
Table of Contents

Author'sPreface 11

Chapter1 Introduction 13

Chapter2 Mathematicaltechniques
2.1 Introduction 21

2.2 Singularityfunctions 22
2.3 The Fouriertransform 25
2.4 Stochasticprocesses 28
2.5 Energytheorems 30

2.6 Random pulsetrains 34
2.7 Simpleshotnoise 37
2.8 Thermalnoise 39
2.9 Non-stationaryprocesses 42

2.10 The Wiener―Levyprocess 43
2.11 MacDonald'sfunction 46
2.12 Cross-correlation,cross-spectraand coherence 47

2.13 Linearsystems 49
2.14 Pulse-trainpairs 51

Chapter3 Noiseinlinearnetworks

3.1 Introduction 55
3.2 Two-terminalnetworks 55
3.3 Lineartwo-ports 58

3.4 Noisefigureofalineartwo-port 62
3.5 Noisefigureofamplifiersin cascade 67

Chapter4 Inherentnoiseinjunctiondiodesandbipolartransistors

4.1 Introduction 71



6 Tableof Contents

4.2 The diffusiontheory of noisein a p-n junction 73

4.2.1 Thermal fluctuationsin minoritycarrierflow 77

4.2.2 Bulk regionrecombination―generationnoise 82

4.2.3 Totalnoisein thejunction 84

4.2.4 The long diode 84

4.2.5 The shortdiode 86

4.2.6 Summarizing comments 88

4.3 Depletion-layerrecombinationnoise 89

4.3.1 The noisemechanism 89

4.4 The bipolartransistor 95

4.5 Noise figureof the 'intrinsic'transistor 101

4.6 The low-frequencyequivalentcircuitincludingbaseresistance 105

4.7 The effectof 1/ｆnoiseon the noisefigure 108

4.8 The problem oflow sourceresistance 108

Chapter 5 Noisein JFETs and MOSFETs

5.1 Introduction 112

5.2 Operatingcharacteristicsof the JFET 112

5.3 Noisesourcesin the JFET 117

5.4 Thermal noisein the JFET 118

5.4.1 Thermal noisein theoutput current 118

5.4.2 Thermal noisein thegate 120

5.4.3 Seriesresistancein thechannel 122

5.4.4 High-frequencyeffects 123

5.5 Generation―recombinationnoise 125

5.5.1 Depletion-layergenerationnoise 125

5.5.2 Channel noise 128

5.5.3 Leakage currentnoise 129

5.6 Generation―recombinationnoiseexperiments 129

5.7 High fieldeffects 133

5.8 1/fnoisein JFETs 134

5.9 EquivalentcircuitsfortheJFET 135

5.10 Noisein MOSFETs 137

Chapter 6 1/fnoise

6.1 Introduction 143

6.2 Scaleinvariance 145

6.3 Stationarity 147

6.3.1 Band-limited1/fnoise 147

6.3.2 Low-pass filtered1/fnoise 149

6.3.3 Stationarityand theoreticalmodelling 150

6.3.4 Comparison with the random walk 151



TableofContents 7

6.4 1/fwaveforms 152
6.4.1 A randompulsetrainmodelof1/fnoise 152
6.4.2 Superpositionofrelaxationprocess 156

6.5 Fractional-orderintegration 157
6.6 Experimentalevidence 157

6.6.1Contactnoise? 158
6.6.2 Theamplitudedistributionof1/fnoise 158
6.6.3 Resistancefluctuations 159
6.6.4 Hooge'shypothesis 160
6.6.5 Numberfluctuations 162
6.6.6 Mobilityfluctuations 163
6.6.7 Volumeversussurfaceeffects 163
6.6.8 Temperature-dependentspectra 164
6.6.9 Amorphousandpolycrystallinematerials 166

6.7 Physicalmechanismsandtheoreticalmodels 167
6.7.1 1/fnoiseinalossycapacitor 167
6.7.2 Surfacetrappinginsemiconductors 169
6.7.3 Temperaturefluctuationsin metalfilms 171
6.7.4Random-servicequeueing 174
6.7.5 Quantumtheoryof1/fnoise 174

6.8 Concludingremarks 175

Chapter7 Burstnoise
7.1 Introduction 180
7.2 Reverse-biasedp-njunctions 180
7.3 Forward-biasedp-njunctions 188
7.4 Burstnoiseinresistors 194
7.5 Thestatisticsofbistableburstnoise 195

