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PLL linear model applying to almost every PLL

• Differences between PLLs 
are determined only by whatare determined only by what 
is used for the LP-filter 
(Hlp(s)), the Phase Detector ( lp( ))
(Kpd) or the oscillator (Kosc). 
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More on the 2nd order PLL model
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Capture range, lock range, false lockCapture range, lock range, false lock
• The maximum difference between the input signal’s 

frequency and the oscillator’s free running frequencyfrequency and the oscillator’s free-running frequency 
where lock can eventually be attained is defined as 
the capture rangethe capture range

• One lock is attained, as long as the input signal’s 
f h l l l it ill i i l kfrequency changes only slowly it will remain in lock 
over a range that is much larger than the capture 
range

• When a multiplier is used for the phase detector the 
l l k t h i ( lti l f th f )loop may lock to harmonics (multiple of the frequency) 
of the input signal. This is called a false lock.



Exclusive-OR Phase comparators

• When the waveforms are 90 degrees out of phase• When the waveforms are 90 degrees out of phase 
the output is a waveform at twice the frequency of 
the input signal and has a 50 percent duty cyclethe input signal and has a 50 percent duty cycle.

• If all waveforms are symmetric about 0 volts the 
average value extracted by the low pass filter wouldaverage value extracted by the low-pass filter would 
be zero.



EXOR phase comp

• When the waveforms become more out of phase, the average valueWhen the waveforms become more out of phase, the average value 
of the output signal is positive; whereas when they become more in 
phase, the average value of the output signal is negative
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Small-Signal Model of the Charge-Pump PLL
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Phase Frequency Detector (PFD)
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• Most commonly used sequential phase detector is 
the Phase Frequency Detector (PFD).

• This circuit handles phase differences up to 2.



Phase Frequency Detector (PFD)Phase Frequency Detector (PFD)
• Assume Pu, Pd, Pu-dsbl, Pd-dsbl, Reset, Vin, 

Vosc are low
V hi h FF1 t/ P hi h

Pd

FF2FF1

Pu

• Vin goes high; FF1 set/ Pu goes high -> 
VCO frequency increases

• Vosc goes high; FF2 set temporarily, 
reset goes high causing P and Pd go
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reset goes high, causing Pu and Pd go 
low after some delay. Reset going high 
causes FF3 and FF4 to be set and Pu-dsbl
and Pd-dsbl go high, which later causes 

FF4FF3

reset to go low. FF1 and FF2 are kept in 
reset mode and Pu and Pd low.

• Vin goes back to 0; FF3 reset and Pu-dsbl
is turned off

Set4Set3

P
Ich

is turned off.
• Similarly, when Vosc goes low, FF4 is 

reset goes low, FF4 is reset and Pd-dsbl 
goes low. (back to original state).
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PFD waveforms – when Vin has a much 
higher frequency than Voschigher frequency than Vosc

Vin

• Whenever a positive going edge of Vin 
occurs, Pu goes high causing the VCO 

Vosc

Pu

Pd

, g g g
frequency to increase, and stays high 
until both Vin and Vosc go to 1. Then 
reset goes high, setting both Pu-dsbl 

d

Pu-dsbl

Pd-dsbl

and Pd-dsbl, and causing  Pu and Pd to 
go low. The next time Vin goes to o, 
FF1 is reset, which resets FF3, turning 
Pu-dsbl off.

• Most of the time (here) Pu is high, 
causing Vosc to quickly increase in 
frequency until lock is achieved.

• No false lock
• Only suitable for digital (non-sine) 
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Voltage controlled oscillators (VCO)g ( )
Oscillators

Tuned oscillators Nonlinear oscillators

• Sinusoidal output oscillators usually realized some frequency

RC
osc.

SC
osc.

LC
osc.

Crystal
osc.

Relaxation
osc.

Ring
osc.

Sinusoidal output oscillators usually realized some frequency 
selective or tuned circuit in feedback configuration, while square-
wave output oscillators are usually realized using a nonlinear 
feedback configfeedback config.

• The tuned oscillators offers better frequency stability, but limited 
tuning range.

• The LC and Ring oscillator are most common.



Ring oscillators
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0.2 V subthreshold VCO



Differential inverter
• Programmable delay
• Cascode transistors Q3, Cascode t a s sto s Q3,

Q4  to increase output 
impedance of 
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• Tau proportional to CL / 

g f proportional togm, fosc proportional to 
SQRT(Vcntl) ;nonlinear



Bias circuit
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Computer simulations of PLLs
• Nontrivial due to often very wide range of time constants 

present in PLLs. 
• SPICE simulations only may be highly impractical and take 

too long time.
P ibl h• Possible approach:
Simulate the individual components using SPICE over a few 

periods of the VCO’s output waveform before simulating theperiods of the VCO s output waveform before simulating the 
complete system using simplified models where continous 
time components are replaced by approximately equivalent p p y pp y q
difference-equation models;
Simulink in Matlab (easy, don’t need much expertise)
or custom difference equations using for example C. (fast 

and may be modified for greater accuracy)



Additional litterature
• Ulrik Wismar, Dag T. Wisland, Pietro Andreani:  Linearity of Bulk-Controlled Inverter Ring VCO 

in weak and strong inversion, Proceedings of IEEE Norchip Conference, 2005.
• http://www.eecg.toronto.edu/~johns/nobots/Book/book.html
• http://www.iue.tuwien.ac.at/phd/grasser/node83.html (Ring osc.)



Remember: Grading is based on the 
contents of the reportcontents of the report



Some pointers

• http://www.idi.ntnu.no/~lasse/DM/SkriveTips.php
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Nifty Gadget / DAC chapter 3

• 3 My implementation of a Nifty Gadget
• Can you describe your implementation in detail?

Why did you use this technology?
How does the theory relate to your 
implementation?
What are your underlying assumptions?
What did you neglect and what simplifications 
have you made?
What tools and methods did you use?
Why use these tools and methods?



Nifty Gadget / DAC chapter 4

• 4 Nifty Gadget results
• Did you actually build it?

How can you test it?
How did you test it?
Why did you test it this way?
Are the results satisfactory?
Why should you (not) test it more?
What compensations had to be made to interpret 
the results?
Why did you succeed/fail?



Nifty Gadget / DAC chapter 5

• 5 Discussion
• Are your results satisfactory?

Can they be improved?
Is there a need for improvement?
Are other approaches worth trying out?
Will some restriction be lifted?
Will you save the world with your Nifty Gadget?
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