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Preface

Purpose of the Book
An example of a digital communications link is an integrated circuit (IC) sending binary-level
data to another receiving IC through a microstrip transmission line trace in an FR4 printed cir-
cuit board environment. At low data rates that do not challenge the performance edge of commu-
nication components, designs are robust. At data rates of 10 Gbit/s (now common in the
industry), interrelated design issues in the transmitter, the communication channel, and the
receiver become more pronounced. 

The engineering design effort in the area of high-speed digital links has been extensive. A
field called signal integrity has been identified to help high-speed digital designers understand
high-frequency design issues. The ultimate goal is to require fewer design cycles during product
development. There are many excellent books in the area of signal integrity for digital communi-
cations systems (see the References section in Chapter 1 for a listing of recommended books).
This book tackles one important subset of this broad signal integrity field: test and measurement
techniques, especially for very high speed systems. It focuses on descriptions of test instrumen-
tation hardware, theory of operation, and applications to digital communications links. The topic
of jitter in digital systems is covered extensively. 

The primary topics for high-speed physical layer characterization are the following:

• Bit error ratio measurement
• High-speed digital waveform analysis 
• Jitter in digital data streams
• Receiver testing
• Characterization of the physical interconnection structures
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xxii Preface

It became clear to the authors of this book that there was not a good single source of refer-
ence information on the topic of digital communications test and measurement for the physical
layer, and thus this book came into existence. The work combines the collective experience of
authors from leading test and measurement organizations (Agilent, Circadiant, and Tektronix),
component manufacturers, and university settings. The material in this book has been developed
from application notes, seminars, conference presentations, short courses, and unpublished
works from the last ten years. Test and measurement equipment companies as well as semicon-
ductor manufacturers and even standards committees are producing a steady stream of applica-
tion notes on selected high-speed digital test and measurement topics. These notes are often
product oriented, and one must draw from a large number of sources to piece together a cohesive
coverage of the topic. Much of the material has not had wide circulation to date. A trusted refer-
ence has been missing, and this work intends to fill this gap. This book takes the expertise gath-
ered by test and measurement authors that was previously scattered in many places and puts it
under a single cover. 

This book will be useful for technicians, engineers, and scientists who are involved in the
digital communications industry or need to learn about it. The book is designed to address the
needs of people new to the field and those intimately familiar with it. Digital communications
engineers and technicians spend a good fraction of their lives characterizing their system, sub-
system, and component performance. This book serves as a reference that adds cohesion to the
wide range of topics that must be understood to succeed in system characterization.

The coverage emphasizes an understanding of how the digital system works, how the test
and measurement system is connected, and how an instrument does its job. Understanding
instrument architectures and operation gives additional insight on limitations and flexibility of
the measurements that can be performed. The book also provides insight into the characteristics
of the devices under test. Illustrations are intentionally numerous because the authors believe
that visual communication of information is how many people receive information most
efficiently.

Organization of Contents
The book is organized around the architecture of a simple digital communications link consist-
ing of a transmitter, a receiver, and a channel. Chapters 1–3 give an introduction that provides
background needed to understand later chapters in the book. Chapters 4–8 cover transmitter test-
ing, Chapters 9–12 cover receiver testing, and Chapters 13–15 address characterization of the
communication channel and internal computer communications links. 

Introduction Chapters

Chapters 1–3 provide a general introduction to digital communications and digital communica-
tions systems. These chapters offer a series of definitions, concept descriptions, and specific
examples of digital communications link topics. They serve as a foundation for understanding
the test and measurement chapters that follow.

Derickson.book  Page xxii  Thursday, November 8, 2007  11:11 AM



Preface xxiii

• Chapter 1 (general introduction): This chapter gives an overview of high-speed digi-
tal communications systems. The goal is to set a framework for the more detailed chap-
ters that follow. This chapter also introduces terminology used in the rest of the book. 

• Chapter 2 (jitter introduction): Jitter is a pressing design problem in high-speed sys-
tems. This topic has also seen a large development effort by test and measurement com-
panies in the last five years. Jitter is an extensive subject area and deserves its own
introduction.

• Chapter 3 (communications link examples): This chapter provides specific discus-
sions on selected serial digital communications links. One often needs to understand
some detail of the higher-level system definition and performance even when testing is
done on the physical layer.

Transmitter Characterization Chapters
Chapters 4–8 address the characterization of the transmitter portion of a digital communications
link. 

