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Introduction
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How Ar e PLLOS

A Frequency Synthesis (e.g. generating a 1 GHz clock from a
100 MHz reference in a CPU)

A Skew Cancellation (e.g. phase  -aligning an internal clock to
the 1/0O clock) (May use a DLL instead)

A Extracting a clock from a random data stream (e.g. serial -
link receiver)

A Reference Clean -Up (e.g. low -pass filter source -synchronous
clock in high -speed 1/O)

A Frequency Synthesis IS the focus of this course.
A Design Priority? Frequency and/or phase accuracy?
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What is.a PLL?

ANegative feedback control system where f
input clock align to rising edges of output clock

AMathematical model of frequency synthesizer

fin f

tracks f,, and rising edges of

out

—A— Phase- r—’i
V,.(t)" sinl2of,t) = Locked — V,(t)" sin(2o Nf,t)
APhase = Ufrequency
r0)=20p(0) a + 16)= o5 L
AWhen phase - - locked, fOut = Nfin - fout = Nfin
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Charge -Pump PLL Block Diagram
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A Sampled -system (phase -error is input variable)
A Phase error is corrected by changing frequency ( f(t) = U f(t)

A Resistor provides means to separate correction of frequency error
from correction of phase error
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Components in'a Nutshell

APhase-Frequency Detector (PFD):  outputs digital pulse
whose width is proportional to sampled phase error

ACharge Pump (CP):  converts digital error pulse to analog
error current

ALoop Filter (LPF): integrates (and low  -pass filters in
continuous time) the error current to generate VCO control voltage

AVCOZ low - swing oscillator with frequency proportional to control
voltage

ALevel Shifter (LS):  amplifies VCO levels to full  -swing

AFeedback Divider (FBDIV): divides VCO clock to generate
FBCLK clock for phase comparison w/reference
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PLL Feedback Loop Theory
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What Does PLL Bandwidth Mean?

A PLL acts as a low - pass filter with respect to the reference

modulation. High

-frequency reference |jitter is rejected

A Low -frequency reference modulation (e.g., spread
clocking) is passed to the VCO clock

-Spectrum

A PLL acts as a high -pass filter with respect to VCO jitter
AfiBandwi dtho is the

modul ati on f

begins to lose lock with the changing reference ( -3dB)
Fou lower BW Fou BW
F rejects F |
ref | gy ref noise veo higher BW
rejects
VCO noise
> >
log(frequency) log(frequency)
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Closed - Loop PLL Transfer Function

ATransfer function describes how P
reference phase. i.e. RefClk phase modulation

A Analyze PLL feedback in frequency  -domain
I Phase is state variable, not frequency

T A"so0o I's the reference modul ati on
oscillation frequency

I Assumes continuous -time (not sampled) behavior
AH(s)= fu/f . =G(sS)/(1+G(s)) A closed -loop gain

AG(s) = (K ofs)l ,F(s)*e ~sT4/M A open -loop gain
I where i,
A K,, =VCO gain in Hz/V

A |, = charge pump current in Amps

A F(s) = loop filter transfer function in Volt/Amp

A M = feedback divisor

A T, = delay in feedback -loop (e.g. FBDIV, Tpfd/2)
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PLL Components in Frequency
Domain

ref @ ferr
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Closed -loop PLL Transfer Function

AH()= v,2(1+s/ v,)/(s 2+2sz y + v 2
i where
A v, = undamped natural frequency (rad/s)
A v, = stabilizing zero=1/RC  , (rad/s)
A z = damping factor
i 2nd-order (two poles p1,p2 and one zero)
i 2nd-order ignores C , cap and feedback delays

AIf z< 1, complex poles lead to damped oscillation
i Real A exponential decay( z V),Imag A oscillation( V)

Alf z>1,zandplcancel: BW( -3dB)~2s z
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Wh at | S a NZer c

AThe fiZer o0 o f-loop thaasfecfunctisndsd
the frequency in radians/s where the gain of the
Integral and proportional paths are equal.

AClassic loop: v, =1/RC , (rad/s)

AConcept can be applied to loop filters that do not
contain a resistor.
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