFD. The designed PFD is free 

from the delay offset i.e. dead zone, when the both the output signals are one 

logic level, so it is completely removing the feedback path and the PLL locks 

the desired phase. 

 The jitter contribution of the proposed PFD is less similar to the analysis 

of the [6] as shown in Figure.4. In the first stage of PFD there will be no 

jitter effect and in the second stage i.e. pass transistor logic stage will be 

effected by jitter through the M5, M6,M7 and M8 transistors(only 4 

transistors), where it is reported [7] is about 6 transistors. The Linear Phase 

characteristics of Proposed PFD with zero dead zones are shown in Figure.4. 

 
 
 

 
 
 
 
 

 

 

 

 

 

 

Figure 4. Phase characteristics(-π, π) of Proposed PFD 
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Figure 5. Proposed PFD phase noise with different offset frequencies 

 

The phase noise appears to be -156.7dBc/Hz at 1 MHz offset frequency 

as shown in Figure.5.The flicker source dominates at intial frequencies of 

below 10 kHz and white sources dominate after l MHz of frequencies as 

shown in Figure.5 
 

 

4 Simulation Results 
 

The 8T PFD of FNPLL was proposed and simulated is implemented in 

Generic Process Design Kit (GPDK) with 45nm CMOS process technology 

using Virtuoso tool of Cadence. Phase noise for the proposed PFD at 

different frequency offsets is measured and the values are shown in Table.1. 

The performance comparison of proposed with other methods is given in 

Table.2. The maximum switching frequency of the proposed Phase and 

Frequency Detector is measured to be 3.5 GHz, by using methodology given 

by [5]. The designed PFD is free from reset path and consists of only 8 

transistors such that the power consumption is of about 168.3µW @ 3.5GHz 

is shown in Figure 6 

 
 

Table.1 Simulation Results of the Proposed PFD 

 

Parameter 

Frequency  

Offset (@ 

0.1 KHz) 

Frequency  

Offset (@ 

1.0436 

KHz) 

Frequency  

Offset (@ 

10.4268 

KHz) 

Frequency  

Offset (@ 

100.672 

KHz) 

Frequency  

Offset (@ 

1000.8 

KHz) 

Phase 

Noise    

(dBc/Hz) 

-130.94 -135.423 -145.137 -154.86 -156.7 
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Figure 6.When VDD is 0.45 V, Power consumption(µW) vs. different 

frequencies(MHz) 

Figure. 6 shows the relation between frequencies (in MHz) vs power 

consumption(µW) of the proposed PFD. The Power Consumption of the 

designed PFD for maximum switching frequency 3.5 GHz is 168.3 µW. 
Table.2 Performance Comparison of the PFD 

Parameter Proposed 

Method 
 [8] [9] [10] [11] [12] [13] [14] [15] 

CMOS Process 

Technolog y 

(nm) 

45 45 65 90 130 130 130 180 180 

Maximum  

Switching 

Frequency 

(GHz) 

3.5 - 1 2.5 4.1 3 -   - 2.5 

Reset Time (ps) 0 -  -  -  - -   -  - -  

Dead Zone (ps) No - - 0.75 25 80 No -  No 

Blind Zone (ps)  No -113.8 -  -  -  120 No No -  

Phase Noise 

(dBc/Hz) @ 1 

MHz 

-156.7 - -  -  -   - -  -  -  

No. of 

Transistors 

8 - - - - - - - - 

Power Supply 

(V) 

0.45 1 1.2 1.2 1.2 1.2 1.2 1.8 1.8 

Power 

Consumption 

(W) 

168.3uW 

@50MHz 
      -- 134µW - 76µW 

134µW

@128 

MHz 

1.44mW

@128 

MHz 

1.36mW

@128 

MHz 

5.414uW 

@50MHz 
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5 Conclusion 
 

Minimum jitter and power efficient PFD topology aimed at elimination of 

blind and dead zones of the conventional tri-state PFD is proposed in this 

paper. Parameters used to evaluate the performance are gate count, power 

and phase noise etc.  It was observed that the power of 168.3µW is 

consumed at a supply of 0.45V, the maximum switching frequency of 3.5 

GHz is obtained at a phase noise of -154.86 dBc/Hz and -156.7 dBc/Hz at 

100 kHz and 1 MHz offsets respectively using GPDK 45nm CMOS 

processtechnology. Dead zone free PFD makes to increase the operating 

frequency such that the FNPLL will be free from the phase noises and it will 

be suitable for high speed. As in the second stage of PFD a pass transistor 

logic is usedso again the operating frequency increases further.As the PFD is 

designed with less number of transistors such that area and power 

requirement will be less.The designed PFD can be used in the architecture of 

FNPLL as a frequency synthesizer. 
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