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LECTURE 010 -CMOS PHASE LOCKED LOOPS
INTRODUCTION
Course Objective

Understand the principles and applications of phase locked loops using integrated circuit
technology with emphasis on CMOS technology.

Organization:
Systems Types of PLLs PLL
Perspective and PLL Measurements Applications and Examples
Circuits PLL
Perspective Components
Technology CMOS
Perspective Technology
Fig.030901-03
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OPERATING PRINCIPLES OF PLLs

Whatis a PLL?
A PLL contains three basic components as shown below:
Input Error
Signal Phase Signal Loop

o—> Frequency Filter
Detector
Oscillator Contolli
ontolling
(S):Hrri;llt Voltage Voltage
g Controlled J«
Oscillator Fig. 01-01

» Phase/frequency detector determines the difference between the phase or frequency of
two signals

 The loop filter removes the high-frequencies from the voltage-controlled oscillator
(VCO) controlling voltage

e The VCO produces and output frequency controlled by a voltage
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More Detailed PLL Block Diagram
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Fig. 01-02

vin(t) — The input or reference signal

w;, — The radian frequency of the input signal

Vose(t) — The output of the VCO

,sc — The radian frequency of the VCO

v4(t) — The detector output voltage = K;0,

0, — Phase error between v;,,(f) and v,,(t) = 6;;, - O,

v-(t) — The output voltage of the loop filter and the control voltage for the VCO

CMOS Phase Locked Loops © P.E. Allen - 2003




Lecture 010 — Introduction to Phase Lock Techniques (8/28/03) Page 010-5

The Phase Detector and VCO in more Detail
Phase Detector:
va(t) = K46, = Ky(6;, - Opsc)
where K is the gain of the phase detector.

The units of K; are volts/radians or simply volts assuming all phase shifts are in
radians and not degrees.

Voltage Controlled Oscillator:
Wosc = Wy + Ky v (1)
where K, is the VCO gain and w, is the free-running radian frequency.

The units of K, are rads/sec-V or simply (sec-V)! assuming all phase shifts are in
radians and not degrees.
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PLL Operation

Locked Operation:

* The loop is locked when the frequency of the VCO is exactly equal to the average
frequency of the input signal.

e If the input signal has noise, the phase locked loop will remove much of the noise on the
input signal.

* To maintain the control voltage needed for locked conditions, it is generally necessary
for the output of the phase/frequency detector to be nonzero.

Unlocked Operation:

e The VCO runs at a frequency called the free running frequency, w,, which corresponds
to no control voltage.

* The capture process is the means by which the loop goes from unlocked, free-running
state to that of the locked state.
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Transient Response of the PLL
Assume the input frequency is increased by an amount Aw.

1.) w;;, increases by Aw at ¢,,. vin(®)
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3.) After a delay due to the loop filter, \/ \/ \/ \/ \/ \/ ,

the VCO increases w,g. Vosc(l
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5.) Depending on the loop filter, the
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Fig. 01-03
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CLASSIFICATION OF PLL TYPES

Types of PLLs

PLL Type Phase Detector Loop Filter Controlled Oscillator
Linear PLL (LPLL) | Analog multiplier RC passive or active | Voltage
Digital PLL (DPLL) | Digital detector RC passive or active | Voltage
All digital PLL Digital detector Digital filter Digitally controlled
(ADPLL)
(Sé)lgmre PLL Software multiplier | Software filter Software oscillator

The digital PLL (DPLL) has been the mainstay of most PLLs and is called the “classical”
digital PLL.
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The Linear PLL (LPLL)

Input Error
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Oscillator Fig. 01-04
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The Digital PLL (DPLL)

Input
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Fig. 01-05
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The All-Digital PLL (ADPLL)
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The Software PLL (SPLL)
Input o Output
Signal Analog- [\ Software Digital- Signal
o—— Digital PLL Analog
Converter [ Converter
|
Fig. 01-07

Course Outline

1.) Review of technology

2.) Systems perspective of the various PLLs
3.) Circuits perspective of the PLL blocks
4.) Applications of PLLs
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