Information
Photonics

Fundamentals, Technologies,
and Applications

G e00e N 00RR000000000ReE0E000sNEReRNROe0lNN0e0000008008000000000000000000

Asit Kumar Datta
Soumika Munshi

CRC Press
Taylor & Francis Group



Information
Photonics

Fundamentals, Technologies,
and Applications

Asit Kumar Datta
Soumika Munshi

CRC Press
Taylor & Francis Group

Boca Raton London New York

CRC Press is an imprint of the
Taylor & Francis Group, an informa business



CRC Press

Taylor & Francis Group

6000 Broken Sound Parkway N, Suite 300
Boca Raton, FL 33487-2742

© 2017 by Taylor & Francis Group, LLC
CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original U.S. Government works

Printed at CP1 on sustainably sourced paper
Version Date: 20160523

International Standard Book Number-13: 978-1-4822-3641-5 (Hardback)

This book contains information obtained from authentic and highly regarded sources. Reasonable efforts
have been made to publish reliable data and information, but the author and publisher cannot assume
responsibility for the validity of all materials or the consequences of their use. The authors and publishers
have attempted to trace the copyright holders of all material reproduced in this publication and apologize to
copyright holders if permission to publish in this form has not been obtained. If any copyright material has
not been acknowledged please write and let us know so we may rectify in any future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, transmit-
ted, or utilized in any form by any electronic, mechanical, or other means, now known or hereafter invented,

including photocopying, microfilming, and recording, or in any information storage or retrieval system,
without written permission from the publishers.

For permission to photocopy or use material electronically from this work, please access www.copyright.
com (http://www.copyright.com/) or contact the Copyright Clearance Center, Inc. (CCC), 222 Rosewood
Drive, Danvers, MA 01923, 978-750-8400. CCC is a not-for-profit organization that provides licenses and
registration for a variety of users. For organizations that have been granted a photocopy license by the CCC,
a separate system of payment has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used
only for identification and explanation without intent to infringe.

Library of Congress Cataloging-in-Publication Data

Names: Datta, Asit Kumar, author. | Munshi, Soumika, author.

Title: Information photonics : fundamentals, technologies, and applications /
Asit Kumar Datta and Soumika Munshi.

Description: Boca Raton : CRC Press, 2017. | Includes bibliographical
references and index.

[dentifiers: LCCN 2016009792 | ISBN 9781482236415 (alk. paper)

Subjects: LCSH: Optical communications. | Optical data processing. |
Photonics.

Classification: LCC TK5103.59 .D38 2017 | DDC 621.36/5--d¢23

LC record available at https://lcen.loc.gov/2016009792

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com



To our Teachers, Peers, Friends, and Families



Preface

Information photonics is an emerging area of interest as it interfaces with the
scientific and technological developments in photonics, and the ever-expanding
all pervasive applications of information technology. Photonics deals with
the generation, transmission, and detection of light in the broader sense,
and mostly encompassing the spectra from ultraviolet and visible to the far-
infrared wavelengths. On the other hand, information technology deals with
the applications of computers and telecommunication equipment to store, re-
trieve, transmit, and manipulate data. Since the application areas of both pho-
tonics and information technology have merged along with the advancement
of technology, the area of information photonics is identified as an approach
to developing photonic information processing systems, innovatively created
by the fusion between photonics technology and information technology.

The word photonics appeared in the late 1960s to describe a research field
whose technological goal in those days, was to use light to perform func-
tions that traditionally fell within the typical domain of electronics, such as
telecommunication, computation, and other information processing systems.
Moreover, photounics was identified as a subset of physics, particularly semi-
conductor physics, when interest grew in the development of devices after the
evolution of laser and optical fibre. As the photonics technologies are entering
and expanding into every conceivable domain of public use, the individual
boundaries of subject areas are becoming merged. This scenario is unfold-
ing the advantages of today’s information age, marked by the high speed
of information communication with large bandwidth, which cannot be made
without the applications of photonics technology. Information photonics is
therefore identified as an approach to developing photonic information pro-
cessing systems, which are innovatively created as an enabling technology of
our information age.

