Infrared Detection Technologies: A

Comprehensive Guide

Introduction

Infrared radiation is a form of electromagnetic
radiation with wavelengths longer than those of visible
light but shorter than those of microwaves. It is
invisible to the human eye, but can be detected as heat.
Infrared detection technologies have a wide range of
applications, including thermal imaging, night vision,

spectroscopy, and remote sensing.

This book provides a comprehensive overview of
infrared detection technologies, from the basic
principles of operation to the latest advances in
detector design and applications. It is intended for

engineers, scientists, and technicians who work with



infrared detectors, as well as for students who are

interested in learning about this important field.

The book begins with an introduction to the
fundamentals of infrared radiation and infrared
detector operation. It then discusses the different types
of infrared detectors, including intrinsic and extrinsic
semiconductors, narrow-bandgap semiconductors,
quantum well infrared photodetectors, uncooled
infrared detectors, and cryogenic infrared detectors.
The book also covers the design of infrared detectors,
including detector geometries, cooling methods,

packaging, arrays, and signal processing.

The book also provides chapters on infrared detector
testing, infrared imaging systems, infrared
spectroscopy, infrared remote sensing, infrared
countermeasures, and the future of infrared detection
technologies. These chapters cover a wide range of
topics, including detector responsivity, noise, linearity,

dynamic range, and stability; infrared camera



components, operation, and applications; infrared
absorption and emission spectroscopy; infrared
satellite, aerial, and ground-based sensors; and
infrared signature management, decoys, jammers, and

countermeasures techniques.

The book is written in a clear and concise style, with a
focus on practical applications. It is illustrated with
numerous figures and tables, and includes a glossary of
terms and an index. This book is an essential resource
for anyone who works with infrared detectors or who

is interested in learning about this important field.



Book Description

Infrared detection technologies have a wide range of
applications, including thermal imaging, night vision,
spectroscopy, and remote sensing. This book provides a
comprehensive overview of infrared detection
technologies, from the basic principles of operation to

the latest advances in detector design and applications.

This book is written for engineers, scientists, and
technicians who work with infrared detectors, as well
as for students who are interested in learning about
this important field. The book is written in a clear and
concise style, with a focus on practical applications. It is
illustrated with numerous figures and tables, and

includes a glossary of terms and an index.

The book begins with an introduction to the
fundamentals of infrared radiation and infrared
detector operation. It then discusses the different types

of infrared detectors, including intrinsic and extrinsic



semiconductors, narrow-bandgap semiconductors,
quantum well infrared photodetectors, uncooled
infrared detectors, and cryogenic infrared detectors.
The book also covers the design of infrared detectors,
including detector geometries, cooling methods,

packaging, arrays, and signal processing.

The book also provides chapters on infrared detector
testing, infrared imaging systems, infrared
spectroscopy, infrared remote sensing, infrared
countermeasures, and the future of infrared detection
technologies. These chapters cover a wide range of
topics, including detector responsivity, noise, linearity,
dynamic range, and stability; infrared camera
components, operation, and applications; infrared
absorption and emission spectroscopy; infrared
satellite, aerial, and ground-based sensors; and
infrared signature management, decoys, jammers, and

countermeasures techniques.



This book is an essential resource for anyone who
works with infrared detectors or who is interested in

learning about this important field.



Chapter 1: Fundamentals of Infrared

Detection

What is Infrared Radiation

Infrared radiation is a form of electromagnetic
radiation with wavelengths longer than those of visible
light but shorter than those of microwaves. It is
invisible to the human eye, but can be detected as heat.
Infrared radiation is emitted by all objects with a
temperature above absolute zero, and the intensity of

the radiation increases with temperature.

Infrared radiation is divided into three bands: near-
infrared (NIR), mid-infrared (MIR), and far-infrared
(FIR). NIR radiation has wavelengths from 0.75 to 3
micrometers, MIR radiation has wavelengths from 3 to
50 micrometers, and FIR radiation has wavelengths

from 50 micrometers to 1 millimeter.

NIR radiation is used in a variety of applications,

including remote sensing, night vision, and
7



spectroscopy. MIR radiation is used in applications
such as thermal imaging, infrared microscopy, and
chemical sensing. FIR radiation is used in applications
such as astronomy, plasma physics, and medical

imaging.

Infrared radiation is a powerful tool for scientific
research and technological applications. It is used to
study the structure and composition of materials, to
detect and analyze chemicals, and to image objects in
the dark. Infrared radiation is also used in a variety of
medical applications, such as cancer detection and

treatment.
Properties of Infrared Radiation

e Infrared radiation is invisible to the human eye.
e Infrared radiation is emitted by all objects with a
temperature above absolute zero.

e The intensity of infrared radiation increases with

temperature.



e Infrared radiation is divided into three bands:
near-infrared (NIR), mid-infrared (MIR), and far-
infrared (FIR).

e NIR radiation is used in applications such as
remote sensing, night vision, and spectroscopy.

e MIR radiation is used in applications such as
thermal imaging, infrared microscopy, and
chemical sensing.

e FIR radiation is used in applications such as
astronomy, plasma physics, and medical

imaging.

