
Handbook of Fiber Optic Data 
Communication

Frontmatter-P374216.indd   iFrontmatter-P374216.indd   i 1/2/2008   10:08:02 AM1/2/2008   10:08:02 AM



Frontmatter-P374216.indd   iiFrontmatter-P374216.indd   ii 1/2/2008   10:08:02 AM1/2/2008   10:08:02 AM



Handbook of Fiber Optic 
Data Communication

A Practical Guide to Optical Networking

Third Edition

Edited by Casimer DeCusatis

AMSTERDAM • BOSTON • HEIDELBERG • LONDON
NEW YORK • OXFORD • PARIS • SAN DIEGO

SAN FRANCISCO • SINGAPORE • SYDNEY • TOKYO
Academic Press is an imprint of Elsevier

Frontmatter-P374216.indd   iiiFrontmatter-P374216.indd   iii 1/2/2008   10:08:02 AM1/2/2008   10:08:02 AM



Elsevier Academic Press
Design Direction: Joanie Blank
Cover Design: Gary Ragaglia
Cover Images© iStockphoto
30 Corporate Drive, Suite 400, Burlington, MA 01803, USA
525 B Street, Suite 1900, San Diego, California 92101-4495, USA
84 Theobald’s Road, London WC1X 8RR, UK

This book is printed on acid-free paper. 

Copyright © 2008, 2002, 1998, Elsevier Inc. All rights reserved.

No part of this publication may be reproduced or transmitted in any form or by any
means, electronic or mechanical, including photocopy, recording, or any information
storage and retrieval system, without permission in writing from the publisher.

Permissions may be sought directly from Elsevier’s Science & Technology Rights
Department in Oxford, UK: phone: (+44) 1865 843830, fax: (+44) 1865 853333,
E-mail: permissions@elsevier.co.uk. You may also complete your request on-line
via the Elsevier homepage (http://elsevier.com), by selecting “Customer Support” and 
then “Obtaining Permissions.”

Library of Congress Cataloging-in-Publication Data
Handbook of fi ber optic data communication : a practical guide to optical 
networking / editor, Casimer DeCusatis.—3rd ed.
  p. cm.
 Includes index.
 ISBN 978-0-12-374216-2 (hbk. : alk. paper) 1. Optical communications. 
2. Fiber optics. 3. Data transmission systems.  I. DeCusatis, Casimer.
 TK5103.59.H3515 2008
 621.39′81—dc22
 2007045797

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library

ISBN: 978-0-12-374216-2

For all information on all Elsevier Academic Press publications
visit our Web site at www.books.elsevier.com

Printed in The United States of America
08 09 10 11 12 9 8 7 6 5 4 3 2 1

Working together to grow 
libraries in developing countries

www.elsevier.com  |  www.bookaid.org  |  www.sabre.org

Frontmatter-P374216.indd   ivFrontmatter-P374216.indd   iv 1/8/2008   9:58:55 AM1/8/2008   9:58:55 AM



v

Table of Contents

Part I Technology Building Blocks  1

Chapter 1   Computers Full of Light: A Short History of Optical Data 
Communication (J. Hecht)  3

Chapter 2  Optical Fiber, Cables, and Connectors (U. Osterberg)  19

Chapter 3   Small Form Factor Fiber-Optic Interfaces 
(J. Fox, C. DeCusatis)  43

Chapter 4  Specialty Fiber-Optic Cables (J. Fox, C. DeCusatis)  63

Case Study: Multimode Fiber Reuse for High-Speed Storage 
Area Networks  87

Chapter 5   Optical Sources: Light-Emitting Diodes and Laser 
Technology (W. Jiang, M. S. Lebby)  91

Chapter 6   Detectors for Fiber Optics (C. J. S. DeCusatis, C. Jiang)  133

Chapter 7   Receiver Logic and Drive Circuitry (R. Sundstrom, 
E. Maass, contributions by S. Kipp)  163

Chapter 8  Optical Subassemblies (H. Stange)  177

Chapter 9    Alignment Metrology and Manufacturing (D. P. Clement, 
R. C. Lasky, and D. Baldwin)  193

