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Preface

Progress in infrared (IR) detector technology has been mainly connected to semiconductor

IR detectors, which are included in the class of photon detectors. They exhibit both perfect
signal-to-noise performance and a very fast response. But to achieve this, the photon detectors
require cryogenic cooling. Cooling requirements are the main obstacle to the more widespread
use of IR systems based on semiconductor photodetectors making them bulky, heavy, expensive,
and inconvenient to use.

Until the 1990s, despite numerous research initiatives and the appeal of room temperature
operation and low cost potential, thermal detectors have enjoyed limited success compared with
cooled photon detectors for thermal imaging applications. Only the pyroelectric vidicon received
much attention with the hope that it could be made practical for some applications. Throughout
the 1980s and early 1990s, many companies in the United States (especially Texas Instruments
and Honeywell’s Research Laboratory) developed devices based on various thermal detection
principles. In the mid-1990s, this success caused DARPA (Defense Advanced Research Projects
Agency) to reduce support for HgCdTe and attempt a major leap with uncooled technology. The
desire was to have producible arrays with useful performance, without the burden of fast (f/1)
long-wavelength infrared optics.

In order to access these new changes in infrared detector technology, there was need for a com-
prehensive introductory account of IR detector physics and operational principles, together with
important references. In 2000, the first edition of Infrared Detectors was published with the inten-
tion of meeting this need. The last decade has seen considerable changes with numerous break-
throughs in detector concepts and performance. It became clear that the book needed substantial
revision to continue to serve its purpose.

In this second edition of Infrared Detectors, about 70% of the contents have been revised and
updated, and much of the materials have been reorganized. The book is divided into four parts:
fundaments of infrared detection, infrared thermal detectors, infrared photon detectors, and
focal plane arrays. The first part provides a tutorial introduction to the technical topics that are
fundamental to a thorough understanding of different types of IR detectors and systems. The
second part presents theory and technology of different types of thermal detectors. The third part
covers theory and technology of photon detectors. The last part concerns IR focal plane arrays
(FPAs) where relations between the performance of detector arrays and infrared system quality
are considered.

The short description below mainly concerns differences between the original edition and this
revision. I have added a discussion of radiometry and flux-transfer issues needed for IR detec-
tor and system analysis in the first part. In the next two parts, in addition to updating traditional
issues described in the previous book, I have included new achievements and trends in the devel-
opment of IR detectors, most notably:

® novel uncooled detectors (e.g., cantilever detectors, antenna and optically coupled detectors);
® type Il superlattice detectors; and
B quantum dot infrared detectors.

In addition, I have highlighted new approaches to terahertz (THz) arrays and a new generation
of infrared detectors—so-called third-generation detectors. THz technologies are now receiving
increasing attention, and devices exploiting this wavelength band are set to become increasingly
important in a diverse range of human activity applications (e.g., security, biological, drugs and
explosion detection, gases fingerprints, imaging, etc.). Today, researchers are developing third-
generation systems that provide enhanced capabilities such as a larger number of pixels, higher
frame rates, better thermal resolution, multicolor functionality, and other on-chip functions.

This book is written for those who desire a comprehensive analysis of the latest developments in
infrared detector technology and basic insight into fundamental processes important to evolving
detection techniques. Special attention has been given to the physical limits of detector perfor-
mance and comparisons of performance in different types of detectors. The reader should gain
a good understanding of the similarities and contrasts, the strengths and weaknesses of a mul-
titude of approaches that have been developed over a century to improve our ability to sense IR
radiation.

The level of presentation is suitable for graduate students in physics and engineering who have
received standard preparation in modern solid-state physics and electronic circuits. This book
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is also of interest to individuals working with aerospace sensors and systems, remote sensing,
thermal imaging, military imaging, optical telecommunications, infrared spectroscopy, and light
detection and ranging (LIDAR). To satisfy the needs of the first group, many chapters discuss the
principles underlying each topic and some historical background before bringing the reader the
most recent information available. For those currently in the field, the book can be used as a collec-
tion of useful data, as a guide to the literature, and as an overview of topics covering a wide range
of applications. The book could also be used as a reference for participants of relevant workshops
and short courses.

This new edition of Infrared Detectors gives a comprehensive analysis of the latest developments
in IR detector technology and basic insight into the fundamental processes important to evolving
detection techniques. The book covers a broad spectrum of IR detectors, including theory, types of
materials and their physical properties, and detector fabrication.

Antoni Rogalski
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