CONTENTS

PREFACE xiii

LIST OF ACRONYMS xvii

COMULATIVE LISTING OF VOLUMES IN SERIES xix

CHAPTER 1 INTRODUCTION 1
1.1.  Why Gas Sensors?

1.2.  Organization of the Book 2

References 3

CHAPTER 2 INTERACTIONS OF GASES WITH SURFACES:

THE H, CASE 5
2.1.  Introduction to Catalysis 5
2.2.  Physisorption and Chemisorption 6
2.3. The Change of Work Function 8
2.4. The Palladium—Hydrogen System 8
24.1. The Langmuirian Model in an
Inert Atmosphere A
24.2. The Langmuirian Model in the
Presence of Air
2.5.  Features of Hydrogen-Surface Interactions 15
2.6. Why Hydrogen Detection? 16
References 16
CHAPTER 3 GAS-SENSITIVE SOLID STATE
SEMICONDUCTOR SENSORS 10
3.1.  Introduction 10
3.2. Metal-Semiconductor (Schottky Barrier)
Devices 20
3.3.  Metal-Insulator-Semiconductor (MIS)
Devices ‘ 28

vii



viii

33.1
33.2.

CONTENTS

The MIS Capacitor
The MOSFET

3.4. Surface-Film Devices

34.1.
34.2.

Bulk Conductivity Sensors
Surface Conductivity Sensors

3.5. Classification and Performance of
Semiconductor Gas Sensor Devices

3.5.1. Classification Scheme for
Semiconductor Gas Sensors

3.5.2. MIS Capacitor Chemical Gas Sensors

3.5.3. MIS Field Effect Transistor (FET)
Sensors

3.54. MiS Diode Sensors

3.5.5. Metal-Semiconductor (Schottky Diode)
Sensors

References

CHAPTER 4 PHOTONIC AND PHOTOACOUSTIC GAS

CHAPTER 5

SENSORS

4.1. Introduction
4.2. Photonic Gas Sensors

42.1.
4.2.2.
423.

424.
4.2.5.

Reflection Spectroscopic Sensors
Spectroscopic Ellipsometry Sensor

Surface Plasmon Resonance
Spectroscopic Sensors

Infrared Spectroscopic Sensors
Photoemission Spectroscopic Sensor

4.3. Photoacoustic Gas Sensors
References

FIBER-OPTIC SENSORS

5.1. Introduction and Historical Perspective
5.2.  Theoretical Background

5.3.  Fiber-Optic Instrumentation

5.4. Measurement Techniques

5.4.1.

Absorptance Measurements

5.4.2. Reflectance Measurement

28
36
43
47
52

56

56
58

83
106

120
125

133

133
133
134
137

140
144
147
149
160

163

163
164
166
167
167
167



CHAPTER 6

CHAPTER 7

5.5.

5.6.

5.7.

CONTENTS

5.4.3. Luminescence (or Fluorescence)
Measurements

Fiber-Optic Gas Detection
5.5.1. Hydrogen Detection
5.52. Chemisorption Measurements

Comparison Between Purely Electronic
and Fiber-Optic Sensors

Other Applications of Fiber-Optic Sensors
References

PIEZOELECTRIC QUARTZ CRYSTAL
MICROBALANCE SENSORS

6.1.
6.2.

6.3.
6.4.

6.5.

6.6.

Introduction and Historical Perspective
Theory of the PQCMB

6.2.1. Equivalent Electronic Circuit of the
Quartz Crystal

6.2.2. Thermodynamic Considerations of
the Quartz Crystal

6.2.3. Wave Equation of the Piezoelectric
Quartz Crystal

6.2.4. Sauerbrey’s Theoretical Approach

Piezoelectric Experimental Instrumentation

PQCMB for Gas Detection: Experimental

Results

6.4.1. Hydrogen Bulk Piezoelectric
Detection

6.4.2. Halothane and Other Hydrocarbon
Bulk Piezoelectric Detection

6.4.3. Sulfur Dioxide Bulk Piezoelectric
Detection

6.4.4. Detection of Other Gases

Array of Piezoelectric Quartz Crystal
Microbalances

Other Applications of the PQCMB
References

SURFACE ACOUSTIC WAVE SENSORS

7.1

Introduction and Historical Perspective

ix

168
168
168
172

173
175
175

179

179
181

185
189
192

196

203

206
"n07

211
213
214
219
219



CHAPTER 8

7.2.

7.3,
7.4.

1.5.

71.6.
1.7.

CONTENTS

Theory of SAW Devices

7.2.1. Rayleigh SAW Sensors

7.2.2. Plate-Mode Structures

7.2.3. Transverse Wave Elements
SAW Experimental Instrumentation
SAW for Gas Detection: Experimental Results
7.4.1. Hydrogen Detection

7.4.2. Detection of Ammonia

7.4.3. Detection of Carbon Dioxide
7.4.4. Detection of Humidity

7.4.5. Detection of Other Gases

Analytical Comparison of the Main
Piezoelectric Devices

Array of SAW Devices: Pattern Recognition
Other Applications of SAW Devices
References

PYROELECTRIC AND THERMAL SENSORS

8.1

8.2.
83.

8.4.

8.5.

Introduction and Historical Perspective
8.1.1. Pyroelectricity: A 2300-Year History

8.1.2. Pyroelectricity: Introduction to Gas
Sensors

Theory of Pyroelectric Signal Generation

The dc Pyroelectric Chip: Pd-LiTaO,

8.3.1. Experimental Apparatus

8.3.2. Ultimate Concentration Sensitivity

8.3.3. Results and Discussion

The dc Pyroelectric Chip: Pt—PZFNTU-Au

8.4.1. Experimental Apparatus

8.4.2. Results and Sensor Performance

The ac Photopyroelectric Thin-Film

Detector: Pd-PVDF-Al

8.5.1. Experimental Apparatus and Details

8.5.2. Analysis of the Photopyroelectric
Response

8.5.3. Experimental Results: Hydrogen
Detection in Nitrogen

220
220
226
228
229
232
232
239
240
242
242

245
245
246
248

253

253
253

254
256
259
259
261
261
264

264
264

266
Y6k

272



CHAPTER 9

APPENDIX

INDEX

R.6.

8.7.

88

8.9.
8.10.

CONTENTS

8.54. Experimental Results: PPE Detection
of Hydrogen/Oxygen Mixtures

Signal Drifts and Stabilization of the PPE
Device

8.6.1. Nature of the PPE Signal Drift
8.6.2. Temperature and Background Drift

Photothermal Electrostatics of the
Metal-Pyroelectric Junction

8.7.1. [H]-Dependence of o'f*®(w, )
8.7.2. w-Dependence of A¢o[H]

Pd—Mica-Au Capacitive Thermal-Wave
Sensor

Other Applications of Pyroelectric Sensors
General Conclusions
References

FUTURE TRENDS

References

HYDROGEN GAS DETECTORS

References

287
287
289

290
295
295

299
302
304
306

31t

313
315

217