• Chapter 4 (bit error ratio testing): A fundamental property of a digital communica-
tions link is the bit error ratio (BER), which is the number of bit errors divided by the
total number of bits sent. This chapter along with Appendix A provides a detailed
description of the test hardware and test methodology for BER.

• Chapter 5 (bit error ratio scanning): This chapter describes techniques to find the
system bit error ratio as a function of the digital decision threshold settings in time and
voltage. One can obtain information on the signal-to-noise margin that is present in a
digital link by scanning the decision thresholds. This can be very time consuming, and
considerable discussion is given on performing measurement scans in a reasonable time
period.

• Chapter 6 (real-time oscilloscopes): This chapter covers high-speed waveform mea-
surements based on real-time oscilloscope architectures. Here very fast analog-to-digital
converters (now up to 40 GSamples/s) provide time snapshots of digital waveform seg-
ments. Advanced jitter measurement capabilities are described in detail.

• Chapter 7 (equivalent-time sampling oscilloscopes): Very high speed waveforms can
be reconstructed by a sampling process where data points are taken less frequently
compared to real-time oscilloscopes. The sampling architectures and unique instrument
capabilities are discussed in detail in this chapter. Finally, applications in digital wave-
form analysis and jitter component decomposition are given. 

• Chapter 8 (all-optical sampling oscilloscopes): This chapter departs from the earlier
ones in that it concentrates on forward-looking optical sampling techniques that will
allow viewing of high-speed optical signals such as 40 Gbit/s data streams with high
sensitivity and waveform fidelity. Test and measurement equipment with several hun-
dred gigahertz of bandwidth is now becoming available. 
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xxiv Preface

Receiver Characterization Chapters

Chapters 9–12 highlight concepts and measurements for the receiver in a digital communica-
tions link. 

• Chapter 9 (digital clocks, clock recovery, and phase locked loops): This chapter first
outlines the characteristics of oscillators used as reference clocks in digital systems. It
then analyzes clock recovery circuits using phase locked loops. Finally, this chapter
gives the critical measurement parameters used to characterize clock recovery circuits. 

• Chapter 10 (receiver jitter tolerance characterization): This chapter covers the
basic hardware, test methods, and setup for characterizing the jitter tolerance perfor-
mance for receivers. 

• Chapter 11 (digital optical receiver sensitivity testing): This chapter develops topics
related to the testing of digital optical receivers. It addresses uncertainty values in the
bit error ratio measurement and gives data-plotting strategies.

• Chapter 12 (stressed receiver testing): Standards groups have specified that receivers
be tested with controlled signal degradations. This stressed testing method allows the
receiver to be characterized in a more realistic signal environment.

Channel and System Characterization Chapters
Chapters 13 and 14 highlight test techniques for the interconnecting transmission line structures
for digital links. Both frequency domain and time domain characterization techniques are given.
Chapter 15 covers the specific topic of link characterization for internal computer communica-
tion functions.

• Chapter 13 (time domain reflectometry [TDR] and time domain transmission
[TDT]): This chapter covers time domain methods for characterizing the propagation
of a signal from the transmitter to the receiver. Step-by-step analysis techniques are
given to interpret TDR/TDT displays. Advanced measurement software can also be
used to create a discontinuity model for the channel.

• Chapter 14 (frequency domain measurements): Frequency domain techniques can
be used to obtain the same information as traditional TDRs/TDTs with several other
modes of operation. This method is contrasted against the direct time domain measurements
discussed in Chapter 13. Several examples of measurement applications are given.

• Chapter 15 (communications links inside the PC computer architecture): This
chapter outlines operation and test strategies for PCI Express, SATA, and FBDIMM
communications links internal to the computer.

Appendixes
Appendix A covers the topic of pseudo-random binary sequences (PRBSs) in detail. Appendix B
outlines several connector types used in high-frequency testing. Appendix C covers several
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accessory components that are often used in high-speed digital testing. Appendix D gives very
detailed coverage for topics introduced in Chapter 3.

Final Comments
As you browse through the book, we anticipate that you will find graphics that will draw you
into several sections of the book’s discussion. Many of the test and measurement issues dis-
cussed in this book are a direct result of Gb/s signals being routed around systems in less than
ideal signal environments. It is still hard to believe that digital designs with 10 Gbit/s circuitry
are being fabricated on FR4 printed circuit boards with good success. The on-off signal wave-
forms are digital in nature, but it is quite easy to have these transmitted bits become nearly
unrecognizable at the receiver. The authors have strived to provide a valuable reference in high-
speed physical layer characterization of these digital signals.

Dennis Derickson, editor
Marcus Müller, editor
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