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Purposes

• Review  the  autocorrelation/variance function 
based PLL analysis and 2nd order results

• Develop a generic system transfer function 
measurement and analysis method for a 3rd or 
Nth order PLL

• Simulation and experiment that verifies and 
proves the proposed method

• Apply the new 3rd or Nth order PLL method to 
practical devices used in applications such as 
PCI Express and FB DIMM 



Outline

• PLL applications
• 2nd PLL analysis review
• Third order PLL transfer function
• Performance analysis of the 3rd order PLL 

system
• Frequency domain based measurement 

approach
• Experiment and verification
• Conclusions and remarks



Phase-Locked Loop
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PLL Application in Data 
Communications
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PLL Application in Wireless 
Communications
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PCI Express and FB DIMM  
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• Testing PLL 3 dB frequency and peaking is 
required by specification  
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PLL Jitter Generic Model 
and Theory
Auto-correlation/Variance function and PSD
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General Behavior of PLL 
Variance Function 
and Noise PSD

t

σ  ( t )  

Variance

f

S o ( f )  

Noise
PSD



2nd Order PLL 
Measurement Method
For a second-order PLL

Variance function will be:

Parameters of ωn, ζ are determined by minimizing
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2nd Order PLL 
Measurement Results
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Why 3rd order PLL? 

Ref Clock
(100 MHz) Tx

PLL
25X

PLL
25X

Rx
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• Feed-through clock suppressing
• Phase error acceleration tracking  
• Better jitter tracking at low frequency



A 3rd order PLL Jitter 
Transfer Function 

60 dB/decade



3rd Order PLL system
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Open loop transfer function:

Closed loop transfer function:



Steady State Response of 
the 3rd Order PLL
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Final value theorem:

Steady state phase error:

A step change of phase: 

A step change of 
frequency:

A step change of 
acceleration:



A Step Change of 
Acceleration (3rd order PLL)
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3rd Order PLL Spectrum

“Negative 
Peaking”
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Noise Performance of 3rd

Order PLL
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Tracking Performance of 
3rd Order PLL

Linear tracking

– 3rd order PLL can track the step change of phase, 
frequency, and frequency acceleration.

Non-linear tracking

– Hold range: 
(steady-state)

– Pull out range: not much understanding 
(transient)
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Acquisition Performance of 
3rd Order PLL

Phase acquisition

Lock in range : 
(loop gain)

Frequency acquisition

– Pull in limit: 

– Pull in time:
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Freq. vs. Time-Domain 
Optimization
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Simulation and 
Verification Model
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3rd Order PLL Transfer 
Function

“Positive 
Peaking”
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Lab Experiments and 
Verification Results 
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3rd Order 2nd Order Cases 



Case A: 2nd and 3rd Order 
Results for a 2nd Order PLL 
device

3rd Order Model Fit2nd Order Model Fit



Case B: 2nd and 3rd Order 
Results for a Second 2nd Order 
PLL Device 

3rd Order Model Fit2nd Order Model Fit



Case C: 2nd and 3rd Order 
Results for a 3rd Order PLL 
Device 
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Case D: 2nd and 3rd Order 
Results for a Second 3rd Order 
PLL Device 
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Additional Measurement 
Results for a 3rd Order PLL 



Traditional PLL Transfer 
Function  Measurement
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Limitations for Traditional 
Methods

• Requires a modulation & signal source and 
subject to modulation frequency limitation

• Not suitable embedded PLLs 
• Cannot accurately measure PLL transfer 

function  above 20 MHz
• No separation of  from transfer function
• It is slow
• Only gives the magnitude part    



New PLL Transfer Function 
Measurement

No stimulus is required, fast !
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Advantages of the New 
Method
• No modulation & signal source is required
• Well suited for embedded PLLs
• Measure transfer function from ~ Hz  to Nyquist
• It is fast (a complete PLL measurement and 

analysis takes ~ seconds)
• Separate noise from transfer function
• A complete, plug&play, fast solution
• Complete s-domain transfer function, 

prediction/simulation enabling



Conclusions and Remarks
• Variance/autocorrelation function based PLL analysis 

method and 2nd order results are reviewed 

• Third order PLL transfer function is derived and its 
performance is studied.

• A frequency domain based approach is proposed to 
achieve simultaneously measuring and analyzing PLL 
transfer function.

• The proposed method is scalable in terms of PLL order 
and thus backward compatible to the existing 2nd order 
case.

• The method warrants a great promising and generic 
method for analyzing 3rd or Nth order PLL jitter and 
transfer function with a great accuracy and 
throughput
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