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Electronic, photonie, and optoelectronic (OE) materials and devices, including, but not limited to,
conducting and semiconducting materials used in transistors and integrated circuits (ICs), light-
emitting diodes and display/lighting devices, solar cells, photo detectors, electro-optical devices,
optoelectronic sensors, etc., have dramatically impacted the way humans live in the twentieth and
twenty-first centuries. In OE devices, electrons and photons are used to generate, process, transmit,
and store information at unprecedented rates and with ever-decreasing power requirements. Most of
today’s commercially available electronic and optoelectronic devices are fabricated from inorganic
semiconductors and metal conductors. In the past several decades, however, research and develop-
ment on organic/polymeric electronic and optoelectronic materials and devices has grown rapidly.
Compared to their inorganic counterparts, emerging organic and polymeric optoelectronic mate-
rials have exhibited advantages such as improved speed. reduced power consumption, increased
brightness (for displays), and improved processability leading to conformal and flexible devices and
the potential for low-cost mass production. Plastic optoelectronic materials and devices are rapidly
becoming a reality.

Though there are a number of specialized research review books relevant to selected topics
of organic optoelectronic materials and devices, there are no books available covering the com-
bined subjects of organic electronic and optoelectronic materials/devices suitable for classroom
instruction at the senior college level or suitable for providing nonexperts a convenient introduc-
tion to this research discipline. It is the objective of this book (o serve as a textbook suitable for
senior undergraduate or graduate level courses for students majoring in materials science, physics,
chemistry. chemical engineering, electrical engineering, optical engineering, or other information/
energy-related science and engineering disciplines. This book is also suitable as a desk reference for
scientists and engineers involved in research and development in the fields of telecommunications,
computing, defense technologies, etc.

As with all books. the publisher, the editors, and the contributing authors have tried their best
to make this textbook as informative, accurate. reliable, and nonbiased as possible. However, by no
means is this book error-free or inclusive of every critical item. While the editors of this book are
mainly responsible for the selection of topics/chapters, contributing authors, and the components/
styles of the book, it is the contributing authors who are mainly responsible for the contents, opin-
ions, and accuracy of each topic/chapter. Any comments, suggestions, or questions about this book
(particularly those from course instructors/students) are welcomed and may be directed directly to
the book editors or the contributing authors. It is hoped that the subsequent editions of this textbook
could be further improved after instructional activities and feedbacks.

Sam-Shajing Sun, PhD (editor)

Center for Materials Research and Chemistry Department
Norfolk State University

Norfolk, Virginia

Larry R. Dalton, PhD (coeditor)
Department of Chemistry
University of Washington

Seattle, Washington
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1.1

Abstract: This chapter summarizes the principles of optoelectronic materials. Four classes
of materials, including inorganic semiconductors; glassy materials; electro-optic crys-
tals, such as lithium niobate (LiNbO,); and organic and polymeric materials, are reviewed.
Waveguiding approaches in these four classes of materials are also reviewed and some cur-
rent examples provided. Finally some of the challenges in optoelectronic materials including
compatibility issues, hybrid materials, and integration between different types of materials
are discussed.

INTRODUCTION

Since the early 1980s the field of integrated optics and optoelectronics has experienced very rapid
growth. Today optical technologies are extensively used in a wide range of applications such as
telecommunications, medical, and security systems. Lasers and other photonic components are