Chapter 10 Packaging Assembly Techniques (G. Raskin)  219

Part II Links and Network Design  239

Chapter 11  Fiber-Optic Transceivers (M. Langemwalter and 
R. Johnson, contributions by R. Atkins)  241

Chapter 12 Optical Link Budgets and Design Rules (C. DeCusatis)  271

Case Study: WDM Link Budget Design  305

Frontmatter-P374216.indd   vFrontmatter-P374216.indd   v 1/2/2008   5:38:20 PM1/2/2008   5:38:20 PM



Chapter 13  Planning and Building the Optical Link (R. T. Hudson, 
D. R. King, T. R. Rhyne, T. A. Torchia)  307

Chapter 14  Test and Measurement of Fiber Optic Transceivers 
(G. LeCheminant)  339

Chapter 15  Optical Wavelength Division Multiplexing for Data 
Communication Networks (K. Grobe)  371

Case Study: National LambdaRail Project  399

Case Study: Optical Networks for Grid Computing  403

Chapter 16 Passive Optical Networks (K. Grobe)  405

Part III Applications & Industry Standards  425

Chapter 17  Optical Interconnects for Clustered Computing Architectures 
(D. B. Sher, C. DeCusatis)  427

Case Study: Parallel Optics for Supercomputer Clustering  453

Chapter 18  Manufacturing Environmental Laws, Directives, 
and Challenges (J. Quick)  455

Chapter 19 ATM, SONET, and GFP (C. Beckman, R. Thapar)  473

Case Study: Facilities-Based Carrier Network Convergence and 
Bandwidth on Demand  503

Chapter 20  Fibre Channel—The Storage Interconnect 
(S. Kipp, A. Benner)  505

Case Study: Design of Next Generation I/O for Mainframes  533

Case Study: Storage Area Network (SAN) Extension 
for Disaster Recovery  535

Chapter 21  Enterprise System Connection (ESCON) Fiber-Optic Link 
(D. J. Stigliani)  537

Case Study: Calculating an ESCON Optical Link Budget  567

Chapter 22  Enhanced Ethernet for the Data Center (C. DeCusatis)  571

Case Study: Unbundling the Local Loop for Triple Play Networks  591

Chapter 23 FDDI and Local Area Networks (R. Thapar)  593

Chapter 24 Infi niBand—The Cluster Interconnect (A. Ghiasi)  605

vi Table of Contents

Frontmatter-P374216.indd   viFrontmatter-P374216.indd   vi 1/2/2008   5:38:20 PM1/2/2008   5:38:20 PM



Part IV Emerging Technologies & Industry Directions  629

Chapter 25  Emerging Technology for Fiber-Optic Data 
Communication (C. S. Li)  631

Case Study: Customer-Owned Wavelengths and P2P 
Optical Networking  653

Chapter 26  Optical Backplanes, Board and Chip Interconnects 
(R. Michalzik)  657

Chapter 27 Silicon Photonics (N. Izhaky)  677

Chapter 28 Nanophotonics and Nanofi bers (L. Tong, E. Mazur)  713

Appendix A Measurement Conversion Tables  729

Appendix B Physical Constants  731

Appendix C The 7-Layer OSI Model  733

Appendix D Network Standards and Data Rates  735

Appendix E Other Datacom Developments  751

Appendix F Laser Safety  755

Index  763

Table of Contents vii

Frontmatter-P374216.indd   viiFrontmatter-P374216.indd   vii 1/2/2008   5:38:20 PM1/2/2008   5:38:20 PM



Frontmatter-P374216.indd   viiiFrontmatter-P374216.indd   viii 1/2/2008   5:38:20 PM1/2/2008   5:38:20 PM



ix

When I consider how the light is bent
By fi bers glassy in this Web World Wide,

Tera- and Peta-, the bits fl y by
Are they from Snell and Maxwell sent

Or through more base physics, which the Maker presents
(lambdas of God?) or might He come to chide

“Doth God require more bandwidth, light denied?”
Consultants may ask; but Engineers to prevent

that murmur, soon reply “The Fortune e-500 do not need
mere light alone, nor its interconnect; who requests
this data, if not clients surfi ng the Web?” Their state

is processing, a billion MIPS or CPU cycles at giga-speed.
Without fi ber-optic links that never rest,

The servers also only stand and wait.