At the outset it is necessary to establish a generic terminology that might
be advantageously used in information photonics. During the last 50 years
or so, every then-conceivable development in the area of today’s photonics
was designated with the name of applied optics, optical technology, or optical
engineering. When the domain of photonics began to evolve from optics and
electronics, various terminologies such as optical-electronic, optronics, and
optoelectronics were interchangeably used. Optoelectronics is now considered
to be the study and application of electronic devices that can source, detect,
and control light, and so optoelectronics is now a sub-field of photonics.

xvii



xviii Preface

In this book we shall only consider the devices and systems which are gov-
erned by the laws of optics to be optical devices and system. On the other
hand, when the role of photons and the laws governing them are in play we
shall consider those devices and systems to be photonic devices and photonic
systems. Therefore, optical fibres are optical devices, but when a system is
studied with the addition of sources and detectors, and is used for communi-
cation, those systems will be termed photonic communication systems instead
of optical communication systems. In the same vein, optical computers will
be termed photonic computers, the sources, detectors, and modulators shall
be termed photonic detectors, photonic sources, and photonic modulators. A
system evolved with the combination of optical and photonic devices shall be
called a photonic system.

The main aim of this book is to introduce, to post-graduate students, re-
searchers, engineers, and scientists, the concept of photonic information pro-
cessing technologies as applied in various fields. It will help readers to get
insight into the concepts of photonic information processing as a system, and
photonic devices as system components required and applied in the areas
of communication, computation, and intelligent pattern recognition. As an
extension of these concepts, the areas of quantum communication and com-
putation, where photons have a major role to play, shall also be introduced.
The book converges in the last chapter by introducing the emerging areas
of nanophotonics, where over and above the systems, photonic crystal and
plasmonic devices will have an important role to play in the near future.

The first chapter deals with the basic philosophy of information communi-
cation in linear channels in the light of probability and Shannon’s theorems.
The second chapter introduces the properties of photons, concepts of electro-
magnetic theory, and an introduction to optical systems and laws. The third
chapter deals with the human vision system and the ideas of visual perception,
which is an integral part of human interface with systems. Photonic devices
play a crucial role in establishing photonic system architectures and therefore
the devices required for the generation of photonic signals (sources), those re-
quired for the detection of photons, are introduced in the fourth chapter. This
chapter, expectedly, will describe the building blocks of the systems. The fifth
chapter continues to introduce the devices required for the manipulation of
photonic signals (the modulators and switches) and ultimately the photonic
storage and display devices.

An important aspect of information processing is the analysis of two di-
mensional images in space and frequency domains. Chapter 6 addresses this
aspect by discussing space and time transform domain information processing
techniques by Fourier, fractional Fourier and wavelet transforms. Some other
transforms which are helpful in detection problems are also discussed. Chapter
T deals with low-level information processing of images with the help of op-
erators and morphological processing. This chapter also elaborates photonic
instrumentations required for range acquisition and profiling of an object.



Preface xix

Having introduced the photonic devices and basic processing techniques in
space and time domain, Chapter 8 of the book deals with the major applica-
tion of photonic processing in communication and networking. Propagation of
light waves in optical fibres, communication in free space, and techniques of
secure communication are discussed. Another major area of photonic informa-
tion processing is photonic computation. Chapter 9 introduces the ideas and
architectures of photonic computations, bringing out the arithmetic and logic
required for carry-less two-dimensional operations. Since interconnects and
switching are integral parts of photonic computing, a portion of this chapter
is devoted to the interconnection and switching methods. Chapter 10 deals
with the application areas involving photonic information processing in in-
telligent pattern recognition, mostly using neural network models and image
correlation filters. Chapter 11 deals with quantum communication and com-
putation as an aspect of photonic information processing, which is treated as
a fusion between photonics and quantum mechanics. The mathematical pre-
liminaries of qubits and devices required are also discussed. The last chapter
(Chapter 12) introduces the latest developments in nanophotonic devices and
systems. The theories and applications of photonic crystals and plasmonic de-
vices form an integral part of this chapter. The book concludes with a note
on the evolution of nanophotonic information systems.

Nowhere in the book are attempts made to derive the equations required to
establish a theory behind photonic devices and information processing tech-
niques. Only major equations are mentioned. A large number of books are
referred to as additional and supporting reading at the end of each chapter,
where the derivations of the equations can be found. Important references are
also included at the end of each chapter.

Thanks are due to our colleagues who have assisted us during many phases
of preparing the manuscript of the book. Our special gratitude goes to Gagan-
deep Singh, CRC Press editorial manager and senior editor (engineering/envi-
ronmental sciences) without whose support and constant encouragement this
book would not have been possible.

Asit Kumar Datta, Soumika Munshi
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