
Contents

Disclaimer 
Contributors 
Preface 
Dedication 
Acknowledgements
Abbreviations

xi• • • Xlll 
xvii 
xxi 

xxiii
XXV

1 Introduction to Infrared Devices and Fundamentals 1
of their Operation
C. T. Elliott and N. T. Gordon
1.1 Introduction 1
1.2 Types of IR detector 6
1.3 Emitters 17

References 22

2 Assessment of Infrared Materials and Devices 23
N. T. Gordon and I. M. Baker
2.1 Introduction 23
2.2 Material Characterization 23
2.3 Device Characterization 29
2.4 Detector Comparisons 37
2.5 Emitter Comparisons 41

References 42

IV-VI (Lead Chalcogenide) Infrared Sensors and Lasers
H. Zogg and Akihiro Ishida

Introduction
3.2 Some Material Properties
3.3 Growth Techniques
3.4 Infrared Sensors
3.5 Lead Salt Infrared Emitters 

References

43

43
44
50
53
63
73



vi Contents

4 Metal Silicide Schottky Infrared Detector Arrays
Masafumi Kimata
4.1 Introduction
4.2 Internal Photoemission
4.3 Silicon Substrate
4.4 Platinum Silicide
4.5 Cut-off Extension
4.6 Pixel Design
4.7 PtSi SB FPAs
4.8 Summary

References

5 Pyroelectric Materials and Devices 
R w Whatmore and R. Watton
5.1
5.2
5.3
5.4
5.5

6.2
6.3

6.4

6.5
6.6
6.7
6.8
6.9

6.10
6.11

6.12

Introduction
The Physics of Pyroelectric Detectors 
Pyroelectric Materials and Their Selection
Pyroelectric Thermal Imaging
Pyroelectric Arrays, Design, Technology and
Performance
References

Uncooled Microbolometer Infrared Sensor Arrays
R.A. Wood

77

77
78
82
84
86
90
93
95
96

99

99
101
113
125

132
144

Introduction
Fabrication of Arrays of Thermal Sensors 
Micromachined Microbolometer Design and 
Fabrication
Temperature-Sensitive Resistor Materials 
for Microbolometers
Microbolometer Micromachining Sequence 
Typical Microbolometer Parameters 
Thermal Isolation of Microbolometers 
Infrared Absorption in Microbolometers 
Readout of Two-dimensional Arrays of 
Microbolometers
Calculation of the Performance of Bolometer Arrays 
Practical Infrared Cameras Using Microbolometer 
Array
Conclusion
Acknowledgments 
References

149

149
151

151

155
156
157
159
159

159
162

171
173
174
174



Contents
• •

VII

InSb: Materials and Devices
W.F.H. Micklethwaite andA.J. Johnson
7.1 InSb: the New-Old IR Material
7.2 InSb is Different
7.3 Purification and Doping
7.4 Crystal Growth
7.5 Fabrication
7.6 Finishing
7.7 Useful Techniques
7.8 InSb Devices

References

177

177
177
181
182
184
185
188
189
203

8 Growth, Properties and Infrared Device Characteristics of 205 
Strained InAsSb-Based Materials
R. M. Biefeld and S. R. Kurtz
8.1 Introduction 205
8.2 Growth and Characterization of InAsSb by Metal

-Organic Chemical Vapor Deposition (MOCVD) 210
8.3 Infrared Device Results 215
8.4 Summary and Future Directions 230

Acknowledgments 231
References 231

9 Tl-Based III-V Alloy Semiconductors
H. Asahi
9.1 Introduction
9.2 Expected Properties of Tl-Based III-V Alloys
9.3 Growth Issues
9.4 TllnSb on InSb
9.5 TUnAs on InAs
9.6 TllnP on InP
9.7 TIGaP on GaAs
9.8 TIGaAs on GaAs
9.9 TlInGaPonInP
9.10 TlInGaAs on InP
9.11 Summary

References

233

233
234
237
238
240
241
242
244
244
245
247
248



Contents9.99
Vili

10 MCT Materials Aspects 251
P. Capper
10.1 Introduction 251
10.2 Bulk Growth Techniques 252
10.3 Liquid Phase Epitaxy (LPE) 258
10.4 Metal-Organic Vapor Phase Epitaxy (MOVPE) 265
10.5 Molecular Beam Epitaxy (MBE) 271

References 276

11 Photoconductive and Non-equilibrium Devices in 279
HgCdTe and Related Alloys
C. T. Elliott
11.1 Introduction 279
11.2 Photoconductive Detectors 280
11.3 Non-equilibrium Devices 296
11.4 Conclusions 308

Appendix 309
Further Reading 309
References 309

12 Photovoltaic Detectors in MCT 313
M.B. Reine
12.1 Introduction 313
12.2

12.3
12.4

12.5

Historical Perspective on Photovoltaic Detectors 
in MCT
MCT Hybrid Focal Plane Array Configurations
Principles of Operation and Figures of Merit for 
MCT PV Detectors

314
317

323
Junction Current Mechanisms for MCT Photodiodes 331

12.6 MCT Junction Photodiode Architectures 344
12.7 Recent Advances in SW and MW MCT Photodiodes 350
12.8 Recent Advances in VLW MCT Photodiodes 354
12.9 Dual-Band MCT Detector Arrays 360
12.10 Summary, Conclusions and Trends 364

Acknowledgments 366
References 366
Appendix A: Guide to the HgCdTe Literature 372



Contents ix

13 Hg-Based Alternatives to MCT
A. Rogalski
13.1 Introduction
13.2
13.3
13.4
13.5
13.6

Crystal Growth
Some Physical Properties 
HgZnTe Detectors
HeMnTe Detectors
Conclusions
References

377

377
378
381
385
393
397
398

14 Reduced-Dimensionality HgTe-CdTe for the Infrared
J. R. Meyer and I. Vurgqftman
14.1 Introduction
14.2 Energy Bands and Effective Masses
14.3 MBE Growth
14.4 Absorption, Lifetime, and IR Detectors
14.5 Photoluminescence
14.6 IR Lasers
14.7 Summary

References

401

401
401
405
407
409
413
420
420

15 Quantum Well Infra-red Detectors 423
M. J. Kane 
15.1 Introduction 423
15.2 The QWIP as a Photoconductive Detector 426
15.3 The Microscopic Physics of the QWIP 430
15.4 Performance of AlGaAs/GaAs QWIPs 438
15.5 Optical Coupling Methods 443
15.6 Imaging Arrays 448
15.7 QWIPs in materials other than n-type AlGaAs/GaAs 450
15.8 Conclusions and Future Prospects 454

References 454

Index 457