As this book goes to press, I am pleased to say that the world of optical data 
communication is well established and continues to thrive. Mature technologies 
combined with high-volume, low-cost manufacturing have made high-
performance optical data links more affordable than ever before and have turned 
some of the early technologies into commodities. Applications for fi ber-optic 
networking have grown signifi cantly. This goes beyond Internet and Web traffi c 
to encompass areas such as disaster recovery, video distribution, massively paral-
lel clustered computing, and networked storage. (Large corporations now boast 
multi-terabyte, petabyte, or even exabyte databases interconnected with their core 
business functions.) The distinction between datacom and telecom technologies 
continues to blur, with the encapsulation of traditional data center protocols over 

1Synchronous Optical Network.
2The Greek symbol “lambda” or λ is commonly used in reference to an optical wavelength.
3The original author of the classic sonnet “On His Blindness.”

Preface to the Third Edition

SONET1 on the Lambdas2

(by C. DeCusatis, with sincere apologies to Milton3)
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metropolitan and wide area networks designed for voice traffi c. Network conver-
gence and the triple or quadruple play for service providers have entered common 
usage, but the unique requirements of data communication networks remain (in-
cluding very low error rates, long unrepeated distances, ease of use for untrained 
staff, and an unprecedented combination of high reliability and low cost in de-
manding environments). These many developments, coupled with the continued 
success of previous editions, led to the decision that the time was right to update 
this Handbook once again.

Since the fi rst edition was published over 10 years ago, I have tried to continu-
ally incorporate feedback and comments from readers to improve this book and 
ensure that it continues to provide a single, indispensable reference for the optical 
data communication fi eld. Previous editions had experimented with a two-volume 
set of Handbooks. But you, the readers who make use of this book every day, 
have consistently emphasized the importance of having a single volume as your 
one-stop reference source. In this edition, I have taken your advice and have re-
turned the Handbook to its original design. This one book contains an overview 
of the entire optical data communication fi eld, broken down into basic technology, 
link design, planning, installation, testing, protocols, applications, and future 
directions.

A great deal of new material has been added, and many familiar chapters have 
been updated to refl ect new types of optical components, connectors, cables, and 
other devices. Some legacy applications that are not as widely used have been 
edited to their essential material only, such as FDDI and ESCON. Others have 
been expanded, and we have added the latest updates to Fibre Channel/FICON, 
Infi niBand, and SONET/SDH. Some technologies that were just emerging when 
the previous edition was published are now commonplace; among these are 
pluggable small form factor transceivers. Completely new chapters deal with 
issues that did not exist when the last edition was published, including Enhanced 
Ethernet for the data center, silicon photonics, and nanofi bers. Throughout I have 
tried to maintain a focus on practical applications. This edition includes about a 
dozen case studies that either provide numerical examples of the principles 
discussed in the text or discuss real-world applications using grid computing, 
triple-play networks, optically interconnected supercomputers, and other areas. 
Our industry is just beginning to see the promise of all-optical networking 
emerge—application-neutral, distance-independent, infi nitely scalable, user-
centric networks that catalize real-time global computing, advanced streaming 
multimedia, distance learning, telemedicine, and a host of other applications. We 
hope that those who build and use these networks will benefi t in some measure 
from this book.

An undertaking such as this would not be possible without the concerted efforts 
of many contributing authors and the publisher’s supportive staff, to all of whom 

x Preface to the Third Edition
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I extend my deepest gratitude. As always, this book is dedicated to my mother 
and father, who fi rst helped me see the wonder in the world; to the memory of 
my godmother Isabel; and to my wife, Carolyn, and my daughters Anne and 
Rebecca, without whom this work would not have been possible.

Dr. Casimer DeCusatis, Editor
Poughkeepsie, New York

August 2007
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