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Preface

This book examines the issue of design of fully integrated frequency
synthesizers suitable for system-on-a-chip (SOC) processors. This book
takes a more global design perspective in jointly examining the design space
at the circuit level as well as at the architectural level. The coverage of the
book is comprehensive and includes summary chapters on circuit theory as
well as feedback control theory relevant to the operation of phase locked
loops (PLLs). On the circuit level, the discussion includes low-voltage
analog design in deep submicron digital CMOS processes, effects of supply
noise, substrate noise, as well device noise. On the architectural level, the
discussion includes PLL analysis using continuous-time as well as discrete-
time models, linear and nonlinear effects of PLL performance, and detailed
analysis of locking behavior.

The material then develops into detailed circuit and architectural analysis of
specific clock generation blocks. This includes circuits and architectures of
PLLs with high power supply noise immunity and digital PLL architectures
where the loop filter is digitized. Methods of generating low-spurious
sampling clocks for discrete-time analog blocks are then examined. This
includes sigma-delta fractional-N PLLs, Direct Digital Synthesis (DDS)
techniques and non-conventional uses of PLLs. Design for test (DFT) issues
as they arise in PLLs are then discussed. This includes methods of
accurately measuring jitter and built-in-self-test (BIST) techniques for PLLs.
Finally, clocking issues commonly associated to system-on-a-chip (SOC)
designs, such as multiple clock domain interfacing and partitioning, and
accurate clock phase generation techniques using delay-locked loops (DLLs)



are also addressed. The book provides numerous real world applications, as
well as practical rules-of-thumb for modern designers to use at the system,
architectural, as well as the circuit level. This book is well suited for
practitioners as well as graduate level students who wish to learn more about
time-domain analysis and design of frequency synthesis techniques.
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Foreword

Current literature is filled with textbooks and research papers describing
frequency synthesizers from a front-end wireless transceiver perspective.
The emphasis has historically been on evaluating the frequency synthesizer’s
performance in the frequency domain, i.e. in terms of phase noise and
spurious signals. As microprocessor frequency surge, the need to understand
digital requirements for low-jitter and the design of low-jitter frequency
synthesizers and clock generator becomes every increasingly important.
This book is dedicated to the time-domain (i.e. jitter) design and analysis of
frequency synthesizers and clock generators for microprocessor applications.
Such explanations are often scattered through literature and, to my
knowledge, has not recently been gathered into one comprehensive textbook.

This book also focuses on the CMOS IC implementation of such
synthesizers. An entire chapter is dedicated to low-voltage mixed-signal
integrated circuit design in deep submicron CMOS technologies.
Subsequent chapters discuss the design and analysis of the most common
frequency synthesizer, the phase-locked loop (PLL), as well as state-of-the-
art innovative architectures suitable for system-on-a-chip (SOC) processors.
. Design for Testability (DFT) is also discussed in the context of frequency
synthesizers in SOC processors. The book concludes by discussing some of
the most common issues that arise in clock interfacing, clock distribution,
and accurate delay generation through delay-locked loops (DLLs) as they
apply to SOC processors. Such issues mainly arise from having to
communicate data and clock signals across multiple clock and power



domains. The book provides numerous real world applications, as well as
practical rules-of-thumb for modern designers to use at the system,
architectural, as well as the circuit level.
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Chapter 1
INTRODUCTION

1.1 What are System-on-a-Chip Processors?

System-on-a-chip (SoC) technology is the integration of all the necessary
electronic circuits and devices for a specified system into a single integrated
circuit (IC) package. This typically includes an embedded microprocessor or
controller, dedicated logic, memory, and some analog circuitry, such as
analog-to-digital (A/D) converters or digital-to-analog (D/A) converters. In
some cases, such as Bluetooth processors, this may include an entire RF
wireless transceiver packaged into a single chip.

System-on-a-chip processors have been enabled by rapid advances in
microelectronics, specifically complementary metal oxide semiconductor
(CMOS) technology. The computing power of microprocessors has been
increasing exponentially following Moore’s Law. Such advances have
brought new design challenges and opportunities that have never been
previously anticipated. These design challenges include reducing power
consumption, enhancing packaging density and reliability, and development
of design automation tools to handle billions of transistors.

Advances SoC technology has already profoundly changed our society.
Today mobile communication is affordable and available in most parts of the
world. Wireless internet access is becoming a reality. Soon one will be able
to browse the internet at tens of megabit per second data rates from a
handheld device anywhere in the world.

The future of SoC technology offers new and radical concepts. As
nanosensors are being integrated in SoC devices, nanorobots are soon to be a
reality. Nanorobots may have profound medical applications such as
creating programmable antivirus devices. Other nanoscale SoC devices can



2 Chapter 1

have integrated video processors attached to optic nerve endings to enable
vision to the blind.

One dominant trends of SoC processors is increased computing power,
which entails increased clock speeds. This naturally makes clock
partitioning and generation in SoC processors a very important topic. This
book is dedicated to a detailed discussion on the design and analysis of clock
generation units used in SoC processors. This book also addresses the issues
of clock partitioning in SoC processors.

1.2 Organization

This book is divided up into nine chapters including this introduction
chapter. Chapter 2 discusses phase-locked loop (PLL) fundamentals. PLLs
are the most common implementation of a clock generation unit for SoC
processors. Chapter 3 discusses the design challenges of PLL circuit blocks
implemented in deep sub-micrometer CMOS technologies. Specifically,
low-voltage CMOS analog design is addressed. Once PLL fundamentals
and CMOS circuit implementation of PLLs have been discussed, chapter 4
provides a detailed jitter analysis in PLLs. This includes jitter definitions,
power supply coupling noise effects on PLLs, oscillator jitter analysis, as
well as jitter performance of closed-loop PLL systems. Chapter S explores
the reduction of jitter in PLLs at the architectural level. Such architectures
include supply voltage regulated PLL topologies, adaptive PLL topologies,
and delay-locked loop (DLL) based frequency multiplication topologies.
The performance of the various clock generation architectures is analyzed in
detail and is compared with one another. In chapter 6, an alternative
paradigm to PLL design is considered, where the loop filter is completely
digitized. In chapter 7, clock generators that are specific to digital signal
processing (DSP) applications are given. Modern techniques for design for
testability (DFT) for PLLs are given. This includes methods of
characterization and verification of embedded PLLs, jitter measurement
techniques, and PLL built-in-self-test (BIST) techniques. Finally, chapter 9
concludes the book by a discussion on more global issues such as clock
partitioning and skew control on clock signals in large SoC processors.



