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Introduction to the Series

Since its inception in 1989, the Tutorial Texts (TT) series has grown to cover
many diverse fields of science and engineering. The initial idea for the series
was to make material presented in SPIE short courses available to those who
could not attend and to provide a reference text for those who could. Thus,
many of the texts in this series are generated by augmenting course notes with
descriptive text that further illuminates the subject. In this way, the TT
becomes an excellent stand-alone reference that finds a much wider audience
than only short course attendees.

Tutorial Texts have grown in popularity and in the scope of material
covered since 1989. They no longer necessarily stem from short courses;
rather, they are often generated independently by experts in the field. They are
popular because they provide a ready reference to those wishing to learn
about emerging technologies or the latest information within their field. The
topics within the series have grown from the initial areas of geometrical optics,
optical detectors, and image processing to include the emerging fields of
nanotechnology, biomedical optics, fiber optics, and laser technologies.
Authors contributing to the TT series are instructed to provide introductory
material so that those new to the field may use the book as a starting point to
get a basic grasp of the material. It is hoped that some readers may develop
sufficient interest to take a short course by the author or pursue further
research in more advanced books to delve deeper into the subject.

The books in this series are distinguished from other technical
monographs and textbooks in the way in which the material is presented.
In keeping with the tutorial nature of the series, there is an emphasis on the
use of graphical and illustrative material to better elucidate basic and
advanced concepts. There is also heavy use of tabular reference data and
numerous examples to further explain the concepts presented. The publishing
time for the books is kept to a minimum so that the books will be as timely
and up-to-date as possible. Furthermore, these introductory books are
competitively priced compared to more traditional books on the same subject.

When a proposal for a text is received, each proposal is evaluated to
determine the relevance of the proposed topic. This initial reviewing process
has been very helpful to authors in identifying, early in the writing process, the
need for additional material or other changes in approach that would serve to
strengthen the text. Once a manuscript is completed, it is peer reviewed to
ensure that chapters communicate accurately the essential ingredients of the
science and technologies under discussion.

It is my goal to maintain the style and quality of books in the series and to
further expand the topic areas to include new emerging fields as they become
of interest to our reading audience.

James A. Harrington
Rutgers University
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Preface

Plasmonic optics—an emerging research field—combines electronics and
photonics with nanostructures. It studies the interactions between electro-
magnetic waves and matter at the nanoscale. The prominent feature of
plasmonic optics is the coupling of electromagnetic waves into collective
electron oscillations. This peculiar feature enables the localization and
enhancement of electromagnetic energy in a novel family of nanodevices,
nanoelectronics, and nanosensors. Plasmonics involves many subjects, such as
optics, physics, materials, and even chemistry. So far, it has favorable
applications in chemical sensors, high-resolution microscopy, photovoltaic
cells, biological detection, communication, and medical diagnosis. Each
achievement plays a significant role in improving the future.

Federico Capasso, while receiving his 2013 SPIE Gold Medal Award,
said, “You can’t go wrong becoming a very strong optical scientist because
you can work in many different fields.” Plasmonics is one such field. Many
researchers have devoted themselves to it over the last few decades because it
provides a compelling risk and promise. That is what makes science so
attractive: we are eager to understand the unknown. In fact, we are attracted
by the risk to find the next achievement around the corner.

To fulfill the promise offered by plasmonic optics, this book presents a brief
introduction to the theory and applications. The first chapter introduces the
optical properties of materials. An elementary description of electromagnetic
theory is provided. Noble metals, dielectric materials, and semiconductors are
frequently used in plasmonic optics; their optical properties are described in terms
of the Drude and Lorentz theories. Although the effective optical properties of
nanostructures deviate from those of bulk materials, the penetration depths and
skin depths play a crucial role in defining plasmonic properties. The end of the
chapter discusses the effective medium theory for composite materials.

Surface plasmon polariton (SPP) is a recurring term that requires a clear
definition. In this book, SPPs refer to a collective electron oscillation and the
associated wave fields that propagate along a metal–dielectric planar
interface. Surface plasmon modes are sometimes used to describe the
resonance cases of SPPs. When the electron oscillations occur on the curved
surface of nanoparticles, these phenomena are called local surface plasmon
resonances (LSPRs) because, in most cases, only the resonance conditions of
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oscillating charges in nanoparticles are considered. Chapters 2 and 3 address
the physical concept and typical applications of SPPs and LSPRs. The
scattering and absorption properties of nanoparticles with various geometries
are discussed in terms of the Mie theory.

The concepts of SPPs and LSPRs are applied to a series of unusual optical
properties/devices: extraordinary optical transmission (OET) through a single
aperture or hole arrays (Chapter 4), the waves guiding and confined by the
metal–insulator–metal (MIM) and insulator–metal–insulator (IMI) nanostruc-
tures (Chapter 5), the radiation/emission enhancement, and the perfect
absorption achieved by an optical antenna from visible to infrared
wavelengths (Chapter 6). These chapters discuss nanostructures with various
geometries for the purpose of achieving plasmonic sensors, including chemical
sensors, biosensors, and surface-enhanced spectroscopy.

Chapter 7 briefly introduces the nanofabrication techniques aiming at
plasmonic devices. Top-down material-removal methods for elaborate
nanostructures, bottom-up synthesis for self-growing nanoparticles, and
solution phase methods for assembly geometries are introduced. The optical
characterizations of plasmonic nanostructures are briefly reviewed; charac-
terization methods benefit from the significant progress of plasmonic optics
and advance its progress in return.

A vast number of applications and various geometries for SPP-enhanced
sensing are referenced throughout the text. There is extensive literature
contributing to this field. References were selected because of their
descriptions of a particular effect or their suitability for a beginner. I would
like to thank the authors of the literature cited in this book.

I had to omit a few topics associated with plasmonics due to the scope of
this book. These topics include but are not limited to plasmonic cloaking and
transformation optics, plasmonic lasers, electromagnetically induced transpar-
ency, metamaterials, and metasurfaces; the latter two are huge areas that could
be covered in their own texts. Numerical simulation methods are not provided
in this book, but interested readers can find them in various available
commercial and free software. This Tutorial Text should provide a readable
introduction to plasmonic optics with distinct concepts, typical applications,
and comprehensive knowledge. A modest amount of primary background
knowledge in electromagnetism is sufficient to understand the concepts
discussed here. I very much hope that more graduate students and young
researchers pursue careers in this fascinating area. Their participation would
further enhance the field and help plasmonic optics improve our future life.

Any comments and suggestions are very much appreciated.

Yongqian Li
Northwestern Polytechnical University

P. R. China
December 2016
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