Chapter8 Noiseinoscillators
8.1 Introduction 201
8.2 Freeoscillationsin thevanderPoloscillator 202
8.3 Forcedoscillations 205
8.4 Theoutputnoise 206
8.5 Theoutputspectrum 207
8.6 Thelinearizationtechnique 210
8.7 The AM noisespectrum 213
8.8 ThePM noisespectrum 215
8.9 Concludingremarks 216

Chapter9 Tunneldiodesandparametricamplifiers
9.1 Introduction 219
9.2 The tunneldiode 219



8 Tableof Contents

9.3 Noisein tunneldiodes 223
9.3.1 Shotnoisein thetunnelcurrents 223

9.3.2 Noisein theexcesscurrent 225
9.3.3 Noisein theinjectioncurrent 225

9.4 Tunneldiodeamplifiers 226
9.4.1 The equivalentcircuit 226

9.4.2 The gainofa tunneldiodeamplifier 227
9.4.3 The noisefigureofa tunneldiodeamplifier 229

9.5 The parametricamplifier 232
9.5.1 Principleof operation 232

9.5.2 The power gainoftheamplifier 234
9.5.3 The noisefigure 236
9.5.4 Concludingremarks 238

Chapter10 Hot electrondevices
10.1 Introduction 241
10.2 Hot electrons 241

10.3 Physicsof transit-timedevices 244
10.3.1 TheImpatt 245
10.3.2 The Trapatt 248
10.3.3 The Baritt 252

10.4 Avalanchenoise 256
10.5 Noisein transit-timeamplifiers 258

10.5.1 Impatts 258
10.5.2 Trapatts 261

10.5.3 Baritts 262
10.6 Physicsofthetransferred-electronoscillator 264

10.7 Noisein Gunn oscillators 266
10.7.1 Johnsonnoise 267
10.7.2 1/fnoise 270

Chapter11 Quantum mechanicsand noise
11.1 Introduction 275
11.2 The uncertaintyprinciple 276

11.3 Quantum limittoamplifiernoise 278
11.4 Nyquist'stheoremandquantum mechanics 281
11.5 Absorptionand emissionofradiationby matter 283

11.5.1 Energyexchangein a two-levelsystem 284
11.5.2 Maseraction 287

11.6 Noisein theMaser 288

11.6.1 Thermalnoise 288

11.6.2 The noisefigure 291
11.6.3 Shotnoise 293

11.7 Concludingremarks 293



Tableof Contents 9

Chapter 12 Josephsonjunctiondevices

12.1 Introduction 295

12.2 Superconductivity 296

12.3 The Josephsonjunction 299

12.4 Josephsoninterferometers 302

12.4.1 The d.c.SQUID 303

12.4.2 The a.c.SQUID 306

12.5 Noisein Josephsonjunctiondevices 307

12.5.1 Shot noisein a Josephsonjunction 307

12.5.2 Thermal noisein the d.c.Josephson effect 309

12.5.3 Noisein theRSJ 309

12.5.4 Noisein the d.c.SQUID 310

12.5.5 Noisein the RF SQUID 311

Chapter 13 Gravitationalradiationdetectors

13.1 Introduction 314

13.2 Gravitational-wavedetectors 316

13.3 Minimum detectableenergy 318

13.4 Signalrecoveryfrom a gravitationalantenna 323

13.4.1 Equivalentcircuitof a resonant-massantenna 323

13.4.2 The gravitationalpulse 325

13.4.3 Noisegeneratorsin theequivalentcircuit 327

13.4.4 The optimum filter 329

13.4.5 The signal/noiseratio 331

13.5 Comparison of the Weber bar with the splitbar 333

13.6 The currentstatusof gravitational-wavedetection 334

13.6.1 Cryogenicresonant-massdetectors 335

13.6.2 SpacecraftTracking 336

13.6.3 Room-temperature laserinterferometry 336

13.7 Concludingremarks 336

Appendix 1 Thermal noiseand thePoissondistribution 339

Appendix 2 Nyquist'streatmentof thermalnoisein a resistance 344

Appendix 3 Mobility,Brownian velocityand diffusion 347

Appendix 4 Noise due to carrierscrossingthe depletionlayer 351

Appendix 5 Formal solutionforthe output noiseof an oscillator 355

Appendix 6 Current-voltagerelationsfora parametricamplifier 360

Appendix 7 Minimum noisein an amplifier 364

Index 369


	page1
	page2
	page3
	page4
	page5

