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CMOS PLL Synthesizers: Analysis and Design
@This book presents both fundamentals and the state of the art of PLL synthesizer

design and analysis techniques.

@A complete overview of both system-level and circuit-level design and analysis are

covered.

@A 16mW, 2.4GHz, sub-2V, Sigma Delta fractional-N synthesizer prototype is
implemented in 0.35m m CMOS. It features a high-speed and robust phase-switching

prescaler, and a low-complexity and area-efficient loop capacitance mulitplier, which

tackle speed and integration bottlenecks of PLL synthesizer elegantly.

@This book is conceived as a PLL synthesizer manual for both academia researchers

and industry design engineers.
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Preface

Thanks to the advance of semiconductor and communication technology,
the wireless communication market has been booming in the last two
decades. It evolved from simple pagers to emerging third-generation (3G)
cellular phones. In the meanwhile, broadband communication market has
also gained a rapid growth. As the market always demands high-
performance and low-cost products, circuit designers are seeking high-
integration communication devices in cheap CMOS technology.

The phase-locked loop frequency synthesizer is a critical component in
communication devices. It works as a local oscillator for frequency
translation and channel selection in wireless transceivers and broadband
cable tuners. It also plays an important role as the clock synthesizer for data
converters in the analog-and-digital signal interface.

This book covers the design and analysis of PLL synthesizers. It includes
both fundamentals and a review of the state-of-the-art techniques. The
transient analysis of the third-order charge-pump PLL reveals its locking
behavior accurately. The behavioral-level simulation of PLL further clarifies
its stability limit. Design examples are given to clearly illustrate the design
procedure of PLL synthesizers. A complete derivation of reference spurs in
the charge-pump PLL is also presented in this book.

The in-depth investigation of the digital A modulator for fractional-N
synthesizers provides insightful design guidelines for this important block.
As the prescaler is often the speed bottleneck of high-frequency PLL
synthesizers, it is covered in a single chapter in this book. An inherently
glitch-free low-power phase-switching prescaler was developed. The timing
analysis of the switching control loop gives good understanding for a sound
design. As spurs generated from the delay mismatch in the phase-switching
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prescaler might be a concern, it is mathematically examined. Another single
chapter in this book is devoted to the loop filter, which is an integration
bottleneck in narrow-band PLL because its big capacitor takes a large chip
area. A simple area-efficient on-chip loop filter solution was proposed. It is
based on a capacitance multiplier, which is of very low complexity and
power consumption. Detailed analysis and design of this novel loop filter
was addressed.

As this book features a complete coverage of PLL synthesizer design and
analysis techniques, the authors hope it will be a good manual for both
acdemia researchers and industry designers in the PLL area.
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AAC Automatic Amplitude Control
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MASH
NAND
NCO
NMOS
NOR
OPA
OSR
OTA
PD
PFD
PGS
PLL
PMOS
PSD
RF

rms

SC
SCL
SDM
SNR
SSB
TSPC
VCO
XOR
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Multi-stage noise Shaping

Negative AND logic

Numerically Controlled Oscillator
N-channel Metal Oxide Semiconductor
Negative OR logic

Operational Amplifier

Over Sampling Ratio

Operational Transconductance Amplifier
Phase Detector

Phase-Frequency Detector

Patterned Ground Shield
Phase-Locked Loop

P-channel Metal Oxide Semiconductor
Power Spectral Density

Radio Frequency

Root-Mean-Square

Switched Capacitor

Source-Coupled Logic

Sigma-Delta Modulator
Signal-to-Noise Ratio
Single-Sideband
True-Single-Phase-Clock
Voltage-Controlled Oscillator
Exclusive OR logic

angular frequency in rad/s
PLL -3dB loop bandwidth

PLL loop (unity-gain / crossover) bandwidth

1* corner frequency of capacitance multiplier impedance
2" comner frequency of capacitance multiplier impedance
3" corner frequency of capacitance multiplier impedance
natural frequency

1% pole-frequency of loop filter transimpedance

2" pole-frequency of loop filter transimpedance

3" pole-frequency of loop filter transimpedance

PLL reference angular frequency (at PFD)
zero-frequency of loop filter

corner angular frequency of 1/ f noise

corner angular frequency of oscillator 1/ £ phase noise
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angular frequency offset from carrier
PLL hold range

PLL lock range

PLL pull-in range

PLL pull-out range

phase

phase margin

amplitude of phase modulation
PLL output rms phase noise

phase
phase error at PFD inputs

input phase (noise)
output phase (noise)
VCO phase noise

random phase variation
damping factor

normalized settling frequency error of PLL
phase noise in dBc/Hz
rms of cycle jitter

rms of cycle-to-cycle jitter

time

impulse function (Dirac delta function)
periodic impulse function with period T

ISF function

current ratio
1" capacitance of passive loop filter

2" capacitance of passive loop filter

3" capacitance of passive loop filter

1* parasitic capacitance of capacitance multiplier
2" parasitic capacitance of capacitance multiplier
frequency in Hz

carrier frequency

PLL loop (unity-gain / crossover) bandwidth
loop divider output frequency

modulation frequency
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PLL reference frequency (at PFD)

VCO frequency

RF frequency (of mixer)

local oscillator frequency

offset frequency from the carrier

corner frequency of oscillator 1/ f° phase noise

active device noise factor

conductance, transconductance

conductance, transconductance

transfer function

transfer function

PLL closed-loop input-to-output phase (noise) transfer

function

PLL input phase (noise) to PFD phase error transfer

function

PLL open-loop input-to-output phase (noise) transfer

function

PLL input phase to LF output voltage transfer function

current
charge-pump current noise

current
in-phase signal
control current of CCO

charge-pump current

charge-pump current of integration path

charge-pump current of proportional path
charge-pump current for discharging the load capacitor
output current of LF’s proportional path

charge-pump current for charging the load capacitor

output current of LF’s integration path
integer number

binary integer input of DPA or digital SDM
Boltzmann constant

PLL loop gain

PFD and charge-pump gain in A/rad

VCO conversion gain in rad/s/V
CCO conversion gain in rad/s/A
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integer number (order of SDM)
inductance

integer number

modulus of DPA or digital SDM
integer number

output integer of digital SDM

number

(nominal) frequency divide ratio of loop divider
integer part of fractional-N divide ratio
prescaler divide ratio

power

PLL reference spur level in dBc
charge

quadrature signal

quality factor

quantization noise

loaded quality factor

resistance

auto-correlation function

1* resistance of passive loop filter

2" resistance of passive loop filter

auto-correlation function of random phase ¢
power spectrum

power spectral density of random phase variation
power spectral density of signal V(r)

time

charge-pump turn-on time in locked state

time

temperature

PLL lock-in time (rough estimation)

PLL puli-in time

period of PLL reference signal
absolute jitter
cycle-to-average jitter
cycle-to-cycle jitter

unit step function
voltage
voltage



CMOS PLL Synthesizers: Analysis and Design

VCO control voltage, LF output voltage
output voltage of LF’s proportional path
output voltage of LF’s integration path
loop filter output voltage noise

admittance

impedance

impedance, transimpedance
loop filter transimpedance
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