Infrared radiation is a powerful tool for scientific
research and technological applications. It is used to
study the structure and composition of materials, to
detect and analyze chemicals, and to image objects in
the dark. Infrared radiation is also used in a variety of
medical applications, such as cancer detection and

freatment.



Chapter 1: Fundamentals of Infrared

Detection

Infrared Detector Types

Infrared detectors are devices that convert infrared
radiation into an electrical signal. There are many
different types of infrared detectors, each with its own
advantages and disadvantages. The most common

types of infrared detectors include:
Thermal detectors

Thermal detectors measure the change in temperature
caused by the absorption of infrared radiation. These
detectors are typically made from materials with a high
temperature coefficient of resistance, such as
bolometers and pyroelectric detectors. Thermal
detectors are relatively inexpensive and easy to

manufacture, but they are not very sensitive.

Photon detectors
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Photon detectors measure the number of photons that
are absorbed by the detector material. These detectors
are typically made from materials with a high quantum
efficiency, such as photodiodes and phototransistors.
Photon detectors are more sensitive than thermal
detectors, but they are also more expensive and

difficult to manufacture.
Quantum detectors

Quantum detectors use the principles of quantum
mechanics to detect infrared radiation. These detectors
are typically made from materials with a narrow
bandgap, such as quantum well infrared
photodetectors (QWIPs) and superconducting tunnel
junction detectors (ST]). Quantum detectors are very
sensitive and can detect very low levels of infrared
radiation. However, they are also very expensive and

difficult to manufacture.

The choice of infrared detector type depends on the
specific application. For applications where cost is a
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primary concern, thermal detectors are often used. For
applications where sensitivity iS a primary concern,

photon detectors or quantum detectors are often used.

In addition to the three main types of infrared
detectors described above, there are also a number of
other types of infrared detectors that are used for
specialized applications. For example, pyroelectric
detectors are used for motion detection, and

microbolometer arrays are used for thermal imaging.

The development of new infrared detector materials
and technologies is an active area of research. This
research is driven by the increasing demand for
infrared detectors in a wide range of applications,
including thermal imaging, night vision, spectroscopy,

and remote sensing.
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Chapter 1: Fundamentals of Infrared

Detection

Basic Principles of Infrared Detection

Infrared detection is the process of converting infrared
radiation into an electrical signal. This can be done
using a variety of materials and devices, but the most
common type of infrared detector is the semiconductor

infrared detector.

Semiconductor infrared detectors work by absorbing
infrared radiation and generating free carriers
(electrons and holes). The number of free carriers
generated is proportional to the intensity of the
infrared radiation. The free carriers are then collected
by electrodes, and the resulting current is amplified

and processed to produce an electrical signal.

The basic principles of infrared detection are relatively
simple, but the design and fabrication of infrared

detectors is a complex and challenging task. Infrared
13



detectors must be sensitive enough to detect very weak
signals, and they must also be able to operate in a
variety of environments, including extreme

temperatures and high levels of vibration.

Infrared detectors have a wide range of applications,
including thermal imaging, night vision, spectroscopy,
and remote sensing. Thermal imaging cameras use
infrared detectors to create images of heat patterns.
Night vision devices use infrared detectors to allow
people to see in the dark. Spectrometers use infrared
detectors to identify the chemical composition of
materials. Remote sensing systems use infrared
detectors to collect data about the Earth's surface and

atmosphere.

Infrared detection is a rapidly growing field, and new
advances in materials and device design are leading to
the development of more sensitive and versatile

infrared detectors. These new detectors are enabling
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new applications in a variety of fields, including

medicine, environmental monitoring, and security.
Additional notes:

e The basic principles of infrared detection are
based on the interaction of infrared radiation

with matter.

e Infrared detectors are used in a wide variety of
applications, including thermal imaging, night

vision, spectroscopy, and remote sensing.

e The performance of infrared detectors is
determined by a number of factors, including

sensitivity, noise, and dynamic range.

e The design and fabrication of infrared detectors

is a complex and challenging task.

e New advances in materials and device design are
leading to the development of more sensitive and

versatile infrared detectors.
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This extract presents the opening

three sections of the first chapter.

Discover the complete 10 chapters and
50 sections by purchasing the book,

now available in various formats.
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This extract presents the opening three

sections of the first chapter.

Discover the complete 10 chapters and
50 sections by purchasing the book,

now available in various formats.
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