


1.1
1.2
13
1.4
15
1.6
17

2.1
2.2
23
2.4
2.5

Contents

Preface ix

Introduction 1

Kadiometry 1

Detector types 8
Performance characteristics 8
Solid state physics 17
Superconductors 24
Examples 25

Problems 27

Notes 29

Further reading 29

Intringic photoconductors 31

Basic operation 32

Limitations and optimization 39
Performance specification 50

Example: design of a photoconductor 53
Problems 54

Notes 56

Further reading 56



31
32
33
34

4.1
42
4.3
4.4
45
4.6
47

5.1
52
33
54
535
5.6
5.7

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8

vi

Extrinsic photoconductors 57

Basics 58
Limitations 61

'Variants 68

Problems 76
Note 77
Further reading 77

Photodiodes and other junction-based detectors 78

Basic operation 79
Quantitative description 84
Photodiode variations 96
Quantum well detectors 103

Superconducting tunnel junctions (STJs) 109

Example 113
Problems 113
Further reading 115

Amplifiers and readouts 116

Building blocks 116

Load resistor and amplifier 119
Transimpedance amplifier (TIA) 120
Integrating amplifiers 125
Performance measurement 134
Examples 139

Problems 142

Further reading 143

Arrays 145

Overview 146

Infrared arrays 147

Charge coupled devices (CCDs) 151
CMOS imaging arrays 175

Direct hybrid PIN diode arrays 176
Array properties 176

Example 181

Problems 183

Contents




Contents vii

Notes 185
Further reading 185

7 Photoemissive detectors 187

7.1 General description 187

72 Phofocathode behavior and photon detection limits 193
13 Practical detectors 195 . i
74 Vacuum tube television-type imaging detectors 211

7.5 Example 213
7.6 Problems 215
Further reading 216

8 Photography 217

8.1 Basic operation 217
8.2 Underlying processes 219
83 Characteristic curve 224
8.4 Performance 226
8.5 Example 235
86 ° Problems: 236

Further reading 237

9 Bolometers and other thermal detectors 238

9.1 J.-"\ Basic operation 239

Detailed theory of serniconductor bolometers 240
9.3 Superconducting bolometers 250

94 Bolometer construction and operation 254

9.5 Other thermal detectors 264

9.6 Operating temperature 268

9.7 Example: design of a bolometer 271
9.8 Problems 273
Note 274

Further reading 274

10 Visible and infrared coherent receivers 275

10.1 Basic operation 275
102 Visible and infrared heterodyne 279
10.3 Performance atiributes of heterodyne receivers 286



viii

10.4
10.5
10.6

11

11.1
11.2
11.3
11.4
11.5

12

12.1
12.2
12.3
124
12.5
12.6
12.7
12.8

Contents

Test procedures 296
Examples 297
Problems 300
Notes 301

Further reading 301

Submillimeter- and millimeter-wave heterodyne receivers 302

Basic operation 302

Mixers 306

Performance characteristics 320
Local oscillators 322

Problems 326

Notes 327

Further reading 330

Summary 331

Quantum efficiency and noise 331
Linearity and dynamic range 332
Number of pixels 332

Time response 333

Spectral response and bandwidth 334
Practical considerations 334
Overview 335

Problems 335

Note 336

Further reading 336

Appendices
Physical constants 333

Answers to selected problems 339

References 342

Index 356




